
" >  , 
I d  

'.". '~ield Manual -- Index 
I 

+ 1. I 

, . < ,  
I ,  

' 1  
Water fiesources--office of Water Quality v 

1. 

I I National Field Manual 
I 

!I  

i i  I )  for the Collection of I 

' '  - ' Water-Quality Data 
I 

I Techniques of Water-Resources Investigations 

'. Book 9 
I &  Handbooks for Water-Resources Investigations 

" ( I  ' I 

Announcements 

a 2003-2004 Revisions: Chapters 2,3, 5 (sections 5.6.1.F and 5.6.4.A), 6 (sections 6.0, 6.4, 6.7), 
and 7. 

a Comments and Errata are posted periodically. Entries for 2003 were added for chapters 2, 3, 5, 6, 
and 7. 
Information on referencing the National Field Manual is near the bottom of this page. The on-line 
manual should be referenced, as printed copies may be out of date. 

a Archived editions or versions of chapters or chapter sections are available from the chapter links 
below. 

a To request information or make comments, send e-mail to nfm-owq.&sgigov. 
a An update to NFM 6.1, mpe ra tu r e  (version 1.2) is now online. 

' 
Section A--National Field Manual for the 

I 1 , _  l l  

~olle'ction of Water-Quality Data 1 L J  I 

I 

f 
a ' 1  

Foreword 
! I ; .  : .  ., 'I*:, 
I ,3'id:.;,!;gi4:;, 4 '  1 ,  .. . ,, 
. Chapter, 

, s.. . .. 
i !, . c ..: ". . prepsirations for Water Sampling (9198) 

G ,  , , ,  

., .-  .! .A2. Selection of Equipment for. Water S ~ p l i n g  (Version 2.0, 312003) 
/.. ' . . 

' I ,  

- 
A3. Cleaning of Equipment for Water sampling (Version 1.2, 3/03) 
A4. Collection of Water Samples (9199) 

I (Can be opened in sections: A4 report, A4 appendixes), and Errata 
I 

I .' 
1 , & Processing of Water Samples, Version 2.1 (4104) and Errata 

I - 
NEW 5.6.1 .C, "Phenols" (separate pdf) , 



Field Manual -: Index 
$ : c:;.. 

Page 2 o f3  . , 

' NEW 5.6.1 .F, "Wastewater, Pharmaceutical, and Antibiotic Compounds" (separate pdf) 
IdEW 5.6.4.A, "Arsenic Speciation" (separate pdf) 

A6. Field Measurements 
6.0 General Information and Guidelines (Version 1.1,7/03) - 
6.1 Temperature (Version 1.2,4/04) - 
6.2 Dissolved Oxygen (4198) - 
6.3 Specific Electrical Conductance (4198) 
6.4 pH (Version 1.2, 7/03) - 
6.5 Reduction-Oxidation Potential-Electrode Method (4198) - 
6.6 Alkalinity and Acid Neutralizing Capacity (2nd edition, 912001) , 

6.7 Turbidity (4198) - 

A7. Bioldgical Indicators (Third Edition, 11/03) .. t. 

U.Five-day Biochemical Oxygen Demand (360 KB pdf) .. . . .  , . , 

7.1. Fecal Indicator Bacteria (8.52 MB pdf) . . ,  

7.2. Fecal Indicator Viruses (324 KB pdf) . . 
.: ' 

,. ,. ' ,  

7.3. Protozoan Pathogens (1.21 MB pdf) -- t . .' . . 
' .  , 

, A8. Bottom-Material Samples (1 0197) ..,. 

A9. Safety in Field Activities (10197) , ' 
.1 ' , , 

_ ' I  

. ,  . . 
:' ' ,; " 
, . , . ,..I . < - 

, .. t ., I . .. a Y, ' , 

> . d:{ >.L 
\ I 

To inquire about obtaining the National Field Manual contact USGS Information Services (1-888-ASK- . . ,. . ' J , . .  c 

. ,, . I. 
USGS) or e-mail n fm-owq0 ,usgs .~  + . .  

. . , , '  

- 

Citation Information for the National Field Manual 
>; p ,  

3 . i  

Citation for the complete manual: - I -,a, 

i' 
U.S. Geological Survey, variously dated, National field manual for the collection of water-quality data: r q 

U.S. Geological Survey Techniques of Water-Resources Investigations, book 9, chaps. A1-A9, available , 
online at http://pubs.water.usgs.gov/twri9A. [Chapter updates and revisions are ongoing and are 
summarized at http://water.usgs.gov/owq/FieldManual/mastere~ata.h~~l] 

Citations for individual chapters: 

Wilde, F.D., Radtke, D.B., Gibs, Jacob, and Iwatsubo, R.T., 1998, Preparations for water sampling: U.S. 
Geological Survey Techniques of Water-Resources Investigations, book 9, chap. Al ,  accessed d a t e -  
at http://pubs.water.usgs.gov/twri9A1/ 

Lane, S.L., Flanagan, Sarah, and Wilde, F.D., March 2003, Selection of equipment for water sampling ' 
(v. 2.0): U.S. Geological Survey Techniques of Water-Resources Investigations, book 9, chap. A2, 
accessed -date- at http://pubs.water.usgs.gov/twri9~2/ 

~ i i d e ,  F.D., Radtke, D.B., Gibs, Jacob, and Iwatsubo, R.T., eds., March 2003, Cleaning of Equipment 
for water sampling (v. 1.2): U.S. Geological Survey Techniques of Water-Resources Investigations, 
book 9, chap. A3, accessed d a t e -  at http://pubs.water.usgs.gov/twri9A3/ 

Wilde, F.D., Radtke, D.B., Gibs, Jacob, and Iwatsubo, R.T., eds., September 1999, Collection of water 



' t . , .  " 
i'T< , \ #  ;: '& 
. , . , , Field Manual -- Index 
! < /  ';?.!: 

3 ? 4 : . : I ,  

I ,  

samples: U.S. Geological Survey ~ e c h n i ~ ~ e s  of water-~esources Investigations, book 9, chap. A4, 
! g ' \ 3  . , accessed d a t e -  at http://pubs.water.usgs.gov/twri9A4/ 
jui $ 1  

I %  Wilde, F.D., Radtke, D.B., Gibs, Jacob, and Iwatsubo, R.T., eds., April 2004, Processing of water 
I samples (version 2.1): U.S. Geological Survey Techniques of Water-Resources Investigations, book 9, 

I *  , . chap. A5, accessed d a t e -  at http://pubs.water.usgs.gov/twri9A5/ (Separate updates for 5.6.1 .F, 
I 1  I 4 "  

( I S  
"Wastewater, pharmaceutical, and antibiotic compounds," and 5.6.4.A, "Arsenic speciation," are 

I (  ,\ a provided on the Web page.) 
I, ,  . a 

i 

Wilde, F.D., Radtke, D.B., eds., chapter sections variously dated, Field measurements: U.S. Geological 
Survey Techniques of Water-Resources Investigations, book 9, chap. A6, acbessed -date- at 
http://pubs.water.usgs.gov/twri9A6/ (Chapter sections are cited by author and date.) 

Example of citation for a section: Rounds, S.A., and Wilde, F.D., eds., September 2001, 
Alkalinity and acid neutralizing capacity (2d ed.): U.S. Geological Survey Techniques of 
Water-Resources Investigations, book 9, chap. A6., section 6.6, acct%sed -date- from 
http://pubs.water.usgs.gov/twri9A6/ 

I/ 

, L I  Myers, D.N,, and Wilde, F.D., eds., November 2003, Biological indicators (3d ed.): U.S. Geological 
, ,'I 

I I 
Survey Techniques of Water-Resources Investigations, book 9, chap. A7, accessed -date- at 

I http://pubs.water.usgs.gov/twri9A7/ (Chapter sections ar'e cited by author and date.) 
J 

1 ,. ..:.; < i':, .. .? . . ' 
4.. . 8 . - . . 

,. , 
, . . . I  I 

. I , .  , , ' I  

~ x a m ~ l e  of citation for a section: Delzer, G.C., and McKenzie, S.W., November 2003, 
,.:.$ 4J !, 
" . <  j 
, , 

. I .  , . 
Five-day biochemical oxygen demand (3d ed.): U.S. Geological Survey Techniques of 

' % . ,., .. ~ : ~ ; ~ , ~ .  ,, .', , . 
Water-Resources Investigations, book 9, chap. A7. section 7.0, accessed I d a t e -  from 

> .  , , , $ ,  ; .. htip://pubs.water.usgs~gov/twri9A7/ 
,j$i.i$ ::; 

, . 
, .  1 .  :. 1 I ' 

, . . .  .... . Radtke, D.B., October 1997, Bottom-mategal samples: U.S. Geological survey Techniques of Water- 
,I,,; ,,.. h.t,'v' .. ,: , Resources ~nvestigations, book 9, chap. A8, accessed d a t e -  at http://pubs.water.usgs.gov/twri9A8/ ,. . 

' .'I ~ . 1:; > + > . ~ ! .  

I '  P : 7.; 
I / _  , . ,  Lane, S.L., and Fay, R.G., October 1997, Safety in fieldiactivities: U.S. Geological Survey ~ e c h n i ~ u e s  J . : " .  . 

,. . . 
,4 3 

, , ... l,..:l, , 
, . of Water-Resources Investigations, book 9, chap. A9, Accessed d a t e -  at 

,, I .  8 

.,,If . :  
I I . '  , http://pubs.water.usgs.gov/twri9A9/ ' 

";', . + , ,', ; , '"C. : 
i , , , r , .  ' 

, I ,  . '  
: . 1  - q .  . . ~,,.,..:~:) . . 1 
. .  , . . .. . , 

4 ,;!;:,'.;., , ,  , ,  'y, , Users with visual disabilities can visit this site for conversion tools and information to help make PDF filks accessible. 
.., ., . ,, ', i .  . 

Return to Water Resources Ir!formation 
Return to Water Quality It!forn~ation P a g a  
Maintciiner: Office of Water Qirality 
Webversion by: Genevieve Comfort ! 
Privacv Statement I  I  Disclaimer 1 )  Accessibilip 
Last Modified: April 15, 2004 imc 
URL: http://water.usgs.gov/owq/FieldManual/index.html 



Preparations for water sampling . Page 1 of 2 

Water Resources--Office of Water Quality 

, .  . .  . 
I .* i :,,..... Q , , , . . !  
; . ~ *, . , .. 
.I" I ! ,  
' .>, y' , ' . ;"" (. .. . 
; I . . *'  ;; 
:. ;,,*; j:.: ,(!st 
, . . .  ' 

.%  . .  
: . ', t . .  

i P?:. : , ' , j+:. - . . :.. . 

' This document is also available in pdf format: 

Chl.pdf 

Commentslerrata pare . citation Information . . 

I 

CHAPTER AI. 
PREPARATIONS FOR WATER 
SAMPLING 
Cover/Title Page 
Back o:f Title Paee 
Foreword 

Abstract 
Introduction I 

Pul-pose and scope 
Requirements and recorninendations 
Field manual review and revision 
Acknowledgments I N  

1 

& Preparations for Water Sampling 
1.0 Field-personnel responsibilities - 
1.1 Field-trip preparations - 

1.1.1 Checklists of equipment, supplies, and activities 
1.1.2 Data-quality plans and preparations I 

1.2 Surface water I 

1.2.1 Selection of sampling sites 
1.2.1 .A Flowing-water sites 
1.2.1 .B Still-water sites 

1.2.2 Information for National Water Information System (NWIS) files and field 
folders I 

5 .  1 2 2 A NWIS files /... 

1.2.2.B Field folders 



Preparations for water sampling 

1.3 Ground water 
1.3.1 Site reconnaissance and well selection 

1.3.2 Information for National Water Information system (NWIS) files; well files; 
and field folders 
1.3i2.A NWIS files 
1.3.2.B Well files 
1.3.2.C Field folders 

Selected references and internal documents -- 

Publications on Techniques of Water -Resources Investigations 

Illustrations 

1-1 Example of presampling activities checklist 

1-2 Checklist for contents of surface-water-sampling field folder 
1-3 Example of a well-information checklist for a well file and field folder 
1-4 Checklist for contents of ground-water-sampling field folder -- 

1-5 Example of (A_) site- and well-location maps and (B) well-site sketch with well-site 
infonnation 

Tables 

1-1 Minimum infonnation required for electronic storage of site and surface-water-quality data 
the U.S. Geological Survey (USGS) National Water Information System (NWIS) . 

1-2 Considerations for well selection and well installation -- 

1-3 Example of site-reconnaissance activities 

1-4 Minimum information required for electronic storage of site and ground-water quality data 
the U.S. Geological Survey National Water Information System (NWIS) 

~ection..~.l.,~.~~ep.a_~~a~i~_n..,for.~atersa.~~!ing 
G ~ e t u r n  to National Field Manual Complete Contents Pape 
e ~ e t u r n  to Wate; U y  Information Pages 

Suhnzit a queslion or com~rient related to this National Field Manual. 
Maintainer: Office of Water Quality 
Webversion by: Genevieve Comfort 
Last Modified: 12; 14.54 Fri 02 Apr 2004 
Privacy Statement 1 I Disclaimer I I Accessibili@ 



Page 1 of 1 

, , 

' i , : ! : , ; '  ' 

! ;,":c .', . . 
I",.. 
I . '  , 1 

/ .  . ! 
, ' I  ' 

, ; t  , . 
* 9: ,*" '>' . 

) ,  i 
1 Book 9 

:: l.iandbooks for Ub~ltu-hsuurces tnvestlg~tlotx 
1 ' ;  t; 

I. a 
I 
I 

National ~ i k l d  Manual 
for the Collection of 
Water- Qtiality Data 

Chapter A l .  
PREPARATIONS FOR 
WAmR SAMPLING 

BY 
l~mncr?ska I). Wildr?, D e a l  13. ILidtke, I 

Jacob Gibs, iuld Kick 'C Iwzttsu~ba I 



I * r  . 
I . .  .,. . 
: A  . ,  . . . , ,. 
j , .  
v :.: 2 , 1 ,  . . . . I . ,  
I , , .  ... : , I :  

, :': . , 
$ 0 .  , .  . .. ~. _,. ... . 

.1 ' , . 
) I". . ' ..,;,.;..:: 

3 .  . , ' , ;:' :' ". . . ;  I , ' .  

'.. , .,I . , 
% . I ;  ,. 

, I .  ... : 
{,'.;, ,: ,; 
/ 1 "  . /  , 
:'. ' ; , , , :. , , 

I " . '  . ,. 'f- 

' I  b 
I . . I , ,  . 
: ._ . 
,::> :: , , - . . .  ', . . 
* ' ! , ,  7, . . .  . 

', , ,' ;;?. ' 

,:'; ,.,,$.J' .' - . * . .  .., 
; , ,  ' u ,  . ,  
, :,. I . 
, '  ,. 3 :. : 1 ",t. ' ';:" 
;;;, .;, 

- ::'. 

a < :I :;I, 
:I. ;;:. , ' 

,,T.{ ,.' ' ' . 
, I  3 .,$: ; I  
; I , ' ;> :  ..4! 
I _ I  + 

:<,ia;i 4'. , : I  

,:I,/, , . $!.:,I. 
. ,,. 

;,.,;*i?',:,; ( 2  
i.i.ij>,i ,;p .'s< ?>, 
):,,I:* : I  

I ): "" ?,;$ , f , ;  I .  , , . . .j '." ,, ' 
i , . I ;,1 I /  

,, I ,;,,; ,> , 
' .. >;~:,, ,'; :,: " 

* . I  , . 
' b  IT I _ 

2 . ; ~ : ~  ; ,;; 
1 ..! # .. 

, ? .  ' " '  

*!;,: ; :', :$ 

:, : ..' , 
-,(- ;,, i!; ,I 

.. . . '  

J , . , '  I,.. .. ,..; i..,!' , :I,: , 
, , . j .  < ,  

. ' .  !. . : I. ' ,! ' .  
, , i  " 

G. , ."' , ... 
, # I  . - I  " . . 4. ,', 2 , . , . 
.: , ('; ::* 
' <:'., ,. ?,, 

, I : ' ; '  2,' 
I,, ..' I ,  f 

.- . , >  . 
1.: ... ,. ,, 

1 ,, 
. I . .  . ,  . , , : * .  
, ., % . ,-' , ., . 
., . : .' . < 

I 

U.S. UEI3AII1MENT OF THE ZNTEHIOli 
BRUCE BABBI'lT, Sccranrj 

U.S. GEOI.OGICAL SURVEY 

J\V use of trado, product orfirrn ndms Is for de~rlptlwe purposcs orlb and 
C~OQ' not Icnply cndorsecnent by the U.S. Gmcrnrtret'lt. 
- - -- - 

Ibr rlridlilanal Inforrnailot~ Coples af his repartcan bz! 
wdte to: p~~rcl'lacrl f ton?: 

CP~lkf, f,ilro u i  Waior Qr~aity U.S. Ceologllral Suwey 
U.S. Ceoluglcal S ~ l ~ r o y  Brim11 OI Irdorn~atlan Setvlces 
1220% Surc~lnr 'Vallcy Dlvc k x  25286, Federal Ccnter 
hbilrllStoy~ll2 llcrh~cr, CO 80225 
h a o n ,  W 20192 
ISBN = 0-607.90623.5 

Page '1 of 1. 



Page 1 of 1 

t ! 
&I!''.. . 

/ I , .  
I..; , ,; , 

, ?p',; ,.I, 

' . . I d .  . ' I  , . " ,  I 

I:;;,$,:: '; :, 
; 't,?',, : ' ;! 
,:'4, ,,' > .  ,.., $ . 
is.;. ., ' ;, 
t . 
* !..:: 
' . .  1 .* ., 
, . i 

Foreword 
The mission of the Water Resources Division of the U,S, Geological 
Survey (USGS) is to provide t h e  information and .understanding 
needed for wise management of the Nation's water resources, 
Inherent i n  this mission is t h e  responsibility t o  collect data that 
accurately describe the physical, chemical, and biological 
attributes of water systemi. These data are used for environmental 
and resource assessments by the USGS, other government and 
scientific agencies, and tHe general public, Reliable and objective 
data are essential to the credibility and impartiality of the water- 
resources appraisals carried out by the USGS. 

The development and use of a National Fbld cimual is necessary 
to  achleve consistency in the saentific methods and procedures 
used, to  document those methods and procedures, and t o  
maintain technical exp,ertise, USGS field personnel use t h s  
manual to ensure that data collected are of t h e  quality required to 
fulfill ow mission. 

RobertM.Hirsch . .  

Chief Hydrologist 
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ABSTRACT' (.' 

The National Field Manual for.the Collection of Water-Quality Data (National Field Manual) describes 
protocols and provides guidelines for U.S. Geological Survey (USGS) personnel who collect data used 
to assess the quality of the Nation's surface-water and ground-water resources. This chapter addresses 
field-trip preparations, including selection of sample-collection sites for studies of surface-water quality, 
site reconnaissance and well selection for studies of ground-water quality, and the establishment of 
electronic files and field files for a sampling site. 

Each chapter of the National Field ~ a n d a l  will be published separately and revised periodically. Newly 
published and revised chapters will be announced on the USGS Home Page on the World Wide Web 
under "New Publications of the U.S. Geological Survey." The URL for this page is 
<httr,://~ater.us~~.~0~/1ookup/get?newpubs~ 

INTRODUCTION 
4 - ,  +' I 

1 1 1  

, 
{ kf*. . 1 1 ;  

As part of its mission, the U.S. Geological Survey (USGS) collects data needed to assess the quality of 
'. , y 

I I 
our Nation's water resources. The National Field Manual for the Collection of Water-Quality Data 
(National Field Manual) describes protocols (requirements and recommendations) and provides 

I guidelines for USGS personnel who collect water-quality data. Chapter A1 addresses preparations for 
, _  I collecting water samples at surface-water and ground-water sites. Formal training and field 

apprenticeship are needed in order to correctly implement the protocbls and guidelines described 
, , in this manual. 
..? ,. 

I ,,') ,; ,. . 
I .  . . .. , ,:;* The National Field Manual is Section A of Book 9 of the USGS series "Techniques of 
, ..:; . . I . . ' !  

, ,mi , ,  , Gt. . , 1,: ,, . + Water-Resources~Investigations" and consists of individually' published chapters. Chapter numbers are , . ~ ? "  ,;.,!, *,, ;!..!. ,,., 2 i- 
. , .,a ' 

preceded by ,an "A" to indicate that the r'eport is part of the National Field Maiual. Chapters of the 
, .,. .(.. , t National Field Manual are referied to inthe text by the abbreviation "NFM'' followed by the chapter . . 

I , . ,. .' ,. " , 
,,I , ' 

I I 
number (or chapter and section number): For example, NFM 4 refers to Chapter 4 on "Collection of 

, ,* , .  q Water Samples." NFM 4.1 refers to the section on surface-water sampling methods. .:. - 
I 

I *  PURPOSE AND SCOPE 

The National Field Manual is targeted specifically toward field personnel in order to (1) establish and 
/ * I  ! , 1 ,  ' I 



Abstract 

communicate scientifically sound methods and procedures, (2) provide methods that minimize data bias 
and, when properly applied, result in data that are reproducible within acceptable limits of variability, 
(3) encourage consistent use of field methods for the purpose of producing nationally comparable data, 
and (4) provide citable documentation for USGS water-quality data-collection protocols. 

This chapter of the National Field Manual informs field personnel of the major steps needed to prepare 
for water-quality data-collection activities, select surface-water sampling sites, make reconnaissance 
visits to g-ound-water sampling sites and select wells that will meet scientific objectives, and set up. 
electronic and paper files. Study design and data-network design are beyond the scope of this 
publication. This chapter is not a tutorial on statistical methods of site selection and does not address 
well installation. 

REQUIREMENTS AND RECOMMENDATIONS 

As used in the National Field Manual the terms "required" and "recommended" have the following 
USGS-specific meanings: 

Required (require, required, or iequirements) pertains to USGS protocols and indicates that USGS 
Office of Water Quality policy has been established on the basis of research and (or) consensus of the 
technical staff and has been reviewed by water-quality specialists and selected  district^ or other 

' 

professional personnel, as appropriate. Technical memorandums or other internal documents that define 
the policy pertinent to such requirements are cited in this publication. Personnel are instructed to use 
required equipment or procedures as described herein. Departure fiom or modifications to the stipulated 
requirements that might be necessary to accomplishing specific data-quality requirements or study 
objectives must be quality assured and documented. 

Recommended (recommend, recommended, recommendation) pertains to USGS protocols and 
indicates that USGS Office of Water Quality policy recognizes one or several acceptable alternatives to 
a given procedure or equipment selection on the basis of research and (or) consensus. References to 
technical memorandums and selected publications pertinent to such recommendations are cited in this 
publication to the extent that such documents are available. Specific data-quality requirements, study 
objectives, or other constraints may affect the choice of recommended equipment or procedures. 
Selection fiom among the recommended alternatives should be based on referenced research and good 
field judgment, and reasons for the selection must be documented. Departure fiom or modifications to 
recommended procedures must be quality assured and documented. 

FIELD MANUAL REVIEW AND REVISION 

Chapters of the National Field Manual will be reviewed, revised, and reissued periodically to 
incorporate technical advances, correct any errors, and address additional topics. Comments or 
corrections can be sent to NFM-QW, USGS, 412 National Center, Reston, VA 20192 (or send electronic 
mail to nfm-owq@,usgs.~ov). Newly published and revised chapters will be announced on the USGS 
Home Page on the World Wide Web under "New Publications of the U.S. Geological Survey." The 
URL for this page is <htto://water.usas.~ovllookuplget?newpubs>. 
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Each chapter of the National ~ i e l d  ~ a n u h l  will be published separately and revised periodically. Newly ., 
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INTRODUCTION 

As part of its mission, the U.S. Geological Survey (USGS) collects data needed to assess the quality of 
our Nation's water resources'. The National Field Manual for the Collection of Water-Quality Data 
(National Field Manual) describes protocols (requirements and recommendations) and provides 
guidelines for USGS personnel who collect water-quality data. Chapter A1 addresses preparations for 
collecting water samples at surface-water and ground-water sites. Formal training and field 
apprenticeship are needed in order to correctly implement the protocols and guidelines described 
in this manual. 
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The National Field Manual is Section A,of Book 9 of the USGS publication series "Techniques of 
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communicate scientifically sound methods and procedures, (2) provide methods that minimize data bias 
and, when properly applied, result in data that are reproduciblewithin acceptable limits of variability, 
(3) encourage consistent use of field methods for the purpose of producing nationally comparable data, 
and (4) provide citable documentation for USGS water-quality data-collection protocols. 

This chapter of the National Field Manual informs field personnel of the major steps needed to prepare 
.for water-quality data-collection activities, select surface-water sampling sites, make reconnaissance 
visits to ground-water sampling sites and select wells that will meet scientific objectives, and set up 
electronic and paper files. Study design and data-network design are beyond the scope of this 
publication. This chapter is not a tutorial on statistical methods of site selection and does not address 
well installation. 

REQUIREMENTS AND RECOMMENDATIONS 

As used in the National Field Manual the terms "required" and "recommended" have the following 
USGS-specific meanings: 

Required (require, required, or requirements) pertains to USGS protocols and indicates that USGS 
Office of Water Quality policy has been established on the basis of research and (or) consensus of the - 
technical staff and has been reviewed by water-quality specialists and selected District-1 or other 
professional personnel, as appropriate. Technical memorandums or other internal documents that define 
the policy pertinent to such requirements are cited in this publication. Personnel are instructed to use 
required equipment or procedures as described herein. Departure from or modifications to the stipulated 
requirements that might be necessary to accomplishing specific data-quality requirements or study 
objectives must be quality assured and documented. 

Recommended (recommend, recommended, recommendation) pertains to USGS protocols and 
indicates that USGS Office of Water Quality policy recognizes one or several acceptable alternatives to 
a given procedure or equipment selection on the basis of research and (or) consensus. References to 
technical memorandums and selected publications pertinent to such recommendations are cited in this 
publication to the extent that such documents are available. Specific data-quality requirements, study 
objectives, or other constraints may affect the choice of recommended equipment or procedures. 
Selection from among the recommended alternatives should be based on referenced research and good 
field judgment, and reasons for the selection must be documented. Departure from or modifications to 
recommended procedures must be quality assured and documented. 

, 
FIELD MANUAL REVIEW AND REVISION 

Chapters of the National Field Manual will be reviewed, revised, and reissued periodically to 
incorporate technical advances, correct any errors, and address additional topics. Comments or 
corrections can be sent to NFM-QW, USGS, 412 National Center, Reston, VA 20192 (or send electronic 
mail to nfm-owq~@,us,ps.gov). Newly published and revised chapters will be announced on the USGS 
Home Page on the World Wide Web under "New Publications of the U.S. Geological Survey." The 
URL for this page is <http:llwater.us~s.~ov/lookup/_~et?newpubs~. 

ACKNOWLEDGMENTS 

The information included in the National Field Manual is based on existing manuals, various reference 
documents, and a broad spectrum of colleague expertise. In addition to the references provided, 
important source materials include unpublished USGS training and field manuals and technical 
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The authors are indebted to the following colleagues for reviews that improved the technical quality of 
this report: B.A. Bernard, R.W. Boulger, J.O. Brunett, T.K. Edwards, G.D. Glysson, J.R. Gray, M.A. 
Hardy, R.L. Rickman, S.K. Sando, R.L. Snyder, and Y.E. Stoker. Valuable editorial assistance was 
provided by I.M. ~ o l l i e s , ' ~ . ~ .  Eberle, B!B. Palcsak, and Chester Zenone. Production assistance from 
L.S. Rogers, C.T. Mendelsohn, L.E. Menoyo, and A.M. Weaver was instrumental in mailitaining the 
quality of this report. 
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INTRODUCTION I 

As part of its mission, the U.S. ~ e o l o ~ i c b l  Survey (USGS) collects data needed to assess the quality of 
our Nation's water resources. The National Field Manual for the Collection of Water-Quality Data 
(National Field Manual) describes protocols (requirements and recomhendations) and provides 
guidelines for USGS personnel who collect water-quality data. Chapter A1 addresses preparations for 
collecting water samples at surface-water and ground-water sites. Formal tr'aining and field 
apprenticeship are needed in order to correctly implement the protocols and guidelines described 
in this manual. 
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communicate scientifically sound methods and procedures, (2) provide methods that minimize'data bias 
and, when properly applied, result in data that are reproducible within acceptable limits of variability, 
(3) encourage consistent use of field methods for the purpose of producing nationally comparable data, 
and (4) provide citable documentation for USGS water-quality data-collection protocols. 

Thjs chapter of the National Field Manual informs field personnel of the major steps needed to prepare 
for water-quality data-collection activities, select surface-water sarnpling.sites, make reconnaissance 
visits to ground-water sampling sites and select wells that will meet scientific objectives, and set up 
electronic and paper files. Study design and data-network design are beyond the scope of this 
publication. This chapter is not a tutorial on statistical methods of site selection and does not address 
well installation. 

REQUIREMENTS AND RECOMMENDATIONS 

As used in the National Field Manual the terms "required" and "recommended" have the following 
USGS-specific meanings: 

Required (require, required, or requirements) pertains to USGS protocols and indicates that USGS 
Office of Water Quality policy has been established on the basis of research and (or) consensus of the 
technical staff and has been reviewed by water-quality specialists and selected District1 or other 
professional personnel, as appropriate. Technical memorandums or other internal documents that define 
the policy pertinent to such requirements are cited in this publication. Personnel are instructed to use 
required equipment or procedures as described herein. Departure fiom or modifications to the stipulated 
requirements that might be necessary to accomplishing specific data-quality requirements or study 
objectives must be quality assured and documented. 

Recommended (recommend, recommended, recommendation) pertains to USGS protocols and 
indicates that USGS Office of Water Quality policy recognizes one or several acceptable alternatives to 

, a given prockdure or equipment selection on the basis of research and (or) consensus. References to 
technical memorandums and selected publications pertinent to such recommendations are cited in this 
publication to.the extent that such documents are available. Specific data-quality requirements; study 
objectives, or other constraints may affect the choice of recommended equipment or procedures. 
Selection from among the recommended alternatives should be based on referenced research and good 
field judgment, and reasons for the selection must be documented. Departure from or modifications to 
recommended procedures must be quality assured and documented. 

FIELD MANUAL REVIEW AND REVISION 

Chapters of the National Field Manual will be reviewed, revised, and reissued periodically to 
incorporate technical advances, correct any errors, and address additional topics. Comments or 
corrections can be sent to NFM-QW, USGS, 412 National Center, Reston, VA 20192 (or send electronic 
mail to nfm-owa~@,usrrs.~ov). Newly published and revised chapters will be announced on the USGS 
Home Page on the World Wide Web under "New Publications of the U.S. Geological Survey.'!,The 
URL for this page is <http://water.us~s.~ov/lookuP/get?newpubs>. 
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ABSTRACT 
I 

I 

The National Field Manual for the ~olleLtion of Water-Quality Data (~atidnal Field Manual) describes 
protocols and provides guidelines for U.S. Geological Survey (USGS) personnel who collect data used 
to assess the quality of the Nation's surface-water and ground-water resources. This chapter addresses 
field-trip preparations, including selection of sample-collection sites for studies of surface-water quality, 
site reconnaissance and well'selection for studies of ground-water quality, and the establishment of 
electronic files and field files for a sampling site. 

Each chapter of the National Field Manual will be published separately and revised periodically. Newly 
published and revised chapters will be announced on the USGS Home Page, on the World Wide Web 
under "New Publications of the U.S. Geological Survey." The URL for this ,page is 
<http://water.usgs.~ov/lookup/_~et?newpubs> 

I 

INTRODUCTION . 

As part of its mission, the U.S. Geological Survey (USGS) collects data needed to assess the quality of 
our Nation's water resources. The National Field Manual for the Collection of Water-Quality Data 
(National Field Manual) describes protocols (requirements and recommendations) and provides 
guidelines for Y G S  personnel who collect water-quality data. Chapter A1 addresses preparations for 
collecting water samples at surface-water and ground-water sites. Formalltraining and field 
apprenticeship are needed in order to correctly implement the protocols and guidelines described 
in this manual: 

I 

1 
I 
I 
I 

The National Field Manual is Section Alof Book 9 of the USGS publication series "Techniques of 
Water-Resources Investigations" and consists of individually published chapters. Chapter numbers are 
preceded by an "A" to indicate that the report is part of the National Field Manual. Chapters of the 
National Field Manual are referred to in the text by the abbreviation "NFM" followed by the chapter 
number (or chapter and section number). For example, NFM 4 refers to Chapter 4 on "Collection of 
Water Samples." NFM 4.1 refers to the section on surface-water sampling methods. 

I 

PURPOSE AND SCOPE 
I 

I 1 

The National Field Manual is targeted specifically toward field personnel' in order to (1) establish and 
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communicate scientifically sound methods and procedures, (2) provide methods that minimize data bias 
and, when properly applied, result in data that are reproducible within acceptable limits of variability, 
(3) encourage consistent use of field methods for the purpose of producing nationally comparable data, 
and (4) provide citable documentation for USGS water-quality data-collection protocols. 

This chapter of the National Field Manual informs field personnel of the major steps needed to prepare 
for water-quality data-collection activities, select surface-water sampling sites, make reconnaissance 
visits to ground-water sampling sites and select wells that will meet scientific objectives, and set up 
electronic and paper files. Study design and data-network design are beyond the scope of this 
publication. This chapter is not a tutorial on statistical methods of site selection and does not address 
well installation. 

REQUIREMENTS AND RECOMMENDATIONS 

As used in the National Field Manual the terms "required" and "recommended" have the following 
USGS-specific meanings: 

Required (require, required, or requirements) pertains to USGS protocol's and indicatesthat USGS 
Office of water Quality policy has been established on the basis of research and (or) consensus of the 
technical staff and has been reviewed by water-quality specialists and selected District!. or other 
professional personnel, as appropriate. Technical memorandums or other internal documents that define 
the policy pertinent to such requirements are cited in this publication. Personnel are instructed to use, 
required equipment or procedures as described herein. Departure from or modifications to the stipulated 
requirements that might be necessary to accomplishing specific data-quality requirements or study 
objectives must be quality assured and documented. 

Recommended (recommend, recommended, recommendation) pertains to USGS protocols and 
indicates that USGS Office of Water Quality policy recognizes one or several acceptable alternatives to 
a given procedure or equipment selection on the basis of research and (or) consensus. References to 
technical memorandums and selected publications pertinent to such recommendations are cited in this 
publication to the extent that such documents are available. Specific data-quality requirements, study 
objectives, or other constraints may affect the choice of recommended equipment or procedures. 
Selection from among the recommended alternatives should be based on referenced research and good 
field judgment, and reasons for the selection must be documented. Departure from or modifications to 
recommended procedures must be quality assured and documented. 

FIELD MANUAL REVIEW AND REVISION 

Chapters of the National Field Manual will be reviewed, revised, and reissued periodically to , 

incorporate technical advances, correct any errors, and address additional topics. comments or 
corrections can be sent to NFM-QW, USGS, 412 National Center, Reston, VA 20192 (or send electronic 
mail to ~ a @ u s ~ ~ s . g o v ) .  Newly published and revised chapters will be announced on the USGS 
Home Page on the World Wide Web under "New~Publications ofthe U.S. Geological Survey." The 
URL for this page is <http:Nwater.usgs~ov/lookupllret?newpubs~. 
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Al.  
PREPARATIONS FOR WATER.SAMPLING 

I 

By Franceska D. Wilde, Dean B. Radtke, Jacob Gibs, and Rick T. lwatsubo 

This chapter of the National Field Manual for the Collection of w a t e r - ~ u a l i t ~  Data provides guidelines 
for field personnel as they prepare to select and (or) evaluate surface-water and ground-water sampling 
sites, establish site files, and prepare for sample-collection field trips. 

1 .o I 

FIELD-PERSONNEL RESPONSIBILITIES 
I 

Before sample collection begins, field personnel must take steps to ensure that the samples collected will 
be representative of the aqueous system being investigated. A representative water sample is a sample 
that typifies ("represents") that part of the aqueous system to be studied and is delineated by the 
objectives and scope of the study. USGS data-collection efforts often take a whole-system approach, 
meaning that data-collection methods ensure representation of an entire stream reach or aquifer volume. 
A modified approach is needed for studies in which samples are representative of a specific part or 
aspect of an aqueous system instead of the entire system; for example, a study of aquatic ecology may 
establish nearshore boundaries on the system, and an oil-spill study may'target only the surface of a 
water-table aquifer within a designated boundary or circumference. 

Be alert to sample representativeness. The data are no better than the confidence that can be 
placed in how well the sample represents the aqueous system (Feltz and Culbertson, 1972). 
Plan to collect quality-control samples. Quality-control checks applied during laboratory 
analyses of the samples cannot compensate for data that are biased because samples were not 
representative of the aqueous system or because samples were improperly collected and 
processed. 

I $ 1  

' r  , 1 ,(.. $8 ( 

Field personnel are also responsible for providing the necessary information to establish USGS National 
I Water Information System (NW1S)'site files for each sampling site and for checking to see that the site 
i 1 
I +  t I file is functional, that the information it contains is correct, and that updates are made promptly. 
{ ' b L  If I 

' I *  

I 
! I  Update files promptly: 

$$!? I  "6 

to I The Ground-Water Site Inventory (GWSI) file contains site information. 
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b The Quality-of-Water Data (QWDATA) file contains field and laboratory data. 
b The Automatic Data Processing System (ADAPS) file contains time-series information; 

ZNational Water Information System (NWIS) is the hydrologic data base for the U.S. Geological Survey. Updated versions 
are released periodically. 
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section A / . p a  

% .  . 
( . . . -  ' FIELD-TRIP PREPARATIONS 
/ ; J : ; , : L . , ' . , ? , ,  /, 
I: $, :, ,;.., , 1 I 8  

All details of a field trip need to be plantied well in advance. Adequate time must be scheduled in the 
1 '  \ 

1 : .  : 1 1  
workplan to review data requirements and make field-trip preparations-a common mistake is to put off 
these activities until the last minute. I 

I I Before selecting sites or making otlter ~reparations: 
1 ' )  1 I  

1 

. , , ' .  b Understand the purpose for which the various types of data will be collected and the aqueous 
, \ I . ,  ; system that each sample should represent. 

d l  I 
s , ; ;I; t 

. , , 
' 

Review the study workplan, especially types of measurements and samplesneeded. 
.,". ;2 ' .  ' 

, * .  , . r , ,  b Make field reconnaissance trips before selecting sampl'ing sites, if possible. 
. . 1:.:/.1 . , 

I. > ' ,,I.: 
- , ,  . 

-- Note conditions that could affect sampling opkrationk (such as &d seasonal high or low . . , . ,  . . streamflow, flowing wells, or site-access peculiarities). 
. . 

. /  " ., . . .' 
' . > I",;, 'I?!, 

., .!I 
-- Evaluate potential sources of contamination at the site, based on target analytesl to be 

' , .  , . 
I . .  I .  .. collected. 

, , Review site files and field folders. (Note site location, description and access, and review any 
!I8" ,' I 

1 previously collected physical, chemical, and biological data.) 
4 

, I  + 

Obtain and keep current with training and the laboratory requirements associated with your data- 
9 I 

F I 
collection activities. 

C '  

Before selecting equipment: 
/ '  1 1 ,  

, Understand the physical and chemical limitations of each piece of equipment, in order to meet data- 
collection objectives and data-quality requirements4 (refer to NFM 2). Verify and test, if possible, the 
operational range of the sampling equipment to be used. 

1 f i r  

1 Before starting field work: 
I I 
i .  

I .  b ~ e v i e w  site files and update and review the field folder for each site from which samples and 
p . . > I !  ancillary data will be collected (see sections 1.2.2 and 1.3.2). 

, '  ! : Review the safety plan and be sure that you have the training needed if you will be working at 
sites designated as hazardous (see NFM 9) 

I : 
, i I 

6 " 
Plan ahead! Take adequate time to prepare. 

t i l .  

I '1 , 
. O P  j (  

4 - I 
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1.1.1 , 1  '.,.. *'< 
* . .  

CHECKLISTS OF 'EQUIPMENT, SUPPLIES, AND ACTIVITIES . .. , 
,, i '  
. . 

,' ".,i : : 
'" ,,: 
, . . _ :  Each study needs to establish and follow a protocol for data-collection activities. Checklists help ensure . , : - . 
., . . that equipment and supplies will be ordered on time, that data-collection activities will be completed $.,, ..,._ . . .  . . 

appropriately, and that data-quality requirements will be met (fie. 1.1). Most checklists are generic to all ':,~;;.:::+?~: ..',+; ,:,' . 

projects and sites (for example, vehicle,and equipment maintenance checklists), but may need to be . ., .' .. ,: . 
customized (for example, items listed, quantities of equipment and supplies, number of batteries, and ('I . .... ... : .  

,.i ', ' 
types ofsample bottles and other equipment). The types of information and examples of items 1isted.on 

,' . - ; 
1 ;  i : ; ,  

" .  
f " ", ~. 

the next' page are usually included when developing checklists. < .  . - 
, . .. . .. . .  . ,.., . , - .  . .,, . . . .,, I .  
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Types of information , 

Calendar of planned field trips 

Presampling activities 

, _ .  - .  . . +.. -. 
..; :.,:.' .,: .;.-! 
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,',, 3 .  ' 

Examples of items or activities in checklists 

Prepare calendars/checklists that include sampling dates, members of field 
team, vehicle(s) to be used. 

Prepare checklists; for example, field-trip preparations checklist (fig. 1-1) and 
well- information checklist (fig. 1-3). 

Update field folders and computer files. 
Log in samples (Analytical Services Request form). 
Store and dispose of hazardous materials properly. 
Check that all equipment is clean and properly stored. 

Field equipment and supplies 

Vehicle maintenance 

~nformation and supplies 

Field-folder contents 

Safety equipment and information 

Prepare lists of equipmentfsupplies for each field site (see NFM 2). 
Prepare a list of items to be ordered. 

Prepare a checklist of maintenanceltesting for field-measurement instruments 
(see NFM 6). 
Test sample-collection and processing equipment. 
Charge or replace batteries. 

Check fluids, battery, tires, lights, cleanliness. 

Prepare headers on forms (such as field, chain-of- custody, and Analytical 
Services Request forms); prepare bottle labels. 
Prepare lists of chemical constituents, with analytical schedules, methods, 
laboratory codes; bottle type and volume; sample handling, treatment, and 
preservation procedures; shipment; quality-control samples. 

Prepare list of logistical information needed for each site, such as permission 
to access site, keys, maps. 

Keep a copy of NFM 9 for field use and list special considerations for the site, 
such as personal flotation devices. 
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1 .  
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FIELD-TRIP PREPARATLONS 
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1.1.2 
DATA-QUALITY PLANS AND PREPARATIONS 

USGS policy that water-quality data be of a defined and documented quality is described in Horowitz 
and others (1994) and Office of Water Quality Technical Memorandum 93.11 (see "Selected References 
and Internal Documents"). Every study should have a written document that describes study objectives, 
data-quality requirements, and a quality-assurance p l q .  Some of the inforpation needed to ensure data 
quality is described in District quality-&surance plans. Discipline specialists (District and Regional 
specialists, discipline offices at USGS headquarters in Reston, Va., and USGS National Research 
Program scientists) can provide specific instructions and updates relating to quality-assurance 
procedures and policies for the collection of water-quality, surface-water, and ground-water data. 
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Field personnel are responsible for determining whether the equipment and methods being used could .-,,: !, 3 ,  . . . , 
I <.:-. . . . _ I  

.impair sample quality. For the most part, this determination involves collecting quality-control samples , .. i - . . . .  .,: I _ .  . . 

and analyzing the results. Field personnel must plan and prepare for routine checks on data quality. . .I . i 

i .. , 
.', I,, 
; ..X.<.. 

. . , f  ,"" 
..,: , : . : , 4 ,  

Examine field and laboratory results as soon as possible, preferably before the.next sample- , 'r . ,.' !$,' i..? ,. . . 
" ::.< 

collection field trip. Results indicating potential bias in the data will alert you to the changes .:, , .I x. 7 $:: . .  

needed in equipment, equipment-cleaning procedures, or field methods.used. I:-'.: : ,, 
,. ~' ? 

C.. 

t Be prepared to collect additional bianks, replicates, or othei field quality-control samples, *.- L-> , , 
based on your judgment of the effects of field conditions on sample collection. Field conditions {.*, 

are unpredictable, and adverse or unexpected conditions could necessitate additional steps to ., s $ 

document data quality. i I ,  

.,.. 
..I ,- . '"i,: . .  . 

Quality-control samples are collected either in the office laboratory or at the field site, depending on -,, . !"i3 ,. . . 
I .. -,. . ' ;. . . . .'. 

their specific purpose (see NFM 3, "Cleaning of Equipment for Water Sampling," NFM 4, "Collection . . . , I  ,., 
;; ,; :4.;;::; ; 
, , > v":? +j 

of Water Samples," and NFM 5, "Processing of Water Samples"). Field personnel must be familiar with ~ : 3 ~ . ~ . : ~ i . ~ ~ "  . +.. 

.. . 
'.. :.. - the various types of quality-control samples and know how and when to collect them in order to comply -!,:' " ,  .': 

with USGS quality-assurance requirements. Collection of blank'samples (blanks) is mandatory. Blanks , . 
) ..' . . , ... .:..: ' . 

are samples of laboratory-prepared and -analyzed water that are processed through the equipment in the . .  . : . .  , .  , 

,.<.... ;: ..: 

same manner as the environmental sample, but after the equipment has been cleaned'and prepared for . ;. 
. , ..., :. 

field use. .I. ' '  . . ... .' .... .. , . 1 

In preparation for collection of quality-control samples, solutions of the appropriate type and quality 
must be obtained for blank and standard reference material samples. Field personnel should use water 
for blank samples that is certified by the USGS National Water Quality Laboratory (NWQL) in Arvada, 
Colo. Laboratory certification should indicate that the blank water has target-analyte concentrations that 
are less than the method-detection limits. Blank water for determination of inorganic constituents needs 
to be the inorganic blank water obtained from the Quality of Water Service Unit in Ocala, Fla.; blanks 
for analysis of organic compounds require either pesticide blank water or volatile/pesticide blank water, 
both of which can be obtained from NWQL. StandarcUreference materials generally are obtained from 
the National Institute of Standards and Technology. 

Collect equipment blanks before beginning the field effort. 
-- Equipment blanks are processed through clean equipment in the controlled setting of an 

office laboratory. 
-- Process an equipment blank at least once a year for each set of sample-contacting 

equipment. This applies to new equipment to be used for the first time, to equipment that 
will be cleaned with a new cleaning procedure, and to equipment that has not been tested 
with an equipment blank for 1 year. 

-- Do not collect or process environmental samples until the annual equipment blank 
data have been reviewed. The field personnel or the water-quality specialist needs to 
ensure that the equipment blanks are either free of contamination or have concentrations 
small enough to be insignificant at the current analytical limits (Horowitz and others, 
1994). 

Collect field blanks at the.field site under the same conditions as environmental samples. 
Field blanks can provide information on the efficacy of the equipment ~1eanin~'~rocedures used 
and on ambient atmospheric contamination. 
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. . aware of data-quality requirernei~ts and potential sources of ! ,I_. : 
I ! 
I . !  . .  contamii~ation. 
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5 1 
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'I 

'"T'arget analyte" refers to any chei~lical or biological substance for which concentrations in a sample will be determined. 
I Target analyte does not include field-measured properties such as temperature, specific electr~cal conductance (conductivity), 

' .  dissolved-oxygen concentration, pH, Eh, alkalinity, color. or turbidity. l11e Concise Chsirticnl an(/ 7kchnicnl Uictiorrtrn~. 4th 
! :q s n  edition (Bennett, 1986) detines "analyte" as "Substance berng determined in an analysis." "y:i , 

, 2  $ 
1 

i . "' j,i ;2:. .,: ' 
, . , .'As used in this publication, the tern1 "data-quality requirements" refers to that subset of data-quality objectives pertaining 

, ?:! ! ' , '  
. , , 

specifically to the analytical detection level for coilcentrations of target d~~alytes and the allowable variability to fillfill the 
i .  , " I , scientific objectives of the study. 
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1.1 
FIELD-TRIP PREPARATIONS 

All details of a field trip need to be planned well in advance. Adequate time must be scheduled in the 
workplah to review data requirements and make field-,trip preparations-a common mistake is to put off 
these acdivities until the last minute. 1 I 

Before selecting sites or making other preparations: 
{ 

I 

Understand the purpose for which the various types of data will1 be collected and the aqueous 
system that each sample should represent. 

b Review the study workplan, especially types of measurements and samples needed. 
Make field reconnaissance trips before selecting sampling sites, if possible. 
-- Note conditions that could affect sampling operations (such as the seasonal high or low 

streamflow, flowing wells, or site-access peculiarities). 
-- Evaluate potential sources of contamination at the site, based on target analytesl to be 

collected. 

b Review site files and field folders. (Note site location, description and access, and review any 
previously collected physical, chemical, and biological data.) 

b obtain and keep current with training and the laboratory requirements associated.with your data- 
. collection activities. 

, .  . , 

Before selecting equipment: 

Understand the,physical and chemical limitations of each piece of equipment, in order to meet data- 
collection objectives and data-quality requirements4 (refer to NFM 2). Verify and test, if possible, the 
operational range of the sampling equipdent to be used. I 

, , ,.,,,,.'?.' 
> , v,.y:.: , ,,:; ," .I:, 
' i : ;  ,>.,, ,, ,.~ 

Before starting field work: 
.,, ,:.: .'.,' 
i$, ". ,. 
;; ; ,;;; ii4, ,. 
: ., ,..!, } 4,. "';,I , ' ("",> * 

b?: !) , ,au,{ r:: i b ~ & i e w  site files and update and review the field folder for each site , '  . ,  . which sarpples and 
. . , . . " ancillary data will be collected (see sections 1.2.2 and 1.3.2). : 

i! ~.~~g+~i , '~:  i ..;. ' a .a,. .;+ 1. 
>!.& ; ,': , ..o!~..~ b Review the safety plan and be sure that you have the training needed il!$ou will beworking at 

,;:,,v.;,: ;!, ;, .sites designated as hazardous (see NFM 9) 
I , ; ' - ' ; , ' !  , 

Plan ahead! Take adequate time to prepare. 



Section 1.1 Page 2 of 5 

1.1.1 
CHECKLISTS OF EQUIPMENT, SUPPLIES, AND ACTIVITIES 

Each study needs to establish and follow a protocol for data-collection activities. Checklists help ensure 
that equipment and supplies will be ordered on time, that data-collection activities will be completed 
appropriately, and that data-quality requirements will be met (fig. 1-1). Most checklists are generic to all 
projects and sites (for example, vehicle and equipment maintenance checklists), but may need to be 
customized (for example, items listed, quantities of equipment and supplies, number of batteries, and 
types of sample bottles and other equipment). The types of information and examples of items listed on 
the next page are usually included when developing checklists. 

. '  Z * . '  . 
I.. . . . , 

0 % -  . 
( .  I . 
". . . .::' , . .',,I ': . . a .  

r.., , .  
. .L . 

Types of information 

Calendar of planned field trips 

Presampling activities 

, Examples of items or  activities in checklists 

Prepare calendars/checklists that include sampling dates, members of field 
team, vehicle(s) to be used. 

Prepare checklists; for example, field-trip preparations checklist (tig. 1-1) and 
well- information checklist (fig. 1-3). 

Update field folders and computer files. 
' 

Log in samples (Analytical Services Request form). 
Store and dispose of hazardous materials properly. 
Check that all equipment is clean and properly stored. 

F~eld equipment and supplies 

testing 

Vehicle maintenance 

information and supplies 

Field-folder contents 

Safety equipment and information 

Prepare lists of equipment/supplies for each field site (see NFM 2). 
Prepare a list of itemstto be ordered. 

Prepare a checklist of maintenanceltesting for field-measurement instruments 
(see NFM 6) .  
Test sample-collection and processing equipment. 
Charge or replace batteries. 

Check fluids, battery, tires, lights, cleanliness. 

Prepare headers on forms (such as field, chain-of- custody, and Analytical 
Services Request forms); prepare bottle labels. 
Prepare lists of chemical constituents, with analytical schedules, methods, 
laboratory codes; bottle Qpe and volume; sample handling, treatment, and 
preservation procedures; shipment; quality-control samples. 

Prepare list of logistical information needed for each site, such as permission 
to access site, keys, maps. 

Keep a copy of NFM 9 for field use and list special considerations for the site, 
such as personal flotation devices. 
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DATA-QUALITY PLANS AND PREPARATIONS 
, ,' f lb '*  

*. 1 ' .  t1"SGS policy that water-quality data be of a defined and documented quality is described in Horowitz 
I I 7 ' 1  ' ' and others (1994) and Office of Water Quality Technical Memorandum 93.1 1 (see "Selected References 
.1 I 

.all 
and Internal Documents"). Every study should have a written document that describes study objectives, 

! I / , I  data-quality requirements, and a q~ality~assurance plan. Some of the information needed to ensure data 
1 " 

, 1 quality is described in District quality-assurance plans. Discipline specialists (District and Regional 
- I !  . , specialists, discipline offices at USGS headquarters in Reston, Va., and USGS National Research 

Program scientists) can provide specific instructions and updates relating to quality-assurance 
' 1  ;- ; I  
t I d ,  

procedures and policies for the collection of water-quality, surface-water, and ground-water data. 
1 - 2 1  
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, ' .,, . < .: . . >  ' 7': 
. ; i.l , l ,  

: ' , , . , '  .; ; ,. <:,*!. 
* ". 

{", ..*.:. 
Field personnel are responsible for determining whether the equipment and methods being used could . I  . . .  

1 ,. . 
.. ; 

impair sample quality. For the most part, this determination involves collecting qualityicontrol samples . , , , . ( . . " I  

. .. , " ., . ,, . 
and analyzing the results. Field personnel must plan and prepare for routine checks on data quality. .,., . .. . 

..1 ,.  ,< . .  .: . . d G ,  3;;,.:*;; ,*: 
. . . : .  . 4. 

- . : . 'A. 
Examine field and laboiatory results as.soon as possible, preferably before the next sample- ' , ,'. ..y* 

L., 

, . i . ' . .  
collection field trip. .Results indicating potential bias in the data will alert you to the changes 

;? ,,:;y$ .;, needed in equipment, equipment-cleaning procedures, or. field methods used. . . ,  ,. , I- ,,*,#.,, ,,..&: . ,.., 
t Be prepared to collect additio,nal blanks, replicates, or other field quality-control samples, ,: . .  1; . I?! c., - 

based on your judgment of the effects of field conditions on sample collection. Field conditions . . .: 2 . . < .  :L 

are unpredictable, and adverse or unexpected conditions.could necessitate additional steps to 
.. , L ,  
, :,I.*:<,$.: 

' . I ' ;  ,. .'.. ..'.,$ .,j:; .,, document data quality. . pll .>.  ... A. . ' :> 

I, . : 

Quality-control samples are collected either in the office laboratory or at the field site, depending on 
their specific purpose (see NFM 3, "Cleaning of Equipment for Water Sampling," NFM 4, "Collection 
of Water Samples," and NFM 5, "Processing of Water Samples"). Field personnel must be familiar with 
the various types of quality-control samples and know how and when to collect them in order to comply 
with USGS quality-assurance requirements. Collection of blank samples (blanks) is mandatory. Blanks 
are samples of laboratory-prepared and -analyzed water that are processed through the equipment in the 
same manner as the environmental sample, but after the equipment has been cleaned and prepared for 
field use. 

In preparation for collection of quality-control samples, solutions of the appropriate type and quality 
must be obtained for blank and standard reference material samples. Field personnel should use water 
for blank samples that is certified by the USGS National Water Quality Laboratory (NWQL) in Arvada, 
Colo. Laboratory certification should indicate that the blank water has target-analyte concentrations that 
are less than the method-detection limits. Blank water for determination of inorganic constituents needs 
to be the inorganic blank water obtained fiom the Quality of Water Service Unit in Ocala, Fla.; blanks 
for analysis of organic compounds require either pesticide blank water or volatile/pesticide blank water, 
both of which can be obtained from NWQL. Standard/reference materials generally are obtained fiom 
the National Institute of Standards and Technology. 

. . . ' . ' . . I : : < , ,  
, . 
: . ' ".',,: :: , . ? . , ". 

, . ..> 

, .* :'. '!'.' 
, ,, ,, ... . *.,. 

.,$.... 

.:. .-. .. $ 
, . .. .I, 

:, >,' .!.. . . . . . 
;: , ,", ,. . : . . 
2: ' . <  

., . .. . , .. , 
. .. . 

, .. .: 
- ,  ., ;; 

I.. , .. . .' 

, , . .: ( . . 
' , \ I , ; , <  

Collect equipment blanks before beginning the field effort. t ,  .: >:.:.,& .. . ,'.,'L 
,<: . .,,,.* . -- Equipment blanks are processed through clean equipment in the controlled setting of an ' , 
"' . ,,j,~!'. 
< '... , office laboratory. , .  .. . T. . 

I '  I ... f , . '  -- Process an equipment blank at least once a year for .each set of sample-contacting 
. $ .  -. .. :i - , p:p ., > .  :: .. 

equipment. This applies to new equipment .to be used for the first time, to equipment that ,.:v.. . j  . ' . "  
5 %  .. 

will be cleaned with a new cleaning procedure, and to equipment that has not been tested . . . A ?  ,. . a 

with an equipment blank for 1 year. , ., .+ .  
.<.,, . '  . . ,  

,,.,r, ( , a c  : -- Do not collect or process environmental samples until the annual equipment blank . . .  
, ,  . 

data have been reviewed, The field personnel or the water-quality specialist needs to I j 

,_ ( . . .. ' . ., ? .  * ensure that the equipment blanks are either free of contamination or have concentrations '., s , .  ." 4. ?,.:, !I 

small enough to be insignificant at the current analytical limits (Horowitz and others, ,, -: ' * ' , I  
,. ',,Z. .%'; : ,. 

4 < ,< .'J,.f. 

1994). , . I  . . . ,  ,., ; 
- .  . ',.," . .. &.* 

+ .:c Collect field blanks at the field site under the same conditions as-environmental samples. . , , ,.. 

Field blanks can provide information on the efficacy of the equipment cleaning procedures used ,. *. :' 
;'t . ;.. " ' - ;, , .>.$& : and on ambient atmospheric contamination. ,,,. . . . .  ,: . 

. ,  . ,  
. . .. 

, '  ' . , 
. 

( . .' *.. . 
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:Data. q.uality begins! before the first .sample is collected-be 
I .  . .  : .  ., . ,  
. , .  , 

aware of data-quality requirements and potential sources of 
, .,i.. '. , contamination. 
, ,, ;,,+, 8 ,  

i: I :, ;:. :- i , . ,  . 

: I 
I i P : ,, 

% . .  . ,  3"'~arget analyte" refers to any chemical or biological s~~bstance for which concentrations in a sample will be determined. 
,! 5 . 

I . ;  Target analyte does not include field-measured properties such as temperature, speciRc ~1ectr;ical collductsnce (condi~ctivity). 
L . . ,; " . ...: dissolved-oxygen concentration. pH. Eh; alkalinity, color, or turbidity. ?'he C017ci.w Chett~ihrrl cznd 7'echnicrrl Uict io~ron. 4th . .. 
Is ,h ' . . 

t ,  ., . . l  edition (Reni~ett, 1986) defines "analyte" as "Substance being determined in an analysis." ,.:+i,.., ,i,, s 

. *,. ;. ' # ,  
. 1 1 ,  , . 1 I.. .:I , . 
, , , . , 

4As used in this publication, the tmm "data-quality requiren~ents" refers to that subset of data-quality objectives pertaining 
, , ,  specifically to the analytical detection leve1,for concentrllti6ns of target analytes and the allowable variability to fillfill the 
,!. .5 * .  . 

4 , ,  I , .  , . , scientific objectives of the study. 
, .. , . . . . ..*:, 

. . ; I ,  ;! 8 ,  $? ; 
I ,  /.,, I,'. 

,: , .,. 8 
I ' 
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FIELD-TRIP PREPARATIONS 
)" 

I I  All details of a field trip need to be planned well in advance. Adequate time must be scheduled in the 
I l i  
, :, , . workplan to review data requirements and make field-trip preparations-a common mistake is to put off 

If . 
I these activities until the last minute. 
" &, . , 4 

, 
Before selecting sites or making other preparations: 

1 ' ,  
I I I ,  

a ~ 
1 ;  C *  I 

I : Understand the purpose for which the various types of data will be collected and the aqueous 
II , " 1  

' r' system that each sample should represent. 
$ 4  ' Review the study workplan, especially types of mehsui-ements and samples needed. $ 

1,) , 
1 " ~  *I; Make field reconnaissance trips beforiselecting sampling sites, if possible. 
A h, -- Note conditions that could affect sampling operations (such as the seasonal high or low 
f Q, l  1 streamflow, flowing wells, or site-access peculiarities). 
: . . t , '  

,( '.I 
' . *  , -  , 

-- Evaluate potential sources of contamination at the site, based on target analyteO to be 
I ,  , , . '  

s "*b,<,,",<, 

.. . . , .I, ..* .. .*. 'collected. . , 
I 

Review site files and field folders. (Note site location, description and access, and review any 
1 / , '  , previously collected physical, chemical, and biological data.) 
i..+. . , 

, Obtain and keep current with training and the laboratory requirements associated with your data- , . , ; ;:'.; . 
, ' s I!!.; :IV.:~, ,I collection activities. I , '  . 

; I.' : 4". ,' 
i 1  I 
., .. :..,.' , 

I ~ f , ,  

, ,I' !,.I. . a::. .<', . Before sklecting equipment: 
I i ' . .  . 

- 4  1 

, , . , Understand the physical and chemical limitations of each piece of equipment, in order to meet data- 
, - collection objectives and data-quality requirements4 (refer to NFM 2). ~er i i fy  and test, if possible, the 

, ;, I' 

operational range of the sampling equipment to be used. 
1 .  ) 

, . .  
: .'I, , 
, ,. Before'starting field work: : , , '>L" .,. I , 1 I. 

i I.. .. _. 
) . I5  . 
' , *  

' ( .  

. '  . 
8 ,!:*: 

Review site files and update and review the field folder for each site from which samples and 
' 

).,# - . v .  . ancillary data will be collected (see sections 1.2.2 ahd 1.3.2). I ,  , 
t ,,* : ! -' 

. .  I 
, 'r., 

, Review the safety plan and be sure that you have the training needed if you will be working at 
,,...! k ,?  4 .  * ( . ,!.,,,,!. 

, . .. , 
sites designated as hazardous (see NPM 9) . ,, 

, l,j,l!:!,, ! ;': 
. ,!,. !? j Plan aheiid!'~akk adequate time to prepaie: .. j . . I .  

I I .  
! ? .t 

) . U I. ,! 
; , !:"- ~i , < I ,  , , ,' , 
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1.1.1 
CHECKLISTS OF EQUIPMENT, SUPPLIES, AND ACTIVITIES 

Each study needs to establish and follow a protocol for data-collection activities. Checklists help ensure 
that equipment and supplies will be ordered on time, that data-collection activities will be completed 

' 

appropriately, and that data-quality requirements will be met ( f i ~ .  1-1). Most checklists are generic to all 
projects and sites (for example, vehicle and equipment maintenance checklists), but may need to be 
customized (for example, items listed, quantities of equipment and supplies, number of batteries, and 
types of sample bottles and other equipment). The types of information and examples of items listed on 
the next page are usually included when developing checklists. 

. . 
1 r: . 
,'., ,%. ,,, 
' . . :>.  , , 
1:. ,:: .; . 

uri 
, ' .,..7 , ::, . 

, . . . . . .' .. . . L. 

, ," *" "> . p.. ;..,; 
,... ,& ..\ , 

.-.;\ , .. I . .  6 . .  

. % .  . . ,. .. . ~, ,  .. 
, . , . ,  . * '  

t , . . , .  4:. 
, .  

, , 'd,' , 
, : . ?  . "..., ,. . 

-. :: .$ . , ., 
, , .  . , * -  . . ;,.' . .  . . . ~ .  

. A .  .. 
1 .. ' 

, a ,  , P ' * .  

; . .?, , tL ... '.:.'' ' . . . .. 
4 .  " .  . . 

, t . : .  . ,! *;, . 
i " . .: 

. ' I  . I/* .. 
' . . t  , . 

' ,,"", . 
. :,I'.,. 

' , 4, 7; , 
, ,..:, .' .. . .,: I 

Types of information 

Calendar of planned field trips 

Presampling activities 

Field equipment and supplies 

Vehicle maintenance 

information and supplies 

Field-folder contents 

Safety equipment and information 

Examples of items or activities in checklists 

Prepare calendarslchecklists that include sampling dates, members of field 
team, vehicle(s) to be used. 

Prepare checklists; for example, field-trip preparations checklist (fig. 1-1) and 
well- information checklist (fig. 1-31). 

Update field folders and computer files. 
Log in samples (Analytical Services Request f o p ) .  
Store and dispose of hazardous materials properly. 
Check that all equipment is clean and properly stored. 

Prepare lists of equipmentlsupplies for each field site (see NFM 2). 
Prepare a list of items to be ordered. 

Prepare a checklist of maintenanceltesting for field-measurement instruments 
(see NFM 6) .  
Test sample-collection and processing equipment. 
Charge or replace batteries. 

Check fluids, battery, tires, lights, cleanliness. 

Prepare headers on forms (such as field, chain-of- custody, and Analytical 
Services Request forms); prepare bottle labels. 
Prepare lists of chemical constituents, with analytical schedules, methods, 
laboratory codes; bottle type and volume; sample handling, treatment, and 
preservation procedures; shipment; quality-control samples. 

Prepare list of logistical information needed for each site, such as permission 
to access site, keys, maps. 

Keep a copy of NFM 9 for field use and list special considerations for the site, 
such as personal flotation devices. 
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Order n~pplios 

Clack prior laboratory nralyjis 
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eld f o r m  

Obtain prm'sslon for site dm(35s 
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DATA-QUALITY PLANS AND PREPARATIONS 
1 I 

USGS policy that water-quality data be of a defined and documented quality is described in Horowitz 
and others (1994) and Office of Water Quality Technical Memorandum 93.1 1 (see "Selected References 
and Internal Documents"). Every study should have a written document tfiat describes study objectives, 
data-quality requirements, and a quality-assurance plan. Some of the information needed to ensure data 
quality is described in District quality-assurance plans. Discipline specialists (District and Regional 
specialists, discipline offices at USGS headquarters in Reston, Va., and USGS National Research 
-Program scientists) can provide specific instructions and updates relating to quality-assurance 
procedures and policies for the collection of water-quality, surface-water, and ground-water data. 
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Field personnel are responsible for determining whether the equipment and methods being used could 
impair sample quality. For the most part, this determination involves' collecting quality-control samples 
and analyzing the results. Field personnel must plan and prepare for routine checks on data quality. 

Examine field and laboratory results as soon as possible, preferably before the next sample- 
collection field trip. Results indicating potential bias in the data will alert'you to the changes 
needed in equipment, equipment-cleaning procedures, or field methods used. 
Be prepared to collect additional blanks, replicates, or other field quality-control samples, 
based on your judgment of the effects of field conditions on sample collection. Field conditions 
are unpredictable, and adverse or unexpected conditions could necessitate additional steps to 
document data quality. 

,,'.' , :,: i,:,.:'.: 
Quality-control samples are collected either in the office laboratory or at the field site, depending on , . ;$ '.% ,,ye., t., <.- :,';.. . 

their specific purpose (see NFM 3, "Cleaning of Equipment for Water Sampling," NFM 4, "Collection .+ ,. ' . .:?.;. " 
.,:: ,.. :.. ...,. : , of WaterSamples," and NFM 5, "Processing of WateiSamplesW). Field personnel must be familiar with :-: -.: . +:..:., - . 
. "  '... 
' ;,' : z ,  the various types of quality-control samples and know how and when to collect them in order to comply , .:.". 
. . *  : with USGS quality-assurance requirements. Collection of blank samples (blanks) is mandatory. Blanks , : . .. .. .! r..-.L.. ..... , -  ,- 

,;3. ,., are samples of laboratory-prepared and -analyzedm water that are processed through the equipment in the , . a: . ., .:. . I '  . .d * L,.' 

same manner as the environmental sample, but after the equipment has been cleaned and prepared for . .,.. . . ..,'? . 
, "b; ,. 

field use. . ;: , >;i.! >- 
,? 4:. . . 
*,:. , e." > .. ..,. r. ,. 

In preparation for collection of quality-control samples, solutions of the appropriate type and quality 
must be obtained for blank and standard reference material samples. Field personnel should use water 
for blank samples that is certified by the USGS National Water Quality Laboratory (NWQL) in Arvada, 
Colo. Laboratory certification should indicate that the blank water has target-analyte concentrations that 
are less than the method-detection limits. Blank water for determination of inorganic constituents needs 
to be the inorganic blank water obtained from the Quality of Water Service Unit in Ocala, Fla.; blanks 
for analysis of organic compounds require either pesticide blank water or volatile/pesticide blank water, 
both of which can be obtained from NWQL. Standardreference materials generally are obtained from 
the National Institute of Standards and Technology. 

Collect equipment blanks before beginning the field effort. 
-- Equipment blanks are processed through clean equipment in the controlled setting of an 

office laboratory. . . 

-- Process an equipment blank at least once a year for each set of sample-contacting 
equipment. This applies to new equipment to be used for the first time, to equipment that 
will be cleaned with a new cleaning procedure, and to equipment that has not been tested 
with an equipment blank for 1 year. 

-- Do not collect or process environmental samples until the annual equipment blank < ( -5  .. !...-' , 
', ;:'',: - ,, ,-.. , :.' 

data have been reviewed. The field personnel or the water-quality specialist needs to . ,,., I,, . *i IS !$::,;. ,?.* 

ensure that the equipment blanks are either free of contamination or have concentrations , 
...'. ? !:. , ,;.;i. y?:; 
,..:. 

small enough to be insignificant at the current analytical limits (Horowitz and others, , *,.~, :-,..,.-:!' 

1994). 
_ .  1 1 .  
, , , .".' , : . ., . . 
8 -.I. t .(+ 

. n -  ... ;> ' I,. 

b Collect field blanks at the field site under the same conditions as environmental samples. ". ., . ' .. .-: , ' 
. . . I  . - .  Field blanks can provide information on the efficacy of the equipment cleaning procedures used . * . . .  . . 

and on ambient atmospheric contamination. . ,,+' < 

, ! , .  ,.-' .., _ .  . ." ... < '  : ij , , ..,.':. 
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1 1  

i ' ?  ., ' 
i t  IT1 . 4 

, I Data quality begins before the first sample is collected-be 

I . 1  aware of data-quality requirements and potential sources of 
' . +  

{ I .  , contamination. 
t i  , 

; i,,,','. " * ' 
4 f 9  ', ! 8 ,  .:. ' 1 " .  3 

. _ ( .  . . .  
1 .' I . ,  "Target analyte" refers to any chenlical or biolo$ical substance for which co~lcentrarions'in sample will be tlererrninzd. 

.I,;. 1 

I 'I'arget a~lalyte does not include field-measured ploperties such as temperature. specific elkctrical coriductance (ccrndtrclivity), 
_. " . ,  , , 
, .:. , di~solved~oxygen concentration, pH, Eh, alkalinity, color, or turbidity, l'he Concise Chentic!nl ond 7i.chnic:irl Dic.tio~l(~ry. 4t.h . 
.? > t.". 
I I . ,./ I . .. m edition (Bennett, 1986) detines "analyteV as "Substance being deterhined in an ana1ysis.l' ', 

, I ) /  ' 
, r  z . / It 

I , . .  . 
, .  

,.. . , . JAs used in this publication, the tern1 "data-quality require~~~ents" refers to that subset of data-quality objectives pertaining 
/ -. 

.r? I!;.;: specifically to the analytical detection 1evel.for co~~centl.ations.oftarget analytes and the allowable variabi1il.y to fillfill the 
.' . ,:. ( .. ";:,,' : ,.. , , , scientific objectives o'f the study. 

<;! * , h  

, .  . . . I  , 
, .  . 

'I.?, , 
.. : I '  . 
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/ * ;, 
, Water Resources--Office of Water Quality 

I L *  

, This document is also available in pdf format: 

,!< . . .' .. . 
. I  ,i 
, , ' , . ! " .  

&,!,t.,.,'. , r ,  , 
. . ,+  

SURFACE WATER 
r 

r i ,, Before sample collection, sampling sites must be selected (section I .2.1). For each sampling site, NWIS 
' I  

files and a field folder must be established, updated, and reviewed (section 1'2.2). 
1 I 

The study team is responsible for selecting sampling sites and conditions (such as time of year, 
flow rate or stage) that will yield samples representative of the aqueous system being studied. 
-: Each body of flowing and still surface water has a unique set of conditions that needs to 

, be identified and considered in the site-selection process. 
-- Field personnel must be trained in the correct and current water-quality data-collection 

procedures and must exercise judgment gained from field experience in order to make 
appropriate site selections. 

The study team is responsible for establishing and maintaining files for leach sampling site. 
-- Careful and complete documentation of site information and data collected must be input 

to electronic and paper files. 
-- The field folder must include all the information necessary for efficient field operations. 

I I 

I 

1.2.1 
SELECTION OF SAMPLING S I ~ E S  

i. ,, .)' 

I, ,"I; ;is, I.! , '  

, . I 
, Once fieid wdrk h8s begun, field personnel must select the point(s) or transect(s)' at which samples will 

I ' :: ..,: 

. ,,,, .. . . be collected. In most bodies of flowing or still water, a single sampling site or point is not adequate to 
;,< ;,,:L;i . ,  

.!:. , ,  I. ..,.': . describe :the sampling area's physical properties and the distribution and abundance of chemical 

., , I , . . , . , s  constituents or biological communities. Location, distribution, and number' of surface-water sampling 
, .  '1 ., (..4:1il.- sites canaffect the quality'ofresulting data. Generic guidelines for selecting flowing-water and still- .:.: - .!, ' 
. . l . l  , . . . . . water sites are described in this section. 

, .;,!. ) ,  
, .;I,,: i i , . 

,I ','!. ?h ; 
d .  

, , i ." '+: -' 
1 1  

When selecting suvface-waier sampling sites: 
,,,I ,.,, r;,::*G;': ,. 

, ,,!?!::f';;:l: ^ . ' 

I. . I. . : . Safety of field personnel comes first.' 
I,; , *. ,:' , 
! J ,'. '.I :v , :,h 

',",.I '..f ., ,: ,[,+ : 8! , . b ' Consider the study objectives, types of data needed, equipment needs, and sampling methods. 
, , I  . I .  

'.' h . i  b , Obtain all available historical information. 
I...$: 

* :,/. ;;: .! 
I. , . .I !. , . .. b Consider physical characteristics of the area, such as size an'd shape, land use, tributary and 

I : , . runoff characteristics, geology, point and nonpoint sources of contamination, hydraulic 
i.,'Ir.+ t 

,.Id:'!, i ', conaitions, climate, water depth, and fluvial-sediment transport characteristics. 
/' , ' 8 , ' . '  " , 

I ..i' , kt.., 
; . '#t .,dY ,*, 

I .  & a ' "  , , 
, , I  ,. .. 

. . 
' 

I i,.,$ut , .,.i!:. http://water.usgs.gov/owq/FieldManual/c~terl/l.2.html 6/24/04 , 
8 ,r:qt. (I. 
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Consider chemical and biological characteristics of the area (aquatic and terrestrial). 

.. 4 . i! : 
L . .  . . ', . 4,..* 

.' 1 ;; !.' 
..T. 

1.2.1.A .. .r, * .  
. . c  . , 

'!,, ... C "  '. 
Flowing-Water Sites $ , * .  :.. 4,t.'. : 

I ::. 
,, . . . , b  

,,' ;s. 
, 4 Flowing-water sites refer to streams (fast or slow, intermittent, ephemeral, or perennial), canals, ditches, , ._ .,~ . , .  . . . . 

and flumes of all sizes and shapes, or to any other surface feature in which water moves unidirectionally. , ' ,  . . . . . . ,  ,., .: 
All or parts of reservoirs and estuaries that flow unidirectionally are considered to be flowing water. **, ;, , ,, , 

.1. "1 . .C , . . ,. 
1 ;'. '?,<>. , , . .  . Global-positioning system (GPS) equipment is useful to identify sampling-site location. Determine , . .,<, 

I 
-,;. 

latitude and .longitude from maps or by land-survey techniques. . % ,  -+'A,. _:, .; .. ' 
. J .  ' I * ,  . 
. , .  :; . . 

Flowing-water sampling sites optimally are located: . . 
_ *  , I .  ,. . .  ,.. ' : ,:- 
.;?'. , 

. . . . _ . , I  . . . , .  

b At or near a stream-gaging station, to obtain concurrent surface-water discharge data required for ,:..,.>, ,. - : ., / . . ;; ,;;. 
computing constituent-transport loads and to determine discharge/consfituent-concentration ) .  . , . . :, . . .  . _  
relations. (Measure discharge at time of sampling if a stream-gaging station is not at or near the , , .* ,! . ; 'a.  ., ,. . . .  " .  
sampling site or if discharge cannot be rated or estimated with sufficient accuracy.) +, Y~;";, "' 

. , ' 
' In straight reaches with uniform flow, with a uniform and stable bottom contour, and where , . ., :; 

, \ ' :,.s 
.' " . '"i. : , 

constituents are mixed along the cross section. . - . , I . .  , . .,.?, . 
.( *..'I 

Far enough above and below confluences of streamflow or point sources of contamination to . :., .. . .  .... ,.: . ,  

avoid sampling a cross section where flows are pooily mixed, or not unidirectional. .j *; ;; ;>,, 
. GC ., . r . , . I , . .  

In reaches upstream from bridges or other'structures, to avoid contamination from the structure 
or from a road surface. 

b In unidirectional flow that does not include eddies. (If eddies are present within the channel, 
sample only the unidirectional flow.) 
At or near a transect in a reach where other data are collected (such as data for suspended 
sediment, bedload, bottom material, or biological material) and (or) for which historical data are 
available. 

b At a cross section where samples can be collected at any stage throughout the period of study, if 
possible., 

; i 
After a tentative selection of a sampling site, develop a preliminary profile of field measurements~ at . .. B . . .  .*.. .) . ,. . e z , , ,  ' $!; 

. . ,  . various locations along the cross section (NFM 4 and NFM 6). The field-measurement profile is used to -',',.. . . .  . . . 

indicate reach homogeneity (see TECHNICAL NOTE); Final site selection is based on a comparison of ,'.(;.-$:,:!: 

these field measurements with the data requirements of the study. ; ,,', ..fY 
, .  . - .  . . I .  '. 
, . ,  ... 8 

:,.;,:).!::? , , 

TECHNICAL NOTE: The preferred sampling method and number of verticals , ., , .; .. -&. 

a I . .  . , .  )I 

to be sampled within the stream cross section that are needed to obtain a sample . , .  .. .. . , . ,. 

that is sufficiently representative depends on stream homogeneity as indicated .' .. , ,. i r . , . :<:., ... I . L  . .: . . by the field-measurement profile and stream-discharge or other data, as well as .\. . .. 
by study objectives. Sampling methods are described in NFM 4. Note that the . . .  ., . . 
field-measurement profile is a useful guideline, ,but might not be representative c, . . ,., 1 , .  : 

'I  a .  ;,,. ., 
of chemical homogeneity for the analytes of interest. Also, it might be desirable ' .;.: : 

to move to a sampling site upstream or downstream to adjust for seasonal 
variation or extreme flow conditions. . . \ _  .. 

+ ,..,;, , . t i ,  . 

The guidelines used for selecting sampling sites on ephemeral and intermittent streams are the same as ,C . % ... 5 " : .  
' . ',. . , .  

those for perennial streams. Ephemeral and intermittent stream sites need additional planning and . I . . h  . . 
'..T,'.;, 

, ,. examination to account, for example, for conditions related, to rapid1ychanging stage and discharge that : .. 
,: , ' ' .  .: 
. ' ,;/ 

f ;,: :., , 
' I  . .. ,, , ., ,,- : 

. . 
> ,... 

http://water.usgs.gov/owq/FieldManual/chapterl/l.2.html 6/24/04 .,,: . . .. *. . :. 
*.;,* t "  

- - - ~  
,, &+'-  .+ . 
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' , ' . /.: , , ( 1 ,  

.can occy  as a result of flash flooding or urbah runoff. 
. . 

CAUTION: Any stream, includiilg an ephe~i~eral 
or intermittent stream, can rapidly beconle too 

deep and swift to wade safely. 
I 

1.2.1.B 
Still-Water Sites 

Still-water sites refer to all sizes and shapes of lakes, reservoirs, ponds, swamps, marshes, riverine 
backwaters, or any other body of surface water where water generally does not move unidirectionally. 
All or p&s of reservoirs 'that do not flow unidirectionally could be considered to be still water. 

When locating still-water sampling sites: 

Use in situ field measurements to help determine vertical and spatial distribution of sampling 
locations. 
Avoid areas near structures such as harbors, boat ramps, piers, he1 docks, and moored 
houseboats (to avoid point sources of contamination), unless these structures are part of the 
study. 

W Select sites with a record of historical data, if possible. , 
1 ! 

1.2.2 
INFORMATION FOR NATIONAL WATER INFORMATION SYSTEM (NWIS) 
FILES AND FIELD FOLDERS ' I I 

Field personnel are responsible for establishing and maintaining e1ectronic;and paper site files. The 
information required for establishing electronic records in NWIS and for creating field folders for 
surface-water sampling sites is summarized below. 

1.2.2.A 
NWIS Files 

USGS policy requires specific information on surface-water sampling sites to be stored in the site file in 
NWIS (Edwards and others, 1987; Hubbard, 1992; WRD Memorandum 92.59). Results of water 
analyses are stored in the water-quality file (QWDATA) of NWIS. The Automatic Data Processing 
System (ADAPS) contains continuous records of water levels and water quality. The minimum 
informat'ion required for establishing electronic files in NWIS for surface water is listed in table 1-1. 
Individual studies and District offices may have additional data-storage requirements. 

l f the site location has been identified: 1 

Establish or check the NWIS site file before the field trip. 
Update the files promptly after the fjeld thb. 

I ,  

Fill in information that is needed by, or could be useful to, the study in addition to the 
information shown on table ,1- 1 
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RULE OF THUMB: 
Before starting fieldwork-Make sure the NWIS file is established. 
After fieldwork-Input updates to NWIS files promptly. 

1.2.2.B 
Field Folders 

Table 1-1. Minimum information required for electronic storage of site and surface-water-quality data in the U.S. 
Geological Survey (USGS) National Water Information System (NWIS) 

[GWSI, Ground-Water Site Inventory; QWDATA, Quality of Water Data] 

Information required for creation of a surface-.water site in.NWIS'.2 

Selected information that is needed for reference while at a surface-water site is kept in a field folder. 
The field folder contains information needed by trained personnel to locate and safely collect and 
process water samples. The field folder is taken along on each sampling trip. General contents of the 
field folder are listed on the field-folder checklist (fig. 1 -2), but the folder should be customized 

Data description 

Agency code 
Station Identification Number 
Station Name 

Latitude 
Longitude 
DistrictIUser 
State 
County 
Agency Use 
Station Type 

USGS 
1 I530500 
Klamath River near 
Klamath, Cal. 
413052 
1235957 
06 (California) 

C7 06 (California) 
0 15 (Del Norte) 

C803 A (Active) 
C802 sw 

1nformation.required for storage of sample analyses in the water-quality file of NWIS (QWDATA)' 

Data description Sample data (Description of code) 

Agency code 
Station Identification Number 
Sample Medium 
Sample Type 
Hydrologic ("Hydro") Event 
Hydrologic ("Hydro") Condition 
Date (yearlmonthlday) 
Time (standard 24-hour clock time) 
Analysis Status 
Analysis Source 

' ~ ~ ~ n ~ e r o u s  siltlitional data fields are available in NWIS that canbe useful for data analysis or mandatory for tileetin!: study oljecti\,t.s; foresample, indicating 
whether a non-LiSGS agency collected the data. 

2 ~ o d i t i e d  kom C;ro~~iid-Water Site Schedule Form 0-1904-A, May 1901. Also refer to Mathey (I09 I) and Garcia and others (11J97). 
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, 
t I , '  

according to study needs. 1 I 

I 
I 

Field-folder checklist: surface-water quality I 

Item I ' Comments 

Station description: , 
' / I  

i Location of gaging station (if one i~~present). ' / I  
Location of sample-collection sites: high and low streamflows. 

I 

Hydrologic and geologic sections. , 

Name of landowner, tenant, or othef responsible party. 
Site access instructions (for example, call owner or site operator before I , '  I 
arrival at site, obtain key to unlock security gate). I ' I 

, Photographs to document site conditions. 
I 

1 , 
Maps to site (State and local) I 
Profiles of cross section of stream channel at sampling location(s). 

Stream-bottom geometry. 

I ! I 

I 
Nearest emergency facilities. " 

I 
Phone numbers (home) of study chief or supervisor. I 

and cones. 1 I 

Location of power lines. I 

Sampling schedule: 
I 

Laboratory analyses to be requested and associated codes. 
I When to collect samples (high or low flow). 

Analytical Services Request form(s) and example of a completed form. 

Sampling instructions: 

Equipment to use at various flows. 
low-duration curve. 
Discharge rating curves and (or) tables. I I 

Shipping instructions: 
I 

I 

I 
I Amount of ice to use. 

Mailing labels to and from laboratdry. 
, Location of nearest post office or shipping agent. I I 

3 Surface-water field formrand an example df completed form.: 
I I I 

A tabulation sheetfor each type of bacteria enumerated at the site (include example 
with date of sample, streamflow, volumes filtered, dilutions, plate counts). 

1 I 
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Figure 1-2. Checklist for contents of surface-water sampling field folder. 

SFit.ld-nleasi~re~nent methods are described in NFM 6. 'The profile of the cross section ~ist~ally includes measureinents such as 
specific elect~ical conductance (conductivity), pH, teinperature, dissolved oxygel!. and turbidity. 

L 
1 0 

4 1.3 Ground Water 
53 ~e$!.m~o~ectip_n_l ,~.~~.Fi.e1.d~@I.pPP.p~e~r_a.t~~~ 
53 Re& rntp.. Complete-C.o.n.t.ent_s, ... f~r-Cbap.t.e~...A~~. 
f? Return to Field Manual Complete Contents 
f? Return to USGS Water Quality Information Pages 

Plots of field-measured data (last 5-10 years of record); if there is a good enough 
relation to show outliers, include: 

0 Conductivity versus streamflow. 
Conductivity versus alkalinity. 
Temperature versus time. 

Statistical summary of historical water data: 

Seasonal, maximum-minimum values. 
Discharge-related maximum-minimum values. 

Special equipment needed to address site-specific conditions: 

> .  

Sampling. 
Safety. 

Maintainer: Ofice of water Qualily 
Webversion by: Genevieve Comfort 
Last ~ o d i f i e d :  17:44:13 Mon 09 Jul2001 

http://water.usgs.gov/owq/FieldManual/chapter 111.2. html 
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1.2 
WATER 

Before sample collection, sampling sites must be selected (section 1.2.1). For each sampling site, NWIS 
files and a field folder must be established, updated, and reviewed (section 1.2.2). 

The study team is responsible for selecting sampling sites and conditions (such as time of year, 
flow rate or stage) that will yield samples representative of the aqueous system being studied. 

A -- Each body of flowing and still surface water has a unique set of conaitions that needs to 
be identified and considered in the site-selection process. 

' I  ',,\'..;',:'..;. , 

, , ,! . , / '  . s  
a , a , \  . > - ,  , 
' ,,;::, ... 

-- Field personnel must be trained, in the correct and current water-duality data-collection 
:,<,,: 8 * t 3  

I procedures and must exercise judgment gained from field experience in order to make 
..,,, t, . . , ' .  

. , . .  !it.. appropriate .site selections. ;;.. I i .;;. .?  *', 
L .,% . . 

,v. . '  , ,... .. 
The study team is responsible for establishing and maintaining files for each sampling site. 

.+f:: .<<, .,' 
, . 

I. . .. ' . C  
, a  

-- Careful and complete documentation of site information and data collected must be input 
I . ,  I. 

1 ! I . "  

, ,  , .. . .  to electronic and paper files. 
, :. i .. .. , 
. :. .;!:, ,',: -- - The field folder must include' all the information necessary for eff!cient field operations. 

;!,!'):? J; , , . , 
, , ,;* , ,,. ;! , 

, ,,., 

Once field work has begun, field persorqel must select the point(s) or transect(s) at which samples will 
be collected. In most bodies of flowing or still water, a single sampling site {or point is not adequate to 
describe the sampling area's physical properties and the distribution and abundance of chemical 
constituents or biological communities. Location, distribution,'and number of surface-water sampling 
sites can affect the quality of resulting data. Generic guidelines for selecting flowing-water and still- 
water sites are described in this section. 

When selecting surface-water sampling sites: 

b Safety of field personnel comes first. 
Consider the study objectives, types of data needed, :equipment needs, and sampling methods. 

b Obtain all available historical inforination. 
Consider physical characteristics of the area, such as size and shape, land use, tributary and 
runoff characteristics, geology, point and nonpoint sources of contanknation, hydraulic 
conditions, climate, water depth, and fluvial-sediment transport characteristics. 
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Consider chemical and biological characteristics of the area (aquatic and terrestrial). 

1.2.1.A 
Flowing-Water Sites 

Flowing-water sites refer to streams (fast or slow, intermittent, ephemeral, or perennial), canals, ditches, 
and flumes of all sizes and shapes, or to any other surface feature in which water moves unidirectionally. 
All or parts of reservoirs and estuaries that flow unidirectionally are considered to be flowing water. 
Global-positioning system (GPS) equipment is useful to identify sampling-site location. Determine 
latitude and longitude from maps or by land-survey techniques. 

'Flowing-water sampling sites optimally are located: 

b At or near a stream-gaging station, to obtain concurrent surface-water discharge data required for 
computing constituent-transport loads and to determine discharge/constituent-concentration 
relations. (Measure discharge at time of sampling if a stream-gaging station is not at or near the 
sampling site or if discharge cannot be rated or estimated with sufficient accuracy.) 

b In straight reaches with uniform flow, with a uniform and stable bottom contour, and where 
constituents are mixed along the cross section. 

b Far enough above and below confluences of streamflow or point sources of contamination to 
avoid sampling a cross section where flows are poorly mixed or not unidirectional. 
In reaches upstream from bridges or other structures, to avoid contamination from the structure 
or from a road surface. 
In unidirectional flow that does not include eddies. (If eddies are present within the channel, 
sample only the unidirectional flow.) 
At or near a transect in a reach where other data are collected (such as data for suspended 
sediment, bedload, bottom material, or biological material) and (or) for which historical data are 
available. 

b At a cross section where samples can be collected at any stage throughout the period of study, if 
possible. 

After a tentative selection of a sampling site, develop a preliminary profile of field measurementslat 
various locations along the cross section (NFM 4 and NFM 6). The field-measurement profile is used to 
indicate reach homogeneity (see TECHNICAL NOTE). Final site selection is based on a comparison of 
these field measurements with the data requirements of the study. 

TECHNICAL NOTE: The preferred sampling method and number of verticals 
to be sampled within the stream cross section that are needed to obtain a sample 
that is sufficiently representative depends on stream hoinogeneity as indicated 
by the field-measurement profile and stream-discharge or other data, as well as 
by study objectives. Sampling methods are described in NFM 4. Note that the 
field-measurement profile is a useful guideline, but might not be representative 
of chemical homogeneity for the analytes of interest. Also, it might be desirable 
to move to a sampling site upstream or downstream to adjust for seasonal 
variation or extreme flow conditions. 

The guidelines used for selecting sampling sites on ephemeral and intermittent streams are the same as 
those for perennial streams. Ephemeral and intermittent stream sites need additional planning and ' 
examination to account, for example, for conditions related to rapidly changing stage and discharge that 
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can occ$ as a result of flash flooding or hrban r&off. I 

CAUTION: Any stream, includiilg an ephemeral 
or intermittent stream, can rapidly beconle too 

deep and swift to wade safely. 

2 1.2.1.B 
still-water Sites 

Still-water sites refer to all sizes and shapes of lakes, reservoirs, ponds, swamps, marshes, riverine 
backwater$, or any other body of surface water where water generally does hot hove unidirectionally. 
All or parts of reservoirs that do not flow' unidirectionally could be considered to be still water. 

When locating still-water sampling sites: 
! 

b Use in situ field measurements to help determine vertical and spatial distribution of sampling 
locations. 
Avoid areas near structures such as harbors, boat ramps, piers, fuel docks, and moored 
houseboats (to avoid point sources of contamination), unless these structures are part of the 
study. 
Select sites with a record of historical data, if possible. 

1.2.2 ' 

INFORMATION FOR NATIONAL WATER INFORMATION SYSTEM (NWIS) 
FILES AND FIELD FOLDERS 

Field personnel are responsible for establishing and maintaining electronic and paper site files. The 
information required for establishing electronic records in NWIS and for creating field folders for 
surface-water sampling sites is summarized below. 

1.2.2.A 
NWIS Files 

USGS policy requires specific information on surface-water sampling sites to be stored in the site file in 
NWIS (Edwards and others, 1987; Hubbard, 1992; WRD Memorandum 92.59). Results of water 
analyses are stored in the water-quality file (QWDATA) of NWIS. The Automatic Data Processing 
System (ADAPS) contains continuous records of water levels and water quality. The minimum 
information required for establishing electronic files in NWIS for surface water is listed in table 1-1. 
'Individual studies and District'offices may have additional data-storage r'equirements. 

If the site location has been identified: 
1 

b Establish or check the NWIS site file before the field trip. 
b Update the files promptly after the field trip. 
b Fill in information that is needed by, or could be useful to, the study in  addition to the 

information shown on table 1 - 1. 
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Before starting fieldwork-~ake sure the NWIS file is established. . ...!.:: . a . ,> u:;;. .; 
After fieldwork-Input updates to NWIS files promptly. L ' ,  ,,. 
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Table 1-1. Minimum information required for electronic storage of site and surface-water-quality data in the U.S. 
Geological Survey (USGS) National Water Information System (NWIS) 

[GWSI, Ground-Water Site Inventory; QWDATA, Quality of Water Data] 

Information required for creation'of a surface-water site in NWIS1.2 

1.2.2.B 
Field Folders 

Data description 

Agency code , 

Station Identification Number 

' , 

Station Name 

Latitude 
Longitude 
DistrictLJser 
State 
County 
Agency Use 
Station Type 

. , < , ' ' .  . 
.> . , 

Selected information that is needed for reference while at a surface-water site is kept in a field folder. ' .;.. :.1 , '  
.'.;,,.; :$;A. .. ,.. The field folder contains information needed by trained personnel to locate and safely colled and . , . .+ .. -"-. ,. . I . 

.. ' 

process, water samples. The field folder is taken along on each sampling trip. General contents of the . . .  . .. A ' . .  
, ( , *  :.- 

, ,  * 

field folder are listed on the field-folder checklist (fig.&2), but the folder should be customized ; i'. , 

'I , . . .. .,* > , ~ ' t  , . " +..' : %... , ( ' 1  
. _ .L .. ,, .* <. , 

8 . .,.. 
, . .  . 

http://water.usgs.gov/owq/FieldManuaVchapterl/l.2.html I 6/24/04 . , .  , ,-. 

-~ 

Example (Description of code) 
number for data 

USGS 
11530500 
Klamath River near 
Klamath, Cal. 
413052 
1235957 
06 (California) , 

06 (California) 
01 5 (Del Norte) 

C803 A (Active) 
C802 SW 

Information required for storage of sample analyses in the water-quality file of NWIS (QWDATA)' 

Data description 

Agency code 
Station Identification Number 
Sample Medium 
Sample Type 
Hydrologic ("Hydro") Event 
Hydrologic ("Hydro") Condition 
Date (yearlmonthlday) 
Time (standard 24-hour clock time) 
Analysis Status 
Analysis Source 

Sample data (Description of code) 

USGS ' 

11530500 
9 (surface water) 
9 (regular sample) 
9 (routine sample) 
9 (stable stage) 
19880909 
1530 hrs 
H (initial entry) 
9 (USGS laboratory and field) 

' ~ ~ ~ n l e r o u s  additional data fields are available in NWIS that can be useful for data analysis or mandatory for nieeting study ol>jectives; for esamplr, indicating 
whether a non-LISGS agency collected the data. 

Z ~ o d i t i e d  from (3ro11nd-Water Site Sched~~le  Form 0-1904-A, May IO!)I. Also refer to Mathey (I!)!) I )  and Garcia and others (1997). 
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Figure 1-2. Checklist for contents of surface-water sampling field folder. 

Plots of field-measured data (last 5-10 years of record); if there is a good enough 
relation to show outliers, include: 

a Conductivity versus streamflow. 
a Conductivity versus alkalinity. 

Temperature versus time. 

Statistical summary of historical water data: 

Seasonal, maximum-minimum values. 
Discharge-related maximum-minimum values. 

Special equipment needed to address site-specific conditions: 

Sampling. 
a Safety. 

5Field-n~easure~nent methods are described in NPM 6. The profile of the cross section usually includes measurements such as 
speciiic electrical concluctance (conductivity), pH, temperature, dissolved oxygen, and turbidity. 
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GROUND WATER 

Ground water is sahpled from various types of existing wells or wells installkd specifically for a study. 

Water-supply wells are wells that are installed primarily for supply of public, irrigation, 
domestic, commercial, or industrial water and usually are-equipped with a dedicated high- 
capacity pump. The term "supply well" is used in this publication. 
Observation wells are wells or piezometers that are installed (usually without a dedicated pump) 
for the purpose of collecting hydrologic data. The term generally has been applied to wells 
installed to observe and determine hydrologic characteristics of an aquifer (Lapham and others, 
1997). 
Monitor wells are observation wells that are installed specifically for assessment of physical, 
chemical, and biological characteristics of the aquifer. Low-capacity portable pumps are 
commonly used for sampling, but monitoring wells can be equipped with a dedicated pump. The 
term "monitoring well" is used in this publication. 

, , .!,, "',i" . , , :. 
;; +:;,. , 
, .. iK f  , .  , . 1nform;tion.i~ compiled about the well and well site during site-reconnaissance visits, well installation, 
! $ : s  I and subsequent data-collection efforts at the site. This information is used to help select the well(s) i.,.;,,: ..$.?':',?,. ,: 

1 ; : :  t,J,!,; ,% .* , I , needed for study. The grohnd-,water siteinventory is compiled in the officeahd verified in the field. In 
.::. rl. ,$ ! ,I 1 'ktoffich inventory, the study teamidentifies existing wblls or,ivell siteS aLdkoinpiles background 
! !.',I.,!W,,, ,,' tb 

infchnation and available records for thdse wells. The fiild inventory is cbrnpleted during 
.... .. .p,:/; 

s .  

: ,.: a t  , reiconndissance trips in which well location is verified, qdditional informatibn is collected, and the 
q,,:;. ,  ,. 1,: : 

,! :j ;;,::, -. . suitability of the site for study objectives is determined.;qor each well, the inventory of site and well 
, ' E . . ,  '"'. 

.. ,; ;.,.I. ',' information is ehtered into the NWIS ~ a t e r - ~ u a l i t ~  (QWDATA) and ground-water site inventory 
. ,  

i .8,:.,$. , (GWSI) data bases and is added to the file created for the well (well file). ,,"" ' . . z .  
, , 

; ;'i;: ,;. 
, '  , .J .t! 

' . I  
;-,, . . . ., . 

, . .(.. 1.3.1 , , -, 
SITE RECONNAISSANCE AND WELL SELECTION 

' I  I 

. I *  

t '* 
I .  4 

, ,  Field personnel critically evaluate existing and installed wells to determine whether they will yield 
, ' 1 samples that are representative of the environment targeted for study. 

.r ' ? 
- "  .,:', i 

' I!? ; :;, ; . ' 
t 1 .  : . . ,:ii;.:~. .' ,, 

As a member of the study team: . , ;$ ... , ' 
. ,  , . :!,' 
, , )<:: Y ' . ~ ~  .i 

1 

' 't,.: . ". .. * , - .  . . ' b Be prepared40 participate in office- and field-related aspects of selecting and installing wells 
' >. :* 11 ,, ,! ; 
i - , . , . .  ,, (see Lapham and others, 1997, for details). ,.,.'.! ,!,, i.{ 
'! :,.%:i:! ,,(! ;, 1 
; !,:;.t',. 1 ,,,, , 
;T,G ;s,7(,,, 

' I  . , 
. . ,: , .,[,;?;/ , ,,,;;,:l ,' I 

; .?;+>. ;:.k. 

i . .  , ,.,.: . :>,) ; http:~ater.usgs.govlow~/Fie1dManua1~cha~ter1~1.3 . h h l  
,: s.. .";I j l  . 
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Be familiar with study objectives and requirements for data collection and quality. 
Be familiar with considerations for well selection and well installation (summarized in table 1-2). 

Information gathered from a site reconnaissance visit can help determine whether an existing well or a 
proposed well-installation site meets the criteria established by the study. Site reconnaissance visits also 
ensure efficient field operations and could be a critical factor in site selection or rejection. These site 
visits commonly are needed to verify the location and condition of wells, evaluate site characteristics, 
and make modifications to the site and adjustments to sampling plans to allow sampling to proceed. 
Before leaving for the site, determine the activities that are to be completed and make the necessary 
preparations (table 1-3). 

Keep in mind the primavy concerns for water-quality studies: 

The sample must represent the system intended for study. 
Sample integrity must be-maintained. 

Site visits also can be used to identify areas of ground-water recharge and discharge, test field 
equipment, test well-purging and sampling procedures, conduct aquifer tests, make preliminary field 
measurements, and identify the presence of target analytes. 

Review safety plans and procedures before 
leaving for the field. 

Table 1-2. Considerations for well selection and well installation 

[Mod~fied from Lapham and others, 19971 

Well location 

Location conforms to the study's network design for areal and depth distribution. 
Land-uselland-cover characteristics, if relevant, are consistent with study objectives. 
Site is accessible for equipment needed for well installation and sample collection. 

Hydrogeologic unit(s) 

Hydrogeologic unit(s) that contribute water to the well can be identified. 
Depth and thickness of targeted hydrogeologic unit(s) are known or can be determined. 
Yield of water is adequate for sampling (typically, a minimum of 1 gallon per minute). 

Well records, description, design, materials, and structure 

Available records (for example, logs of well drilling, completion, and development) have suficient inforhation 
to meet the criteria established by the study. 
Borehole or casinglscreen diameter is adequate for equipment. 
Depth to top and bottom of sample-collection (open or screened) interval is known (to determine area 
contributing water to well). 
Length of well screen is proportional to the vertical and areal scale of investigation. 
Well has only one screened or open interval, if possible. (Packers can be used to isolate the interval of interest, 
but packers might not completely isolate zones in unconsolidated or highly fractured aquifers. If packers are used, 
mateiials of construction must be compatible with analytes to be studied.) 
Top of well screen is several feet below mean annual low-water table to reduce chances of well going dry and to 
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avoid sampling from unsaturated intervals. 
a Filter pack is of a reasonable length (a long interval compared with length of screened or open interval usually 

results in uncertainty as to location of the source of water to well). 
a Well-construction materials do not leach or sorb substances that could alter ambient target-analyte 

concentrations. 
a Well-structure integrity and communication with the aquifer are sound. (Checks include annual depth-to-bottom 

measurements, borehole caliper and downhole-camera video logs, and aquifer tests.) 

Pump type, materials, performance, add location of sampler intake 

a Supply wells have water-lubricated turbine pumps rather than oil-lubricated turbine pumps. (Avoid suction-lift, 
jet, or gas-contact pumps, especially for analytes affected by pressure changes, exposure to oxygen, or that 
partition to a gas phase.) 

1) a Pump and riser-pipe materials do not affect target-analyti concentrations. I I 
a Effects of pumping rate on measurements and analyses have been or will be evaluated. 
a Sampler intake is ahead of water treatments, pressure tanks, or holding tanks. 

Table 1-3. Example of site-reconnaissance activities 

Before the site visit ' 
Review considerations for well selection and installation (summarized in table 1-2). 

Review background information collected. 

Obtain permission to gain access to the site and to collect samples from the well. 

Update well files: record changes in ownership and land use. 

Contact utility companies (gas, water, and electric) before digging or drilling. 

Determine whether the pump may or may not be removed from well by field personnel. (Owner's permission is required 
to remove a pump-you could be liable for damage to pump or well.) 

Be sure that you get information needed about the site that could interfere with or interrupt sampling. For example, 

a Hours of pump operation and scheduled downtime 
a pumping rate or rates 
a Holding tanks or chemical treatments 

I 
a Electrical service to the site 
a Scheduled maintenance for pumps or related equipment 
a Scheduled site maintenance, such as painting, construction, land defoliation 
a Seasonal water-level declines that make the well unusable 
a Times of denied access; for example, no access while the owner is out of town 
a Special site-access needs; for example, clearance with a site owner or site operator, keys to unlock access to the 

site, animals 
a Restrictions on the location 

Record conditions that could compromise study objectives, including potential point or nonpoint sources of 
contamination. For example, , 

l 

a Nearby wells that could affect well hydraulics 
a Condition of well-for example, rusting or punctured casing, poor surface seal 
a Land use and land cover or changes in land use and land cover 
a Application of salt on nearby roads during winter, or application or use of herbicides and pesticides 
a Landfills or other waste-management facilities 
a Industrial, commercial, and agricultural complexes and discharges I , I 

During the site visit 
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Measure water level in each well. Record water-level data on the appropriate form(s). 

Identify potential difficulties with the type of equipment and sample-collection methodology to be used. (Note that 

Update field folders. 

11 Note site conditions that could affect the quality of data collected from that well. I I 
1) Note change(s) in land use. !I 
llverify well identification number and make sure that it is clearly and permanently labeled. I I  
11 Check that identification corresponds with what is in the field folder and on site and location maps I I 
11 Correct anv mistakes or uncertaintv about well identification and well location. I I 
Verify type of pump, well diameter, and use of holding tanks, pressure tanks, chemical treatments. 

I I Check whether oil is floating on the water column in a well equipped with an oil- lubricated pump. 
Make sure that the downhole treatment system is turned off before collecting water samples. I I 
Determine if a portable pump or another intended sampling device is suitable for use. 

Establish optimum pumping rate(s) for purging and sample collection and decide where to route excess discharge. 

Adjust pumping rate to ensure adequate purging of the well without entrainment of atmospheric gases due to 
excessive drawdown. 

a Route water away from the well to prevent (1) creating muddy and slippery conditions and (2) damage to or 
defacement of the property to which you were granted access. 

Check that well structure is intact 

Wells used for ground-water studies should be "sounded" annually to check whether depth to bottom corresponds 
with well construction information or whether the well is filling with loose materials (U.S. Geological Survey, 
1980; Lapham and others, 1997). A decrease in depth to bottom could indicate that the well casing is collapsing, 
or that there is a breach or corrosion of well screen or casing, or that the well is improperly designed to retain 
aquifer materials. 
Borehole caliper and downhole-camera video logs can identify a damaged or broken well casing. A downhole 
camera can identify a plugged screen or accumulation of sediment in the well. 
Aquifer tests, such as slug tests, can be used to check the hydraulic connection between the well and the aquifer. 
Aquifer tests, however, are generally beyond the scope of site reconnaissance. 
The surface seal of a USGS monitoring well should be intact and the well should be capped. Concrete pad should 
be repaired if cracked or separated from outer casing. A tight-fitting well cap should have a small ventilation 
hole. 

Check well access for sample-collection points. 

Sample-collection points need to be near the wellhead, ahead of where water enters pressure tanks, holding tanks, 11 
or treatment systems. 11 
At wells where an access point close to the well is not available, it might be possible to install a hose bibb or tap 1 1  
at the wellhead. Because it usually is not possible to control the pumping rate of a supply well, the field person 11 
may need to set up a hose-and-valve system to control the rate at which water is sampled and to reduce the 

' 

likelihood of backflow of water stored in plumbing lines. 

Check well access for water-level measurements. The construction of some supply wells makes water-level 
measurements difficult or impossible. 

Although it is often possible to slip a weighted steel or electric well tape below the pump to get a water-level 
measurement, the pump can be damaged if the weight or tape becomes entangled in the pump. The weight should 
be connected so that it will snap off of the tape .under stress. 
Water levels can be estimated through the air line on some wells. 
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" 3  . . . .  , ,  
,< I  . ,  1.3.2 ; b?l,. : ;, 

. , I N F O ~ A T I O N  FOR NATIONAL WATER INFORMATION SYSTEM (NWIS) 
-ti,.. ,,, ; 8"i" 
, , ., a ,  I , ,  I , .  .,, ..t'',,, FILES, WELL FILES, AND FIELD FOLDERS . , .  

, t ' . , ,  >, :. . , I  

,,:.I . .  
;I:& ..L ,) ;.. 8 

's.. . 
, ,  . . i USGS policy requires specific information on ground-water sampling sites to be stored in NWIS 

, it.. .;' J ! '. 
! . ,., , ,. (Edwards and others, 1987; Hubbard, 1992; WRD Memorandum 92.59). Paper documents, such as 
' v, .,\ , :'.I 
,,!I,I,~I~ ; agreements between the well owner and the USGS for use of the well, also Are .necessary and are stored 
1 ,  !)& .<%, ,:' 

, , 

.;j..;.,.b .. . a in well files and field folders. 
,, I , , ' , #  , 4: 

, .  , 
.: % > ,; *I, . ,  , , 

Much of the information needed to set up files for existing wells can be obtained from well 
owners, drillers, records from state or local jurisdictions, and well-construction logs. 

a 'P'$, v , ;; 
:[i:ii:.,.  if, 

\ (,, 
c b , , , l , ;  ,, 
:c,(;.: f i . I. 

Information that will be needed to set up well files for new wells is recorded by field personnel 
as the new well is installed (Lapham and others, 1997). 

I 

a ~ometimks field personnel are permitted 10 remove the pump from the well to get a measurement; however, 
pump removal can be difficult, time consuming, and potentially unsafe, and could damage the pump. 

a A; note should be made in the well file if there is no access for a depth measurement. 

RULE OF THUMB: 
a Before starting fieldwork-Make sure the NWIS file is established. 

1 I 

After fieldwork-Update NWIS files promptly. 

,,:,. ' . 11 , !.. 
, . .. 

'1.3.2.~ 
NWIS Files 
I 

Within ihe NWIS system, well information, ground-water levels, and watir-quality data are stored in 
three data bases: the Ground-Water Site Inventory (GWSI), Quality of Water Data (QWDATA), and the 
Automatic Data Processing System (ADAPS). All wells for which data are stored must be identified by 
an electronic record in NWIS. 

I 

.b GWSI primarily contains (1) describtive information about the site and well and (2) 
noncontinuous water-level data. Specific information entered into GWSI is used to create an 
NWIS site file. 

, . I  , . , 
f'/.. , 

d . 4.. ': i 
., . ..., sf!.' ., QWDATA contains results of water-quality analyses, noncontinuous water-level data, and other 

,, +.A,,.!:::,, data related to water-quality analysis. ,I ' I, 1 ) ;  i 
111.., '1 
.././. , . " 1 ' .  , ' I 
f .; ,'..I!, 
A". ,  , .  .. b ADAPS contains continuous records of water levels and water qual'ityi 

The minimum information required for establishing electronic files in GWSI and QWDATA is shown in 
table 1-4. Individual studies and District offices may have additional data-storage requirements. For ----- 
example, the GUNIT (geologic unit) code provides important information for ground-water studies. 

When creating or updating a GWSI site-file record, fill in information that is needed by, or useful to, the 
study, in addition to the required information shown in table 1-4. 

I ' i  
I ! - Table 1-4. Minimum information required for electronic storage of site and ground-whter-quality data in the U.S. > ,I * 

I I 

I I 

Geological Survey National Water Information System (NWIS) 
1 $ 1  
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WELLINFORMATION CHECKLIST, Page I or2 

P r r r j ~ t  mme and ldentiflcation nurrber: -- ---,--- 

Latitudelongitude: ----- Sqimerre number: -,----- 
Otller site or well ID: Stattion name: -------- 
Indicate well type: PimbIIc ' I rr iyatbi 

Do~est ic  Observatiori 
Cornlmlc la l Monitoring 
Industllal Otlier - - - - - -  

I Date Item filed 
! ' 1 Criteria for well selection or i~istallatlori ---- 

Gmund-Water Site Inwntory (GU51) data entem~d h to  
National Water Info~matlon System (NWIS) - 

Paper copy of CWSl folm --- 
Copies of agreemwnt to colnplete activity (for exalrple, drilling 

or salq~lirig) 
I 
I ------ ----- 

List agrcemmnts ---- -- 
Copies of field forms a r d  logs: 

Well-drllllrg record ---- 
Driller's lag ---- 
Lltt1ologic log ----- 

Cuttlngs --- 
Cores ---- 

Aquifer tesk (list types) - , , - - - -  -- 
---- --------- 
Geop liysical logs: (list types) --____------ 

- --------- 
cell-constnrction mc ord 
Well-development record ----- 
Well-~mintena~ice c haks: (list types) -------.-- ---I11 ----- 

Latitudelongitude and m t l i o d  of deterlrinatioli 
Well-laation mp(s) 
Site-sketch ~ m p  
Written &scription of iuatlon 
Well-casing elevation (elevation, and m t h d  arid date of 

determlnatlo~i) 

Pintographs of wII and vicinity (4 tli measuririghamplhg 

. * 

I , , 
I ' 
4 1  j 

, , 

---- 
----- 
------ 
----- 

1 
--- 

i 4 
(- a), 

B 
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' * , ? ,  
'I. I. ' . 
, ,':... ,.<? ,"?. , 

, 

.itern in twll file 

G'rrater-cluality records for' each sampling event (Tor emrnple, 
pirghg, field rnms~lremnts, field formr, mrnpiing history) 
and copies of laboratory analyses requested 

-- 
--- 
---- 

b'htw-level ~msumments - curtent; ----- 

Mter-level m s u ~ m n t s  - historical: -- 

---- 
Record of well leveling (sumvey) -- 
Punping schduie/hlstory ---- 
Type of pul-rp in well and location of intake . --- 

-------- 
----- 

--------------A ------- 

Supply ~ l l s  ---------------------- 
------------ ------- 

O t i ~ r  i ~ f  onwtion (for example, geologic unit, aquifer nam): 

,- The well file is the repository of the information compiled for the well, and it should contain 
documentation for site selection, well inventory, well installation, and sample collection. 

. . z. . ' I.. . 
' , . I /  <.; . .  .,. 
, ;  ' "' .,;*. 
..', . ;,; , 
,. . , 3.v r 
t . .:r- 

.$*.. . r ,, . 
.,',.b.i'. 
' ,  5 . L . r  . . . - p  . .  . . .. 

b Include well-construction information to the extent that it is available(Lapham and others, ., . -  
3 ,  . . . . 

.,:?. 
'.' : ; 

1997). .. ,. .,.. t k - ~  .* . 
,. , .; ,: , >? 

b Include water-quality information, hydrogeologic field forms and logs, and plots of water-quality ,% " .  , , ~ ,  3 ! 1,3 ,,,:: q!" 

, . . .?: data and other hydrologic, geologic, geochemical, or geophysical information available for the . ... . $: 

..:* ,; ,, 
well or field site. _. , -. .$ , . . . .. 

'( . . ,  . 
b Include a log of well-maintenance and well-integrity checks and tests, geophysical logs and . . . 5 '. ,,..i ., 

< . ,, ; 2;; 
surveys, results of aquifer tests, analyses of cores or cuttings of geologic materials, and analyses . ,,.):.;..,, ...,, v :,-., 

' , .'k, 
from previously collected'samples from the well or from a nearby well. c .,A 

",. ) '.-- 

1.3.2.C' 
Field Folders 

.. . . . . ..,. 1 . , .. . 
, .  % .  Selected information related to the well file and electronic records is kept in a fieId folder. The field . . . .  . '.,. .._ 

folder contains information needed by personnel to locate and gain access to the site and to collect and ,::I, :<., 
; , .  . " ., ' , :,...A ;* ' 

process ground-water samples. The field folder should be taken along on each visit to the well for . ,, . ... . . " . . ,, . 
reference at the field site. The generic contents of a field folder are listed in the field folder checklist - 4 ., . ., .. . .,. 

< : .  -. . 
. ,  , .  .. . ,  ._ '  

4 . .  : '  .. 1.;) 
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I 

(fig. 1-4). Examples of site-location maps 'and a site sketch are shown in figure 1-5. 

I Field-folder checklist: ground-water quality 
I 

Item Comments 

Forms (new forms and (or) examples of completed forms): 

a Permission forms-must be signed by proper authority. 
a Analytical Services Request form(s). 
a Ground-water field form and well-in'ventory form.. 

Equipment and supplies checklists. 

I 

Site location and description: 

Maps showing location and identification number of well(s). 
a Name of landowner, tenant, or other responsible party. 
a Site access instructions (call owner;iget keys or tools needed for security gate, 

well house, well protective casing). 
a Photographs and land uselland cover form to document site conditions. 
a Well dimensions and construction. 

Sampling schedule and instructions: 

a Laboratory analyses, codes, and bottle types 
a Preservation requirements. 
a Quality-control samples. I 

1 

a Location of sampler intake during sample collection. 
a Pumping rate for purging and sampling. 

purging instructions: 

Number of well volumes. 
a Rate of pumping; containment and discharge of purge water. 
a Location of sampler intake during purging. 
a Field measurements and stability pfotocols. 
a Previous field-measurement and purge-volume records. 
a Place to discharge excess water. I I 

Water-level measurements: 

G 
1 7  

a Location of measuring point. 
a Previous records from well. 

Safety information: 
I 

a Nearest emergency facilities; home phone number of supervisor. 
a Diagram of where to park, placement of flags and cones. 
a Traffic conditions; location of power lines. 
a Environmental hazards such as weather and animals. 

Ancillary information: 

a Geologic section(s). 
, a Hydrologic section(s). 
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Figure 1-4. Checklist for contents of ground-water sampling field folder. 

U 

I 
Example 

location map(s): 

Borehole geophysical logs. 

Shipping instructions: 
, . 

Mailing labels; location of nearest post office or shipping agent. 
Ice or holding time requirements. 

EXPLANATION 
LAND USE AND COVER 
0 Agriculture 
a Wodands 

Figure 1-5. Example of (A) site- and wll-location maps and 
(8) well-site sketch with well-site information. 
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Example 
of site sketch: 

N 

1 I I 
J 1 I I I l I ~  
I I I I I I r I  

Pivot A r m  I 

6 

1 
3 
(P Q o =  1 

Farm Pivot ' /  Houses A,, 
House g 

5 "  
-3OOft 

0 Telephone pole and 
I) identlfication number REA/20/25 

, 

I il 
I 

Example well-location descript~on and ~ n f o r m a t ~ o n :  ;! 
WI I  UL61 (latitude 38.18'03': bng: 75'55'52'3 k bay in tk 
Calena 7 5-min quardmrgle abu t  2 miks south of Locust,Crne, 
MDon L#wtC~veKentervilb Rd.The w l l i s t h  mart southern 
of tk t h r e e ~ l l c l u * r o n ~ t k w s t  side of Locust Clw,e b d ,  just 
southwst of tebphore pok RWW25 Thii USCS wll was 

I /  

instalbd on 95/85, i constructed of 2-irrh dsrmeter W, k 50.5ft 
&ep, and h s a  steelpmectbeasirg wltha UCS kckContact I 
propertywnerat ( )_--tha c$y before sampling 1 

. 
B. 

i i 
I I 

Figure 1-5. Example of (A) site- and well-location maps and (8) well- 
site sketch with well-site information-~ontinued, 

L I1 , fl i i l '  .' * I  ( 4 1  U&I#,U, 

Page 1 1 of 12 

$ " ' ,  - , $ "  
I C 

' *Selected references and internal documents 
, I _. G ~ e & n  to Section 1.2 Surface water 

I Q R ~ L U ~ ~  to Compleie Contents for Cl~apter A I it " *, , 
, a", 7 . C) Return to Field Manual Complete Contents 

vi":i. C) Return to USGS Water Quality Information P a m  
. ( I ,  

#, 2,,, j:!;!., 
,.,,, ,,/ !, : 
, I  ... . Maintainer: Ofice of Water Quality > .  
' , : Webversion by: Genevieve Comfort ' 
;; , ;;>,',!'' < . 
, .., . J? !, Last Modified: 17:44:13 Mon 09 Jul2001 
, > .  
, . ' . I  

! , A ! ,  r:;,,', ; 
, , . , , I . ' !  i 
.: ',. ;,:, ,. , . 
, :, 1. 

, . i. , .r !~: . :, . " http:/lwater.usgs:govlowqlField~anuallchapter 111.3 .html .....? : 1 . , . . 
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1 + '  j.1 

1 ,  
This document is also available in pdf format: 

'fQ Section 1.3.prif 

. . ' . ,  

,.!:;.. ' , "  ,:..>,. 1.3 
."/ ,,%,.';,;:": ' 

i d . , , ;  " GROUND WATER i 1 : .  , 
I . , . .  ( 

:?;,'2, ,<., ,, 

I , { ,  {! 1 
, ' I  

h Ground water is sampled from various types of existing wells or wells installed specifically for a study. 
j + l l . , ~  ', 1 \ y.: 

:,,.,&. ,,+,;;:, 1 8  ' , , ,  

. . St Water-supply wells 'ye wells that aie installed primarily for supply of public, irrigation, 
/ . _ ,  ( .  , 

:,, : ,i' 
% . .  

domestic, commercial, or industrial water and usually are equipped with a dedicated high- 
! I , .  ; - '  ... , 

,I{ , , ,.' ,; :" ., ' capacity pump. The term "supply well" is used in this publication. 
).:)I; r ,  :; . . 

: ObServation wells are wells or piezbmete~s that are installed (usually hithout a dedicated pump) ,;. 
.I I . . :  

!, :.. I ,' ; for the purpose of collecting hydrologic data. The term generally has been applied to wells 
: /.:19:,,:.;d;!.j 
:,: ' t i  , , , , 

I.. . . installed to observe and determine hydrologic characteristics of an aquifer (Lapham and others, 
: . .;. ,. . i 

JI';,: , i !; . 1997). 
, , Monitor wells are observation wells that are installed specifically for assessment of physical; 

1 I$.. , . ,, : 
:;: u.':: 

chemical, and biological characteristics of the aquifer. ~bw-capacity portable pumps are 
',.".I,' '... ' ,., - , .  commonly used for samp1ing;but monitoring wells can be equipped with a dedicated pump. The 
' < ,';?I,;'I . 
I,; . , tenh "monitoring well" is used in this publication. 1 %  . 
;, f; ,:+ ,< .' I i 

I .  I. 

I 'I 

,, ,;i'.:, jl.(,l 
, I . ,  Information iscompiled about the will and well site during site-reconnaissahce visits, well installation, 
!,. i 4. 

I ,  . . and subsequent data-collection efforts at the site. This information is used to help select the well(s) .' I , 8 ,;. ' , , .  ,, needed for study. The ground-water site inventory is compiled in the office and verified in the field. In. 1, .:.l:,+ll.;.:; ,i) 
, , , I  .$, 
, . I . ,  ,, . ... t~ . an office inventory, the study team identgfies existing wells or well sites and compiles background 
, ., ,. . 
. , , I  , . information and available records for tho'se wells. The field inventory is completed during 
./ I.. , ,. . 

I.. 6 1 . y  reconnaissance trips in which well location is verified, additional informati* is collected, and the 
It:! . ,, ;. . .tq; . ,,..! , 
.,:: - .  . suitability of the site for study objectivesis determined.  or each well, the inventory of site and well 

, ' , '  , . .  I" 

r;,: : I , I 
information is entered into the NWIS water-quality (QWDATA) and ground-wder site inventory 

,, >, ,"t; %' ,  ; i i  ,.,. (GWSI) data bases and is added to the file created for the;well (well file). , : 
. I  . I.',$ ,. . , . ,  

, I  

1 . ~ 2 , ~  , 1 1.3.1 
* 8"' , . , . SITE RECONNAISSANCE AND WELL SELECTION 

I 

. . 
I . ' .  , 
L,,l. ,t 9. 

. I i,.l'..,~ 1,: 
! 'I!: .";dy 
, I ,  , 4,. 4s," 
,:,ii .,;, ' ,, 

Field personnel critically evaluate existingand installed wells to determine ,Whether they will yield 
, ~ , , . )  

,,. . samples that are representative of the environment targeted for study. 
I ,  ' ' I  

' $ ,  6 1  
# ( f  '. 1 4  I 

1, " * 
As a member of the study team: 

' . .I 
C Be prepared to participate in office: and field-related aspects of selecting and installing wells 

(see Lapham and others, 1997, for details). 
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$1 I 

Be familiar with study objectives and requirements for data collection and quality. 
Be familiar with considerations for well selection and well installation (summarized in table 1-2). . %$q, 

, . 

. . 0 .  7 . .  
.; c.,: ..., . . 
,,, . ' .., l 

Information gathered from a site reconnaissance visit'can help. determine whether an existing well or a , . 
z':,:.;.. . ,,.; !:.:;?;;; proposed well-installation site meets the criteria establi,shed by the study. Site reconnaissance visits also 

)%.:.'; 

ensure efficient field operations and could be a critical factor in site selection or rejection. These site ri,'h. . . , . . . \ . 
I .: . . ,. ' .  , 

visits commonly are needed to verify the location and condition of wells, evaluate site characteristics, ,, .'c 
% , , , ,, . ..:<%[ , 
,. , .$ 2.. 

and make modifications to the site and adjustments to sampling plans to allow sampling to proceed. ,, . .  , *\?.it . ... . C j 

Before leaving for the site, determine the activities that are to be completed and make the necessary >..,,'. 
.?, .', ,, .. . 

, , . ':?; 
preparations (table ,... 1.2.). . .,,.,:L5*> . :**.'. 

. : 
-. .,:;," . 
"; 7 ,  ..jf , 

Keep in mind tlze primary concerns for water-quality studies: ; . .~ :. ...%*' 

1 ;.. (31.:' 
:'..'.*I . 

, a  . . .  . . , - ;.:-,. ,. , . . 

The sample must represent the system intended for study. 
Sample integrity must be maintained. 

. . .. ?,.. 
, . +",' 

Site visits also can be used to identify areas of ground-water recharge and discharge, test field . t,; , , *  .. 
' , . , . t , . ,  ',.. . . ,  - ,. 

equipment, test well-purging and sampling procedures, conduct aquifer tests, make preliminary field ? <, ., . , . . . ,.' 
measurements, and identify the presence of target analytes. \ '4  , .  " . ' 

. .. :.;,:.i5,. - . . ,'&.yT',r 
I , .  I t  ... 

Table 1-2. Considerations for well selection and well installation 

[Mod~fied from Lapham and others, 19971 

Well location 

a Location conforms to the study's network design for areal and depth distribution. 
a Land-uselland-cover characteristics, if relevant, are consistent with study objectives. 

' a Site is accessible for equipment needed for well installation and sample collection. 

Hydrogeologic unit(s) 

a Hydrogeologic unit(s) that contribute water to the well can be identified. 
a Depth and thickness of targeted hydrogeologic unit(s) are known or can be determined. 
a Yield of water is adequate for sampling (typically, a minimum of 1 gallon per minute). 

Well records, description, design, materials, and structure 
\ 

a Available records (for example, logs of well drilling, completion, and development) have sufficient information 
to meet the criteria established by the study. 
Borehole or casingtscreen diameter is adequate for equipment. 
Depth to top and bottom of sample-collection (open or screened) interval is known (to determine area 
contributing water to well). 

a Length of well screen is proportional to the vertical and areal scale of investigation. 
a Well has only one screened or open interval, if possible. (Packers can be used to isolate the interval of interest, 

but packers might not completely isolate zones in unconsolidated or highly fractured aquifers. If packers are used, 
materials of construction must be compatible with analytes to be studied.) 

a Top of well screen is several feet below mean annual low-water table to reduce chances of well going dry and to 
,-. 

, 5'.,;. . ., .' 
4: - 

Review safety plans and procedures 'before ",' ,>?.. ,, 
. . , . .  
. . '; ;$; 

leaving for the field. . . >".*". . , ,',* '. 
- .  " , 'X. v>.!; 

1 

,. *#,, . .  ... , !. ' ' , %  1. ' 

http://water.usgs.gov/owq/FieldManual/chapterl/l.3.html : 6/24/04 ,:, 
-- - -  - - - 
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avoid sampling from unsaturated intervals. 
a Filter ~ a c k  is of a reasonable length (a long interval compared with length of screenedor open interval usually 

results in uncertainty as to location of the source of water to well). 
, Well-construction materials do not leach or sorb substances that could alter ambient target-analyte 

concentrations. 
a Well-structure integrity and communication with the aquifer are sound. (Checks include annual depth-to-bottom 

measurements, borehole"caliper and downhole-camera vide6 lqgs, and aquifer tests:) 

I ' . Pump type, materials, performance, and location of sampler, intake . , 

Supply wells have water-lubricated turbine pumps rather than oil-lubricated turbine pumps. (Avoid suction-lift, 
jet, or gas-contact pumps, especially for analytes affected by pressure cha' nges, exposure to oxygen; or that 
partition to a gas phase.) \ 

, . 
-0 pump and riser-pipe materials do not a'ffec' t target-analyte cbncentrations. 

: Effects.of pumping rate on measurements and analyses have been or will be evaluated. 
.a sampler intake is ahead of water treatments, pressure tanks, or holding tanks. 
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Table 1-3. Example of site-reconnaissance activities ' ! 
; , 8 

Before the site visit 

Review considerations for well selection and installation'(summarized in table 1-2). 
. . 

Review background information collected. 

Obtain permission to gain access to the site and to collect samples from the well. 
I 0 ' 1  Update well files: record changes in ownership and land use. 

Contact utility companies (gas, water, and electric) before digging or drilling. 

Determine whether the pump may or may not be removed from well by field personnel. (Owner's permissioli is required 
to remove a pump-you could be liable for damage to pump or well.) 

Be sure that you get information needed about the site that could interfere with or interrupt sampling. For example,, 

! 
a Hours of pump operation and scheduled downtime 

Pumping rate or rates *"A 
I 8 

a Holding tanks or chemical treatments 
a ~lectrical service to the site, . ' I I 

a Scheduled maintenance for pumps or related equipment 
scheduled site maintenance, such as paihting, constructio~i~ and defoliation ' ' !  . ' 

Seasonal water-level declines that make the well unusable' 
a ~ i m e s  of denied access; for example, no! access while the owner is out of town ! 

a Special site-access needs; for example, clearance with a site owner or site operator, keys to unlock access to the 
site, animals 

a Restrictions on the location . I 

Record conditions that could compromise study objectives, including potential point or nonpoint sources of 
contamination. For example, . , 

I , I  
, , 

a Nearby wells that could affect well' hydraulics . I '  

a Condition of well-for example, rusting or punctured casing, poor surface seal ; 

a Land use and land cover or changes in land use and land cover 8 .  , 

a Application of salt on nearby roads during winter, or application or uSe of herbicides and pesticides, 
8 ,  , a Landfills or other waste-management facilities . 

a Industrial, commercial, and agricultural complexes and discharges 
, , 

I During the sit'evisit 

, 
Z L  

I ' 



Measure water level in each well. Record water-level data on the appropriate form(s). 

Identify potential difficulties with the type of equipment and sample-collection methodology to be used. (Note that 
sampling plans will have to be modified accordingly.) 

Update field folders. 

a Note site conditions that could affect the quality of data collected from that well. 
a Note change(s) in land use. 

Verify well identification number and make sure that it is clearly and permanently labeled. 

a Check that identification corresponds with what is in the field folder and on site and location maps 
a Correct any mistakes or uncertainty about well identification and well location. 

Verify type of pump, well diameter, and use of holding tanks, pressure tanks, chemical treatments. 

a Check whether oil is floating on the water column in a well equipped with an oil- lubricated pump. 
a Make sure that the downhole treatment system is turned off before collecting water samples. 
a Determine if a portable pump or another intended sampling device is suitable for use. 

Establish optimum pumping rate(s) for purging and sample collection and decide where to route excess discharge. 

a Adjust pumping rate to ensure adequate purging of the well without entrainment of atmospheric gases due to 
excessive drawdown. 

a Route water away from the well to prevent (1) creating muddy and slippery conditions and (2) damage to or 
defacement of the property to which you were granted access. 

Check that well structure is intact 

a Wells used for ground-water studies should be "sounded" annually to check whether depth to bottom corresponds 
with well construction information or whether the well is filling with loose materials (U.S. Geological Survey, 
1980; Lapham and others, 1997). A decrease in depth to bottom could indicate that the well casing is collapsing, 
or that there is a breach or corrosion of well screen or casing, or that the well is improperly designed to retain 
aquifer materials. 

a Borehole caliper and downhole-camera video logs can identify a damaged or broken well casing. A downhole 
camera can identify a plugged screen or accumulation of sediment in the well. 

a Aquifer tests, such as slug tests, can be used to check the hydraulic connection between the well and the aquifer. 
Aquifer tests, however, are generally beyond the scope of site reconnaissance. 

a The surface seal of a USGS monitoring well should be intact and the well should be capped. Concrete pad should 
be repaired if cracked or separated from outer casing. A tight-fitting well'cap should have a small ventilation 
hole. 

Check well access for sample-collection points. 

a Sample-collection points need to be near the wellhead, ahead of where water enters pressure tanks, holding tanks, 
or treatment systems. 

a At wells where an access point close to the well is not available, it might be possible to install a hose bibb or tap 
at the wellhead. Because it usually is not possible to control the pumping rate of a supply well, the field person 
may need to set up a hose-and-valve system to control the rate at which water is sampled and to reduce the 
likelihood of backflow of water stored in plumbing lines. 

Check well access for water-level measurements. The construction of some supply wells makes water-level 
measurements difficult or impossible. 

Although it is often possible to slip a weighted steel or electric well tape below the pump to get a water-level 
measurement, the pump can be damaged if the weight or tape becomes entangled in the pump. The weight should 
be connected so that it will snap off of the tape under stress. 

a Water levels can be estimated through the air line on some wells. 

,., ..,.. .... I ( * .  
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1.3.2 

?[!!{, $1 +, 

INFORMATION FOR NATIONAL WATER INFORMATION SYSTEM (NWIS) 
1 1  
I $ 

FILES,'WELL FILES, AND FIELD FOLDERS 

:, . tC  

, ) 1); , 
, ! >  " *  , 

,I I 

USGS policy requires specific informatioh on ground-water sampling sites tb be stored in NWIS 
(Edwards and others, 1987; Hubbard, 1992; WRD Memorandum 92.59). Paper documents, such as 
agreements between the well owner and the USGS for use of the well, also are necessary and are stored 
in well files and field folders. I 

a Sometimes field personnel are permitted to remove the pump from the well to get 'a measurement; however, 
pump removal can be difficult, time consuming, and potentially unsafe, and could damage the pump. 
A note should be made in the well file if there is no access for a depth measurement. 

,::. .j!. t 
, -,. ,!.::,, . .. 

, ,  . . '  . Much of the information needed to set up files for existing'wells can be obtained from well .I .,:,,;;, 

!<,,it V C ~ ,  .,, owners, drillers, records fiom state or local jurisdictions, and well-con~t~ction logs. 
,',,. , .'. : , 
, :I , . , ,.,. . 
,;,'[;;* ,?, ,!, 

~nfirmation that will be needed to set up well files for new, wells is rebdrded by field personnel 
, .! . ., ,,/, as the new well is installed (Lapham and others, 1997). 
; a , ' , \ ; ' ,  # .  . . 

, 

h ,  P;; .+ 1 

. > !  ,' I ' ,  

i ] i : i  I 

.r.i' . .  I I 

j +! 
, , , ; RULE OF THUMB : 
. 2' '4 

! a '  1 , '  Before starting fieldwork-Make sure the NWIS file is established. I 
/ .  r -  

Tj j, : I I 
t L  , After fieldwork-Update NWIS files promptly. 

I I 
I L 

1.3.2.A , 

NWIS Files I 

Within the NWIS system, well information, ground-water levels, dsld waterLquality data are stored in 
three data bases: the Ground-Water Site Inventory (GWSI), Quality of Water Data (QWDATA), and the 
Automatic Data Processing System ( A D ~ s ) .  All wells for which data are stored must be identified by 
.an electronic record in NWIS. 

GWSI primarily contains (1) descriptive information about the site and well and (2) 
noncontinuous water-level data. Specific information entered into GWSI is used to create an 
NWIS site file. 
QWDATA contains results of water-quality analyses, noncontinuous water-level data, and other 
data related to water-quality analysis. 
ADAPS contains continuous records of water levels and water quality! 

The minimum information required for establishing electronic files in GWSI and QWDATA is shown in 
table 1-4. Individual studies and District, offices may have additional datajstorage requirements. For 
example, the GUNIT (geologic unit) code provides important information for ground-water studies. 

When creating or updating a GWSI site-file record, fill in information that is needed by, or usefbl to, the 
study, in addition to the required information shown in table 1-4. 

Table 1-4. Minimum information required for electronic storage of site and ground-wate'r-qualiqdata in the U.S. 
Geological Survey National Water Information System (NWIS) 

' 
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[GWSI,   round-water Site Inventory; QWDATA, Quality of Water Data] 

Information required for creation of a ground-water file in NWISJs2 (GWSI) 

. ..-,-- 
. . . .  . r ... 

:, . . .>"'.t. . , .,.%-,;<i 
., .. 

.~ . !* .- . .,., .- , 

~ata'description . . 

Agency code 
Station Identification Number (~atitude/lon~itude/se~uence no'.) 
Station Name 
Latitude 
Longitude 
Station locator sequence number 
DistrictIUser 
State . 

County 
Agency Use 
Station Type 
Data Reliability 
Site Type 
Use of site 

Information required for storage of sample analyses in the water-quality file of NWIS (QWDATA)' 

Data description 
parameter 

Agency code 
Station Identification Number 
Sample ~ e d i u m  
Sample Type 
Hydrologic ("Hydro") Event 
Hydrologic ("Hydro") Condition 
Date (yeartmonthlday) 
Time (standard 24-hour clock time) 1530 hrs 
Analysis Status 
Analysis Source 

' ~ u m e r o u s  adtlitional tlata liclds liom those shown are available in NWlS and QWDATA that can be 
ol)jectives; for esaiiiple, i~idicnling whether n non-USGS agency collected the data. 

h o r n  <;loc~nd-Water Site Schedule Fonn 9-1904-A, May 1991. Also rcfcr lo Mathey (1991) and Garcia and others (1997). . ,'.I ..:;. . ..> 
, I A ,  ,- $7 ,#.. , , 

,.\. 4 '  - . . , :+,I+ 
. ' . ,,-,:.x ,' , ,'%" 

.. , .. . .,:- . . .. . : I .  

1.3.2.B . . 
. ;'. r . + .  % , ,  . ,  . , I I X .  

Well Files .. .. . . , .Y > . . 
, . * .'. . .' ..I ! ; i3 
. * I  ,. 

8 . . .., A well file also must be established for each well selected or installed for the study or in a data network. , . , ,.: 
, i" $9 At the outset of the study, it is useful to refer to a checklist of the items and types of information needed ., $ : f t  

. I .  for the well file (fig. 1-3). 
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I . ..,. , . . . , >; 
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,: .(. . ', :$,; . 
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( , .r-. . . . , . ,,I., 
. ,:;<:.:2,, . . , C -  

>, : :: ' 2+: , i.  
, . 

1" "i ,',,;pi;, ,. ,,,, s . 4  : ': . . .<' ' 
, ., , ..;,!, 

C4 
C1 

C12 
C9 
C10 
C815 
C6 
C7 
C8 
C803 
C802 
(23 
C2 
C23 - 

USGS 
394224075340501 

KE Be 61 
394224 
0753405 
01 
24 (Maryland) 
10 (Delaware) 
003 (Sussex) 
A (Active) 
6 (Well) 
C (Field Checked) 
W (Well) 
0 (Observation) 
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I I WELLINF~RMATION CHECKLIST, Page 1 of 2 i '  ,. 

Pmject wme and Identification nul~ber: ------- --- 
I Latitudelongitude: . ._ Sbquerre number: I--- 

Other site or well ID: Station name: - - 
llldicate wei~ type; public j I rrigjtion 11, 

Domstic ObsewaUon 
, C o m w ~ i a l  Monlbrlng 

lndilstrial 0 1  _ _  I .  , 
, . 

Item in well file D,ak item f i t 4  
I 

Crltelia for well selection or l~ ih l lat ion I 
I ---I- 

Clound-Water Slte Inwntory (GWSI) data entered h t ~  
National M'ater lnfonnation System (NWIS) I 

Paper copy of CWSI forin ----- 
Copies of agreemnt to complete activity (for exa l~ le ,  dlii l i lg 

or sapling) ---- 
List agrwrrunts ,,p,,-------- ----- 
Copies of field forms and logs: 

Wel I-drl Ill lg record ----- 
Driller's Icg ----- 
Lithologic log ----- 

' Cuttings ----- I I 

Cores ---- 
Acluifer tests: 01% types) - - - - - - - -  --- 

-..--------..---*-- ---..------------ 
Ceopliysical logs: (list types) - 

---- -- - 
We1 I-const~uction rec or'd --- 
Well-dwelopmnt reconj --- 
Well-maintenance c heck~: (list types) ---A- ----- 

, I  

Latitudelongltude and rrutliod of deter~rination 
I --- 

Well-laation map(~) --- 
Sib-sket~h nap --- 
Wrltten descrlptlon of laatlon ---- 
Well-casing elevation (elmation, and m t h c d  arid date of 

detenni~iation) 
I/--- 

Phstographs of well and vichity (Hi tli masuringlsampllng 
points Identified) 

Land usenand cowr f o m  (tapham and others, 1 9971 ' ---- 

' ,'"$ 1 
, ' \  I 

r l  http://water .usgs.gov/owq/FieldManual/chapter 1 /l. 3. htrnl ,: t1,>':4 
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< .' ,, ,-; ;.; 
,..;;;<;,, * < 
. .. ,,,, >a 7 . .y.' 

. " I .  .1.' . . , . ' . , I  ._ * - 1 ,  ',. , . , L . C '  .._ :/ 

The well file is the repository of the information compiled for the well, ahd it should contain I r .  , .  . ., . , .;. ' ",' 
*.$, , , (,.. 

documentation for site selection, well inventory, well installation, and sample collection. .., .+, ..'I ' . . , .  ; I , ., .., : .... . % .  

>, , >:,i ,.' 
. . ,  :. > 

, :. , * .:,"a. 

t Include well-construction information to the extent that it is available (Lapham and others, 1 .. ,,:j, - ..'.,': ; 

1997). I . .  . .  
. ' t  . ' ... .:. 

Include water-quality information, hydrogeologic field forms and logs, and plots of water-cluality ':',.. . ,., .+ ,, , ..,,, .. . . 
. -. 

data and other hydrologic, geologic, geochemical, or geophysical information available for the . , . ;~,  
. . . .  , 

'. *;.. 
well or field site. . ., ,. . , ., 

d ' : , .  . T . > '  

r, . :  , .  ~ ,,{' 

Include a log of well-maintenance and well-integrity checks and tests, geophysical logs and 
surveys, results of aquifer tests, analyses of cores or cuttings of geologic materials, and analyses 
from previously collected samples from the well or from a nearby well. 

1.3.2.C 
Field Folders 

Selected information related to the well file and electronic records is kept in a field foldei-. The field 
folder contains information needed by personnel to locate and gain access to the site and to collect and 
process ground-water samples. The field folder should be taken along on each visit to the well for 
reference .at the field site. The generic contents of a field folder are listed in the field folder checklist 
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(6.g..l-A); Examples ofsite-location maps and a.site sketch&e shown in figue-J15. 

1 
1 
1. 
i 

Field-folder checklist: ground-water quality I 

Item I Comments 

Forms (new forms and (or) examples of completed forms): 

Permission forms-must be signed by proper authority. 
Analytical Services Request form(s). 

,a Ground-water field form and well-inventory form. , 

Equipment and supplies checklists. 

Field-techniques manuals. 

I 

G 
Site location and description: 

G 

Maps showing location and identification number of well(s). 
a Name of landowner, tenant, or other responsible party. 

I 

a Site access instructions (call owner; get keys or tools needed for security gate, 
well house, well protective casing). , 
Photographs and land uselland cover form to document site conditions. 

a Well dimensions and construction. 

Sampling schedule and instructions: 

a Laboratory analyses, codes, and bottle types 
a Preservation requirements. 
a Quality-control samples. , 

1 
I 

a Location of sampler intake during sample collection. 
a Pumping rate for purging and sampling. I 

Purging instructions: 

a Number of well volumes. 
a Rate of pumping; containment and discharge of purge water. , 

a Location of sampler intake during purging. 
a Field measurements and stability protocols. 
a Previous field-measurement and purge-volume records. 
a Place to discharge excess water. 

Water-level measurements: \ 

a Location of measuring point. 
a Previous records from well. 

Safety information: 

a Nearest emergency facilities; horn$: phone number of supervisor. 
a Diagram of where to park, placement of flags and cones. 
a Traffic conditions; location of power lines. 
a Environmental hazards such as wehther and animals. 

Ancillary information: 

a Geologic section(s). 
a Hydrologic section(s). 
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Figure 1-4. Checklist for contents of ground-water sampling field folder. 
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L U n. 
Borehole geophysical logs. 

Shipping instructions: 

Mailing labels; location of nearest post office or shipping agent. 
Ice or holding time requirements. 
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I I I  I I I I I I , , I I I I I I  

. C 

House 

Example 
of site sketch: I 

Pivot Arm 
6 

Y 

i 

E 
Farm Pivot 
Houses .Arm 

identificatio'n number REN20/25 

d Example well-location description and information: 

Mil UL61 (Iatitde: W18'03': bng: 7!?55'52") k ba ted  in the 
Catena 7.5-min quiadtargle a b u t  2 rniks south of Locust Crwe, 

0 MDon L#wCmveKentervilk Rcrswl.The wellisthe mtsouthem 
of the th reea l l  cluster on the vwst side of b c u t  Crwe k d ,  j u t  

Farm southmst of tekpbne pole R W U 2 5 .  This USCS well was 
inshlkdon 515185, k anst,uted of 2-inchdiarmtermC, k 50.5ft 
ckep, and has a steel p M s t b e  m s i q  with a U9SS bck Contact 
property wne ra t  ( t h e  day before ampling. 

Figure 1-5. Example of (A) site- and well-location maps and ( B )  well- 
site sketch with well-site information-Continued, 

4 selected references and internal documents 
iP ~ e t u r n  to Section 1.2 Surface water 
Q ~ e t u r n  to Complete Contents for Chapter A1 * Return to Field Manual Complete Contents 
* Return to USGS Water Qualitv Information Pages 

Maintainer: Oflce of Water Qualiw 
Webversion by: Genevieve Comfort 
Last Modified: 17:44:13 Mon 09 Jul2001' 
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1 6*!. . . .  FIELD-TRIP PREPARATIONS 
; :,{:;,:,il st,,',: .i,.: j 
. , i 

. , I l  , 

! i .,. 
I , .  ' I  ,, 
, I  ' . . 
,I., .. All details of a field trip need to be planned well in advance. Adequate time must be scheduled in the 
&, . ; ,;:;, 

, , , workplan to review data requirements and make field-trip preparations-a c;ommon mistake is to put off 
.(,:, '<.!, ' . , I I 

. .  , ., . theie activities until the last minute. 
, , .> . . , % ' S  ,, ', ; '* : 

: . , . ' , . , . 
, , , ~ . . , ,  , . r .  4 ,,. , . .  Before selecting sites or making otherpreparations: , 
-,j, :I", " 

. , < , I  ' <I, .:: :, : , 
' I ,  ..I I 

- '  , *  1:. . b Understand the purpose for which the various types of data will be collected and the aqueous , ' ., ' i, ;,;.!,'. : 
1 + .,,:. $,‘ ., ,.', ,, , ., <,",, ;! , system that each sample, should represent. . ,. ,, ,. ' ,  ' . i., , , 

. . b ~ e C i e w  the study workplan, especially types of measurements and samplei needed,. 
, :; , . ,~.* 
, . b Make field reconnaissance trips before selecting sampling sites, if possible. 
J;,,*,.,r.'! , 1 

,{ ;;;>, ' 8  ,; :;,. ! 
, ,;. , . .. : .. - -  ' Note conditions that could affebt sampling operations (such as the seasonal high or low 

,:I..:! ,.. : ..a? .: I ,  . , streamflow, flowing wells, or site-access peculiarities). 
; 

I - n  !$ ),lk 
-- Evaluate potential sources of contamination at the site, based on target analytess to be 

7 .  collected. 
' b Review site files and field folders. (Note site location, description and access, and review any 

I 1 J '; , 
1 I , ; ;  f 2 previously collected physical, chemical, and biological data.) 

, >  

. - b Obtain and keep current with training and the laboratory requirements associated with your data- 
( *  < , 

&; ,"' 1' 1 T I; 
collection activities. 

I!' 
.r .. , . 
i,. , I. . '. ..". - Before selecting equipment: - 
.$'.,.:""I!:' : I 

I 1 : %,, 4 , ,  ! . 
f,:.:,,j,, . . * .  . ' 1 Understand the physical and chemical knitations of each piece ofequipment, in order to meet data- 

, . . .. 
' ,, . .. . 2 ,  .. ;' 

collection objectives and data-quality requirements4 (refer to NFM 2). Verify and test, if possible, the . '  

. $ :  operational range of the sampling equipment to be used. i 
;+ J . . . 
. ,  . ( 

* I 4  

( I  I Before starting field work: 
,;t ,,I L* # ' t  

8 1 

. , 
, I $ f ,  . b Review site files and update and rehew the field folder for each site flom which samples and 
,i 1 T 

I , '(1 ancillary data will be collected (see sections 1.2.2 and 1.3.2). 
! ' b Review the safety plan and be sure that you have the training needed if you will be working at 
iG v ,, sites designated as hazardous (see NFM 9) 

Plan ahead! Take adequate 'tike to prepare. 
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1.1.1 - ?  

;, :*. 

CHECKLISTS OF EQUIPMENT, SUPPLIES, AND ACTIVITIES 

Each study needs to establish and follow a protocol for data-collection activities. Checklists help ensure 
that equipment and supplies will be ordered on time, that data-collection activities will be completed 
appropriately, and that data-quality requirements will be met (fig.-Id). Most checklists are generic to all 
projects and sites (for example, vehicle and equipment maintenance checklists), but may need to be 
customized (for example, items listed, quantities of equipment and supplies, number of batteries, and 
types of sample bottles and other equipment). The types of information and examples of items listed on 
the next page are usually included when developing checklists. 

Types of information 

Calendar of planned field trips 

Presampling activities 

Field equipment and supplies 

testing 

Field-folder contents 

Safety equipment and information 

Examples of items or activities in checklists 

Prepare calendarslchecklists that include sampling dates, members of field 
team, vehicle(s) to be used. 

Prepare checklists; for example, field-trip preparations checklist (fig. 1-1) and 
well- information checklist (fig. 1-3). 

Update field folders and computer files. 
Log in samples (Analytical Services Request form). 
Store and dispose of hazardous materials properly. 
Check that all equipment is clean and properly stored. 

Prepare lists of equipmentlsupplies for each field site (see NFM 2). 
Prepare a list of items to be ordered. 

Prepare a checklist of maintenanceltesting for field-measurement instruments 
(see NFM 6) .  
Test sample-collection and processing equipment. 
Charge or replace batteries. 

Check fluids, battery, tires, lights, cleanliness. 

Prepare headers on forms (such as field, chain-of- custody, and Analytical 
Services Request forms); prepare bottle labels. 
Prepare lists of chemical constituents, with analytical schedules, methods, 
laboratory codes; bottle type and volume; sample handling, treatment, and 
preservation procedures; shipment; quality-control samples. 

Prepare list of logistical information needed for each site, such as permission 
to access site, keys, maps. 

Keep a copy of NFM 9 for field use and list special considerations for the site, 
such as personal flotation devices. 
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PlZOJE GI': -----------SITES: --p---- .-- IMTE:--- -,-" --. 

. , . '*?I:,, , , ,.,-.. . ' '  
,, . , :',,:I: ,I ,,<:.+ 8, ,! ( h 

1 . f  1.. USGS policy that water-quality data be of a defined and documented quali;): is described in Horowitz 
: ,. : , and others (1 994) and Office of Water Quality ~echnical ~emorandum 93.1 1 (see "Selected References 

8 I *  I . . . . , . ,  . . ,.. . , , and Internal Documents"). Every study should have a written document that describes study objectives, 
;, ,:.4 ,.:f ;, , i ,  

* i I,;, 
data-quality requirements, and a q~ality~assurance plan. Some of the information needed to ensure data 

, .,.. , i quality' is described in District quality-assurance plans. Discipline specialists (District and Regional 
. . (  . .'J.'. ' .  ., ' ,  ' I 

. . . I .  I ,  I 

specialists, discipline offices at USGS headquarters in Reston, Va., and USGS National Research 

; ,  ! .I:,;,', ; #: ;j! i I Prograp scientists) can provide specific instructions and updates relating to quality-assurance 
,. ,*., ,.., 

, . . . .  . , , procedures and policies for the collection of water-quality, surface-water! &d ground-water data. 
, ,  . 

, I  ,." " : . 
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Field personnel are responsible for determining whether the equipment and methods being used could 
impair sample quality. For the most part, this determination involves collecting quality-control samples 
and analyzing the results. Field personnel must plan and prepare for routine checks on data quality. 

Examine field and laboratory results as soon as possible, preferably before the next sample- 
collection field trip. ~ e s b l t s  indicating potential bias in the data will alert you to the changes 
needed in equipment, equipment-cleaning procedures, or field methods used. 
Be prepared to collect additional blanks, replicates, or other field quality-control samples, 
based on your judgment of the effects of field conditions on sample collection. Field conditions 
are unpredictable, and adverse or unexpected conditions could necessitate additional steps to 
document data quality. 

Quality-control samples are collected either in the office laboratory or at the field site, depending on 
their specific purpose (see NFM 3, "Cleaning of Equipment for Water Sampling," NFM 4, "Collection 
of Water Samples," and NFM 5, "Processing of Water Samples"). Field personnel must be familiar with 
the various types of quality-control samples and know how and when to collect them in order to comply 
with USGS quality-assurance requirements. Collection of blank samples (blanks) is mandatory. Blanks 
are samples of laboratory-prepared and -analyzed water that are processed through the equipment in the 
same manner as the environmental sample, but after the equipment has been cleaned and prepared for 
field use. 

In preparation for collection of quality-control samples, solutions of the appropriate type and quality 
must be obtained for blank and standard reference material samples. Field personnel should use water 
for blank samples that is certified by the USGS National Water Quality Laboratory (NWQL) in Arvada, 
Colo. Laboratory certification should indicate that the blank water has target-analyte concentrations that 
are less than the method-detection limits. Blank water for determination of inorganic constituents needs 
to be the inorganic blank water obtained from the Quality of Water Service Unit in Ocala, Fla.; blanks 
for analysis of organic compounds require either pesticide blank water or volatile/pesticide blank water, 
both of which can be obtained from NWQL. Standard/reference materials generally are obtained from 
the National Institute of Standards and Technology. 

Collect equipment blanks before beginning the field effort. 
-- Equipment blanks are processed through clean equipment in the controlled setting of an 

office laboratory. 
Process an equipment blank at least once a year for each set of sample-contacting 
equipment. This applies to new equipment to be used for the first time, to equipment that 
will be cleaned with a new cleaning procedure, and to equipment that has not been tested 
with an equipment blank for 1 year. -, 

Do not collect or process environmental samples until the annual equipment blank 
data have been reviewed. The field personnel or the water-quality specialist needs to 
ensure that the equipment blanks are either free of contamination or have concentrations 
small enough to be insignificant at the current analytical limits (Horowitz and others, 
1994). 

Collect field blanks at the field site under the same conditions as environmental samples. 
Field blanks can provide information on the efficacy of the equipment cleaning procedures used 
and on ambient atmospheric contamination. 
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Data quality begins before the iirst sample is collected-be 
aware of data-quality rey uirelneilts and potential sources of 

coi~tamii~ation. 

1,; " ,.,, .,&,:. , .,J3''' /:;.*.,:, ,':: ; .i, ;\,. !,, %"rget analyte" refers to any cheliiical or biological substance i'or which concentrations in a saniple will be determined. 
!, ./;;;, ;; 
I . . , ,  

Target analyte does riot include field-measured properties such as te~nperature, specific electrical conductance (conductivity), 
?.:" I )  1 . dissolved-oxygen concentration, pH, Eh, alkalinity, color, or turbidity. 'llie Cuncisc~ Cheiiticnl nnrl Technic01 Dictioironl. 4th . ..:'I 

'.it:i.:,r : ., ;pi ?; edition (Bennett, 1986) defines "analyte" as "~uhstance being determined in an analysis." ; 
, , 

(1' ,,P , , , , .  . 
; I  I . . I  

t, ;?L,,;;;; 

' I . .  

JI..ll. JAs used in this publication, the term "data-quality requirements" refers to that subset of data-quality objectives pertaining 
j!),i.,(!''b'' 
, 

specifically to the analytical detection level for colicentrotions of target analytes and the allowable variability to fi~lfill the 
, scientific objectives of the study. 

*Section 1.2 Surface Water 
G ~ e t u m  to Complete Contents for Chapter A1 , 

Return to Field Manual Complete Contents 
Return to USGS Water Oualitv Info'mation Pages 

Maintainer: Oflce of Water Quality 
Webversion by: Genevieve Comfort 
Last Modified: 17:44:13 Mon 09 Jul2001 
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i"; t 

GROUND WATER 
, . .  
,,?,1"!,!$,:?,. L, 

,, t * . ': 
, ?, .; '. b 

b .I, , . 2 ,  < ,  , ' .  
Ground water is sampled from various types of existing wells or wells instillid specific~lly for a study. 

, , / .  ' , 

i .i;,; ,:::. 
, .. . / 

,:,{ :: !,: *<' Water-supply wells are wells. that are installed primarily for supply of,public, irrigation,. : : ,;: ., , ;, 
1 , a r , .  .: . ,? . . -  doi$estic, corhmercial, o r  industrial batei and usually are equipped w i t ~ a  dedicated high- 
. ,  . :;,,.:.;.;. ,; 
, , 

capacity pump. The term "supply well" is used in this publication. 
,I.. I .  

I , ,  , , , ;:* , Observation wells are well's or piezometers that are installed (usually without a dedicated pump) 
, :f.;i .:,:', for the purpose.of collecting hydrologic data. The t e h  generally has; been applied to wells 

,* V . , j < '  ' 

I, !f , ' 
1 P' ' -. ,- I, ,. . , 

installed to observe and determine hydrologic characteristics of an aquifer (Lapham 'and others, 
1997). v s :  ,{ 

1 %  .j.'. , , 
I, I ;~ , .~~~ I Monitor wells are observation wells that are installed specifically for assessmentof physical, 
!j"i,j,:'i: ".U. 6 

at;,,: ,.._ :%,.::I , $ .  . . I .  , , 
chemical, and biological characteristics of the aquifer:Low-capacitY'b6rtable pumps are 

:::,,; ! ,  ,, co&monly uSed for sampling, but monitoring wells can be equipped with a dedicated pump. The 
i ' .; !, ;, . 

. . ,! f . .!J, term "monitoring well" is used in this publication. 
'I:'?" 

I , ;$*,*d < a ! .  . ,. , 

I !t:;,;! :, ; 
i:'~a ', ; Information is compiled about the well and well site during site-reconnais$anc6 visits, well installation, 

. o  .. 
, . : . . ,  . and subsequent data-collection efforts at the site. This information is used ,to help select the well(s) 

-:< . , ib.+,; ,<:.: . ,  needed for study. The ground-water site inventory is compiled in the office and verified in the field. In 
,,.')I ?,\i ",',I, ': 
It'; 

I ..' ',:',.' 
'm office inventory, the study team identifies existing wells or well sites, and compiles background 

,. I, information and available records for those wells. The field inventory is completed during 
' . ' i . . .  
, . .. !,.. . .  reconnaissance trips in which well location is verified, additional information is collected, and the 
.r ,' , 

i-;+;: :, !.,(" :' suitability of the site for study objectivesl is determined. For each well, the, inyentory of site and well 
,c 5 $1 .,. . .. . information is entered into the NWIS wiiter-quality ( Q ~ A T A )  and grodidlwater site inventory ,,,,. , , , 

: I .  . (GWSI) data bases and is added to the fiie created for the well (well file). 
. . I ? .  

* . 
,:',*.*' , 8s. %. ,. 

, <  ' ) , , Field personnel critically evaluate existing and installed wells to determine (whether they will yield 
.,,J*' s.., 

, 7 : '  ,. , + , : , A.1 , ,samplesthat are representative of the enlironment targeted for Stu'dy. i I 
I , ,  1 .  I , I ,  

., ,: ' . As a member of the study team: 
,; , :,.'I/.> 
/ , I  1 ' 1; 

I I 
b Be prepared to participate in office- and field-related aspects of selecting and installing wells 

- t < I  (see Lapharn and others, 1997, for details). 
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Be familiar with study objectives and requirements for data collection and quality. 

. ~ 

' >. . 
.< (. !a ; , :, 

, ;*';i:: .;; ; 
;$,. .$. 
: *.),:I, . 1:. , 
' , d  : : , 

ti. .' .z:., , 4 .. . ~ . : .  . < 

Be familiar with considei-&ions for well selection and well installation (summarized in table 1-2). ;:, ..: , . i . A _ ,  ' . . , ,:'. 
, , .  

Information gathered from a site reconnaissance visit can help determine whether an existing well or a 
proposed well-installation site meets the criteria established by the study. Site reconnaissance visits also 
ensure efficient field operations and could be a critical factor in site selection or rejection. These site 
visits commonly are needed to verify the location and condition of wells, evaluate site characteristics, 
and make modifications to the site and adjustments to sampling plans to allow sampling to proceed. 
Before leaving for the site, determine the activities that are to be completed and make the necessary 
preparations (table 1-3). 

. . . . . . ., . . v  , '".. 1 . 3 -  

Keep in mind the primary concerns for water-quality studies: ,. ,.:;. 
. > ,, , ., 2.i;;'. :.<p2,.., ". 

.,)',p;. .. :!' . 

F The sample must represent the system intended for study. 
Sample integrity must be maintained. 

'i .:, .. ,-" 
Site visits also can be used to identify areas of ground-water recharge and.discharge, test field * ';, 

I' _ , 
' -,* r . . ,  
' 3 . .  . 

equipment, test well-purging and sampling procedures, conduct aquifer tests, make preliminary field CF::~.; . .. ..: ,.,.,. 
measurements, and identify the presence of target analytes. , :.,.," ,..,:.,nl. <:; &,.I. . .  ,.,. 

,, .4.:.$ ' .  . _ (  . 

Review safety plans and procedures before 
leaving for the field. 

Table 1-2. Considerations for well selection and well installation 

[Modified from Lapham and others, 19971 

Well location 

Location conforms to the study's network design for areal and depth distribution. 

11 Land-uselland-cover characteristics, if relevant, are consistent with study objectives. I I 
11 Site is accessible for equipment needed for well installation and sample collection. II 

11 Depth and thickness bf targeted hydrogeologic unit(s) are known or can be determined. I I 
1 .  
11 Yield of water is adequate for sampling (typically, a minimum of 1 gallon per minute). I I 

Hydrogeologic unit@) 

Hydrogeologic unit(s) that contribute water to the well can be identified. 

Well records, description, design, materials, and structure I 
Available records (for example, logs of well drilling, completion, and development) have sufficient information 
to meet the criteria established by the study. 
Borehole or casinglscreen diameter is adequate for equipment. 
Depth to top and bottom of sample-collection (open or screened) interval is known (to determine area 
contributing water to well). 
Length of well screen is proportional to the vertical and areal scale of investigation. 
Well has only one screened or open interval, if possible. (Packers can be used to isolate the interval of interest, 
but packers might not completely isolate zones in unconsolidated or highly fractured aquifers. If packers are used 
materials of construction must be compatible with analytes to be studied.) 
Top of well screen is several feet below mean annual low-water table to reduce chances of well going dry and to 



., 8 : ;  1;) 1 , .', ;I : 
'.'):'.'x, !. )' 
l . l , . ,  . Section 1.3 
I. ,g, {,: \:, ;; 
' . I ,  . 

Page 3,of 12 

. . , , . '  
Jh!,,>i-,.: 5: ::: , ,, :, <.: " , 
' ;  ' ,' " 11;. > !, ,. 1 ,I. , 

I),: , , 1 . . .  . *  1 :  

; :::,:, .', 
. . ,  . ' .  

< .!; ,: , , 

.,! ;> > I .  
,"; .I" ( I t  /.:,ti ::\'~,. ,!,; 

'1 . 
'( ,> .' t 

< .  , I t , . !  
. . .  ,,; " " , . I  . ' 

. po,, L ' 
4 ,  , 

;$;!-;.,:' ' 
;;;-I~*!:.~, 

., ,>,, f! I,! " 
, . r i ;. ." j: . . :  ' .  

' ' 2  :, 
i,,;;., .;:;.!, :; 

" I , ,  1 , 
:.,.;I. ': ;f!" ,,> 
,, \, , , , , .p . 

,, ,I!%.",: 

<,t ,. r.,, ,,;;. ! 
. . I  .:. , t'. 

1 I 

avoid sampling fiom unsaturated intervals. 
a Filter pack is of a reasonable length (a long interval compared with length of screened or open interval usually 

results in uncertainty as to location of the source of water to well). 
a Well-construction materials do not leach or sorb substances that could alter ambient target-analyte 

concentrations. 
a Well-structure integrity and communication with the aquifer are sound. (Checks include annual depth-to-bottom 

measurements, borehole caliper and downhole-camera video logs, and aquifer tests'.) 

Pump type, materials, performance, and location of sampler intake 

Supply wells have water-lubricated turbine pumps rather than oil-lubricated turbine pumps. (Avoid suction-lift, 
jet, or gas-contact pumps, especially for analytes affected by pressure changes, exposure to oxygen, or that 
partition to a gas phase.) 

a Pump and riser-pipe materials do not affect target-analyte concentrations. 
a Effects of pumping rate on measurements and analyses have been or will be evaluated. 
a Sampler intake is ahead of water treatments, pressure tanks, or holding tanks. 1 , 

Table 1-3. Example of site-reconnaissance activities I 
I 

Before the site visit I 

Review considerations for well selection and installation (summarized in table 1-2). 

Review dackground information collected. , , 

Obtain permission to gain access to the site and to collect samples from the well. 

Iupdate well files: record changes in ownership and land use. 

Contact utility companies (gas, water, and electric) before digging lor drilling. 

Determine whether the pump may or may not be removed fiom well by field personnel. (Owner's permission is required 
to remove a pump-you could be liable for damage to pump or well.) ' 

Be sure that you get information needed about the site that could interfere with or intequpt sampling. For example, 
I 

! 

a Hours of pump operation and scheduled downtime 
a Pumping rate or rates 
a Holding tanks or chemical treatments I , 

a Electrical service to the site 
a Scheduled maintenance for pumps or related equipment 
a Scheduled site maintenance, such as painting, construction, and defoliation 
a Seasonal water-level declines that make the well unusable 
a Times of denied access; for example, no access while the owner is out of town 
a Special site-access needs; for example, clearance with a site owner or site operator, keys to unlock access to the 

site, animals I 

a Restrictions on the location 

Record conditions that could compromise study objectives, including potential point or nonpoint sources of 
contamination. For example, , 

I 

a Nearby wells that could affect well hydraulics 
a Condition of well-for example, rusting or punctured casing, poor surface seal 

Land use and land cover or changes in land use and land cover I 

a Application of salt on nearby roads during winter, or application or use of herbikihes and pesticides 
a Landfills or other waste-management facilities 
a Industrial, commercial, and agricultural complexes and discharges 

During the site visit 
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Measure water level in each well. Record water-level data on the appropriate form(s). 

Identify potential difficulties with the type of equipment and sample-collection methodology to be used. (Note that 
sampling plans will have to be modified accordingly.) 

Update field folders. 

Note Site conditions that could affect the quality of data collected from that well. 
Note change(s) in land use. 

verify well identification number and make sure that it is clearly and permanently labeled. 

Check that identification corresponds with what is in the field folder and on site and location maps 
Correct any mistakes or uncertainty about well identification and well location. 

Verify type of pump, well diameter, and use of holding tanks, pressure tanks, chemical treatments. 

Check whether oil is floating on the water column in a well equipped with an oil- lubricated pump. 
Make sure that the downhole treatment system is turned off before collecting water samples. 
Determine if a portable pump or another intended sampling device is suitable for use. 

Establish optimum pumping rate(s) for purging and sample collection and decide where to route excess discharge. 

Adjust pumping rate to ensure adequate purging of the weli without entrainment of atmospheric gases due to 
excessive drawdown. 
~ o u t e  water away from the well to prevent ( 1 )  creating muddy and slippery conditions and (2) damage to or 
defacement of the property to which you were granted access. 

Check that well structure is intact 

Wells used for ground-water studies should be "sounded" annually to check whether depth to bottom corresponds 
with well construction information or whether the well is filling with loose materials (US. Geological Survey, 
1980; Lapham and others, 1997). A decrease in depth to bottom could indicate that the well casing is collapsing, 
or that there is a breach or corrosion of well screen or casing, or that the well is improperly designed to retain 
aquifer materials. 
Boreliole caliper and downhole-camera video logs can identify a damaged or broken well casing. A downhole 
camera can identify a plugged screen or accumulation of sediment in the well. 
Aquifer tests, such as slug tests, can be used to check the hydraulic connection between the well and the aquifer. 
Aquifer tests, however, are generally beyond the scope of site reconnaissance. 
The surface seal of a USGS monitoring well should be intact and the well should be capped. Concrete pad should 
be repaired if cracked or separated from outer casing. A tight-fitting well cap should have a small ventilation 
hole. 

Check well access for sample-collection points. 

Sample-collection points need to be near the wellhead, ahead of where water enters pressure tanks, holding tanks 
or beatment systems. 
At wells where an access point close to the well is not available, it might be possible to install a hose bibb or tap 
at the wellhead. Because it usually is not possible to control the pumping rate of a supply well, the field person 
may need to set up a hose-and-valve system to control the rate at which water is sampled and to reduce the 
likelihood of backflow of water stored in dumbing lines. 

I I Check well access for water-level measurements. The construction of some supply wells makes water-level 
' 

measurements difficult or impossible. 11 , 
Although it is often possible to slip a weighted steel or electric well tape beIow the pump to get a water-level 
measurement, the pump can be damaged if the weight or tape becomes entangled in the pump. The weight should 
be connected so that it will snap off of the tape under stress. 
Water levels can be estimated through the air line on some wells. 
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Sometimes field personnel are permitted to remove the pump from the well to get a measurement; however, 
pump removal can be difficult, time consuming, and potentially unsafe, and could damage the pump. 
A/note shou1d"be made in the well file if there is no access for a depth measurement. A 

1.3.2 
INFORMATION FOR N A T I O N ~ L  WATER INFORMATION SYSTEM (NWIS) 
FILES, WELL FILES, AND FIELD FOLDERS 

USGS policy requires specific information on ground-water sampling sites'tobe stored in NWIS 
(Edwards and others, 1987; Hubbard, 1992; WRD Memorandum 92.59). Paper documents, such as 
agreements between the well owner and the USGS for use of the well, also are necessary and are stored 
in well files and field folders. 

Much of the information needed to set up files for existing wells can be obtained from well 
owners, drillers, records from state or local jurisdictions, and well-construction logs. 

b Information that will be needed to set up well files for new wells is recorded by field personnel 
as the new well is installed (Lapham and others, 1997). 

I ,  , RULE OF THUMB: 
' *: Before starting fieldwork-Make sure the NWIS file is established. 

:' , After fieldwork-Update NWIS files promptly. 
8 .  

, J :: . .. :; .;. , NWIS Files , 8.1 
,.,.,- ,, t i ) , !  

',,IL?, '.; kt;?{ 
T;! ,;. f., . , : , ?  .:: I .  , 

.2i.t:,t,, Within the NWIS system, well information, ground-water levels, and w a t t r ~ ~ u a l i t ~  data are stored in 
: '  , . $.' . three data bases: the Ground-Water Site Inventory (GWSI), Quality of Water Data (QWDATA), and the 
;,I, .> 7 

&,.~,1,,",..~1*, j 
, ; I . '  

Automatic Data Processing System (ADAPS). All wells for which data a* stored must be identified by 
. . /  ' 

, , : J  . an electi-onic' record in NWIS. 
I 

.-' :- ; ',.' 
- ,  . 

1 .. ' > ,3 

I , c '  I ! > &  *, ,; 
y,";.." 

GWSI primarily contains (1) descriptive information about the site qd well and (2) 
. . . , noncontinuous water-level data. Specific information entered into GWSI is used to create an 

I ; ,  , 
I : , v  NWIS site file. . . .  . , ,\ .. . :: . 

:. # ! , , L ! ' * , , ' , f  

',,, !.! , I,, 1 
,.v.! .!Id,;:, A( b , QWDATA contains results of watt$--quality analyses, non~ontinuous water-level data, and other ' 

,,f'"r ",.;*> f 

8 i .:, I!.,.,, . . , . I (  :. ' data related to water-quality analysis. 1 ! 

I ' ,  .'. . 
<. .*!: '< ..,. ( :.* '._. 

b ADAPS contains continuous records of water levels and water quality. 
,. , \ >.+!,' 
,, ,!:?:',(;., :,:It 

. *  <, ., >.;, . ,r 1 , )  
. , '  The minimum information required for kstablishing electronic files in GWSI and QWDATA is shown in : 
t .  I , / .  

:,I. 'i:,:! ' 
. table 1-4. Individual studies and District offices may have.additiona1 data-storage requirements. For 

,*;. . , +*, , 

6 : , , .  . ,<,.:'r . example, the'GUNIT (geologic unit) c,ode provides important information for ground-water studies. 
, L . .  !.' . , 

8 I::, ., I i 
, ' ,  : 1  
I &  When creating or updating a GWSI site-file record, fill in information that is needed by, or useful to, the 
,, 1 t r  
.p \ ' k t ,  

study, in addition to the required information shown in table 1-4. I 
! 

' \ 
1 . ,  

I 

) I  I I 

1'. i f , 
Table 1-4. Minimum information required for electronic storage of site and ground-water-quality data in the U.S. 
Geological Survey National Water Information System (NWIS) 

'f,., - < 
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1.3.2.B 
Well Files 

[GWSI, Ground-Water Stte Inventory, QWDATA, Quality of Water Data] f 

Information required for creation of a ground-water file in NWIS1.' (GWSI) 

Data description 

entry into 

A well file also must be established for each well selected or installed for the study or in a data network. 
At the outset of the study, it is usehl to refer to a checklist of the items and types of information needed 
for the well file (fig. 1-3). 

Agency code 
Station Identification Number (Latitude/longitude/sequence no.) 
Station Name 
Latitude 
Longitude 
Station locator sequence number 
DistrictJUser 
State 
County 
Agency Use 
Station Type 
Data Reliability 
Site Type 
Use of site 

C4 
C 1 

C12 
C9 
C10 
C815 
C6 
C7 
C8 
C803 
C802 
G3 
C2 
C23 

USGS 
394224075340501 

KE Be 61 
394224 
0753405 
0 1 
24 (Maryland) 
10 (Delaware) 
003 (Sussex) 
A (Active) 
6 (Well) 
C (Field Checked) 
W (Well) 
0 (Observation) 

Information required for storage of sample analyses in the water-quality file of NWIS (QWDATA)' 

Data description 

Agency code 
Station Sample Identification Medium Number 

Sample Type 
Hydrologic ("Hydro") Event 
Hydrologic ("Hydro") Condition 
Date (year/month/day) 
T~me  (standard 24-hour clock time) 
Analysis Status 
Analysis Source 

'~uriierou\ addrtrorial data Iicldq lrom thosc ~l iown arc avnrl'tble In NWlS arid QM'DATA that can bc ~ ~ s e l u l  fix data annlysts or niandatoty fot nlectlng \tudy 
objecrr\.es, for e\atnple, ~ndrcatrng whether n  ton-USGS agency collected the data 

2 ~ r o m  Ground-Water Srte Schcdule ronn 9-1904-A, May 1991 ,\Iso rel'cr to Mnthcy (1991) and Cia~cra and others (1997) 

parameter 

MEDIM STAID 

EVENT 
HSTAT 
DATES 
TIMES 
ASTAT 
ASRCE 

~ ~ ~ 4 0 5 0 1  6 (ground water) 
2 (blank sample) 
9 (routine sample) 
A (not determined) 

1530 hrs 
H (initial entry) 
9 (USGS laboratory and 
field) 1 
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---- 

--- 
\rahter-level ~msureme~lts - cilrrent: --- 

---- 
Water-lewl misurornmts - hist~riwl: 

Recold of i ~e l l  leveling (sulvey) -- 
Punping sc hedulelhistory -- 
Type of p u t ~ >  invrell and locatloti of intake 

Dexriptbi of m a r ~ r r i g  point for water Iwels: 
-- -------- 

---------------------- 
Description of collectloti point for samples floln 

Supply wlls - - - - -  ---------- 
--my---- ----- 

Monitoring wells 

Ottwr infonmtion (for exarrple, geologic ~ n i t ,  aquifer name): 

The well file is the repository of the information compiled for the well, and it should contain 
documentation for site selection, well inventory, well installation, and sample collection. 

Include well-construction information to the extent that it is available (Lapharn and others, 
1997). 
Include water-quality information, hydrogeologic field forms'and logs, and plots of water-quality 
data.and other hydrologic, geologic, geochemical, or geophysical information available for the 
well or field site. 
Include a log of well-maintenance and well-integrity checks and tests, geophysical logs and 
surveys, results of aquifer tests, analyses of cores or cuttings of geologic materials, and analyses 

2 from previously collected samples from the well or from a nearby well. 

1.3.2.C 
Field Folders 

Selected information related to the well file and electronic records is kept in a field folder. The field 
folder contains information needed by personnel to locate and gain access to the site 'and to collect and 
process ground-water samples. The field folder should be taken along on each visit to the well for 
reference at'the field site. The generic contents of a field folder are listed in the field folder checklist 
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(fi. 1-4). Examples of site-location maps:and a site sketch are shown in fipure 1-5. 
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I Field-folder checklist: ground-water quality 
1tem Comments 

Forms (new forms and (or) examples of completed forms): 

Permission forms-must be signed by proper authority. 
Analytical Services Request form(s). 
Ground-water field form and well-inventory form. 

Equipment and supplies checklists. 
Field-techniques manuals. 
I 

Site' location and description: 
I 

Maps showing location and identification number of well(s). 
Name of landowner, tenant, or other responsible party. 
Site access instructions (call owner; get keys or tools needed for security gate, 
well house, well protective casing). 

I Photographs and land useAand cover form to document site conditions. 1 

Well dimensions and construction. 

Sampling schedule and instructions: 

Laboratory analyses, cgdes, and bottle types 
Preservation requirements. 
Quality-control samples. 
Location of sampler intake during sample collection. 
Pumping rate for purging and sampling. 

Purging instructions: 

Number of well volumes. 
Rate of pumping; containment and discharge of purge water. 
Location of sampler intake during purging. 

I I 

Field measurements and stability protocols. 
Previous field-measurement and pqrge-volume records. 
Place to discharge excess water. 

Water-level measurements: 

Location of measuring point. 
Previous records from well. 

Safety information: 

Nearest emergency facilities; home phone number of supervisor. 
Diagram of where to park, placement of flags and cones. 
Traffic conditions; location of power lines. 
Environmental hazards such as weather and animals. 

n Ancillary information: 
I 

Geologic section(s). 
Hydrologic section(s). 
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U a Borehole geophysical logs. 
Shipping instructions: 

a Mailing labels; location of nearest post office or shipping agent. 
a Ice or holding time requirements. 

Figure 1-4. checklist for contents of ground-water sampling field folder. 
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I\ 
To Locust Grove 

1 I 

Example 
of site sketch: I 

1 Penn,sylvania Railroad 
I 1 1 . 1 1 1  I I I I . ~ I I I I I ~  

1 

House 

Pivot Arm 
L 

D O  Farm Pivot 

. ' Telephone pole and 
identification number REA/20/25 

K E k 6 1  , , 
i 

i 

Example well-location description and information: 

$11 Kb6l (latitde: ?e*l8'03", bog: 7!?55'52") h by& in the 
/ I /  

Calena 7.5-min quadtargle about 2 miks south o f  Locust Cme, 
MDonLcrur tC~~#en~wi ikRd.Thewel l is themtsouthem ;I 
of the three+wIIclusteron the west side of b c w t  Clwe bad, just 1 Farm southwest of tekphone pole RWP125. Thii USCS well w s  
inshlkdon 95/85, a mnstnrted of2-irchd'armter W, b 50.5ft 
Qep, and has asteel p m g t k e  casing with a UES kck Contact 
propertywnerat ( k-,the day before sampling. 

B. 
'i 

~ i ~ u &  1-5. Example of (A) site- and well-location maps and (13) well- 
site sketch with well-site informationdContinued, ' ( j 

, 
i 

@selected references and internal docun~ents 
Q ~ e t u r n  to Section 1.2 Surface water * _~eturnto-~~o__m~~_t.e__~onte_nt~~!~a_pte_r_~le1 
Q Return to Field Manual Complete Contents 
Q Return to USGS Water Quality Information Pages 

. . 
I ? .  ' I ,: i . '  . Maintainer: Ofice of Water Quality , ,,$ f ,:;.y..,' 

%.- ? , 
, .. Webversion by: Genevieve Comfort 
, ,. b. , . 

4 i,:$j.t ,! 
Last Modified: 1.7:44:13 Mon 09 Jul2OOl 

(4 , '*' . i,. ,,7,, "I,. , 

.;p,,:. 
; $.'. 
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1.3 
GROUND WATER 

$ 1  I I 

1 / 

Ground water is sampled from various types of existing wells or wells installed specifically for a study 

Water-supply wells are wells that are installed primarily for supply ofipublic, irrigation, 
domestic, commercial, or industrial water and usually are equipped with a dedicated high- 
capacity pump. The term "supply well" is used in this publication. 
Observation wells are wells or piezometers that are installed (usuall'y without a dedicated pump) 
for the purpose of collecting hydrologic data. The term generally has been applied to wells 
installed to observe and determine hydrologic characteristics of an aquifer (Lapham and others, 
1997). 
Monitor wells are observation wells that are installed specifically for assessment of physical, 

- chemical, and biological characteristics of the aquifer. Low-capacity portable pumps are 
commonly used for sampling, but monitoring wells can be equipped with a dedicated pump. The 
term "monitoring well" is used in this publication. , 

Information is compiled about the well and well site during site-reconnaissqnce visits, well installation, 
and subsequent data-collection efforts at the site. This information is used! to help select the well(s) 
needed for study. The ground-water site inventory is compiled in the office and verified in the field. In 
an office inventory, the study tehm identifies existing wells or well sites and compiles background 
information and available records for those wells. The field inventory is completed during 
reconnaissance trips id  which well location is verified, additional information is collected, and the 
suitability of the site for study objectives is determined. For each well, thewinventory of site and well 
information is entered into the NWIS water-quality (QWDATA) and ground-water site inventory 
(GWSI) data bases and is added to the file created for the well (well file). 

; ;,:: . r: ,4$;: 
:?i8, .,$. r... 1.3.1 
..,,; .:I.;/ . 

, . , .  . SITE RECONNAISSANCE  AN^ WELL SEEECTION I '  , I ' 
.' ,.;. ,. 

1 . .  . I  

; 1 :  !, 

(; , a ,  ,, . , -: 
. :" , : . i : ;s .  ' y: .. 

, i: r:, ,; . ;; t Field personnel critically evaluate existing and installed wells to determinewhether they will, yield , . 

:,, . . samples that are representative of the environment targeted for study. , 
;I ,' ;k, . , , ' 1 

1, b :: 1 
, I , As a m'ember of the study team: 

l . , '  I 
, , . . .  1 .  

I . .  / 

:t 1 

, , b Be preparedti participate in office; and field-related aspects of sele{t'ing and installing wells 
'1 ., . I . 1, 

41 .. - . . . , .  . (see Lapham and others,'1997, for details). 
. . I \ .  

;,,;,jd;,, ,,#, t~ !, 
, 
, :: 
. .. 1 .I l . . , 

, . ' v,' I:(: , . . , 
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.I . . .  ,. ~ . .  

, . 
t :;i. 

b Be familiar with &dy objectives and requirements for data collection and quality. . > ,,,:.:,.: :. . .., 
. ; 4 ,  .$a,.' 

b Be familiar withq&ohsiderations for well selectibn and well installation (summarized in table 1-2). ' I , l.' l 
' ..<. .I - .  

, .  - . . , _ . . I  . '  
3 i , : .  

Information gathered from a site reconnaissance visit can help determine whether an existing well or a 
, <..?. 4, 

, - , '.. ?j " 
+,:t$i;*, 

proposed well-installation site meets the criteria established by the study. Site reconnaissance visits,also 
, . i., i: 
., ' F: , 
,+.,:.> - 
L,.., *. ' 

ensure efficient field operations and could be a critical factor in site selection or rejection. These site ,, , t ?., 

'. , %., ,*. . ':. 7.' ', 3 

visits commonly are needed to verify the location and condition of wells, evaluate site characteristics, , .., . ...". . :c!,: '..Y : 
'w:.' 

and make modifications to the site and adjustments to sampling plans to allow sampling to proceed. .,.. $+;K, 
.\ t::.$;f I,; 

Before leaving for the site, determine the activities that are to be completed and make the necessary . . , ,.<.?.. .i > , ', . , 
,'<:.,'c 

L .  preparations (table..13). . , , . - , A ~ . ~ , .  . .. .,:-* 
. : :. : .: 

Keep in mind the primary concerns for water-quality studies: 

b The sample must represent the system intended for study. 
Sample integrity must be maintained. 

. .  _ i . '4. ' , ..;. >:: . : ,.: 

Site visits also can be used to identify areas of ground-water recharge and discharge, test field .,":'. .; "...':: 
5 : * r i  . 

equipment, test well-purging and synpling procedures, conduct aquifer tests, make preliminary field 
... l.'<Yt. 
' .. :+, . ,, , .. . . ,.. ' ,. .> 

measurements, and identify the presence of target analytes.. . ; . ..,,,. ;, i::!,:!,, ?., ,. 
' .T ... 

1. . .\'.: 
\ . ,. . ..-. , ,, ,\.-- . .- , .:,!,..' 

R.eview safety plans and procedures before ',Y,: .. . >..$% I :  

, .< p' * leaving for the tjeld. . , . .:< ., .. ,.., .-.I, $:.+ , .,. . 
. , Ai. ' . 

, . . ; " +  ,':,,.. . ! ' 

Table 1-2. Considerations for well selection and well installation 

[Mod~tied from Lapham and others, 19971 

Well location 

a Location conforms to the study's network design for areal and depth distribution. 
a Land-uselland-cover characteristics, if relevant, are consistent with study objectives. 
a Site is accessible for equipment needed for well installation and sample collection. 

Hydrogeologic unit@) 

a Hydrogeologic unit(s) that contribute water to the well can be identified. 
a Depth and thickness of targeted hydrogeologic unit(s) are known or can be determined. 
a Yield of water is adequate for sampling (typically, a minimum of 1 gallon per minute). 

Well records, description, design, materials, and structure 

a Available records (for example, logs of well drilling, completion, and development) have sufficient information 
to meet the criteria established by the study. 

a Borehole or casinglscreen diameter is adequate for equipment. 
a Depth to top and bottom of sample-collection (open or screened) interval is known (to determine area 

contributing water to well). 
a Length of well screen is proportional to the vertical and areal scale of investigation. 
a Well has only one screened or open interval, if possible. (Packers can be used to isolate the interval of interest, 

but packers might not completely isolate zones in unconsolidated or highly fractured aquifers. If packers are used, 
materials of construction must be compatible with analytes to be studied.) 

a Top of well screen is several feet below mean annual low-water table to reduce chances of well going dry and to 
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avoid sampling from unsaturated intervals. 
a Filter pack is of a reasonable length (a long interval compar'ed with length of screened or open interval usually 

results in uncertainty as to location of the source of water to well). 

II a Well-construction materials do not leach or sorb substances' that could alter ambient target-analyte 
concentrations. I I 
Well-structure integrity and communication with the aquifer are sound. (Checks include annual depth-to-bottom 
measurements, borehole caliper and downhole-camera video logs, and aquifer tests.) 

Pump type, materials, performance, and location of sampler intake 

a Supply wells have water-lubricated turbine pumps rather thm oil-lubricated turbink pumps. (Avoid suction-lift, 
jet, or gas-contact pumps, especially. for analytes affected by pressure changes, exp,osure to oxygen, or that 
partition to a gas phase.) 

1) a Pump and riser-pipe materials do not affect target-analyte concentrations. \ 
# 2 I I 

11 a ~ f f ec t s  of pumping fate on measurements and analyses have been or will be evaluated. 11 
a Sampler intake is ahead of water treatments, pressure tanks: or holding tanks. 

I 

Table 1 3 .  Example of site-reconnaissance activities 

Before the site visit 

Review considerations for well selection and installation (summarized in table 1-2). 
1  

Review background information collected. I 

Obtain permission to gain access to the site and to collect samples from the well. 

Update well files: record changes in ownership and land use. 

Contact utility companies (gas, water, and electric) before digging or drilling. 

Determine whether the pump may or may not be removed from well by field personnel. (Owner's permission is required 
to remove a pump-you could be liable for damage to pump or well.) I 

Be sure that you get information needed about the site that could interferf with or interrupt sampling. For example, 
I I 

a Hours of pump operation and scheduled downtime 
Pumping rate or rates - 

a Holding tanks or chemical treatments I 

a Electrical service to the site 
a Scheduled maintenance for pumps or related equipment 

Scheduled site maintenance, such as painting, construction, and defoliation 
a Seasonal water-level declines that make the well unusable 

Times of denied access; for example, no access while the owner is out of town 
a Special site-access needs; for example, clearance with a site owner or site operator, keys to unlock access to the 

site, animals 
a Restrictions on the location 

Record conditions that could compromise study objectives, including potential point or nonpoint sources of 
contamination. For example, 

(Nearby wells that could affect well hydraulics I 

a Condition of well-for example, rusting or punctured casing, poor surface seal 
a Land use and land cover or changes in land use and land cover 

Application of salt on nearby roads during winter, or application or use of herbicides and pesticides 
a 'Landfills or other waste-management facilities 

Industrial, commercial, and agricultural complexes and discharges 

During the site visit 
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Measure water level in each well. Record water-level data on the appropriate forrn(s). 

Identify potential difficulties with the type of equipment and sample-collection methodology to be used. (Note that > 
Update field folders. 

a Note site conditions that could affect the quality of data collected from that well. 
a Note change(s) in land use. 

Verify well identification number and make sure that it is clearly and permanently labeled. 

a Check that identification corresponds with what is in the field folder and on site and location maps 
a Correct any mistakes or uncertainty about well identification and well location. 

Verify type of pump, well diameter, and use of holding tanks, pressure tanks, chemical treatments. 

a Check whether oil is floating on the water column in a well equipped with an oil- lubricated pump. 
a Make sure that the downhole treatment system is turned off before collecting water samples. 
a Determine if a portable pump or another intended sampling device is suitable for use. 

Establish optimum pumping rate(s) for purging and sample collection and decide where to route excess discharge. 

I I a Adjust pumping rate to ensure adequate purging of the well without entrainment of atmospheric gases due to 
excessive drawdown. I I 

11 a Route water away from the well to prevent (1) creating muddy and slippery conditions and (2) damage to or 11 
defacement of the property to which you were granted access. 

Check that well structure is intact 

a Wells used for ground-water studies should be "sounded" annually to check whether depth to bottom corresponds 
with well construction information or whether the well is filling with loose materials (U.S. Geological Survey, 
1980; Lapham and others, 1997). A decrease in depth to bottom could indicate that the well casing is collapsjng, 
or that there is a breach or corrosion of well screen or casing, or that the well is improperly designed to retain 
aquifer materials. 

a Borehole caliper and downhole-camera video logs can identify a damaged or broken well casing. A downhole 
camera can identify a plugged screen or accumulation of sediment in the well. 

a Aquifer tests, such as slug tests, can be used to check the hydraulic connection between the well and the aquifer. 
Aquifer tests, however, are generally beyond the scope of site reconnaissance. 

a The surface seal of a USGS monitoring well should be intact and the well should be capped. Concrete pad should 
be repaired if cracked or separated from outer casing. ~ ' t i~ht-f i t t ing well cap should have a small ventilation 

Check well access for sample-collection points. 

a Sample-collection points need to be near the wellhead, ahead of where water enters pressure tanks, holding tanks, 1 I 
or treatment systems. 

a At wells where an access point close to the well is not available, it might be possible to install a hose bibb or tap 
at the wellhead. Because it usually is not possible to control the pumping rate of a supply well, the field person 
may need to set up a hose-and-valve system to control the rate at which water is sampled and to reduce the 
likelihood of backflow of water stored in plumbing lines. 

II Check well access for water-level measurements. The constiuction of some supply wells makes water-level 
measurements difficult or impossible. 

a Although it is often possible to slip a weighted steel or electric well tape below the pump to get a water-level 
measurement, the pump can be damaged if the weight or tape becomes entangled in the pump. The weight should 
be connected so that it will snap off of the tape under stress. 

a Water levels can be estimated through the air line on some wells. 
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I . ., USGS policy requires specific information on ground-water sampling sites to be stored in NWIS 
.,,, . . s i  / 

; i !. , ,t.,,' : ' ,  , I  

(Edwards and others, 1987; Hubbard,, 1992; WRD Memorandum 92.59). Paper documents, such as 
; .I:.". "' 
.! , >:,'.,;.,,\" 

..I 

agreements b'etween the well owner and the USGS for use of the well, also ,are necessary and are stored 
., , 1 ,  

,( , " O  
, ,  , , in well files and field folders: 

1 . , , <  ' , '  . 
; . ;'. ..: 

I;, '.4, 8 . ; 
:,,,lt!. , ' , , ;i I / . j . .  : , . . .  :I ' <I$,;;.:;,!;.,;; ' , 

1' { Much of the information needed to set up files for existing wells can be obtained from well 
b 7i '.% 

. (  , owners, drillers, records from state or local jurisdictions, and well-construction logs. 

.i ' p",  . s t  . - ~nformation'that will be needed to set up well files for new wells is recorded by field personnel 
I ,., as the new well is installed (Lapham and others, 1997). ,. ! I .  ' 

. I  -. . 7, ',. ., , .  . 
!I:: . ;, , 
,. I.:,',:.' ., 

1 ' .  .. .,,:., , ,  

, . . ,  i,'l,!.;~:,$. : 
, , . ' . '. ! 

& ,!tF,< . '  I ' ( 8  

I , ,  ' . I , .'. I '  . . 5 RULE OF THUMB: !:.::,';,I:: 
, , I .  I 

. , . I  . , .  . ,,;: ., Before starting fieldwork-Make .sure the NWIS file is established. 
A + ' , : ) , e . : ' , :  

:I/, $G;,, , , After fieldworkgpdate NWIS files,promptly. 
, . ,.., ,:! , , / '  ' 

,;;A.:$ . *;hi. .;.,. . . 

Sdmetimes field personnel are permitted ioaremove the pump from the well to getja measurement;' however, 
pump removal can be difficult, time consuming, and potentially unsafe, and could damage the pump. 
A note should be made in the well file if there is no access for a depth measurement. 

/,*;$' , ,, 
, , p < .  ,:< ,; 
i,.tf.:..-. . .. 1.3.2.A 

, , L , ;  4 ~ ' l  ,, 

, !., ,,:*,,: , , NWIS Files ! 
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I.) , , .  . 1 , .., .,f .if+- INFORMATION FOR NATIONAL WATER INFORMATION SYSTEM OWIS) 
.?, j:.,! FILES, WELL FILES, AND FIELD FOLDERS yb!,? ..,< ?,; $1 , , I 

I ,I '  v; h, ,c . ; !  !: , ' 

:,(: ' , 
.,<.!, :: . . 

+ , . .  . ; Within the NWIS system, well information, ground-water levels, and water-quality data are stored in 
,, a : ' ? .  ' three data bases: the Ground-Water Site Inventory (GWSI), Quality of Water Data (QWDATA), and the 
., : , !,,; ,:,,, ;,I , 

. $, , # .  t .  .:I Automatic Data Processing System (ADPS).  All wells for which data are stored must be identified by 
, I  is,) : :' , I ! '  an electronic record in NWIS. I 

, ,' ;; * ;. 
, i.. .:, : 8 

GWSI primarily contains (1) descriptive information about the site and well and (2) 
noncontinuous water-level data. Specific information entered into GWSI is used to create an 
NWIS site file. 
QWDATA contains results of water-quality analyses, noncontinuous'water-level data, and other 
data related to water-quality analysis. , 

I 
ADAPS contains continuous records of water levels and water quality. 

\ 

The minimum information required for establishing electronic files in GWSI and QWDATA is shown in 
table 1-4. Individual studies and District1 offices may have additional datalstorage requirements. For 
example, the GUNIT (geologic unit) code provides important information for ground-water studies. 

' 
1; ' I 

d > ! I  When creating or updating a GWSI site-file record, fill in information that is needed by, or useful to, the 
i / '  

I : a  study, in additionto the required informktion shown in Phble 1-4. 
' I  .'. , - . .  "." , .  I .._ . , . 

:,> .;, , ' 
,, 

? ,, I .i . . . 1. '.:pi 'i" 
,. :; . i ; I; ,.t . . 

Table 1-4. Minimum information required for electronic storage of site and ground-water-quality data'in the U.S. 
Geological Survey National Water ~nformation; System (NWIS) : 

, , . . ,  



1.3.2.B 
Well Files 
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;,,;: ; $,' 
. i: ,A, , . , . . r ; ' . . : =  :' A well file also must be established for each well selected or installed for' the study or in a data network. -..rq. , , .  : .. . 
.. , ' _  - . .  At the outset of the study, it is usehl to refer to a checklist of the items and types of information needed 

+6:..y::,,, , . .:. 
for the well file (fig. 1-3). -,. .,,i:i.,:,.- . .  .;, 

. 8 >"h,t,t .  .. .'-i 
(< :;>,'.:. 

, . .?* : : . .  . 

[GWSI,  round-wate>Site Inventory; QWDATA, Quality of Water Data] 
, 

~nformition required for creation of a ground-water file in NWIS'.2 (GWSI) 

.:::. : 
, .. . .':".:: '. 

, *  .. . , 
, t:; ::: ,. 

..lj,l . _  .. . ,  
# ,.;( ' , .: 

7 . ., .. ':., , :. Data description 

..:. .; . .., 
1, ,'. ,. ' , entry into !., , ., .., .: ., 

Agency code 
Station Identification Number (Latitudellongitudelsequence no.) 
Station Name 
Latitude 
~ongitude 
Station locator sequence number , 

DistrictilJser 
State 
County 
Agency Use 
Station Type 
Data Reliability 
Site Type 
Use of site 

Information required for storage of sample analyses in the water-quality file of NWIS (QWDATA)' :-,,".: .-; ; ;  , < . :  , 

Data description 
parameter 

Agency code 
Station Identification Number .' , _ .' , _( s,.'~-,5?, ?. , 

- ,  . ( 5  . 
Sample Medium .. . , 

Sample Type 
Hydrologic ("Hydro") Event 
Hydrologic ("Hydro") Condition 
Date (yearlmonthlday) 

1530 hrs Time (standard 24-hour clock time) 
Analysis Status 
Analysis Source , .. :. ..;, . '  

field) . , 
.?...'. . : 

)" '_. _ 
' ~ u ~ ~ i c r o u s  additio~ial data ficlds horn those sliown are available in NWlS arid QWDATA t h a ~  can bc ttselitl for data analysis or niandatoly for nlecting study ;.: ',. ' ..I$-, 

::;$<:;.:: 4 8 ,  

objectives; for example, indicating whether a lion-USGS agency collected tlie data. 
' 

; i':v.',:,,i4, 
,:, :.; C 

2 ~ r o m  (;round-Water Site Schcdule Fonn 9-1904-A, May 1991. Also rcfcr to Mathey (1991) and Ciarcia and others ( I  997). ill, i-. , . 
, , r . 1  .. : 

C4 
C1 

C12 
C9 
C10 
C815 
C6 
C7 
C8 
C8.03 
C802 . . 

C3 
C2 
C23 

USGS 
394224075340501 

KE Be 61 
394224 
0753405 
01 
24 (Maryland) 
10 (Delaware) 
003 (Sussex) 
A (Active) 
6 (Well) 
C (Field Checked) 
W (Well) 
0 (Observation) 

. ..:".. . " " 
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Section 1.3 

I WELLINFORMATION CHECKLIST, Page 1 o f  2 I 
Project name and idelitification nulrber: --- ---- 
Latitudelongitude: - -  - Squence number: ------ 
Other site or well ID: a Station n a m  ____------- 
Indicate well type; PLI~IIc Irrigation 

Donustic Obsewatlon 
Co~nme~r  ia l Monitoring 
lndusblal Other --- 

Item in well file Dzite~ltem f l lp l l  

Criterla for well selgtion or l~istallation ----- 
Gwund-Water Slte Inwntory (GM51) dab entemd into 

National Water Info nnation System (NWIS) ---- 
Paper copy of GWSI form ----- 
Copies of agltxlmnt to complete activity. (for exalTpie, dlil l l lg 

or sapiing) -----_---------- 
List agreements -,,,---,------, ----- 
I Copier of field forms n ~ d  logs: I 

Well-drill irrg r a o l d  --- 
Drillel's log ----- 
Lithologic log ---- I 

I 

C~lttlllgs , 
4 ,  

. -.----- 
Cores ----- 

Aquifer tests: (list types) ------- ---- 
Geophysical logs: ( l is t  types) ----------- 

------------- 
Wel I-const~uction record ----- 
Well-development ~ecolcf ----- 
Well-~nai~.ltenance c heck~: (list types) - -  --- 

( VVei I-location i~f onnation: I 
Latitudelongitude and ~r$tliod of deterlrlriatlon 
Wel I-locatlon lmp(s) 
Site-sketch nap 
Written d2scrlptlon of location 
Well-casing elevation (elerntion, and M o d  and dateof 

determiliatio 11) 

Plwbgraphs of well and vicilhy (HAt i i  mas~ringlsampiing 
points identlfid) 

Land usenand c o w  fonn (Lapham and others, 1 997) ----- 

FLgure 1-3. b a ~ n p l e  of a well-ir-ifarmation checklist for a well file] and field 
folder. . 

' I 
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dl WELL-INFORMATION CHECKLIST, Page 2 of  2 

L%ter-level ~ m n ~ m m e r i t s  - ciirl.ent: 

Mter-level mensuwmnts - historical: 

Date item filed 

VbCter-quality records for each sampling ewnt (Tor example, 

b 
Record of well leveling [suwey) ---- 
Pumping n hduldhistory --- 
Type of purrp in well and location of Intake - 

; 

I 

P 
'd 

Fil I Denriptlon oi m a r ~ ~ r i g  polnt for water levels:---- -- 

purging, field mmnlrermnts, field forms, nmpling history) 
and cagies of labo~atory arialyas rq~~es ted  ---- 

--- 
---- 
- 
- 

------ ---- 
--------- ----- 

collection point for sarrples from 

Figure 1-3. Example of a well-information checklist for a well file and field 

I I 

IZ 

1;: 

# 

The well file is the repository of the information compiled for the well, and it should contain 
documentation for site selection, well inventory, well installation, and sample collection. 

Supply wells 
-------------------------- 

Mo~i i t o r i g  wells ------- --------- 
O t l w  info~imtion (for exa~rple, geologic unit, aquifer name): 

. . .. .>::,,*;, 
<. .~ : . '  :. 

.l.i .;,. .... 
L :.. .. -..,; . . , ..\ .. 
' >.# . z . < .: . '*  b a y ,  3 
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.,, ' I-, ,, . 1 . -  
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I .  I . .p .'. , ..", " ' . .' 

..!,;cJ.?. 1 . , . . . ?+a'?' ,/_ ,:; 
,, 1. . '  . .',. , 
i . > 
, *11- . 
..i , .: ' ........... 

, .  . ' X %  

- 8 : '  . . .  . . I .  

, . . *  
I ,. : . .  , .. , . . ,, . 7 

. . .  .. . -  
. ; . I !  . , ' .  

, >. '.I 
a, . ., ....... 

,-,; :, .l 
:,, 3 ,  , :$. 
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,., . .  ( 
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, .  , 
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I ,.. ( I ... .':i 
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Include well-construction information to the extent that it is available (Lapham and others; q,. . : , ::$b;, .~,  
, > : a , .  .:I ? . . . . .  1997). ....... !:?. 

. . . .  
, , 
; <~.',?- : . . . . . .  Include water-quality information, hydrogeologic field forms and logs, and plots of water-quality ..... . . .  .p . 

data and other hydrologic, geologic, geochemical, or geophysical information available for the - 1  ,, ' - .  ' 1 .  .,*,. !..,?', 

well or field site. , . $ , I  . :<.*: 
; I '  ,;.,$"' . h, ,  

Include a log of well-maintenance and well-integrity checks and tests, geophysical logs and 
surveys, Jresults of aquifer tests, analyses of cores or cuttings of geologic materials, and analyses 
-from previously collected' samples from the well or from a nearby well. 

1.3.2.C 
Field Folders 

Selected information related to the well file and electronic records is kept in a field folder. The field 
folder contains information needed by personnel to locate and gain access to the site and to collect and 
process ground-water samples. The field folder should be taken along on each visit to the well for 
reference at the field site. The generic contents of a field folder are listed in the field folder checklist, 
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Field-folder checklist: ground-water quality 

Item Comments 

Forms (new forms and (or) examples of completed forms): 

a Permission forms-must be signed by proper authority. 
a Analytical Services Request form(s). 
a Ground-water field form and well-inventory form. 

7 Equipment and supplies checklists. 
Field-techniques manuals. 

Sitellocation and description: 

I I 

a Maps showing location and identification number of well(s). 
a Name of landowner, tenant, or other responsible party. 
a Site access instructions (call owner; get keys or tools needed for security gate, 

well house, well protective casing). 
a Photographs and land uselland cover form to document site conditions. 
a Well dimensions and construction. 

Sampling schedule and instructions: 

a Laboratory analyses, codes, and bottle types 
a Preservation requirements. 
a Quality-control samples. 
a Location of sampler intake during sample collection. 
a Pumping rate for purging and sampling. 

Purging instructions: 

' a Number of well volumes. 
a Rate of pumping; containment and discharge of purge water. 
a Location of sampler intake during ?urging. 

I a Field measurements and stability protocols. I 

a Previous field-measurement and purge-volume records. 
I 

a Place to discharge excess water. 

Water-level measurements: 

= 

a Location of measuring point. 
a Previous records from well. 

Safety information: 

a Nearest emergency facilities; home phone number of supervisor. 
a Diagram of where to park, placement of flags and cones. 
a Traffic conditions; location of power lines. 
a Environmental hazards such as weather and animals. 

Ancillary information: 

a Geologic section(s). 
a Hydrologic section(s). 

I 
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U  oreh hole geophysical logs. 
Shipping instructions: 

Mailing labels; location of nearest post office or shipping agent. 
Ice or holding time requirements. 

Figure 1-4.' Checklist for contents of ground-water sampling field folder. 

LAND USE AND COVER 

Fiwre 1-5. Exaniple of (A) site- and well-location maps and 
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1 I 

Example, , . ! / of rite sketch: 

i Pennsylvania Railroad 
I 1 1 1 1 1 1  J I I ~ ~ I I I I I ~  

1 1 1 1  I I ~ I I I I I I ~ I  

House . , 

description and information: 

H O  
-3OOft 

& 
@ 

KEBe6l 

viell Eh6l (IatituJe: Wl8'03': bng: 7955'52'3:i bated in the 
Galena 7.5-min qudnrg le  about 2 miles south of Lcrust Clove, 
MDon Lacurt CmveKentewilh Rcrad.The wl l is the mwtbouthem 
d'the thraewell clusteron t b  west side of b c u t  Clove Road, jrat 

Farm southvest of telepbne pole RWW25.  Thk USCS %ell was 
inmlhd on 95/85, k connnrted of 2 - i ~ h  dslmter K, a 50.5h 
Bep, and I n s  a steel protertbe as i rg  wkh a USCS bckcontart 
propertywnerat ( t h e  day before mmpling. 

Pivot Ar m 
n 

1 00 = Farm Pivot 
Houses 

0 ~elephone pole and 
identification number REA!20/25 

I 

Figure 1-5. Example of (A) site- andue-location maps and (B) *ell- 1 1  
site sketch with well-site information-Continued. 1 1 

4 selected references and internal docun~ents 
O ~ e t u r n  to Section 1.2 Surface water 
Q ~ e t u r n  to Complete Contents for Chapter A1 
'i? Return to Field Manual Complete Contents 

Retuh to USGS Water Quality Information Pages 

Maintainer: Ofice of Water Quality 
Webversion by: Genevieve Comfort 
Last Modified: 17:44: 13 Mon 09 Jul2001 
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Foreword 
The mission of the Water Resources Discipline of the U.S. 
Geological Survey (USGS) is to provide the information and 
understanding needed for wise management of the Nation's 
water resources. Inherent in this mission is the responsibility to 
collect data that accurately describe the physical, chemical, and 
biological attributes of kater systems. These data are used for 
environmental and resource assessments by the USGS, other 
government and scientific agencies, and the general public. 
Reliable and objective data are essential to the credibility and 
impartiality of the water-resources appraisals carried out by the 
USGS. 

/ I  ' 
The development and use of a National Field Manual is 
necessary to achieve consistency in the scientific methods and 
procedures used, to document those methods and ~rocedures, 
and to maintain technical expertise. USGS field personnel use 
this manual to ensure that data collected are of the quality 
required to fulfill our mission. . 

(signed) 

Robert M. Hirsch 
I Associate Director for water 

. ...:.(L,:.; ,, 8 

.*;., :yiy ; U.S. Geological Survey TWRl Book 9 Chapter A2 (Version 2.0.3R003) 
' 3 .  , . '?%;;, $.!if 



Techniques of Water-Resources Investigations 

Book 9 
Handbooks for Water-Resources Investigations 

Chapters of Section A: National Field Manual  for the 
Collection o f  Water-Quality Data 

A l .  Preparations for Water Sampling 

A2. Selection of Equipment for Water Sampling 
' 

A3. Cleaning of Equipment for Water Sampling 

A4. collection of water  Samples 

AS. Processing of Water Samples 

, A6. Field Measurements 
6.0 General Information and Guidelines 
6.1 Temperature 
6.2 Dissolved Oxygen 
6.3 Specific Electrical. Conductance 
6.4 pH 
6.5 Reduction-Oxidation Potential (Electrode Method) 
6.6 Alkalinity and Acid ~ e u t r a l i i i n ~  Capacity 
6.7 Turbidity 

A7. Biological Indicators 
7.0 Five-Day Biochemical Oxygen Demand 
7.1 Fecal Indicator Bacteria 
7.2 Fecal Indicator Viruses 
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ABSTRACT 
+ The National Field Manual for the Collection of Water-Quality 

Data (National Field Manual) describes protocols, and,provides 
guidelines for U.S. Geological Survey (USGS) personnel who 
collect data used to assess the quality of the Nation's surface- 
water and ground-water resources. This chapter of the manual 
addresses the selection of equipment commonly used by USGS 
personnel to collect and process water-quality samples. 

Each chapter of the National Field Manual is published 
separately and revised periodically. Newly published and 
revised chapters will be posted on the World Wide Web 
on the USGS page "National Field Manual for the Collection 
of Water-Quality ~ a t a . "  The URL for this page is ' 
http://pubs.water.usgs.gov/twri9A/ (accessed March 20, 2003). 
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INTRODUCTION 

As part of its mission, the U.S. Geological Survey (USGS) 
collects data needed to assess the quality of our Nation's water 
resources. The National Field Manual for the Collection of 
Water-Quality Data (National Field Manual) describes 
protocols (requirements and recommendations) and provides 
guidelines for USGS personnel who collect those data on 
surface-water and ground-water resources. Chapter A2 provides 
information about equipment used to collect and process water 
samples. Requirements, recommendations, and guidelines 
are described that pertain to the selection and use of field 
equipment by USGS personnel. Formal training and field 
apprenticeship are needed in order to correctly implement 
the requirements and recommendations described in this 
chapter. 

The National Field Manual is Section A of Book 9 of the 
USGS publication series "Techniques of Water-Resources 
Investigations" and consists of individually published chapters. 
Chapter numbers are preceded by an "A" to indicate that the 
report is part of the National 'Field Manual. Chapters of the 
National Field Manual are' referred to in the text by the 
abbreviation "NFM" followed by the chapter number (or chapter 
and section number). For example, NFM 4 refers to chapter 4 on 
"Collection of Water Samples," and NFM 4.1 refers to the 
section on surface-water sampling methods. 
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SELECTION OF EQUIPMENT FOR WATER SAMPLING-!) 

PURPOSE AND SCOPE 

The National Field Manual is targeted specifically toward 
field personnel in order to (1) establish and communicate 
scientifically sound methods and procedures, (2) provide 
methods that minimize data bias and, when properly applied, 
result in data that are reproducible within acceptable limits of 
variability, (3) encourage consistent use of field methods for 
the purpose of producing nationally comparable data, and 
(4) provide citable documentation for USGS water-quality 
data-collection protocols. 

I ' 

The purpose of chapter 2 of the ~dt ional  Field Many41 is to 
provide a description of the requirements, recommendations, 
and guidelines routinely used for equipment selection in USGS , 

studies involving the collection and processing of dater-quality 
samples. (The terrbs "required" and "recommended," as used 
in this report, are explained below under "Requirements and 
Recommendations. ") The information provided covirs topics 
fundamental to t'he collection and processing of surface-water 
and ground-water samples that. arerepresentative of the ambient 
environment. This: chapter does not attempt to, encompass 
the entire spectrum of data-collection objectives, site 
characteristics, environmental conditions,.and technological 
advances related to water-quality studies. Descriptions of 
equipment used to collect and process samples for analysis of 
biological indicators or suspended solids are given in chapters 7 
and 8, 'respectively, of the National Field ~ a n u a l .  

I ' I  
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 ELECTION OF EQUIPMENT FOR WATER SAMPLING 

REQUIREMENTS AND RECOMMENDATIONS 
.. ., 

As used in the National Field Manual, the terms required and . . .. < . . . ,  . ,  . .".' j , , , 

recommended have USGS-specific meanings. . ..... : : .. . L 

,> ' > '  
. s l  . i  .<. . 1 

, ' :  ,?'% . . .  , . . . ,, Required (require, required, or requirements) pertains to USGS ' . .  I . i  _.,, . I  

' ;',:. ' 7 

protocols and indicates that USGS Office of Water Quality . , ,  . ,  . .& ,.,, $ . a , 2  . , 
policy has been established on the basis of research and (or) .; ;:: . .. ._ . ' . , .." . , . .  

.> j; ., consensus of the technical staff and has been reviewed by water- ,.A. , .,. . . . . .( .  . 

quality specialists and selected ~is t r ic t '  or other professional I , .  ..'t .I 
. ..,,',?!':: 

personnel, as appropriate. Technical memorandums and other . ..,'.., r*,.,. 

; .,'i;,: !;;. 
documents that define the policy pertinent to such requirements . ; ,. ..:.. . , t , , ~  . , .  ,- 

are referenced in this manual. Personnel are instructed to use % ,)?:; ,2 :;; ;, 
> .,; . . .,.I.. 
,:!,!,.,:;.: )$;. 

required equipment or procedures as described herein. ' ' > ,  :'.. .;:,:,,., , z t . . .,..?. T" T:, 

Departure from or modifications to the stipulated requirements ;cr.;iJ.s ,,a,:, b ,:;;:, -.. a 

that might be necessary to accomplish specific data-quality '. ', '*,,, "1 " d , ' :4: z 
' B , . .  / . .  .(. 
' ,;7$:i;'".', " 

requirements or study objectives must be based on referenced . : .. . $+ ," , .:.. ., 
research and good field judgment, and be quality assured and . / . . -  - Y.; +:;, ' 

' , ;+,. : ,; , 
documented in permanent and readily ,accessible records. j. .. . I .  .: , + ,  ,. , ,a ,C" !.> 

, ;:::*,: ' 

' :. >, , .Y '  " .. *i' ... . .  
.i l,..' ',, 

Recommended (recommend, recommended, recommendation) -4,  

.:;;:,;* '!: 
I .: 
, ,;... *,.J ! 

pertains to USGS protocols and indicates that USGS ,Office of . . .. . 
.,,t: ..,':. ,, . ,  , 8 .  

, , 

.Water Quality policy recognizes that one or several alternatives , .  . .. . . ,., . _?_ . . . 
( . . .  

to a given procedure or equipment selection are acceptable on .Ti . : ,: . ) .  .;. .. ..: ,:. 
the basis of research and (or) consensus. References to technical e, - - 5  

: .. ':. , 

memorandums and selected publications pertinent to such ..,?, :..:,. 
.I_ _' ' ,  . ,. . , 

recommendations ar;cited in this chapter to the extent that such ._ ... ,.,, ,.l.C.._ $.. . . 

documents are available. specific data-quality requirements, ,;y \ .. .. . 
. > I  , 

'. .:>",-,' - . 
study objectives, or other constraints affect the choice of ,: : .:; ; 

recommended equipment or procedures. Selection from among , 1 

.+::,:,( .:< 
. ,  . 

the recommended alternatives should be based on referenced 
research and gbod field judgment, and reasons for the selection 
must be documented. Departure from.or modifications to 
recommended procedures must be quality assured and 
documented in permanent and readily accessible records. 

' :, d , . t < ,  
'"District" refers to an organizational unit of the USGS in any of the States or ' . .,f' 

-.: ... . ' 4 ,  
: . . :  , .! 

Territbries of the united States. . 8 
.,$'.,,,,. , 
:.,, 

, ..:I. .it: 
% , ~. ..4 
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This is Version 2.0 of Chapter A2, "Selection of Equipment 
for Water Sampling," dated March 2003. Each chapter of the 
National Field Manual is reviewed and revised periodically to 
correct any errors, incorporate technical advances, and address 
additional topics. These updated chapters or chapter sections 
will be reissued in electronic format only. Version 2.0 of this 
chapter is the first reissue of this report. Subsequent minor 
changes will be designated as a new version by the number that 
follows the decimal point. When an NFM chapter incorporates 
additional topics or major technical changes, the chapter is 
reissued electronically and reprinted as a new edition. The 
version or edition number appears in the footer of each page. 

To make comments or suggest updates to the NFM, go online 
to http://pubs.water,usgs.gov/twri9A/ and click on "NFM- 
GNATS," and then on "Submit a new problem report.': Select the 
"category" by scrolling through the options until ybu find the 
chapter and sections that pertain to your report, and fill out the 
fields indicated. ~lternatively,. comments or corrections can 
be sent to nfm-owg@usgs.gov. Newly revised and reissued 
chapters or chapter sections will be posted on the World 
Wide Web on the USGS page "~bfional Field ~ a n u a l l  for the 
Collection of Water-Quality Data." The URL for tqis page is 

' 

http://pubs.water.usgs.gov/twri9A/ (accessed  arch 20,2003). 
This page also coritains a link to the NFM "~omnkl i t s  and 
Errata" page that chronicles changes to each chapter: 1 
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Chapter A2. 

SELECTION OF , 
EQUIPMENT FOR 

WATER SAMPLING 
Revised 2002 by Susan L. Lane, 

Sarah Flanagan, and Franceska' D. Wilde 
/ I  I 

Edited by Franceska D. Wilde, Dean B. Radtke, 
Jacob Gibs, and Rick ~.'Iwatsubo I 

This chapter provides information to assist field personnel in I 
selecting the sample-collection arid -processing equipment2 that I 
are appropriate for study objectives, data-quality  requirement^,^ 
and site conditions ,for water-quality investigations. Selection of 
equipment for collecting or processing water-quality samples 
depends on the physical constraints and safe operatiori of the 
equipment and on its suitability with respect to achievement of 
study objectives. 

2~qui iment  used for field measurements of physical or chemical properties of water 
(temperature, dissolved oxygen, specific electrical conductance (conductivity), pH, 
reduction-oxidation potential, alkalinity, and turbidity) is described in NFM 6; 
equipment used for biological indicator determination is described in NFM 7; 
equipment used for bottom-material sampling is described in NFM 8; and safety 
equipment is described in NFM 9. 
3 ~ s  used in this publication, the term data-quality requirements refers to that subset 
of data-quality objectives pertaining specifically to the analytical detection level for 
concentrations of target analytes and the variability (or error brackets) allowable to 
fulfill the scientific objectives of the study. 

Selection of Equipment for ~ n i e r  Sampling (Version 2.0.312003) Equipment Selection I 



14-SELECTION OF EQUIPMENT FOR WATER SAMPLING 

Criteria for selecting equipment for water sampling depend on 
(1) the mechanical constraints of the equipment to perform 
adequately under given environmental conditions, (2) the 
adequacy of equipment operation to obtain water-quality 
samples that represent the environmental conditions of the 
sample source, and (3) the adequacy of the equipment materials 
and construction to maintain sample integrity and not to be a 
source of leaching and sorption of target analytes. 

b Always operate equipment. safely. 

b Be thoroughly familiar with requirements for equipment 
operation and maintenance. 

b Be aware of the limitations as well as applications of the 
equipment with respect to your field site. 

b Maintain and test equipment on a regular schedule. 

U.S. ~ k o ~ o ~ i c a ~  Survey TWRl Book 9 Chapter A2. (Version 2.0, 312003) 
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/ 

+ CHEMICAL COMPATIBILITY 2.0 
WITH THE WATER SAMPLE 

: By D.B. Radtke, ;is. Wilde, , 

S.L. Lane, and Sarah Flanagan 
I 

The materials used to construct and contact equipmint can 
alter sample chemistry (table 2-1). Equipment designed for 
water-quality work commonly is constructed of a combination 
of materials, the most inert being used for components that 
will contact the saAple. Nonsample-wetted compon&ts and 
manual contact with sampling equipment also can be a source 
of sample contamination. Field personnel must wear gloves 
and use other techniques to minidze potential contamination, 
implement quality-assurance procedures, and quantify potential 
effects by analyzing quality-control samples collected using 
,laboratory-certified deionized andiblank water. I 

When planning equipment use, consider having several sets of 
precleaned equipment available. A clean set of equipment for 
each sampling site prevents cross contamination betwden sites, 
helps to eliminate the need for time-consuming equipment 
cleaning in the field, and serves as a backup should equipment 
break or become contaminated. 

- - - - - - - 
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' 1 ,  I 

EQUIPMENT MATERIALS 2.0.1 
Materials used in equipment can include plastics, glass, 
ceramics, and metals. Chemical reactivity varies widely within 
the same group of materials, depending on the cheinical 
composition, the physical configuration, and the manufacturing 
process. Thus, regarding reactivity with water and most other 
chemical substances, fluorocarbon polymers are less reactive 
than plastics such as polyethylene; 316-type stainless steel 
(SS 316) is less reactive than brass, iron, or galvanized steel 
(table 2-1). For plastics and metals in general: , 

., .~, ,I,., , . 
, . )  v::,',;' 
, . ; ,i! ,'16 ,:I; j b The softer or more flexible forms of any plasticor 8 metal 
, :~,;;..:.S:I, !, ,. are more reactive than the rigid forms. " .  t. ,: . 

3 . .  

The more polished the surface, the less reactive the 
material tends to be. 

': ;: #.;\ . ,,,. , "  
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DISPOSABLE GLOVES 
Use of disposable, powderless gloves is required when handling 
equipment for collecting and processing water-quality samples. 
Wearing gloves serves to protect field personnel from contact 
with contaminants and chemical preservatives, and protects the 
sample from contamination transmitted by sample handling. 

Although common glove types include those made of vinyl, 
latex, and nitrile, nitrile is in standard use for USGS sampling 
work because of its resistance to most of the chemicals to which 
it typically will be exposed, for the length of exposure (usually 
under 15 minutes). Field personnel are cautioned that direct 
contact with materials such as latex or nitrile can cause severe 
allergic reactions in some individuals and should be monitored. 

b Wear powderless nitrile gloves when handling equipment 
and chemical solutions. Do not allow the water that 
enters the sample bottle to contact gloved (or bare) 
hands. 

b Check the manufacturer's chemical resistance chart for any 
compound, such as acid, base, or organic solvent, to which 
the glove might be exposed. 

Physical properties to consider, when selecting disposable gloves 
are glove length, slip protection, puncture resistance, heat and 
flame resistance, cold protection, and comfort. These factors can 
vary between manufacturers. 

Gloves should be inspected visually for defects. Check for 
tears, punctures, and other flaws that can prevent the glove from 
being an effective shield. After putting the gloves on, rinse them 
with water while gently rubbing hands together to remove any 
surface residue before handling sampling equipment. 

U.S. Geological Survey TWRI Book 9 Chapter A2. (Version 2.0, 312003) 



SELECTION OF EQUIPMENT FOR WATER SAMPLING-19 

BLANK WATER AND 2.0.3 
CHEMICAL REAGENTS ! 

*! a. . :.9 , . )(,;?.5.!:, ',; , . , 
' f\F.<, ,;;i: :b 

b. i ?  , :L<,;;( 
I .  I 

USGS personnel dust  use the blank water desilgnatedby . , , . . 
,::I,, :,,,$, , ,  
. - . .  . 

the USGS ~a t iona l  Water ~ u a l i t ~ ~ a b o r a t o r ~  (NWQL~ and 
' . ;. ,, ,. ., ..\ :: . !' , available through the Ocala Water, Quality and Research 
," '".' , 
., , I, ; . . 
I . . .  , 

Laboratory (OWQRL): Blank water for quality-contfol samples 
;*:;,, ; ' # ;  

. . . I  , , must have a laboratory-certified analysis to document the 
chemical composition and chemical concentration. Several 
grades of blank water are available, and selecting theappropriate 
grade depends on the sample analysis to be performed. 

I I 

b VPBW (VolatileIPesticide-Grade Blank ~ a t e i ) :  Blank 
water that is suitable for collecting blank samples to be 
analyzed for volatile organic compounds, pesticides, and 
all inorganic constituents (major ions, trace elements, and 

I nutrients); purged with nitrogen gas. 

- Shelf life of unopened bottle of VPBW for analysis of 
+ volatile organic compounds (VOCs) is 2 weeks after 

VPBW has been purged of VOCs, and 1 year for other 
constituents. 

- VPBW also is referred*to as N,-purged Un/versal 
I Blank water-see Office of Water Quality' Technical ' 

Memorandum 2002.14. 

b PBW (Pesticide-Grade Blank Water):   lank water that is 
suitable for collecting blank samples to be analyzed for 
pesticides, major ions, and trace elements. 

I 

- Shelf life of unopened bottle is 1 year aftel date of 
laboratory (NWQL) certification. 

- PBW also is referred to as Universal Blank Water. 
when used instea'd of IBW. 

b IBW (Inorganic-Grade Blank Water): Blank water that is 
suitable for collecting blank samples to be analyzed for 

+ inorganic trace elements, major ions, and n~ t~ i en t s .  

Selection of Equipment for Water Sampling (Version 2.0, 312003) chemical Compatibility , 
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Deionized water (DIW), including ASTM International 
(formerly known as American Society for Testing and Materials) 
Type 1 water from other sources, is not an acceptable substitute 
for the blank water described above. DIW that has been quality- 
controlled may be used as a cleaning solution, as described in 
NFM 3. 

Unopened bottles of blank water must be stored in a location 
where there is no exposure to vehicle exhaust, cleaning fluids, or 
other solvents. No open bottles of blank water are to be stored 
for later use to collect blank samples to be analyzed for either 
inorganic or organic analytes. 

U.S. Geological Survey TWRl Book 9 Chapter A2. (Version 2.0, 312003) 
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I I 

SAMPLE COLLECTION 2.1 
I '  , 

By S.L. Lane, Sara ~ l a n a ~ a n ,  Jdcob Gibs, 
D.B. Radtke, W.E. Webb, and ED. Wilde 

Guidelines for selecting sample-collection equipment and 
related supplies differ, depending on the chemical nature of the 
target analyte and on whether samples are collected for surface 
water or ground water. Routine use should be made of checklists, 
field forms (see NFM 6.0.1 and 6.0.2), and logbooks. Examples 

I of checklists for sample-collection equipment and supplies are 
provided in section 2.4. 

A logbook must be maintained that is dedicated to keeping 
calibration and maintenance records for each field-measurement, 
field-analysis, and multiparameter instrument. A field book in 
which the equipment and methods used for project activities 
and field-site observations are recorded also is strongly 

+ recommended. Logbooks and other records documenting field 
activities may be requisitioned if the project data ark h likely 
candidate for litigation. Documentation of equipment use and 
extra quality-control analyses are necessary if study objectives ' or site conditions result in a departure from published USGS 
required or recommended procedures. 

b Logbooks must be bound so that pages are not readily 
removable (no loose leaf or spiral notebooks), and pages 
should be preprinted with consecutive numbers. 

b Entries in logbooks or on field forms must be in ball-point 
pen or permanent non-smudge marker (not pencil or liquid 
ink) and dated. 

I 

b Do not erase incorrect entries or mistakes: draw a single 
line through,the mistake and initial and date it. 1 

All equipment should be maintained and tested on a regular 
schedule (NFM 6). For example, thermistor thermometers 

+ should be checked every 3 to 4 months, along with 'an annual 5- 
point calibration (NFM 6.1.2). Equipment checks, calibrations, 
maintenance, andlrepair must be entered into the logbook. 

-- -- - - - -- 
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Study objectives, flow conditions, and structures (such as a 
bridge, cableway, or boat) from which sample-collection 
equipment (a sampler) is deployed must be considered when 
determining which equipment to use. The equipment selected 
also depends on whether the stream can be waded or not. To 
determine whether stream depth and veIocity are too great to 
safely wade the stream (NFM 9), follow this rule of thumb: 

RULE OF THUMB: Do NOT wade in flowing water when the 
product of depth (in feet) multiplied by velocity (in feet per 
second) equals 10 or greater. 

Application of this rule varies, among individuals according to 
their weight and stature, and depends on the condition of the 
streambed. + 
Two primary types of surface-water samplers are used by the 
USGS: 

b Isokinetic depth-integrating samplers 

b Nonisokinetic samplers 

2.1.1.A ISOKINETIC DEPTH-INTEGRATING 
SAMPLERS 

An isokinetic depth-integrating sampler is designed to 
accumulate a representative water sample continuously and 
isokinetically (that is, stream water approaching and entering 
the sampler intake does not change in velocity) from a vertical 
section of a stream while transiting the vertical at a uniform 
rate (ASTM, 1999; see NFM 4, Appendix A-4-A). Isokinetic 
depth-integrating samplers are categorized into two groups, 
based on the method of suspension: hand-held samplers and t 

cable-and-reel samplers. 
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SELECTION OF EQUIPMENT FOR WATER SAMPLING-23 

Types and pertinent characteristics of isokinetic depth- 
integrating samplers recommended for sampling in flowing + water ire summarized in table 2-2, illustrated on figure 2-1, and 
described below. For detailed descriptions of isokinetic depth- 
integrating samplers, refer to Szalona (1982), Ward and Harr 
('990), Horowitz and others (1994), Edwards and Glysson . , 

(1999), and Federal Interagency Sedimentation Pioject at 
http://fisp.wes.army.rnil (accessed March 20,2003). 

The maximum allowable transit rate (R,) relative to mean 
velocity (V,) for a given sampler varies with nozzle' size and 
sample-bottle size (equipment properties were designed using 
English units; refer to page CF-1 for conversion to metiic units) 
(table 2-2). Do not exceed the listed RP, ratio for1 the given 
nozzle and bottle Size. A lower RtNm is better for enluring that' 
a representative velocity-weighted sample is collected, but care 
must be taken to not overfill the sampler bottle. Do not exceed 
the 15 ft (approximately 4.6 meters (m)) maximum $epth of 
deployment for a rigid-bottle sampler. ( j  I 

Selection of Equipment for Water Sampling (Version 2.0, 312003) .Sample Collection 



,, transit rate in feet per second (ftls); V,, mean stream velocity in the vertical being sampled, in ftls; DH, depth-integrating hand-held sampler; PN, polypropylene cap 
d plastic (Delrinm) noule; PFA, perfluoroalkoxy bottle or bag; C&N, cap and nozzle; PC, plastic coated; PT, polypropylene or PFA bottle; PDC, plastic dip coated; 
, depth-integrating sampler; P, plastic nozzle; TFE, tetrafluoroethylene noule] 

of surface Water Technical Memorandum 94.05. dated January 31. 1994. 



B. US DH-95 sampler 

C. US D-95 sampler 
0. US D-96 sampler 

E. US D-99 sampler 

+ I 
I 



26-SELECTION OF EQUIPMENT FOR WATER SAMPLING 

The cap-and-nozzle assembly is available in fluoropolymer and 
polypropylene materials. The same cap and nozzle can be used 
for the US DH-81, US.DH-95, and US D-95 samplers. 

b Use the US DH-81, US DH-95, US D-95, US.D-96, or 
US D-99 samplers (fig. 2-1) to collect samples in flowing 
waters for all analyses except inorganic gases and volatile 
organic compounds. 

- Samples of water for determination of trace elements 
must contact only noncontaminating materials, 
typically fluorocarbon polymer or polypropylene. 

- Samples of water for determination of organic 
compounds must contact only noncontaminating 
materials, typically a metal (such as stainless steel), ' 

fluoropolymers or fluorocarbon polymers (such as 
~ e f l o n @ ~ ) ,  or ceramics (such as hard-fused 
microcrystalline alumina). 

b Discontinue use of the US DH-48; US DH-59, US DH-76, 
US D-49, US D-74, US D-77, US D-77 Bag, Frame Bag 
(FB), US P-61, US P-63, and US P-72 samplers for 
collecting trace-element samples (refer to Office of Water 
Quality Technical Memorandum 2002.09 for details): 
tes'ting indicates that these samplers contaminate samples 
with measurable concentrations of trace elements. 

- Some of these samplers may be acceptable for major 
ions, nutrients, and suspended sediments. 

- Collect additional quality-control samples if it is 
necessary to use any of these samplers (Horowitz and 
others, 1994). 

4 ~ e f l o n  is a registered trademark of the DuPont Corporation. 
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I SELECTION OF EQUIPMENT FOR WATER SAMPLING 

Hand-held samplers + 
The US DH-8 1 (fig. 2-1A) or US DH-95 (fig. 2-1 B) sampler 
is used to collect wher samples where flowing water can be 
waded or where a bridge is accessible and low enougkj from 
which to sample. The sampler components (cap, nozzle, and 
bottle) are interchangeable. Both inorganic and organic samples 
can be collected with either sampler as long as the construction 
material of the sampler components (table 2-1) does not affect 
ambient concentrations of target analytes. Isokinetic depth- 
integrated samples for bacteria analysis also can be collected 
with these samplers because the cap, nozzle, and bottle can 
be autoclaved. All hand-held samplers should be tested and 
maintained as described on table 2-3. The checklist also applies 
to cable-and-reel samplers. 

I 

! I 
3 Table 2-3. Prefield checklist for hand-held and cable-and-reel samplers 

J Sampler items Comment, ' , 

Mechanical operation Test the working condition of the sampler. If tail fin is 
damaged or broken, sampler will not swim correctly. 

Nozzles Replace nozzles that have burrs or are damaged. Use only 
nozzles purchased from the Federal'lnteragency 

I 
Sedimentation Project. 1 

Plastic coating If plastic coating is damaged or any metal parts are exposed. 
recoat or touch uo with a olastic~dio oroduct. 

I I . . 
I Sampler is clean ( Before field work, clean appropriate pans of the sampler I according to procedures described in Nm 3 and store in 

plastic for transoort to the field site. I 
I 1 '  

Laborato~y results from : Make sure the sampler has been quality assured with an 
analvsis of samoler blank annual equipment blank and certified for water-quality use 

(see NFM i and NFM 4). 

Separate sets of sampler components If at all feasible, for a given field trip when collecting 
and backup equipment multiple water samples, prepare and use separate sets of 

sampler bottles, caps, and nozzles for each sampling site. 
Have backup equipment available on-site. 

Field-cleaning supplies and blank If separate sets of sampler components are not available, then 
water clean equipment between sampling sites (see NFM 3) and 

be prepared to process the number of field blanks needed 
to document that equipment was adequately cleaned. 

. , ( /  ' . , ' 
/ , I  .. 
.I., :;; 
,,*:: ,.I.;, 
: :' *.,.'., 
( .  n 

, J.: 
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28-SELECTION'OF EQUIPMENT FOR WATER SAMPLING 

when using the US DH-81 (fig. 2-1A): 

b usk a 3116-, 114-, or 5116-in. nozzle. 

b Make sure that flow velocity exceeds 1.5 ft/s (-0.46 d s )  
but does not exceed 7.6 ft/s (-2.32 mls) (to collect an 
isokinetic sample). , 

. b Maximum depth of deployment. must be within 15 ft 
(-4.6 m) if using a 3116- or 114-in. nozzle, and within 
13.3 ft (-4 m) if using a 5116-in. nozzle. 

b Use caution when sampling in depths that exceed 13.3 ft 
(-4 m) to avoid overfilling the sampler. 

When using the US DH-95 (fig. 2-1B): 

b Use the 1-L bottle. Use caution when sampling in depths 
that exceed 13.3 ft (-4 m) to avoid overfilling the sampler. 

b To collect an isokinetic sample when using a 3116-in. 
nozzle, flow velocity must be between 2.1 to 6.2 ft/s 

* (-0.64 to 1.9 d s )  and depth of deployment should not 
exceed 15 ft (-4.6 m). + 

b To collect an isokinetic sample when using a 114-in. 
nozzle, flow velocity must exceed 1.7 ft/s (-0.52 d s )  but 
be no greater than 7.4 ftls (-2.25 d s ) ,  and.depth of 
deployment should be within 15 ft (-4.6 m). 

b To collect an isokinetic sample when using a 5116-in. 
nozzle, flow velocity also should be between 1.7 and 
7.4 ft/s (-0.52 and 2.25 mls), and depth of deployment 
should not exceed 13.3 ft (-4 m). 
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SELECTION OF EQUIPMENT FOR WATER SAMPLING-29 

I 

cable-and-reel samplers 

Cable-and-reel samplers are used to collect water samples where 
flowing water should not be waded. These include the US D-95, 
US D-96, and US D-99 samplers. (Refer to table 2-2 for sampler 
characteristics and sampling limitations.) Like the hand-held 
US DH-81 and U S  DH-95, these cable-and-reel samplers can 

I 
be used for collecting inorganic arid organic samples; ihowever, 
appropriate sampler components (cap, nozzle, and bottle or 
bag) must be selected so as not to bias concentrations'of target 
analytes. Isokinetic depth-integrated samples for bacteria 
analysis also can be collected with these samplers because the 
cap, nozzle, bottle, and bags can be autoclaved. 

The US D-96 Bag sampler uses a perfhoroalkoxy @FA) or 
polyethylene bag that is placed in a sliding tray that supports the 
bag and holds the nozzle holder with nozzle in place. The bag is 
attached to the nozzle holder with a hook-and-loop strap. The 
US D-99 Bag sampler uses a 6-L PFA or polyethylene bag that is 
placed in a chamber behind the nozzle, through an access door. 

Metal parts of the US D-95 Bottle sampler and US D-96 Bag and 
US D-99 Bag samplers must be coated with plastic (for example, 
Plasti Dip") and recoated periodically to prevent possible sample 
contamination from metallic surfaces. All cable-and-reel 
samplers should be tested and maintained before use, as 
described on table 2-3. 

When using the US D-95 Bottle sampler (fig. 2-1C): 

t Use a 3116-, 114-, or 5116-in. nozzle. US DH-81 and 
DH-95 nozzles can be used! I 

, 1 
t Make sure that flow velocity exceeds 1.7 ft/s (-0.52 d s ) ,  

but no greater than 7.4 ftfs (-2.25 d s ) ,  depending on the 
nozzle diameter used. 

. . ,: ,..,, !,::;k,.. 
!f !$-; ,, 

. I t  'b.;,' . 
t Use in water less than 13.3 to 15 ft (-4 to 4.6 m) deep (at 

' /i.;,i !,," 

,;.,."I,*,\.:;. 
sea level), depending on the nozzle used and altitude at the 

I . .  , . I !  / 
, I.*.,.: ,I ' 
, . 1.. ,*;, ,\, @ ) + site for an ispkinetic, depth-integrated sample.: 
,$;: ... .I7 .$.. ,: , ;, . ' I  P 

' ,. . ,/ . .I .I . , . , p, ,!I ,, 1 , I 
, !? 2 : :,, 
.,. ,\ ! ' a .  

' Y .  ,..:, 'I 
',.',/' 

: ' :w5 , ,F i , 
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30-SELECTION OF EQUIPMENT FOR WATER SAMPLING 

whenusing the US D-96 Bag sampler (fig. 2-10): 

t Use a 3116-, 114- or 5116-in. nozzle. The nozzles needed 
are unique to the D-96 sampler and mounts. 

t Make sure that flow velocity exceeds 2 ftjs (-0.61 d s ) ,  but 
is no greater than 12.5 ftjs (-3.8 d s ) .  

t Use in water with a maximum depth between 39 and 
1 10 ft (- 1 1.9 and 33.5 m), depending on nozzle diameter 
for an isokinetic, depth-integrated sample. 

t Water temperature must be at or greater than 4OC. The 
sampler has been tested at temperatures of 39°F (4°C) and 
found to function properly. 

When using the US D-99 Bag sampler (fig. 2-1E) for 
'isokinetic sampling: 

t Use a 3116-, 114- or 5116-in. nozzle and mount (do not use 
a 118-in. nozzle that is designed for the D-99 sampler). 

t Make sure that flow velocity exceeds 3.0 ftjs (-0.9 d s ) .  
. '  i ,., .% . . . 

t Use in water with a maximum depth between 78 and , ,. 
.'* .. 
./I.. ' . d l ::;. 

220 ft (-23.8 and 67 m), depending on nozzle diameter, for ,. . . . .  ..I . , 
,: v i i . r j s . (  

an isokinetic, depth-integrated sample. . . - , ,L  :::,;I$,,+,:, ,..' . 
: . ?.::. 

F Water temperature must be at or greater than 4°C. 

Nonisokinetic samplers are sampling devices in which the 
sample enters the device at a velocity that differs from ambient 
stream velocity. All of the isokinetic samplers described in 
2.1.1 .A can be used to collect depth-integrated, although 
nonisokinetic, samples, when used beyond the minimum and 
maximum ranges of velocity and depth (table 2-2). As with all 
samplers, the materials that contact the sample must not bias 
concentrations of target a'nalytes by sorbing or leaching target 
analytes. + 
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SELECTION OF EQUIPMENT FOR WATER SAMPLING-31 

+ Open-mouth I, samplers 
Open-mouth samplers used for the collection of water samples 
include the hand-held bottle, the weighted-bottle sampler, the 
biochemical oxygen demand (BOD) sampler, and the .volatile 
organic compound:(VOC) sampler (fig. '2-2). 

t The hand-held bottle sampler is the simplest type of 
open-mouth sampler. A bottle is dipped to collect a sample 
(fig. 2-2A) where depth and velocity are less than the 
minimum requirements for depth-integrating samplers. 

b The weighted-bottle sampler is available in stainless steel 
(US WBH-96) (fig. 2-2B) or polyvinyl chloride. The 
weighted-bottle sampler can be used to collect samples 
where flow velocities are less than the minimum 
requirement for isokinetic depth-integrating samplers and 
where the water body is too deep to wade. An open bottle 
is inserted into a weighted holder that is attached to a 

+ handline for lowering. Sampling depth is restricted by the 
capacity of the bottle and the rate of filling. 

t The BOD sampler and the VOC sampler (fig. 2-2C-D), 
respectively, 'are open-mouth samplers designed to collect 
nonaerated samples. 

- The BOD sampler accommodates 300-milliliter (mL) 
glass BOD bottles ~~ecifically'designed to~collect 

I 

samples for dissolved-btygen determination 
(American Public Health Association and others, 
1992, p. 4-99). 

- The VOC sampler is specifically designed to collect 
nonaerated samples in 40-mL glass septuni ;vials for 
determination of volatile organic compounds. 

, , 
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OF EQUIPMENT FOR WATER SAMPLING 

A; Hand-held open-mouth bottle sampler B. US WBH-96 weighted-bottle sampler 

Air 
Inlet exhaust 
port tube 

Sample cover Sample 
inlet inlet 

/5( lnlet 

Sample tube 
overflow 

Vial 

\ 
Weight attachment 

C. BOD sampler 0. VOC sampler 

, Not to scale 

Figure 2-2. Nonisokinetic open-mouth samplers: (A) hand-held open-mouth bottle 
sampler, ( B )  US WBH-96 weighted-bottle sampler, (0 biochemical oxygen demand 
(BOD) sampler, and (D) volatile organic compound (VOC) sampler. (A, from U.S. 
Environmental Protection Agency, 1982b; 6, courtesy of Federal Interagency 
Sedimentation Project, Waterways Experiment Station, Vicksburg, Miss.; C, published 
with permission of Wildlife Supply Company; D, from Shelton, 1997.) 
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Thief samplers 

Thief samplers are used to collect instantaneous discrete 
samples. Thief samplers have been used primarily to collect 
samples from lakes, reservoirs, and some areas of estuaries. 
Smaller versions, designed to collect ground-water samples, also 
have been used in still and flowing surface water. The most 
commonly used thief samplers are the Kemmerer sampler, 
Van Dorn sampler, and double check-valve bailer with bottom- 
emptying device (fig. 2-3). These samplers are available in 
various sizes, mechanical configurations, and in varibus types of 
construction material (such as stainless steel, glass, polyvinyl 
chloride, fluorocarbon polymer). Disposable fluorocarbon 
polymer bailers also are available. For descriptions of additional 
thief samplers, see U.S. Environmental Protection Agency 
(1982b), Ward and{ Harr (1990), and American Public Health 
Association and others (1992) or consult the manufacturer of 
environmental sampling equipment. 
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, . 





SELECTION OF EQUIPMENT FOR WATER SAMPLING-35 

Single-stage samplers 

Single-stage samplers such as the US U-59 (fig. 2-4A) are 
designed to obtain suspended-sediment samples from skeams at 
remote sites or at streams where rapid changes in stage make it 
impractical to use a conventional isokinetic depth-integrating 
sampler. Single-stage samplers can be mounted above each other 
to collect samples from different elevations or times as 
streamflow increases and the hydrograph rises (fig. 2-4B). 
(Edwards and ~ l ~ s s o n ,  1999.) 

b The US U-59 is a sample container mounted to collect a 
water sample as stage rises above the sampler intake. 

- The verhcal-intake sampler is used to samble streams 
carrying sediments finer than 0.062 millimeter (mm). 

I The vertical intake is less likely to become clogged or 
fouled by floating solid materials compared to a 
horizontal-type intake. 

- The horizontal-intake sampkr is used to sample 
streams carrying sediment coarser than 0.062 rnrn. 

b The US U-73, which can be used to sample water during 
either rising or falling stage, is constructed t ~ ' ~ r o v i d e  some 
protection form trash or other solids that could clog or foul 
the intake. 

I ' 

Selection of Equipment for Water Sampling (Version 2.0, 312003) , Sample Collection 
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Exhaust 
port 
-I 

Intake 
nozzle 
I 

! 

A. B. 

Figure.2-4. US U-59 sampler: (A) single stage, and ( B )  a bank of 
U-59 samplers installed on a plank post. (A, from Edwards and Glysson, 1999; 0, 
photograph by J.C. Mundorff.) 

' I 
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I 4 , a ; t  \ Automatic pumping samplers (autosamplers) with fixed-depth 

intake(s15 we sometimes used to collect samples at remote sites; - 
from ephemeral, small streams; or,from urban storm drains 
where stage rises qbickly (American Public Health ~ssbciation 
and others, 1992; Edwards and Glysson, 1999). These samplers 
can be programmed to collect samples at preset time intervals or 
at selected stages, thus reducing the personnel requirements for 
time-intensive sampling. Whenever automatic samplers or 
pumps are used, the sample is considered to be a point-integrated 
sample. I I 

\ 

Pumps used for water sampling are grouped into two general 
categqries: suctionLlift pumps and submersible pumps. Pumps 
can be used to collect water samples from lakes, reservoirs, and 
estuaries (Radtke and others, 1984; Radtke, 1985; Ward and 
Harr, 1990). Suction-lift and submersible pumps are described in 

j;;,,''r'. >,.. I 

~i~;&l;.~ ;:.j,: section 2.1.2, "Ground-Water Equipment." I 
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Use of a vertical transit rate pacer, such as the US VTP-99, can 
help to ensure an accurate flow-weighted sample, after the 
appropriate transit rate has been determined (Edwards and + 
Glysson, 1999, p. 53-60). Once programmed, the pacer 
produces an audible signal for pacing the raising and lowering of 
either hand-held or mechanically hoisted samplers. The pacer is 
small enough to be carried in a shirt pocket, and the tone is 
audible for several feet in a quiet environment. The US VTP-99 
can be used with a miniature phone-type monaural headphone 
jack; neither the jack nor the headphones are supplied. Tables for 
using the pacer when sampling with either a hand-held sampler 
or type "A," "B," or "EM reel can be found in the publication 
"Using the US VTP-99 vertical transit rate pacer."6 

2.1.2 GROUND-WATER EQUIPMENT 
The type of sampler or sampling system selected depends on the 
type and location of well, depth to water from land surface, 
physical characteristics of the well, ground-water chemistry, and 
the analytes targeted for study. Selecting the appropriate 
equipment for collecting ground-water samples is important in 
order to obtain data that will meet study objectives and data- 
quality requirements. Ground-water sampling equipment is 
available from commercial sources. Support equipment (for 
example, tubing, valves, manifolds) is available commercially 
or, for USGS personnel, through the Hydrologic Instrumentation 
Facility (HIF). 

'%he publication is available at the URL http:Nfisp.wes.army.mil/ 
Instructions%20US%20VTP-99%20990722.pdf (accessed March 20,2003). 
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SELECTION OF EQUIPMENT FOR WATER SAMPLING-39 

Ground water mosti commonly is collected using eith'er pumps 
designed specifically for water sampling from monitoring wells, + pumps installed in supply wells, or a bailer or other point or 

I 

thief-type sampler.i General considerations for selecting ground- 
water equipment are listed in table 2-4. 

b   on it or in^ wblls: Samplers CBn be dkdicated, or 
permanently installed in the well. 

- ~ortab1e:e~ui~ment is commonly used at multiple 
well sites and cleaned after each use. 

- Portable samplers and sample tubing commonly are 
1 

dedicated to be used only at a site with large 
contaminant concentrations. 

- Some types of portable equipment can be:installed tn 
a well for the duration of the monitoring program. 
Remove the sampler periodically for cleaning. 

b Supply wells (for domestic, public (municipald, industrial 
or commercial, and agricultural use): Equipment selection 

+ is limited as such wells normally are equipped with 
permanent, large-capacity pumps. 

- Choice bf equipment usually depends on bell 
configuration and type of pump installation 
(permanent or temporary). I 

- Modifications to the well and ancillary equipment 
attached at the wellhead are necessary in some cases 
(see section 2.1.2.A.) 

'~dditional categories of sampling equipment not _described in this report include 

+ multilevel collection systems (LeBlanc and others, 1991; Smith and others. 1991; 
Gibs and others, 1993); samplers designed to collect ground water ur(der natural- 
gradient flow conditions (Margaritz and others. 1989); and pump-and-packer 
systems. 

I 

Selection of Equipment for Water Sampling (Version 2.0, 312003) Sample Collection I 
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I 

Table 2-4. General requirements and considerations for selecting ground-water sampling 
equipment (pumps or thief iamplers) 

i~ + 

will degrade appreciably within the lifetime of the study? 
Can the sampler be cleaned? Can it withstand the level of decontamination 
needed and subsequently produce clean equipment blanks? 

Could operation of the sampler compromise sample integrity with respect to 
capabilities, and study objectives or data quality? For example, does the sampler heat or aerate 

the sample, or subject it to negative pressure, leading to volatilization of 
purgeable organic compounds, oxidation of target analytes, or changes in partial 
pressure of carbon dioxide or other gases? 

IS the sampler capable of evacuating standing water (that is, can it be used for 
purging in addition to sample collection)? 

that could bias chemical measurements? 

What are the power requirements of the sampler or the manner,in which it will be 
deployed? Will it require electrical power (alternating or direct current), 
gasoline or other fuel-powered generators, or compressed gas such as air or 

Could the power source contaminate samples? (For example, gasoline-powered + 
generators or compressors are a potential source of volatile organic compounds.) 

Could the fuel be changed to a noncontaminating type (for example, convert a 
gasoline-powered generator to propane fuel)? 

- 

Is the sampler easily transported to remote sites and rugged enough for field use? 

Can the sampler be repaired in the field? 

Are the available samplers suitable for study use? Are funds available to 
purchase, operate, and maintain the sampler? 

Are funds available to purchase a spare pump head? This would allow for 
continuous use of a sampling pump while one pump head is being repaired. 
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P';.,, , ,, ,' . , . .. " *  ' 
I ' I  ,. ., , Sampling equipment must nbt be a source of contamination or 
I.'.'. I' :. 

. k  <. . r  otherwise affect analyte concentration (table 2-1). of specific 
, , i  ts,i, ''. , ! '  

i + 
, , . , s 

importance for ground-water sampling .is a potential change in 
I c ' ,  ".: i, ,, .jb!/,d;'!~: w;'; . k.,,s . .. ground-water chemistry due to atmospheric exposure. 

8 .:,, ."..' 
!?., ;;I , '  , , 

'!!",;.., b .  .;;:?; ',. 
, b Select equipment that minimizes sample aeration. 

Select equipment that will not leach or' sorb significant 
concentrations of the target analytes, with respect to 
data-quality requirements. 

I 

- Samplers that tested successfully8 for inorganic 

' constituentsg were the Grundfos ~ e d i - ~ l o 2 @ ,  Fultz 
SP-300, Bennett, and several bladder pumps (with 
~ef lon@ bladders), submersible pumps, and double 
check-valve fluorocarbon polymer bailers. 

- Sampleds tested that achieved a greater t h d  95- 
percent recovery of volatile organic compounds were 
Grundfos ~edi -~ lo2" ,  Fultz SP-300, bladder pumps, 
and the Bennett pump. Recovery for double check- + valve fluorocarbon polymer bailers was less than 95 
percent (U.S. Geological Survey, 1992a, b). 

I 

Choice of equipment isconstrained by many factors, including . 

equipment construction and specifications. For example, it is 
necessary toconsider the power requirements, lift capability, and 
discharge capacity of submersible pumps. Ideal equipment for 
sampld collection might not exist,' and compromise is often 
necessary. Field personnel must understand the ap'plication, 
advantages, disadvantages, andalimitations of the available 
equipment with respect to study objectives and site charac- 
teristics, and must document how any compromises made 
might affect the data and data-quality objectives. 

i I 
I 

I 

' ~ n ~ u b l i s h e d  results of testing by the USGS confirmed that commonly used 
sampling equipment does not, in general. affect sample concentrations of inorganic 
constituents or organic compounds (U.S. Geological Survey Office of Water Quality, 
written commun., 1994). (The samplers tested were precleaned and fitted with new, 
cleaned tubing and had fluorocarbon polymer interior parts, where ayailable.) 
 race-element concenyations in blank s a ~ p l e s  processed through these samplers 
were within the margin of analytical variability at a method reporting level of 
1 microgram per liter. 

Selection of  Equipment for Wnter Sampling (Version 2.0. 312003) Sample Collection 
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2.1.2.A PUMPS 
Pumps transport water from depth to land surface either by 
suction lift or positive pressure.'' The pumping mechanism 
for most suction-lift pumps (peristaltic, jet, and some nonsub- 
mersible centrifugal pumps) is at land surface. Positive-pressure 
pumps (helical rotor, gear, bladder, piston, inertial submersible, 
and centrifugal) are grouped together as submersible pumps 
because they are placed below static water level. 

Supply-well pumps 

Jet (venturi) pumps and above land-surface centrifugal pumps 
(fig. 2-5), as bell as high-capacity submersible pumps and 
turbine pumps are common in domestic, municipal, and other 
supply wells. 

b Be aware that large- and small-capacity pumps used in 
supply wells can affect analyte concentrations. (See 
NFM 1 and Lapham and others, 1997.) 

. . - Erroneous data produced as a result of using these 
pumps are most likely for dissolved gases, VOCs, and 
reduction-oxidation (redox) chemical species. 

- Oil in the water column is common for oil-lubricated 
pumps. 

- Chemical treatment systems, pressure tanks', and 
holding tankscan compromise sample integrity. 

'O~or  more detailed information on pumps, refer to manufacturers' instructions and 
specifications and to U.S. Environmental Protection Agency (1982b), Morrison 
(1983), Driscoll (1986), Imbrigiotta and others (1988), Ward and Harr (1990), + 
American Public Health Association and others (1992). Gibs and others (1993), 
Sandstrom (1995), Koterba and others (1995), and Edwards and Glysson (1999). 
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A. Centrifugal pump 
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b Instdl1 a hookup system for transfer of sample from the 
wellhead to the chamber or &ea where samples will be 
processed (NFM 4 and 5). Clean such equipment of oils 
and other manufacturing and shipping residues (NFM 3) 
before use. 

- Ensure that the point of sample discharge from the 
hookup system on supply wells is ahead of chemical 
treatments or holding tanks. Obtain permission to 
modify the discharge point by installing a spigot or 
other plumbing appropriate to preserve the quality of 
the sample, if possible. Otherwise, do not use the 
well. The spigot or other plumbing also must be 
cleaned before use. 

- Install an anti-backsiphon device in line with the 
hookup system. 

- Install an optional needle valve with flow-regulating 
capabilities in line with the hookup system 
(fig. 2-6A). 

U.S. Geological Survey TWRl Book 9 Chapter A2. (Version 2.0. 312003) 



1 .. . ,," '* . . .  
.!  , 2 ..' 

;\ ;,: ,, , , 
., ..4 I: ; . *  4 

1 . 
1 '  . ~ . ;  ., , h ,  : .,,; ; 
!.S$"', f,., , ' , 

4 .,.' '.,, . . ,, 
,,' ?;:..t ;::;;, ' i'3""'''''" ', ' 
,; *;;;';if,; + " 

:; j!"' ,. ; 
I 

.,., 1: ,,I .: <!, *, :, 
/ I , ,  1. 

. j . ' s .  11 
;.#.".'.. 
8 .', 

. I  :, ,+ .. 
.'.i ',:<,.. . 
, .,! ... .,, )..'. 
( , . ..I 
:: .:,I.. 

J , .  
,, b '  , ' r , < , . . ,  . : , :'" >. 
, :. , ,. .* 
' . , , I . .  

t!'.4 ,*,,, .; 
, : I . .  . 

".$t'l \ ', 

,?. , ,;,: .;; " 
', - 3  

:, ., + 
! ,: ;, ,:.:, ' tj, * .,+L: ,, . 1 %  ;,,,;.", 

: ,"f, ! ."$. 

, ,, C i  ji!, ' 
,,,W ;.2) :, 

_/. . ,.* ....": i:<" i:, 
jl ,. .I'. ; ' 
:, ' ,, $ ., \' , . , . .  , 
, 1 ;  
1. ;~ , , I ; .  2 
, I ,,I . . ' I  ' 
I:, ,*;! \ ; ' 11 ', . . 3  '. 

1 0 .  . ,  
,' : . :' 
,j:. : ; r! .I. ,. . , 

p ., ,,!*, , 

<..Li,. ,,,, ;; t.', 
.; .*. ' ' '. , . .+, i 

:,;.<, ?* . 8 , 
; :  i '  ,, . 

,, 1 . :  > . I  

+ . ,  
;,,L;', :.. , z  

!,$, , ':. ';, 
, , , ,  
8 ,i,':: ,i., - : , 

. A :  ':. 
I' I . , . (  " ",." 

+ ,,-: , . " ,: , , ,+.''> , a  ;,,;,., ,.,..,Ll. 
., *.., !, 
",,,;.',;?,d,. : 
;, .my i3:ty:,:,.; - 
,{ V ?  *,14.s,. 

..,lbl.;J4' \,,, I " .  

;.+,,;qi i;& ., "$ ,, i:' ' '. , 
: ,,y ;t., ;::; ' : 

a;..*.,;j , 
I.. .(, 

' ~ , . , *  . 
~ , ; . 3 1 ; ! ;  : '. , , 

I ! 

.;,u. +. , ' ,  , 
, . ' .". , . .  ..%. 
b , . ' ' l .  .. ~ 

< . , ! '  ; 
j . .'; .<.. . 

.!, , ."; . . 
I .  

p,:;. ,!: : , ; 
;.;,': .;; ;. 
. . .  , .  .,/ 

x,,.,: ., !' 8 

, .? , ." ;; ~i 
,' .. , . ;$. ' 11 

, . .i ,; ,':I 
i : , ,  ." ' 
.<, ,i!$ (:,..!,.I. , 

I ? b.:+;:l;:!,;& 
: I . , . ,  , ! '  ! 
p.1:+ ,,, )I :! .I;,: 

, I?. . , . j,i.i . ,  
3 f, 9 A , ;  , 
.I : . i .  

> r  , , '., ". . ..,. 
, ,_ I.... ' ' 

( ,  . . ' J  , , . , . .  ( .  , 
.. , .. . 

I . , .  
, .'! , . .' ; " 
, . j, , .; ! , ', , p<, 

provides reduced 
operating torque 

Bonnet with positive 
stem stop prevents 

, . 

I 
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Monitoring-well pumps 

Suction-lift and positive-displacement pumps are commonly 
used to collect water samples from monitor (monitoring) wells. 
Field personnel should consider the criteria and guidelines listed 
in tables 2-4 and 2-5 when selecting a pump for sampling from 
monitoring wells. 

b Suction-lift pumps create a vacuum in the intake line that 
draws the sample up to land surface (fig. 2-7A). 

- The vacuum can result, in the loss of dissolved gases 
and VOCs. 

- Intake tubing could diffuse atmospheric gases 
sufficiently to affect some target analytes unless 
thick-walled low-diffusion tubing is used. 

- Use of a peristaltic pump (1- to 2-L/min pumping 
rate) is limited to wells in which depth to water is less 
than about 25 ft (approximately 9 m). The operational 

. lift may be as small as 20 ft. 

- Peristaltic pumps have the advantages of few moving 
parts, easily replaceable tubing and heads, and 
portability. 

- provided that data quality is not compromised, 
properly operated peristaltic pumps can be used to 
obtain samples from shallow wells, especially those 
that prbduce small volumes of water. 

b Submersible pumps (positive pressure or other types of 
positive-displacement pumps) designed specifically for 
collection of water samples from monitoring wells 
generally are preferred because they do not create a 
vacuum (fig. 2-7B-F). 
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I 

b In general, do not use submersible pumps for well 
development. This can ruin the pump, shorten its + functional life, or damage smooth internal surfaces, 
causing leaching of target analytes. 

- Install an anti-backsiphon de'vice'in-line toprevent , , 

backflow from contaminating the ground water., 
, 8 

- Select suitable materials for sample line, sample-line 
connectors (see "Pump Tubing," section 2.2.4), and 
sample-line reels (see "Support,Equipment," section 
2.1.2.C, and "Lists of Equipment and supplies," 
section 2.4) for use with portable submersible pumps. 

1 I ' 
b The suitability and application of commonly used 

submersible pumps depends on pump and well 
characteristics and on practical constraints (tables 2-4 and 
2-5). It is necessary to determine that: 

- the ratelof pumping is suitable for a given lift 
(table 2-5), 

I I 

- the maximum lift of 'the pump at the water surface is 
greater than the lift to land surface, 

- the power source and pump, characteristics are 
sufficient to allow the pump to run contiliuolisly 
throughout purging and sample collection, 

- the height of the water column must be at least 5 ft 
above the top of the submersible pump (to avoid 
setting [he pump intake too close to the bottom of the 
well), and 

- the pumping rate will not cause excessive drawdown, 
resulting in intersection of the water level with the 

- well scieen or open interval or causing the well to go 
dry. , 

Selection of Equipment for h t e r  Sampling (Version 2.0, 312003) , Sample Collection 
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b The pump used to purge and sample the well generally is 
not appropriate for well development or redevelopment 
(Lapham and others, 1997). Using a pump designed for 
sample collection as a well-development tool can shorten 
the pump life or damage smooth internal surfaces, causing 
leaching df target analytes. If the well should be 
redeveloped in preparation for collecting a representative 
sample, two options that are available include use of an 
inertial lift pump or use of an air-suction lift pump. 

Portability and repairability are important logistical considera- 
tions when selecting a pump. All the pumps shown in figure 2-7 
are made for transport to and from the field, but fuel or electrical 
power requirements make some more awkward to transport and 
operate at remote sites than others (not shown is the inertial-lift 
pump, which has no fuel or electrical power requirement when 
operated manually). Ruptured bladders for bladder pumps can be 
replaced easily in the field. Fluorocarbon polymer impellers 
used in gear pumps are easily abraded and can be ruined by 
particulate-laden water. Such impellers can be replaced in the 
field, but usually with some difficulty. Submersible centrifugal + 
pumps and piston pumps generally are not easily repaired in the 
field and can be awkward to transport, but include features such 
as variable-speed capability that make them favored for many 
applications. When selecting a pump for sampling, consider 
purchasing an additional pump head (the submerged motor 
component) since most repairs involve the pump head. The 
pump heads for some pump types or models (such as the Fultz 
pump) are constructed for quick connect and disconnect, to ease 
pump head replacement under field conditions. 

--- - 
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SELECTION OF EQUIPMENT FOR WATER SAMPLING , 

Table 2-5. Examples of pump capability as a function of well and pump characteristics in a 2-inch- 
.diameter well . - 
[Table modified from Koterba and others (1995). p. 18-19. ft, foot; gal, gallon; TDH, total dynamic head; 
gallmin, gallon per minute; -, approximately; ---, not available] 

Three- I 

Water- Lift 
Maximum ' Maximum 

well- Pumping rate Pumping rate 
at lift 

volume after 
at lift 

volume after 
column or volume 2 hours 

or TDH shown 
2 hours 

height TDH' purge or TDH showni ' 
bumping3 pumping 

(11) ' (ft) ' protopolZ (gallmin) (gal/min) 
I " (gal) 1 , , !  , ' I  leal) , 1 1 ,  (gal) , 

I 

20 25 10 1 .O 120 7.0 840 

Iln these examples. the lift is equivalent to TDH and is estimated as the depth to water in the well (see 
foterba and others. 1995. for explanation). 
Standard procedure is to purge a mini um of three well volumes while monitoring field measurements (NFM 4. "I NFM 6): purge volume = V=0.0408HD , where His  water-column height (in feet) and D is the well diameter (in 
nches). 

' ~ a x i m u m  pumped volume is calculated from the pumping rate for a given pump system (from manufacturer's 
specifications) at the lift (or TDH) multiplied by an assumed total purging time of 2 hours (see 
Koterba and others. 1995). 
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A. pump head , 

SO- 

Rotors 

-SELECTION OF EQUIPMENT FOR WATER SAMPLING 

Pump head 
(internal 
mechanism 
not shown) 

1 

Not to scale I 
Figure 2-7. Pumps typically used for withdrawal of water samples from 
monitoring wells: (A) peristaltic suction-lift pump and.(B-F) exampled of 
submersible pbsitive-displacement pumps. (A) peristaltic pump showing detail 
of pump head, (4 electrical gear or rotor pump, (C)  electrical centrifugal 
impeller pump-showing detail of impeller assembly. (Illustrations published with 
permission: A, GeoTech Environmental Equipment, Inc., with pump head from 
Cole-Parmer Instrument Company; B, Fultz Pumps, Inc.; C, Grundfos Pumps 
Corporation.) 
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- SELECTION OF EQUIPMENT FOR WATER SAMPLING- 51 

I 

Arrows indicate 
directton of flow 

Motor - 
(internal' 
mechanism 
not shown) 

I 

I 

, Not to scale 

Figure 2-7. Pumps typically used for withdrawal of water samples from 
monitoring wells: (A) peristaltic suction-lift pump, and (B-A examples of 
submersible positive-displacement pumps-Continued. ID) bladder pump, 
(El  recipqocating piston pump, and ( f i  progressive cavitg pump. (Illustrations 
published with permission: D and F, GeoTech Environmental Equipment, 
Inc.; E, Bennett Sample Pumps, Inc.) 

, 

I 
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Well-development pumps 

Wells need to be developed after construction to remove 
sediment and other debris at the bottom of the well and to 
improve hydraulic connection to the aquifer. Wells might need to 
be redeveloped after long periods of inactivity before water- 
quality samples are collected. Sounding of the well (confirming 
the well depth) may indicate that the well should be redeveloped 
in preparation for collecting a representative sample. The pump 
used to purge and sample the well, in general, is not appropriate 
for well development or redevelopment (Lapham and others, 
1997). 

b Use of inertial pumps fitted with a surge block (for 
example, the Waterra Inertial Pump, Model 404), is an 
effkctive and easily operated method for well development 
or redevelopment. The Waterra Pump consists of a riser 
tube (518-in. or 1.58-cm outer diameter (OD) polyethylene 
or similar tubing) with a one-way valve at the bottom of the 
tubing and a surface hand- or mechanical-pumping 
mechanism. The valve allows water to enter the tubing as 
it is pushed downwards, and retains the column of water 
when the riser tube is pulled upward again. Adding a surge 
block to the riser tube and valve creates a strong churning 
effect that helps to remove sediment that collected at the 
bottom of the well. Such a pump works well in siltylsandy 
environments, and can be successfully operated in wells 
with depths ranging up to 100 ft (-30.6 m) when using a 
hand pump, 200 ft (-6 1 m) when using a pump powered by 
an electric motor, and 250 ft (-76 m) when using a pump 
powered by a gasoline motor. 
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SELECTION OF EQUIPMENT FOR WATER SAMPLING-53 

b Another inexpensive option to consider in well , 

development is to use inexpensive disposable plastic (clear + or white) tubing with a suction-lift pump. This method, 
however, is limited to shallow wells with water 'table 
depths less than 25 ft (-7.6 m) from the land surface. To aid 
in removing sediments from the bottom of the well, add a 
surge block and one-way valve to the bottom of the tubing 
as described above. The tubing can be physically raised 
and lowered, producing a purging effect. To prevent cross- 
contamination of wells, new tubing, surge block, and 
valve should be used for each well that is developed or 
redeveloped. 

b Wells can also be developed by the air-lift or gas-lift 
method. This method is not recommended for shallow 
wells, but may be the only method available for very deep 
wells, especially for wells that approach 2,000 ft (-610 m). 
in depth. In this method, cdmpressed air is forded down the 
well and replaces the water and debris in the casing. The 
displaced waiter and debris in the well casing is &en forced 
up and out of the well. However, care must be taken to 
ensure that air is not forced from the well screen into 
the surrounding aquifer system. Air introduced into 
the aquifer can change its geochemistry, either 
temporarily or permanently. 

I 
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S4-SELECTION OF EQUIPMENT FOR WATER SAMPLING 

2.1.2.B BAILERS, THIEF SAMPLERS, AND 
PASSIVE DIFFUSION BAG SAMPLERS 

Use of a bailer or other thief sampler disturbs the water column, 
especially when it is raised and lowered repeatedly, and is not 
recommended for this reason. The disturbance can result in 
stirring up or mobilizing particulate matter, including colloidals 
or mineral precipitates that are artifacts of well construction and 
are not part of the ambient ground-water flow. This, in turn, can 
result in analysis of substantially greater than ambient 
concentrations of trace elements and hydrophobic organic 
compound(s). This is not a concern with passive diffusion bags. 

~ a i l e r s  and thief samplers 

Bailers can have some necessary and useful applications, even 
though they are not generally recommended for ground-water 
sampling. Bailers are the only option available for sampling 
some ground-water systems, especially at great depth. Use 
of a bailer is preferred at sites where concentrations of 
contaminants are extremely large, because bailers are easier 
to clean (some are disposable and therefore do not require 
cleaning) and less expensive to replace than pumps. The 
following recommendations apply in situations where bailers 
are the only reasonable choice for sampling wells. 
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Passive diffusion bag samplers 

Water-filled passive diffusion bag,(PDB) samplers are suitable 
for obtaining samples to be analyzed for selected volatile organic 

compounds (VOCs)." A typical PDB sampler consists of a low- 
density polyethylene (LDPE) lay-flat tube closed at both ends 
and containing deionized water. The sampler is positioned at the 
target horizon of the well by attachment to a weighted line or 
fixed pipe. Sampler construction and application are described in 
Vroblesky (2001). 

2.1.2.C SUPPORT EQUIPMENT 
The support equipment used during ground-water sampling 
depends on the type and size of the pump or sampler used, field 
conditions, and depth to water or to sampling interval in the well. 
A reel should be used for efficient and clean deployment of the 
sample line. Commonly used support equipment is listed in 
section 2.4. A detailed description of the various types of support 
equipment is beyond the scope of this manual. 

"PDBS are not suitable when collecting samples to be analyzed for inorganic ions, + 
methyl-tert-butyl, acetone, or phthalates, and have limited applicability for other 
non-VOCs. 
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SELECTION OF EQUIPMENT FOR WATER SAMPLING-57 

SAMPLE PROCESSING 2.2 
By S.L. Lane, Sara Flanagan, M.W. Sandstrom, 

K.K. Fitzgerald, F.D., Wilde, and D.B. Radtke 

Water samples must be processed as quickly as possible after 
collection. The equipment most commonly used for sample 
processing includes sample splitters, disposable capsule filters, 
filtration assemblies, solid-phase extraction systems, and 
chambers in which samples are processed and treated with 

I chemical preservatives. Having several sets of cleaned , 
processing equipment on hand is recommended. The equipment 
and supplies commonly used to process surface-water and 
ground-water samples are listed in section 2.4. 

SAMPLE SPLITTERS 2.2.1 
I I 

The collection of surface water gdnerally results in a kingle 
composite sample. A ground-water sample generally is not 
collected as a composite; instead,, the sample is pumped 
directly into separb  bottles for designated analyseb.lhere 
are exceptions. For example, ground water withdrawn using a 
bailer or thief sampler can be collected as a composite sample, 
provided that sample integrity for the analytes of interest can 
be maintained. 

A composite sample often is subdivided (split) into subsamples 
for analysis. Each'whole-water subsample should contain 
suspended and dissolved concentrations of target analytes that 
are virtually equal to those in every other subsample. Use of 
polypropylene/polyethylene (plastic) churn splitters, jthe 
fluorocarbon polymer churn splitter, and the cone splitter are 
discussed in sections 2.2.1 .A and 2.2.1 .B, respectively. Testing 
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, 3.: , I 
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andcomparative data between the splitters are described in 
. .,.( _ , 

;;:.,$ I {  
Capel and ~arsoni(l996), Horowitz and others (20'61'); and in 

3, ..I?,, 
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4 ,, , 
Office of Water Quality.Technica1 Memorandum 97.06. + ,  

;.? ,*? ,: i )  * :, , .,'(I Advantages and limitations among the fluoropolymer churn' 
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I,;,~:, splitter, plastic chiun splitter, and cone splitter ad sliowh in 
1:: , . < table 2-6. .., . . , .  
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I 

I ÿ able 2-6. Advantages and limitations of sample splitters 
., - , 

[L, liter; mg/L, pm, micrometer: milligrams per liter; mL, milliliters; >, greater than; r, less than or equal to] 

Splitter .: ., Advantages  imitations . , 

.<,Z.% . . . 
Fluoropolymer Can b e ~ s e d  to process samples Although it can be used to split samples with particle 

churn splitter for both inorganic and non- sizes s 250 pm and suspended-sediment 
volatile organic analyses. concentrations s 1,000 mg/L, splitting accuracy 

Simple to operate. becomes unacceptable for particle sizes >250 pm 
Easy to clean. . . and suspended-sediment concentrations 
No modification of the splitter >1,000 mgL. 

design is necessary. Sample volumes less than 4 L or greater than 13 L 
cannot be split for whole-water subsamples from 
this 14-L chum. 

Samples for bacteria determinations'are not to be 
taken from a chum splitter because the splitter 

. cannot be autoclaved. 

Plastic (non- Simple to'operate. Plastic (nonfluorocarbon polymer) churn splitters 
fluorocarbon Easy to clean.. must not be used to composite samples for 
polymer) determination of organic compounds. 
churn splitter Although it can be used to split samples with particle 

sizes r 250 pm and suspended-sediment 
concentrations s 1,000 mgL, splitting accuracy 
becomes unacceptable for particle sizes >250 pm 
and suspended-sediment concentrations 
> 1.000 mg1L. 

When using the 14-L chum, sample volumes that total 
less than 4 Lor  greaterthan 13 L cannot be split for 
whole-water subsamples. 

Requires a modified spigot and construction of a 
funnel assembly. 

Samples for bacteria determinations are not to be 
. . taken from a churn splitter because the splitter 

cannot be autoclaved. 

Fluorocarbon- Used to process samples with Accuracy of the volume equivalents must be verified 
polymer suspended-sediment before using a new or modified cone splitter. 
cone splitter concentrations from 0 to Splitter is awkward to operate and clean in the field. 

10,000 mglL. Sample is vulnerable to contamination from 
\ Samples containing sediment atmospheric sources or from improper operation. 

particles ranging in size from Splitting accuracy for sediment particles >250 pm or 
very fine clay and silt (I to sediment concentrations >10,000 m g L  must be 

- 10 pm) to sand-size panicles quantified by the user. 
(250 pm) can be split. Samples for bacteria determinations are not to be 

Samples as small as 250 mL processed through the cone splitter because the 
- .  can be split into 10 equal splitter cannot be adequately sterilized. 

subsamples. The cone splitter must be level for proper operation. 
Samples greater than 13 L can 

be processed. 
Can be used to process samples 

for both inorganic and 
nonvolatile organic analyses. 

I 
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CHURN SPLITTER 2.2.1 .A 
The churn splitter is available in either polypropylenei'and 
polyethylene plastic (fig. 2-8A) or in fluoropolymer plastic 
(fig. 2-8B). Both churn types come in the 14-L size, but the 
plastic churn also is available in an 8-L size. Splitter advantages 
and limitations are~described in table 2-6. The 8- or 14;.L plastic 
churn splitter is recommended to composite and split surface- 
water samples for inorganic analyses. The 14-L fluoropolymer 
churn splitter is recommended to composite and split samples 
for either inorganic or nonvolatile organic analyses. 

I 

I 
A. B. 

. Figure 2-8. Churn sample splitters: (A) Plastic churn splitter (from Capel and 
Larson, 1996) and (8) Fluoropolymer churn splitter (from Federal Interagency 
Sedimentation Project Catalog: accessed December 9,2002, 
a t  http://fisp.wes.army.mil/Catalog%20Page%2OUS%2OSS-1.htm). 
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60-SELECTION OF EQUIPMENT FOR WATER SAMPLING 

b Trace-element samples: Do not collect or extract samples 
for trace-element analyses from a metal container. Use 
iither the plastic or fluoropolymer churn splitter. 

b Organic carbon samples: Use only the fluoropolymer 
churn to collect or extract samples for organic-compound 
analysis. Stainless steel and glass containers also can be 
used to composite samples for dissolved organic 
compound analysis. Do not use a plastic churn or 
container. 

b Churn covering: To keep the entire churn-splitter 
assembly clean during sampling and prevent potential 
contamination, the churn splitter is placed inside two 
pliable, clear plastic bags (double bagged). These bags 
should be large enough to completely enclose the churn 
splitter, including funnel and churn handle, with enough 
excess material so that the bag openings can be gathered, 
folded over, and kept closed. 

b Churn carrier: The carrier is a white plastic container, 
with lid, large enough to hold the double-bagged churn 
splitter assembly. 

8 .  

- The lid of the carrier serves both as a seal for the 
carrier and as a windbreak when the collected 
subsample is poured into the churn funnel. 

- The purpose of the carrier is to minimize 
contamination during transport. In exposedareas, 
such as bridges and.roadways, the carrier can protect 
against atmospheric sources of contamination, 
particularly material from motor vehicles. 

b Volume of sample needed: 

- Subsamples totaling 10 L can be withdrawn from the 
14-L churn for whole-water analysis, whereas 
subsamples totaling 5 L can be withdrawn from the 
8-L chum for whole-water analysis. 

. . 

U.S. Geological Survey TWRl Book 9 Chapter A2. (Version 2.0, 312003) 



SELECTION OF EQUIPMENT FOR WATER SAMPLING-61 

- Do not use the 4 L remaining in the 14-L churn and 
. the 3 L remaining in the 8-L churn for total, total + recoverable, or suspended-material subsamples. 

However, the sample mixture remaining in either 
churn can be used for filtered subsamples for the 

I 
determination of dissolved constituents. 

I 

The spigot and lid of the plastic churn splitter must be modified, 
as described below: I 

I 

b The original spigot contains a metal spring-that introduces 
a potential source of metal contamination and'should be 
replaced (Horowitz and others, 1994). Purchase the 
modified spigot from OWQRL, or replace the beta1 spring 
with a piece of tubing as follows: 

(1) Cut a 718-in. length of 6424-03  asterf flex^ tubing. This 
length is very important to ensure proper operating of the 
modified spigot. Cut the tubing with a utility knife or 
something that will cut a straight edge; if edge is jagged, 
water may leak past the button and possibly contaminate 
samples. 

+ (2) Pop button off spigot withla small-blade screwdrive; , 
(or push the button in and pull'the shaft away from the back). 

(3) Slide the tubing over the sleeve on the insidk of the button. 

(4) Slide the tubing that is now attached to the button over the 
stopper shaft, and compress until the button locks into place. 

b Funnel'assembly for plastic churn lid: To meet 
requirements for trace-element sampling, .a funnel 
assembly is inserted into a 1-in.-(2.54 cm-)diameter hole . 

drilled through the lid of the churn splitter (fig. 2-8). 

- The funnel is used when pouring whole-water 
samples into the churn splitter so that the churn lid 
can be left on, thus minimizing exposure of the 
composite sample to atmospherid contamination. 

I - To make the funnel assembly, cut the top dection (at 
the shoblder line) from a 1-L polyprohilkne sample 
bottle and insert it into the hole drilled in the dhurn 

, . lid. Cut; the bottom two-thirds from a 1-L! Nalgene" 
+ or other larger diameter sampler bottle and use as a 

funnel cap. 
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 SELECTION OF EQUIPMENT FOR WATER SAMPLING 

CONE SPLITTER 
The cone splitter is a pour-through device constructed entirely of 
fluorocarbon polymers (fig. 2-9), and thus can be used to process 
samples for inorganic and nonvolatile-organic analytes. The 
cone splitter may be used to process samples with particle 
sizes 1250 micrometers (pm) and suspended-sediment con- 
centrations ~10,000 milligrams per liter (mg/L) (table 2-6). 
The primary function of the cone splitter is to divide the sample 
simultaneously into as many as 10 equal-volume samples. Some 
cone splitters have a 2-rnm mesh screen in the reservoir funnel to 
retain large debris, such as leaves and twigs, that could clog or 
interfere with the splitting process. Below the funnel is a short 
standpipe that directs sample water in a steady stream, into a 

splitting chamber that 
contains a notched, cone- 
shaped splitting head with 
10 equally spaced exit ports 
around its base. There 
should be no ridges, 
benches, or surfaces inside 
the splitting chamber that 
could retain material or 
interfere with the splitting 
prpcess. The cone splitter is 
supported either by tripod 
legs or with an adjustable 
clamp and stand. . 

The cone splitter is built to 
very close tolerances in 
order to achieve accurate 
and reliable operation. Bias 
to data can result from 
splitter imperfections or 
improper operation; 
therefore, calibration'and 
proper use is necessary 
when processing samples. 
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SELECTION OF EQUIPMENT FOR WATER SAMPLING-63 

Before using a new or modified cone splitter, test the splitter 
to be used as follows (Office of Water Quality Technical . 
Memorandum 80.1'7): 

I 

1. Inspect the cone splitter housing and outlet ports. ihey  
should be smooth and symmetrical without any visible burrs 
or chips. The cone splitter must be clean. 

2. Place the cone splitter on a stable platform or bench. The 
splitter must be level for proper operation. Use a bull's- 
eye level to check leveling and recheck during use; the level 
will change as personnel move inside the field vehicle. 

I: * $1 . 
{4: ,j ' 1 * ,  J', 

3. Connect 10 discharge tubes to the outlet ports. The tubes 
must be the sarhe length, and as short as possible. Label the 

, "7'. I: 
I -  

outlets from 1 to 10. 

All tubes must be pushed in as far as possible to the 
,, machined surface in the SwagelokB fitting in the cone- 
splitter ports. The ends should be flush withtlie bottom of 
the inside of the port. 

Tubes need only extend into the receiving containers 
sufficiently to prevent spillage. 

Tubes must not extend in so far that the endsbecome 
submerged. 

4. Wet the cone splitter by pouring several liters of deionized 
water through it. 

I 

Lightly tap, the system to dislodge adhering water drops, 
, then discard the water. I 

. . 
Place an empty sample bottle under each outlet tube. 

' 7 ' .  . , 
.,'I(,: :; ., . _.,. ... * . I .  

.$' .;',,,j., . .. ; 5. Accurately measure 3 L of deionized water into a 1-gallon 
' ~ .  ~ ; + < > ? # ; * , P P  , narrow-mouth! plastic bottle. J:..,+l.,' - ! 

1 ', .' ' .* , I 4 8 ,  

Bh:,; ,(;I.' ! 

' < ,  , r  * ." ' 
' . , .  , 

6, Rapidly invert! the 1-gallon bottle over the reservoir, letting 
I. :I 

. <,,: ' .  

' 'deionized water flow out as fast as possible. For proper 
,.. . r : .  

: ,, :, ... operation, the standpipe must be discharging at its full 
5 ' , ,.', , 
, , , ;;f, 

' , :, ,i., ,+ !, . , flowing capacity. 
,$.: .;';.,:';I 

., 6 ,  
I 

*,,, , ,.t.l; " + 7. After all deioriiied'water has passed through the $$litter, tap . 
*, . , , 
1 . . ., . . the assembly Several times to dislodge adhering Aster drops. 
i4. I . 

' 1 1  , 
;, A ".!I?, I 

1 . I ,  
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 SELECTION OF EQUIPMENT FOR WATER SAMPLING 

Check for'spills and leaks. If any are observed, stop the test, 
correct the problem, and repeat steps 1-7. 

8. Measure the volumes of the 10 subsamples carefully, within 
an accuracy of f 1.0 mL. Record the volumes for each outlet 
on a form similar to table 2-7. 

9. Repeat the test a minimum of three times. Use the same 
initial volume for each test. 

Calculate and document the results of the cone-splitter accuracy 
test as follows: 

1. Referring to 'the example in table 2-7, calculate the mean 
volume of each subsample (i) and standard deviation (S,): 

- Ex. 
x = - and 

n 

where 
xi is the measured volume for each subsample and 
n is the number of subsamples (outlet ports). 

2. Calculate the standard deviation in percent (Ex): 

3. Calculate the error for each subsample (Ei): 

4. Compute the mean standard error (&) for the three tests and 
document the maximum and minimum errors (Ei) for all 
tests in field notes. 

5. If data-quality requirements warrant, note the error patterns 
for individual outlets to determine which outlets produce 
consistent bias and label them with their mean percent bias 
error. Depending on the objectives of the sampling effort, 
this pattern of error' may not be of concern. 

A cone splitter is considered acceptable for sample processing if 
the mean standard error (E;) for the three tests is 3 percent' or + 
less, and no individual error (Ei) exceeds 25  percent. 
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[Modified from Office of Water Quality Technical Memorandum 80.171 
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~LSELECTION OF EQUIPMENT FOR WATER SAMPLING 

2.2.2 PROCESSING AND 
PRESERVATION CHAMBERS 

Working within sample-processing and -preservation chambers 
reduces the possibility of random atmospheric contamination 
during sample bottling, filtering, and preserving with chemical 
reagents. Use of these chambers is required for samples for 
trace-element analyses (Horowitz and others, 1994), and is 
recommended for most other analytes, such as major and minor 
inorganic ions and organic compounds. The processing chamber 
serves as a collection chamber into which sample water is 
pumped and either filtered or directly collected in sample 
bottles. There is no standard design for either fixed or portable 
chambers; however, to prevent contamination of inorganic 
samples with metals, the materials used in their construction 
should be either nonmetallic or completely covered by or 
embedded in nonmetallic material. Although bench testing of 
plastic chamber components, including the clear plastic cover, 
revealed no emission of volatile organic substances, this can be 
further substantiated by analyzing an ambient blank for VOC 
analysis that is collected within the chamber(s). 

Fixed sampling chambers typically are enclosures that are 
permanently installed in a field vehicle for the sole purpose of 
sample collection/processing and preservation and must not be 
used as a storage area. Fixed and portable chambers need to be 
cleaned between uses. The portable chamber illustrated is 
inexpensive and easily constructed with I112-in.-diameter white 
polyvinyl chloride (PVC) pipe or tubes, which are used to 
support a transparent plastic-bag covering (fig. 2-10; Appendix). 
The transparent bag forms a protective tent within which to work 
while collecting, processing, or preserving samples. Another 
option is to purchase or construct a fixed or portable glove box. 
The glove box should have no metal parts to which a sample for 
metals analysis might be exposed. Use glove boxes that can be 
filled with an inert gas such as nitrogen or argon when samples 
need to be stiictly isolated from contact with atmospheric gases. 
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The processing chamber either sits over a fixed or portable 
sink or contaibs a basin to which a waste-disposal funnel 
or hose has been attached, allowing excess water to drain 
readily to waste. The sample tubing is inserted through a 
hole in the top of the chamber, and can be connected to a 
filtration device inside the chamber. 

1 I 
The preservation chamber also consists of the frame and 
bag cover, bit  without provision for sample tubing. The, 
bottled sample is passed from the processing .chamber 
into the preservation chamber, in which chemical 
treatment is added to the sample. A suitable container 
placed inside the preservation chamber is needed in which 
spent preservative ampoules are contained (see'NFM 5). 

I B. 

Figure 2-10. Example of (A) a polyvinyl chloride frame of a processing or preservation 
chamber, and (B) a sample being processed within the chamber. 
'i (A, Photograph by B.A.; Bernard; B, photograph by Jacob Gibs.) , ' '; , . 
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68-SELECTION OF EQUIPMENT FOR WATER SAMPLING 

Use of separate chambers for sample collection/processing and 
sample preservation generally is the most efficient approach. 
Space permitting, multiple preservation chambers can be used, 
each dedicated to a specific chemical treatment. Otherwise, use 
of a single preservation chamber dictates a change in the bag 
covering for each change in chemical treatment. 

If there is insufficient space in which to set up both the 
processing and preservation chambers, the processing-chamber 
frame can also function as a preservation-chamber frame 
provided that the cover is changed before sample preservation, 
is clipped to the outside of the chamber frame rather than 
supported over the frame, and is changed every time the 
preservation procedure requires a change in gloves (NFM 5). 
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FILTRATION SYSTEMS 
Filtration separates particulate substances (solid-phase and 
biological materials) from the solute or aqueous phase of a water 
sample. Water samples are filtered for analysis of -inorganic 
constituents, organic compounds, and biological materials to 
help determine the environmental fate and quantify the transport 
of these target analytes. Additional information relevant to 
selection of filtration systems can be found in Kennedy and 
others (1976), Ward and Harr (1990), Horowitz and others 
(1994), Koterba and others (1995), and in NFM 5. 

.1' , 
For surface-water applications, the most common filtration . ,,. <I -'. ! ; '.'s: 

.,$ f?,.. 
system consists 0f.a reversible, variable-speed battery-operated a.8l . . . . 
peristaltic pump or a metering pump that forces the whole-water :,>.. '. .;.:i; 

, ..I' ' ,  '. . &,(.' . . 
sample through tubing into a filtration assembly. For ground , , >,,. ., . ,, 
water, the sample ordinarily is pumped through a sample line I t  (, , ,,. ? , ' :  % ,,. :," ,, 

directly into a disposable capsule filter or other filtration : ' ,.; .. . .. . ,. 
, .-. -: . , , . .  ,... ....... , 

assembly. If the sample is.collected by bailer, the sample is , :LC. .,., .. :.,,a'.. , . 

bottom-emptied through fluorocarbon-polymer tubing and 'either .,:i: ' , . 
..,,! ,:, ; , '; - . . .. . .IT,.' . 

is composited in a churn or other vessel first or is transferred " , . :,, - . 
> ' :,.::- 

directly to the filtration assembly by means of a peristaltic pump. .. . . .,A. .. , . .  . 0. , :- 1 ... !,. .. 
Some bailers can be directly connected to a filtration device and , , . . I  .. . . ,I ' ' '+ .( , *,,>iL~,' .; 
hand-pump system. .. - , .  &, .. ,! . :'.;, ., . 
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SELECTION OF EQUIPMENT FOR W*TER SAMPLING-69 

I 

i '  , T E C H N I C A ~ ~ T E :  Separation of solid f rom aq"$ous 
I 

phases cadbe achieved by methods other than f i l tht ion,  
.+ and data requirements may dictate the need for an:alter-. 

native method .such as centrifugation, ultracentrifuga- 
tion, dialysis or lipid-membrane separation, or reverse- , . 

f low osmosis and tangential-flow filtration. 

The filtration assembly and filter material to be used depends on 
the class of target analyte(s) (table 2-8), as discussed; below. , 

I 
b , Inorganic Samples-The filter membrane (fifter) for 

filtering samples for analysis of inorganic constituents 
typically comprises material such as polyethersulfone, , 
cellulose nitrate, or polycarbonate polymer. Polyether- 
sulfone is the membrane mateqial used in the disposable 
capsule filter that currently is in routine use by the USGS 
water-quality program. I 

b Organic ~aAples-samples for organic-cokpbund 
analysis are filtered through discs composed of glass fiber 
(microfiber) material. Organonitrogen-herbicide samples 
'also can be filtered through disposable nylon membranes + (Sandstrom, 1995). The membrane material described 
above for inorganic samples should not be used for organic 
samples. 

b organic-~dbon samples-samples to be bnalyzed for 
dissolved organic carbon either can be filtered'through 
glass-microfiber filter (GF/F) discs or through the 

- disposable capsule (polyethersulfone) filter; the choice of 
filter depends on study objectives and protocols. Any 
sample to be analyzed for total particulate carbon (TPC) 
must be filtered through a GF/F disc. 

A filtered sample is defined operationally by the ndminal pore 
size of the filter (membrane or disc). 

b The filter pore size selected depends on study objectives, 
data requirements, and industry standards. 

Selection of Equipment for Water Sampling (Version 2.0. 312003) Sample Processing 



70-SELECTION OF EQUIPMENT FOR WATER SAMPLING 

b' The standard pore sizes of filters used by the USGS are: 

- 0.7pm for pesticides, most other organic compounds, + 
and some bacteria (NFM 7). 

- 0.45 pm for inorganic constituents (including major 
ions, radiochemicals, and trace elements), some 
bacteria (NFM 7), and dissolved.organic carbon. 

- 0.2 pm or less for trace-element samples to be 
analyzed for some geochemical applications and 
interpretive studies and for nutrient samples for which 
exclusion of bacteria at the 0.2-pm threshold is 
desirable. 

b See NFM 7 for a description of filters for biological 
analysis. 
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The standard device for filtering samples for analysis of 
inorganic constituents is the disposable capsule filter, which has 
replaced routine use of the plate-filter assembly for most 
applications (table 2-8). Construction materials of filtering 
systems must not be a source of sample contamination with 
respect to the substances for which the sample will be , 
analyzed. 

Disposable capsule filter I 

The protocol for filtering a sample for analysis of inorganic 
constituents requires using a disposable capsule filter12 such as 
the Pall-Gelman AquaPrep 600 ground-water sampling capsule 
with pleated polyethersulfone (SupoP) filter membrane material 
(hereafter referred to as "capsule filter") (fig. 2-1 1). I 

; ,. : ,,!. ;. , . .). .. *,,,. .:, . 
4 ,,I 

,t; :l:!l : ' 
+ 

( I ;j ,',;!! ,j,i'*'A 1 2 ~ h e  disposable capsule filter with polyeth~rsulfone.membrane also 'may b e  used 
I 0 :,' ' 

,- ,. .,,.', , for processing samples for analysis of dissolved organic carbon (sectiori 2.2.3.B, 
f .  

+ )  , ' , :  NFM 5.2.2.C). 
,,j!t,. t; . b 
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Plate-filter assemblies 

Before 1994, the most common filtration assembly used 
for USGS studies for filtering inorganic samples was the 
nonmetallic backflushing plate-filter assembly designed to 
hold a 142-mm filter. Because this method allows greater 
exposure of the sample to the air and because the assembly is 
time-consuming to field clean, this equipment generally is not 
recommended for routine filtering of inorganic samples 
(table 2-8). 

b' Types of plate-filter assemblies available for'inorganic 
samples include: 

- Fluorocarbon polymer filtration assembly designed 
for 47-mm-diameter filters; can be used for in-line 
filtering of inorganic or organic samples by using an ' 

appropriate filter membrane. 

- Plastic vacuum filtration assembly for a 47-mm- 
diameter filter; used with either a hand vacuum pump 
or a peristaltic pump. 

- Plastic backflushing assembly, available for 142-mm- 
and 293-mm-diameter filters (no longer in common 
use for USGS studies) 
(fig. 2-12). 
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b A smooth-tipped plastic forceps is needed to transfer the 
, \ filter to the plate of the filter assembly. Kennedy and others + (1976) give detailed instructions for use of the plate-filter 

assembly. 

Figure 2-12. No?metallic backflushing 
plate-f i l ter assembly for 142- 
mil l imeter-diameter f i l ter membrane. 
(I l lustration reproduced with permission 
o f  Gelman Sciences.) 
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 SELECTION OF EQUIPMENT FOR WATER SAMPLING 

2.2.3;~ ORGANIC COMPOUNDS 

Filtering whole-water samples isolates suspended solid-phase 
substances from the aqueous phase, thus allowing separate 
determinations of organic compounds in each phase. Filtering 
also helps to preserve samples for 'organic determinations by 
removing microorganisms that could degrade compounds in the 
sample (Ogawa and others, 198 1). 

b. Hydrophobic compounds are analytes that preferentially 
partition to particulate matter. Filtering concentrates 
particulate matter on the disc (filter), enhancing extraction 
efficiency and lowering analytical detection limits. This 
is especially useful for whole-water samples with small 
concentrations of suspended material and for which large 
volumes of sample (4 to 40 L) must be filtered to provide 
an analyzable mass of suspended materials. 

J : 

/ b Hydrophilic compounds are analytes that are water 

soluble. Filtering is used to remove suspended material t 
or other particulate matter from the water sample, to 
identify concentrations of dissolved analytes, and to 
remove any solid-phase substances containing constituents 
that could interfere with the analysis and that could be 
co-extracted with target analytes. 

Equipment needed to filter samples for determination of trace 
organic compounds, such as pesticides, is described in detail 
in Sandstrom (1995) and includes a positive displacement pump, 
an aluminum plate-filter assembly (or other appropriate or 
designated filtration assembly), the filter, and metal forceps. 
All equipment and components used for filtering whole-water 
samples for trace organic determinations should be made of 
materials (a) that will not contaminate the sample or sorb 
analytes, and (b) that can withstand organic cleaning solvents 
without being damaged. Such materials include stainless steel or 
aluminum, fluorocarbon polymer, glass, and nonporous ceramics 
(hard-fused microcrystalline alumina). Use of plastics, rubber, 
oils, and other lubricants is to be avoided because it can result in 
sample contamination, analytical interference, and (or) sorptive 
losses. 

U.S. Geological Survey TWRI Book 9 Chapter A2. (Version 2.0, 312003) ' ' 
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+Metering pump I 
The valveless pisthn metering pump consists of a pu&p head 
with a reciprocating piston driven by a 12-volt direct current 
(DC), variable-speed motor (fig. 2-13). It has a delivery rate of 
up to 500 rnL per minute. 

The pump head and all 
wetted parts are 
constructed of ceramic, 
.fluorocarbon polyiner, :or 
stainless steel 
components, which are 
resistant to organic' 
solvents. These, pumps 
can tolerate some 
suspended materials in the 
sample being pumped, but 
large concentrations of 
suspended materials can 
cause excessive wear of 
pump parts and sti-ain on 
the pump motor. 

The ceramic,pistdn and 
shaft of thes,e pumps will 
break if motor amperage 
exceeds 4 amps. TO avoid 
this, either a 4-amp DC 
circuit breaker connected 
in-line with the pump 
power line, or an 
alternating to direct Figure 2-13. Valveless piston metering pump. 
current converter with (Photograph by B.A. Bernard, 1998). 
4-amp maximum output, 
should be used. 
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4 7 SELECTION OF EQUIPMENT FOR WATER SAMPLING 

The pump and filtration assembly are connected by 114-in.- 
diameter convoluted fluorinated ethylene polypropylene (FEP) 
tubing (fig. 2;14) with appropriate fittings. The convoluted 
tubing does not crimp when bent. 

Figure 2-14. Flexible fluorinated ethylene polypropylene (FEP) tubing: 
(A) convoluted design and (B) corrugated design. (Published with permission of Cole- 
Parmer Instrument Company: A, Copyright 1992. 8, Copyright 1987. Cole-Parmer does 
not warrant these illustrations to be current, accurate, or suitable for any purpose.) 
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. ,':,,i 

I , . :  . .... . . ! 
I t ' . .  . .  '. ,,. , . . I  . . . .  . 

Filtration assemblies 
. , . ,, 

.+; , ,  ,. 
, .; ,,), d,;( :,*, [, 

, . The filtration equipment described below includes various types 
' .  < : *  ' !  
4 ..(' ', 

, , ?  

of plate-filter assemblies. Their use dependson the analysis t'o be 
. . &  , , ; ', ., . ., requested or the field method selected. Plate-filter assemblies . . 

1 : ;;: *,;; *; 
, . . ; .:.I+ are available for filters with disc diameters ranging from 13 to 
, " 

, . , ,. 
, a , , . .  . . t;, , i; 

293 mm. The size selected is determined by the sample volume 
.. ',;a " ;(;,;. 

,?#'., ,, . ...?,: J~ 
to be filtered and by the concentration of suspended materials in 

I... ',,! , . . , , c  
the sample. ~ h e d  collecting samples for analysis o! bigano- 

.,_ . 
: . I' 

,,; ;. . .  , nitrogen herbicides and dissolved organic carbon, filtration 
,:, t,! cr..+l" . *, . ' I  i ,  ,. . , w * , . !  , 
' I .  _ . options include's~ecific types of disposable capsule filters. 
:I . 
., 1: :".I , . . !  
. ,  I.?; ,S. ,,<;;,:@, 

b Trace organic compounds: Typical plate-filter 
.,< 2, p.3 .. . .  , . %.. . 

assemblies used for pesticides and other selected trace. 
8 , .  . . . 4  

. . .. : 
:> ,,. '* 

organic analytes include either the three-legged'aluminum 
-,;, +tt,:i,' 
.,:. i ?,;It (or stainless steel) plate-filter assembly (fig. 2-15A) or the 
,,: ;!,, !;$ '. PFA in-line filter-holder assembly (fig. 2- 15B). The ;,*. ', , 

, . f ' , . : ' !  ' 
L . 8  , 

: . o , , t ; , . ~ : . : ,  ..,I,? , " . . . aluminum plate-filter assembly consists of two machined 
. ,/. ( ..,me. , ,. , .. : . ' ,- . . aluminum or stainless steel plates (designed to kontain a 

! :!:,4,. 1 ... ':?,. '.:. . 
*;I,. , ,*'".' 

+ 142-mm-dia,meter filter) held together by locking bolts or a 
.i,s,.!:jb. 8 

,I, ,., I;,, , f ir ,  locking ring. ! 

- The plates have fluorocarbon polymer-coated silicone 
or Vitona O-rings set in grooves to seal the filtration 
assembly. A stainless steel screen on the lower plate 
supports the filter. A valve is built into the upper plate 
to exhaust trapped air. Connectors are built into the 
center of the top and bottom plates so that inlet and 
outlet fluorocarbon polymer tubing can be attached. 

( I .  

I 
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: * . 2 , . , i ,  * . I . , '  

- - Teflonm in-line filter-holder assembly: PFA filtration 
. . ,assembly with TefzelB ETFE clamp nut holds a 47- 

"mm- diameter,^^^ (0.7-pm nominal pore size). 
(Similar assembliesare available currently from 
cornm&rcial manufacturers, such as Savillex, Cole- 
Parmer, and Berghof.) ' .  . . 

A. Aluminum plate-f~lter assembly B. PFA f~lter holder 

Figure 2-15. (A)  Aluminum plate-filter assembly for 142-millimeter-diameter filter 
disc and (B) PFA f~ l te r  holder for 47-millimeter-diameter filter. (Cole-Parmer EW- 
06621-40 PFS filter holder shown. Photograph published w ~ t h  permission of GeoTech 
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, .. ., , 

' 

b ~rganonitrogeh herbicides: Sambles for anal$& of 
I , ,/+. 

, q ' , j . , $  . , . organonitrogen herbicides may be filtered using an in-line 
, ; , . (:+ 31 1. , , 

,,. I" 25-mm disposable'nylon filter unit (nylon filter), as + 
: .  , . . ! '., , 
':., ; ... '$ 

explained in the'indented items that follow. (Alternatively, 
, I t  , , .f... , , . .:+' , <: 

, . I . ;  

either a plate-fi\ter assembly or PFA in-line filter-holder 
t , :, , 

, . .  ., .;., \ 
: , .  . .  assembly can bkused, as described above under "Trace 

,:"' . .- ' .. 0 ' .  . I,. .> organic compounds"). Although filtration devices made of 
,, , ."' s; ?.' 
. . : I , s f .  

,. , % 

plastic components should notbe used ,to process water- 
. .. 
, , '% 

sediment samples for determination of organic 
::.", ;11,j 
!: '". i , :; compounds, the nylon filter has been approved an9 is an 

2 ' .,,, 
: .  . :/.. 

efficient option for a specific solid-phase extraction (SPE) 
. '  , ;)'.:, 

, ..dl ,; method for samples for organonitrogen-herbicide analysis 
=; , . ;$), . , , I '  

(Sandstrom an4 others; 1994). . ! I, i . . .'. . .,. ,. 
1 .  , ; " . ,$;' 
. #, -', ' 

,, :i:, ,. 

d , 2  ; .. ,,,? . s+:,; ...!,$ 
- The in-line disposable nylon filter consists of a 

[ .  '. . '  ' 

1 , . r  , 

25-mm-diametet nylon membrane, nominal 0 .45-~m 
... (>., , 
:(. . . pore diameter, enclosed in a nylon housing with Luer- 

.. .. 
;; ;;: I,:; , , 
I / 111 , 

r:'!;,:'5.,!. ' 

Lok inlet and outlet fittings. The nylon filter must be 
, '  

, . '.' . . ,.,. discarded after one use. 
\ - For detailed information regarding tubing' connectors 

and other kquipment needed for the nylon filter, and ] + 
on how to connect the nylon filter to the sampling 

. .:. ,:#I , 

system, re'fer to NFM 5 and Sandstrom and lothers ' ' 

, , , .  ,. ., 
, , ,  ... .. a. (1994). 
.L'. 5' . . 

f '  ,:.'lq;! 

, , ,. ,,; ,d! , . a  , - The 25-mm filter unit is appropriate for therSPE 
: ,4 , 1 , . . ,,I,.'* 
, .  . 

+.:.,.A , 
method because the required volume of filtered 

- .  , 
;,u:J ;; fl;:; sample is only about 100 'mL. . 
, .;. , ', I' , ,.I' I 

..<, '. 4 , : . ( .  
I + ,".., 

' !  . I ? .  
b Dissolved and particulate carbon:  iss solved organic 

; ..;!f,.", 
.' ,.,ti,,, 

carbon (DOC) samples are processed through either a 
"' ; * 
: . . J :  

Savillex florinited ethylenepropylene (FEP) prisbdre-' 
!-. filtration ass&bly, or disposable Supor@ capsule filter, , ' . . 

: < , d , ; - r j t ' ,  , 
,! ,, , j*,j. 
. . :, 

. . 
.. , . .: ,(, 
, ,. , 

depending on other carbon analyses required (NFM 
1 . '  
.. , .,, %., :?;i' o 8  . . 5.2.2.C). Total particulate carbon (TPC) samples are 
,'. , , "$: 

. I  I ., ,# ..!Q;" ..:.;. . y ! i .  
processed throhgh a Savillex ,pressure filtration assembly 

, ,v;y . , .  
. . - ,., , 

(fig. 2-16), loabed with a baked 25-mm,'0.7-mi&i~n pore 
. '!I .. . . ,  ' '  , . 
,:,<,, e., ?{;+: 

size, glass-mic'rofiber filter (GFIF) on a 25-rnrn stainless 
s , .  steel or polysulfone filter-support screen.' I ! I  

' . !  . , I '  . . + 

. . . . ,  
..', ' ., %!, ;!,!,~r,: .-,, 
., . ,I ,:$ :: ' 
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8 SELECTION OF EQUIPMENT FOR WATER SAMPLING "f 
b Either a hand-pressure pump or a peristaltic pump fitted 

with clean tubing can be used to move the TPC and 
particulate inorganic carbon (PIC) sample through the 
Savillex filtration assembly. Pressure can also be exerted 
using organic-free nitrogen gas in, a pressure tank with a 
regulator. 

I b A persitaltic pump or submersible ground-water pump can 
be used to move the DOC sample through the capsule filter. 

A detailed description of the methods and equipment needs 
for carbon-analysis sampling can be found in NFM 5.2.2.C, 
"Procedures for processing samples for carbon analysis." See 
also the equipment lists provided below in section 2.4. 

Figure 2-16. Fluorinated 

pressure-filtration (FEP) 
assembly for processing 
samples for analysis of 
total particulate carbon 
and dissolved organic 
carbon. (Published with 

I 

, + 

U S Geolog~cal Survey TWRl Book 9 Chapter A2 (Vers~on 2.0.312003) 



SELECTION OF EQUIPMENT FOR WATER SAMPLING-83 
., . . 
4 I. .I , 
.' <?), ,, 

.f , , ,b*,,s; .  , ? , , l v  * 5 . , : .  
,. 

a ,< : .  , "..,; 
:-. , ' , . .  
'. , :t . ' + Filter material , ; :; ;. ;. 
JI .I, . (:I , . .:'.:.: I.,! .s.', i 
. . , . , , I  % ,  ,' r ,;,I Tortuous-path depth filters made of borosilicate glass fibers . , 

' .  .I. ( *  

<. . I , ,  
,. ' . !  ,.I: are used to filter most samples ,for organic determination because 

I .  , .,'i :, 
+., I. 1 A ,., the material is basically inert, can withstand organic solvents, a 

, , ,b '>;,i.: : :  "... 
:. . , ,, 

and can withstand laboratory preparation (being baked at 
,,L s. ' . . 
: .  . I , .  450°Cj. Membrane filters (cellulose, polycarbonate, or . . 

,,,: :/;,:{,iii, 
*, ,,I,;!, polyethersulfone polymers) commonly used to process 

.,ti ?! .(%,;. 
q . ,,. . . . '..:'.' ji,.!. . : '/!.'" .; .. 9 . . . , 

samples for determination of nutrients and other inorganic 
, , * ' .  2% . . 

.,I ,I,.:I constituents are not suitable for filtering samples for most 
, . .  ,, , . :  . * .  
f:::a<:]:. 
;. ,,. it! . .: 
i;'.. > ,!' :, 
,, , , I I 1 . .  

, .I!i, '{ ,.,,' , 

1 :.,:;;,$.:<'* , - 
by:. .'. , ' .' 
4.. ;,-:. :;., , - . , ! ' : I  , , ..% 
! ,., I.., ' .  

._ . " .I.*' 

:< ;, ,' a',';;.<. : 
'.*:s$ 
, . < I '  1 

,,., !? .;: , i ' , . ,t  . . 
''6 .,; . , , p  

I 
organic determinations, mainly because they are not resistant 
to organic solvents used to preclean the sampling and processing 
equipment. DOC samples, however, may be processed through 
the polyethersulfone capsule filter (disposable SupoP filter) 
(NFM 5) if study objectives permit. 

b Use glass microfiber filters (GF/F) with 0.7-pm nominal 
pore size that has been baked at 450°C for at least 2 hours. 
(USGS personnel can obtain baked 142-mm- and 25-mm- 

+ diameter GF/F from OWQRL.) The 25-mm GF/F is used 
in the Savillex filtration assembly. 

. , .  . . 
; J : j .. ,\,? 

-, ,,; 3: i' ; 
t8",:,:ti,,; : ; ; I  

. . 
.,. ;., c.'+, , ,  . 

b Use only filters without binders,. (Acrylic resin binders 
,;,, . ~ I L . .  ;, , , .$, ;:., .. . 

might 1each:from the filter Cnd contaminate $;Apples, or . 

' 

. . . ,  ,>  
, I. *' .  

. . : . ,I , ,r i+ 
. might not be completely combiisted when baked at 450°C.) 

,.,,J,,. ,' 'IS 
'? > ,  ib.j<,!;:v. 
;;..: 

Binder-free ,glass-fiber filters are available, in various 
& . j C :  , , .; ,. ,.I . ., diameters ranging from 13 to 293 mm. , ' 

b For the filter material used in processing organonitrogen 
herbicides and dissolved organic carbon see the previous 
section on "Filtration assemblies." For the DOC sample, 
use a 25-pm, 0.7-rnm GF/F if the Savillex unit is used. 

, . .1 
! , 1 .  

1 ; 1  , '  

,h!~p$:d' ,i Selection of ~ ~ u i ~ m e n i  for p t e r  Sampling (Version 2.0, 3/2003) Sample Processing : ,.+.: , .4  .$ .  I . ,  
;.%fl! 
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84--SELECTION OF EQUIPMENT FOR WATER SAMPLING , 

Pump tubing refei-s to the sample lines used with peristaltic, 
metering, and submersible pumps. Field personnel are cautioned 
to evaluate possible artifacts in a sample associated with pump 
tubing and tubing connections. For filtering ground-water 
samples that are pumped directly from the well to a filtration 
assembly, C-FlexB or fluorocarbon polymer tubing is generally 
recommended. 

b Tubing connectors and connections that contact the sample 
should be made of inert material, to the extent possible. 
Stainless steel connections must be the highest grade 
available (SS 316). If flexible copper, aluminum, or 
stainless steel tubing is used for chlorofluorocarbon (CFC) 
sampling, it should be refrigeration grade. Such fittings 
ordinarily are delivered with coatings of machining 
lubricants, which must be removed by cleaning before use. 

- Greaseless fittings can be ordered. Fluorocarbon 
polymer, silicone, C-FlexB pump tubing commonly 
are used with portable submersible pumps and with 
peristaltic or metering pumps. Use of a fluorocarbon 
polymer material generally is recommended because 
fluorocarbon polymers are relatively inert with 
respect to many inorganic and organic analytes 
(table 2-9). 

U.S. Geological Survey TWRl Book 9 Chapter A2. (Version 2.0, 312003) 
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SELECTION OF EQUIPMENT FOR WATER SAMPLING-85 

Silicone tubing is suitable when sampling for inorganic 
, analytes only, and only after appropriate cleaning (see + NFM 3). 

- Measurable concentrations of silica (0.09 to 
0.24 mg/L) have been detected in blank samples 
passed through silicone tubing (Horowitz and 
others, 1994). These concentrations are likely to be 
significant only if low ionic-strength water is being 
sampled. 

. , - Silicone tubing was not designed for use with acids: 

- Silicone tubing is gas permeable and very, sorptive of 
organic compounds. 

3 Table 2-9. Common varieties and characteristics 
of fluorocarbon polymer tubing 

: FEP (fluorinated ethylene polypropylene) 
Most transparent 

High flexibility 
Least expensive of the Teflon@ varieties 

PFA (perfluoroalkoxy) ; 
Less transparent than FEP 1 I 
Virtually nonporous (nonpeheable) 
Most expensive of the TeflonB varieties 

PTFE (polytetrafluoroethylene) 
Least transparent; milky to white 
Most flexible I 

Midpriced between FEP and PFA 
' 

~ ~ n a r @  (polyvinylidene fluoride) 
Translucent 
Not very flexible 
Less expensive than the ~ e f l o n @  varieties I 

TefzelaY (Ethylene tetrafluoroethylene) 
Withstands higher pressure than Teflonm 
Most expensive 1 

Selection of Equipment for Water Sampling (Version 2.0. 312003) Sample Processing 



86-SELECTION OF EQUIPMENT FOR WATER SAMPLING 
' 

b C-Flex@ tubing is made from a thermoplastic elastomer . 

and is suitable for use when sampling for all inorganic 
analytes ind DOC. + 

- C-Flex@ is relstively resistant to acid. Acid resistance 
is a factor because dilute hydrochloric acid is required 
in some cleaning procedures (see NFM 3). 

- C-Flex@ is less permeable to gas than silicone tubing. 

b Fluorocarbon polymer tubing is recommended when 
sampling for most inorganic and organic analytes. 
Fluorocarbon polymer tubing is available in corrugated 
and convoluted, as well as in straight-wall configurations 

' (fig. 2-14). 

- Fluorocarbon polymer tubing premolded to the shape 
of the pump head is available. 

- Convoluted fluorocarbon polymer tubing is flexible 
and easy to handle. Attach convoluted tubing to each 
enil of the premolded tubing. 

- Fluorocarbon .polymer tubing sheathed in another 
plastic is available at lower cost bu't is not 
recommended because the fluorocarbon polymer 
twists, constricts, and readily cracks. 

U.S. Geological Survey TWRI Book 9 Chapter A2. (version 2.0, 312003) , 



SELECTION OF EQUIPMENT FOR WATER SAMPLING-87 

;,< ' l 1 f  1 
d I.I I b Polyvinyl chloride (PVC) tubing.(Tygona3) is suitable for 

inorganic samples only, and must be appropriately cleaned 
,*.,, !:-"%, + prior to contact with inorganic samples. 

.;. . .  - , . . . 
' ,: -;.: !f *.k . - PVC tubing can be washed with dilute acid. 

, - 1  : 
, I, 

- PVC tubing has the lowest gas permeability of any 

I peristaltic pump tubing. 
- Whenused with a peristaltic pump,  tubing has a 

shorter life than silicone, C-Flexa, or Norprenea. 
: I ) , ,  

. '. ':, .,,;I:;;., 
' j . .  , : . ,  - PVC tubing may lea~h~last ic ize~s.  , , 

I I (. ."  . .  . 
.I I . . 
.. :, i . ; b Nylon, polyethylkne, and polypro~ylkne are ail 

, . i,, 
' , , , ' . ,  , s 

inexpensive, rigid tubing tliat can withstand high pressure 
. ..I ,I;.. 

.. , and are suitable for sampling inorganic analytes. Nylon 
:. +,,,> > , ;!,.., 

,(~,. ,s.r.q I:,>. 
tubing is more resistant to organic compounds than other 

j / ,, 8 .,. 
I,!,.. ,,.A++ . 0 ,  . . .  plastic tubing, but has not been tested as a so:urce of 
'. . . .. . . ! 
,, . "  
i.. .' trace-element or organic-compound contamination. 
,( *~ {:.;j?. 
t r , . ,  " ' 1 ' .  

~. 
, ,, sl~,. ;,!. I 

j, , . 

: , ,$!, . . 
_I .'. , ,- , , < 1 "; : 

' L ' .  :., +: 
; .#,)..,,!,. 

,:;x  SF^!,‘. . 
, , , .... / I  Selection of Equipmei for Wnter Snmpling (Version 2.0. 3/2003) Sample ~ r o c e s s i n ~  



88-SELECTION OF EQUIPMENT FOR WATER SAMPLING 

b NorpreneB tubing is made from a thermoplastic elastomer 
(a polypropylene base with USP mineral oil) and is 
suitable when sampling for inorganic analytes only. It must 
be appropriately cleaned prior to contact with samples 
collected forinorganic analysis. (NorpreneB tubing has the 
longest life o f  any manufacturer-recommended tubing 
material.) 

- Norprenea tubing can be washed with dilute acid. 

- Norprenea tubing may leach USP mineral oil. 
~, 
- For use with,a peristaltic pump. 

- The gas permeability of Norprenea tubing is lower 
. than that of silicone 'tubing and greater than that of 

PVC tubing. 
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SELECTION OF EQUIPMENT FOR WATER SAMPLING-89 

B i  S.L. Lane, Sarah Flanagan, and D~B.  kadtke 

Water samples should be processed within vehicles that are 
designed, designated, prepared, and dedicated for tliat purpose. 
If a multiple-use vehicle must be used for water-quality work, 
then use of portable processing and preservation chambers is 
mandatory, and additional quality-control samples must be 
collected to document that the quality of the data has not been 
compromised. Contamination of some target analytes is much 
more likely when multiple-use vehicles are used for collection of 
water-quality data. 

Whether using a field vehicle dedicated for water-quality work 
or a multi-use vehicle, every effort must be made to keep the 
work area clean and to eliminate sources of sample 
contamination. 

b Keep metallic objects, such as surface-water and ground- 
water sampling support eq'uipment, out of the inorganic 
sample-pro~essing and -preservation area. 

. . 

b Install a dustproof barrier between the vehicle's cab and the 
sample-processing and -preservation area. 

b Cover metallic surfaces (cabinets or shelving that cannot 
be replaced) with plastic sheeting. Replace the sheeting 
periodically. 

- b Store chemical substances so that chemical fumes will not 
enter the sample-processing and -preservation area. 

b If transporting a nitrogen tank, make sure the tank is 
fastened securely to the vehicle with a bracket.' Gas-supply 
outfits sell brackets specially designed for gas 
tankslcylinders. 

Selection of Equipment for water s*mpling (Version 2.0.3/2003) Field Vehicles 
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For additional discussions of field-vehicle recommendations and 
requirements, refer to Horowitz and others (1994), Shelton 
(1994), and ~oterba and others (1995). 
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LISTS OF EQUIPMENT 1 2.4 
AND SUPPLI'ES 

! 

By S.L. Lane, Sarah Flanagan, and D.B. Radtke 

Checklists of the equipment and supplies commonly used to 
collect and process water samples are provided in the tables that 
follow (tables 2-10 through 2-17) to aid field personnel in 
selecting equipment needed to prepare for a water-quality field 
trip. These lists are not exhaustive and should be modified to 
meet specific study needs. Many of the items listed are explained 
in greater detail in other NFM chapters, as indicated. Refer to 
other chapters of this National Field Manual series for lists of 
equipment and supplies for field measurements (NFM 6), 
biological indicators (NFM 7), and bottom-material samples , 
(NFM 8). Equipment must be cleaned and tested before field , 

work begins (NFM 3). 

~elect~on'of Equ~pment for water Sampltng (Versron 2 0, 3/2003) L~srs 

i 
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- 

I Table 2-10. Support equipment for surface-water sampling 
[A detailed description of the various types of support equipment is beyond the scope of this manual; refer to 
Corbett and others (1943). Buchanan and Somers (1969). and Rantz and others (1982).] 

I I I 

Crane Bases 111 

;%,;,< . 1 1  Cranes 

I d 1  Miscellaneous 

Sampler meximum 
recommended weight 

(pounds) 

100 

300' 

50 

/ 
;",*", 

T Y P $ , * ~  
,' 

V P ~  A 

V P ~  E 
Bndge board 

Other 

I J 

Battery or hydraulic power motor system for 8-56 or E-53 reel 

Hanger bars, connectors, and pins for connecting sampler to cable 

Counterweights for four-wheel crane base 
Safety equipment (flotation jacket, cable cutter, bridge safety plan, traftic cones, and warning signs) 

Vertical transit rate pacer (US VTP-99) 

Other 

T Y P ~  

Three-wheel 

Four-wheel 

I 
Sampler maximum 

recommended weight 
(pounds) 

100 

150 

J 

.10 

'CAUTION: As of this publication date, a 275- to 300-pound sampler has not been tested for use with 275- to 
300-pound weights. 
2~election of type of reel should bebased largely on maximum cable length needed and weight of sampler that 
must be supported. I 

Brake 

No 

E-53 

Other 

+ 
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SELECTION OF EQUIPMENT FOR WATER SAMPLING- 

I 
Table 2-11. Support equipment for ground-water sampling 

Ground-water support equipment, 
1 

Handline or manual/power reel with line 
I 

Tripod assembly with manual or power reel 

Wellhead guide for flexible sample line to pump 

Wheeled carts to transport portable sampling equipment 

Energy source for reels and pumps (batteries, compressor, or generator) 

11 1 Other; 
. ,  I , '  , I I 

Table 2-12. Sample-collectibn equipment for (A) surface water and'(l4 ground water 
[NFM. National Field Manual for the ~ o l l ~ c t i o n  of water-~uali ty  ~ a t a ]  

J (A) Surface-water-quality sample collection - ' (refer to NFM 4) I 1 , 1 ,  J 

We~ghted bottle and handllne (plast~c or stainless steel) bottle 
US D-95 (plastic dipped) 

Bottle (I liter) ' , 
Nylon or fluorocarbon polymer nozzle' (3116. 114. or 5116 inch) and cap 

US DH-8 1 (handle and collar) 
~ ~ l o n  or fluorocarbon polymer nozzle' (3116, 114. or 5/16 ~nch) and cap 
Plastic or fluoracarbon polymer bottle (0.5 or 1 liter) 

US DH-95 (plastic dipped) 
~0t t16  ( I  liter) I I ,, 
Nylon or fluorocarbon polymer: nozzle' (3116. 114, or 5116 inch) and cap 

US D-96 Bag and US D-96-A1 (plastic dipped) 
slotted bottle (plastic) I 

Nvlon or fluorocarbon polymer nozzle' (3116, 114, or 5j l6 inch) and cap 

( PFA (perfluoroalkoxy) bag 
I US D-99 Bar! (plastic coated) . I I 

Nylon or iubrocarbon polyiner nozzle' (3116, 114 or 5116 inch) 
PFA bag 

Crane with 3- or 4-wheel base and counterweights 1 '  

1 Reel, hanger bars, and pins 

I~ur ren t  meter for US DH-95. US D-95, US D-96. US D-96-A1, and US D-99 I 
Bridge board and reel 

Plastic sheeting with weighted corners to cover bridge rail, 2 millimeters thick 

Vertical transit rate pacer 

Biochemical Oxygen Demand sampler 

Volatile Organic Compound sampler 

Thief sampler 

Pumping sampler(s) 

, * ,  
I . . . 

. '  ...,,* : . I '  , ,,;',.'',.:. 
',.,, ,,vt),,?; Selection of Equipmenl for Water Sampling (Version 2.0.312003) , 

! I 
Lis~s 

.., ', f'. , ,I . . .., 1j.t , , 



ELECTION OF EQUIPMENT FOR WATER SAMPLING 

1 

I Table 2-12. Sample-collection equipment for (A) surface water and (B) ground water- b 

'use  only nozzles purchased from the Federal Interagency Sedimentation Project. 7 

If measuring water level from a drinking-water well, decontaminate equipment by dipping the s 

wetted section into a 10-percent bleacwwater solution, followed by rinsing with deionized water. Dry 
the steel tape to prevent rusting. 

I U.S. Geological Survey TWRI Book 9 Chapter A2. (Version 2.0,3/2003) 



SELECTION OF EQUIPMENT FOR'WATER SAMPLING 5 31 
I 

Table 2-13. Sample-processing equipment and supplies 
I 

[NFM. National Field Manual for the Collection of Water-Quality Data; L, liter; mm, millimeter; pm, 
micrometer; in., inch; g, gram; mL, milliliter] I 

Sample splitters I J 
' ,  (refer to NFM 5) 

Plastic churn splitter, 8 L or 14 L, modified spigot and funnel (NFM 2.2.1 .A) (Inorganic analytes) 
Fluoropolymer chum splitter, 14 L (organic and (or) inorganic analytes) 
Modified spigot or Master Flex 6424-03 tubing to modify metal-spring spigots 

Chum camer I I 
. . Cone splitter 

Splitting chamber for cone splitter 

( , I* Bull's-eye bubble level and shims for cone splitter ' ' , ,  
' l l  

Large clear plastic bags: protective 
Covering for transporting clean chum splitter or cone splitter 

Subsample bottle kits for .whole-water samples 

Other: Gloves (powderless, disposable nitrile) 

Filtration systems for inorganics I I 
1 , I 

(refer to NFM 5) 
' /,I I I., I 1 

I Peristaltic pump and battenes 

I Pump tubing for ground-water and peristaltic pump (C-FlexTM, silicone, fluorocarbon polymer) 

1 Filtration assemblv ldisoosable cansule. date-tvoe. other) 
I . -  . , . ,  . . .  
( ~ i l t e r  membranes and discs (various diameters, pore sizes, and materials) 1 

I I Forceps (plastic or ceramic) I 
1 I Subsamole bottle kits for filtered inoraanic samples , 1 

Deionized water: Inorganic grade blank water (IBW) or Universal blank water (UBW) 

Other. Gloves (powderless, disposable nltrile) 

1 Filtration systems for organics 1 I , 1 
(refer to NFM 5) 

I , 
Plate-filter assembly, alumlnum or stainless steel, for 13-, 142-, or 293-mm-diameter filter dlsc or 

( PFA filter holdeifor 47-mm-diameter filter disc 

I Filter disc, borosilicate glass fiber (GFIF). 0.7-pm pore size, baked 142-mm, or 13-. 47-, or 293-mm- 

I diameter filter disc, as required 

I Pump, ceramic piston valveless metering, with fluorocarbon polymer convoluted tubing or ground- I . water pump tubing, a$d batteries 
- 

1 Filtration assembly. 25-mm-diameter, in-line, with disposable nylon filter 

Subsample bottle kits 

Volatile/pesticide-grade blank water (VPBW) 8 3  , 

Pesticide-grade blank water (PBW) 

Forceps (metal or ceramic) 

Other: Gloves (powderless, disposable nitrile) 
J Miscellaneous processing equipment and supplies I 

Sample processing chamber; supply of transparent plastic covers (bags) for portable chamber and 
disposable nonpowde'red gloves to handle equipment I 

Other: Gloves (powderless, disposable nitrile) 

-- -- - -- 

Selection of Equipment for Wnter Sampling (Version 2.0,3/2003) Lists. : I 
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SELECTION OF EQUIPMENT FOR WATER SAMPLING 

Table 2-13. Sample-processing equipment and supplies-Continued 

J TritiumIHelium-3 ( 3 ~ / ) ~ e )  age dating sampling system 

j '  (see NFM 5) 
I 1  

Comer samole tubes: two tubes oer well1 . . 
500-mL safety-coated glass bottle with polycone seals 

Back-pressure-valve assembly2 

Whitey valve SS-IRS6, 318-in. stainless steel~valve 
Swagelok 318-in. nylon ferrule sets. NY-600 set (10 each set) 
A small length of 318-in. clear tubing (allows you to watch for air bubbles) 

Reducing union to connect sample line to 318-in, sample tube 

Socket wrench with 13-mm socket is used to turn the bolts that close the pinchioff clamps 

Passive diffusion bag (PUB) samplers for investigating ' ' 
J selected voletile organic compounds 

I 1 I (see NFM 5) ' . I  , J # I  

I 1- to 2-ft-long low-density polytheylene (LPDE) lay-flat tube3 ! 

Polyethylene mesh (sleeve for PDB) 

Deionized water (used to initially fill the PDB before deployment) 
"" Weighted line or fixed pipe (to hold PDB in place in well) 'I I I 

Cable ties or stainless steel spring clamps (to hold PDB to weighted line or fixed pipe) 

I I Heat source to seal ends of PDB I 
'obtain information online at Reston Chlorofluorocarbon Laboratory by completing a Sample Tube Request 
Form (http:l/water.usgs.govllab/cfc) (accessed 5-12-2003). Samples are shipped to Lamont-Doherty Earth 

bsewatory in Palisades, NY, for analysis. , 1 

PNWQL Technical Memorandum 97.04s provides photographs and diagnms of sampling equlpment. 
Vroblesky (2001) ~ncludes photographs of sampling equlpment and deploymenl. 
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SELECTION OF EQUIPMENT FOR WATER SAMPLING 

Table 2-15. Cleaning and quality-control sampling equipment and supplies 

. . 
Selection of Equipment for p t e r  Sampling (Version 2.0, 312003) 



I Table 2-15. Cleaning and quality-control sampling equipmentand supplies-continued 
[NFM, National Field Manua!fi!he Collection of Water-Quality Data; FEP, fluorinated ethylene 
polypropylene] A 

J - I  = : Organic Compounds 

I Methanol, pestic~de grade3 1 
I I I Waste container, methanol3 I 
I I I Wash bottle, methanol (FEP-grade plastic)' I 
I I IAluminum foil I 

Fluorocarbon polymer bags/sheeting I 1 (Pesticide- or volatile-grade blank water ~ P B W  or vPBWI' 
' ' 

I ., 
Deionized water, district-produced or equivalent 

(ASTM International Type 1) 

l~estauran~-supply stores are an excellent source for these types of brushes. 
Refer to Office of Water Quality Technical Memorandum 2002.14 for description of a universal blank water. 

USGS personnel should obtain blank water from OWQRL "One-Stop Shopping" Web site using the following 
item numbers: 

1BW - 4378 FLD 
Universal blank water - N1580 or N1.570 
VPBW - N1580 or N1570 
PBW-N1590orN1600 

Methanol supplies must not be used for contact with samples for organic carbon analysis. 

A Table 2-16. Shipping equipment and supplies . + 
[NFM, National Field Manual for the Collection of Water-Quality Data] 

Shipping equipment and miscellaneous shipping supplies 
(refer to NFM 5) I 

I I Coolers, 1 to 5 gallon I 
1. I Boxes (sturdy) ' I . - .  

Packing material (foam sleeves, bubble wrap) 
, 

Ice 

Large plastic bags for lining coolers and boxes 

I I Sample-bottle labels I 
I Analytical Services Request (ASR) form 

I Return-address label and account number 

I I Sealable plastic bag for forms and rehrn label I 
1 I Tape, fiber I 

I .  

Ishipping label (forms) 

I U.S. Geological Survey TWRl Book 9 Chapter A2. (Version 2.0.312003) 



1 Table 2-17. Miscellaneous field supplies 1 
[NFM, National F~eld Manual for the Collection of Water-Quality Data] I 

J / Miscellaneous fielb supplies ) 

1 , '  I 

(refer to NFM 5) 1 11 
I Notebook and pen (indelible ink) IM . , 1 ' 

Field instruments (NFM 6; Office of Water Quality Technical Meinorandum 94.02) 

Calibration logbook for each instrument (NFM 6) 
Field folder(s) with station, site, and well information and permission form 

Field documentation forms 

' I Calculator and extra batteries 

Watch I 
Stopwatch and headset for dischargemeasurement I 

Hip boots 

Chest waders I 
I 1 Rain gear I 

I Personal flotation device 

1 Traftic safety vest, cones, signs, warning lights 

I I First aid kit I 
I I ~ i g h w a y  emergency kit 1 

Tool kit I 

Tape (electrical, fiber, fluorocarbon polymer, other) 

Plastic-coat spray 

Fire extinguisher 

Flashlight with extra batteries , 

I 1 ~ a c k u p  batteries for samplinp devices I 
Keys to sampling site, security locks, and vehicle (extra set) 

Weather report 

Field trip itinerary (copy to supervisor): sampling and safety plans, Job Hazard Analysis form 

Cellular phone or two-way radio 

Camera with extra film and batteries 

Work gloves 

Shovel, ice chisel/auger 

Boat, motor, gasoline, oil, paddle, oars 
Drinking water 

Soap (antibacterial) 

I I Papei towels (lint free) I 

- 
Map(s)  - 

- 

Locations and phone numbers of hospitals and other emergency facilities (NFM 9) 
' 

USGS photo ID should be with all field personnel at all times in the field. 

I 1 Other I 

U.S. Geologicnl Survey TWRI Book 9 
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CONVERSION FACTORS, SELECTED 
TERMS, AND ABBREVIATIONS 

CONVERSION FACTORS 
Mu1 tiply* 

inch (in.) 
square inkh (in2) 

foot (ft) 
gallon (gal) 

pound, avoirduiois (Ib) 
meter (m) 

centimeter (cm), 
micrometer (pm) 
millimeter,(mm) 

liter (L) 
milligrams per liter (mg/L) 

milliliter (mL) 
milliliter (mL) 

milligram (mg) 

gram (g) 
kilogram (kg) 

BY To obtain 
25.4 millimeter (mm) 

645.16 square millimeter (mm2) 
0.3048 meter (m) 

3.785 liter (L) 
0.4536 kilogram 
3.281 foot 
0.3937 inch 
3.9372 x inch 
0.03937 inch 
0.2642 gallon 
0.5841 . grains per gallon 
0.0338 ounce, fluid 
2.64 x gallon 
3.527 x 1 0 ' ~  ounce, avoirdupois 
0.03527 ounce, avoirdupois 
2.205 pound 

*Example: 1 in. x 25.4 = 25.4 mm. 

Vertical datum: Vertical coordinate information is referenced to 
the North ~merican Vertical Datum of 1988 (NAVD 88). (The 
term "sea level" is no longer used to express vedcal datum in 
publications of the Water Resources Discipline of the U.S. 
Geological survey.) 

Temperature: Water and air temperature,are' given in degrees 
Celsius ("C), which can be converted to degrees ~ahrenheit (OF) 
by use of the following equation: 

', ,.:. - , q., ;r . . 
, ' Y i i * .  :- 1. i , !: , ... "1: ... 

, , .. ..:?;;; selection of Equipment for Water Sampling (version 2.0. 312003) Conversion Factors 
, ,: 

' ,' . ; ,..: 



-SELECTED TERMS 
Analyte (target analyte): "Substances being determined in an 
analysis" (from Bennett, Harry, ed., 1986). The term "target 
analyte" is used in this report to refer to any chemical or 
biological substance for which concentrations in a sample will be 
determined. Target analyte does not include field-measured 
properties such as temperature, conductivity, dissolved-oxygen 
concentration, pH, Eh, alkalinity, color, or turbidity. 

Fluorocarbon polymers and fluoropolymers: Fluorocarbon 
polymers (polyfluoroc&bons) or fluoropolymers are composed 
of monomers (smallest repeating compound segment of polymer) 
consisting of carbon, fluorine, hydrogen, and, for one' polyme'r, 
oxygen. The fluoropolymers have tradenames that include, for 
example, Teflon@ and TefzelB (ethylene tetrafluoroethylene) 
(products of the DuPont Company) and Kynar@ (a polyvinylidene 
fluoride, a ,  product of the Atofina. Chemicals Company). 
Common .types of fluoropolymers include .FEP (fluorinated 
ethylene polypropylene), PFA (perfluoroalkoxy), PTFE 
(polytetrafluoroethylene), and PVDF (polyvinylidene fluoride). 
Each .fluorocarbon polymer has different chemical and physical 
properties; however, all are relatively nonreactive chemically at 
ambient temperatures and do not leach monomers. 

Trace element(s): For the purpose of this report and to maintain 
consistency with common usage, the term "trace element(s)" is 
used to refer to metals and other elements such as arsenic, 
antimony, selenium, and tellurium that usually are present in 
natural surface- and ground-water systems in concentrations less 
than 1 mg/L (modified from Hem, 1985). Common usage of this 
term, as defined above, is inexact and not rigorous with respect to 
the aqueous chemistry discipline. 

',. \%': , ' . ' ?  

, .7-: ; 
?;Aq<.::. .. 
.* <".I1 ' 
. .. . ** , .*,~, .- - P 

:.?3>.v.;, 
, t. . , . I . ' .  

' / ' , .  - 
. P  ., ;.' 

,, .;.: ..; ':.. 
L,",, .j ..: . ..?? 

I . : 

Whole water: Water as sampled from its source and not .,L -,L,-' . 
' ,I.\;. , . 

c. ., <,,&:, ', 

subjected to filtration or other phase-separation ' process. ' ' ?  .; ; . . :... A . 
. Lli' 

Common synonymous terms include: raw (water) sample and ..,,,:, , 
1 :.. . ...a 
, ,  ., .. ... ' i 

unfiltered (water) sample. ' 8 , l  ) ,. ' 
4, . ,,:,, .,, ': - ., . ) ,  , + ! . I T ,  . . , : c . 5  . . 

. . 
U.S. Geological Survey TWRI Book 9 Chapter A2. (Version 2.0, 312003) 

, , . ' 



* :  1. I .. . , 

,'i-',:", . , \  
r , I .  ; ,;y:; y,;!?:, !A 

I . .  . - , ." ., , $,? ' 
's: ... ' 
, ., ,. ' . . - .  . , 
..'_ I ... . . ,:: ir: , , , . . : ,, {;$;;b;j , . 

, SELECTED SYMBOLS, * 
.; . a , :  , .: + ,  .. ..I' ., , . . .. . , 8 ,  . ,  .. - 

a . . , . . . .  . . approximately ' . 

.',.,";:',..~! . . 
A~;,.!, 2 1, > greater, than ... :I.:.! 
' . * ,  , b..b , 

, . ;:: .* I 
, .  , I . .  

less thanor equal to 
. . . . . . , I  ,. , , .  
ii,., ' ' . ~ ~ ~ ,  - + plus or minus 

. . . , .. ? I  ;. 
h I . ' .  

,;.,:,:,I:, ,I: 
p . , . i ,  ' . )  

<~;+,,-.,p >$,;; 

ABBREVIATI0,NS 
, , ,,,.I, 
! . . I .  

. .  . ,  BOD biochemicaloxygen demand 
CFC 

DC 

Dm' 

- DOC 

ETFE 

ft/s 

FEP 

gallrnin 

GF/F 

HIF 

IBW 

Llrnin 

lb/in2 

mgJL 
NFM 

NWQL 

chlorofluorocarbon 

direct current 

distilledldeionized water 

dissolved organic carbon 

ethylene-tetrafluorethylene 

feet per second 

fluorinated ethylene polypropylene 

gallon per minute 

glass microfiber filters 

USGS Hydrologic Instumentation Facility, 
Stennis Space Center, Mississippi 

inorganic-grade blank water 

liier per minute 

pounds per square inch 

milligramsper liter - 

National Field Manual for the Collection of 
Water-Quality Data 

USGS National Water Quality Laboratory 
' 1 '..., ;. 
, ...,;I; , 

OWQRL Ocala Water Quality and Research Laboratory 
. . 

i 

:, ; t;+,-i..,j;; 
,( .! 

PBW pesticide-grade blank water 
. .., . , . , . , .., , ..', ,. . (water certified free of pesticide comp'ound~) 

, . .  , . . + 
.. .,(. 
, . .. PDB . passive diffusionbag sampler 

a;,,. \,? , a  
1 ( 1  

,!,$:I:, ::;$I; ' PFA perflporoalkoxy . .. . -  / I ,-. , .* ,.,.,. . ,  . . 
: 1 ., ! ,'.,' ' 

- -  - - - -- 
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PIC 

PTFE 

PVC 

PVDF 

SPE 

SS 

TPC 

TWRI 

USGS 

USP 

VOC 

VPB W 

particulate inorganic carbon 

polytetrafluoroethylene 

polyvinyl chloride 

polyvinylidene fluoride 

solid-phase extraction 

stainless steel 

total particulate carbon 

Techniques of Water-Resources Investigations 

U.S. Geological Survey 

United States Pharmacopeia 

volatile organic compounds 

volatile/pesticide grade blank water 
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APPENDIX: 
CONSTRUCTION, OF A COLLAPSIBLE 

SAMPLE-PROCESSING/PRESERVATION 
CHAMBER 

I 

I This frame can bk pulled apart at the 4 joint? that are' left uqglued, and will 
swivel or fold at these joints. Schedule 40 polyvinyl chloride pipes can be used 
for greater rigidity. Dimensions of chamber depend on its use (processing or 
preservation) and the space available in the vehicles. 
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Foreword 

The mission of the Water Resources Division of the U.S. Geological 
Survey (USGS) is to provide the information and understanding 
needed for wise management of the Nation's water resources. 
Inherent in this mission is the responsibility to collect data that 
accurately describe the physical, chemical, and biological 
attributes of water systems. ~hese'data are used for environmental 
and resource assessments by the USGS, other government and 
scientific agencies, and the general public. Reliable and objective 
data are essential to the credibility and impartiality of the water- 
resources appraisals carried out by the USGS. 

The.development and use of a ~ a t h n a l  Field Manual is necessary 
to achieve consistency in the scientific methods and procedures 
used, to  docum'ent those methods and procedures, and to  
maintain technical expertise. USGS field personnel use this 
manual to ensure that data collected are of the quality required to 
fulfill our mission. 

Robert M. Hirsch 
Chief Hydrologist 
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CLEANING OF EQUIPMENT FOR WATER SAMPLING 

Chapter A3. 
CLEANING OF , 

EQUIPMENT FOR 
WATER SAMPLING 

Edited by Franceska D. Wilde, Dean.B. :Radtke, 
Jacob Gibs, and  Rick T. Iwatsubo 

ABSTRACT I 
The National Field Manual for the Collection o f  Water-Quality Data 
(National Field Manual) provides protocols and guidelines for U.S. 
Geological Survey (USGS) personnel who collect data used to 
assess the quality of the Nation's surface-water and ground-water 
resources. Chapter A3 describes procedures. for c.leaning the 
equipment used to collect and process water samples and for 
assessing the efficacy of the equipment-cleaning process. This 
chapter is designed for use with the other chapters of this field 
manual. 

Each chapter of the National Field Manual is published separately 
and revised periodically. Newly published and revised chapters 
will be announced on the USGS Home Page on the World Wide 
Web under "New Publications of the U.S. Geological Survey." The 
URL for this page is chttp://water.usgs.gov/lookup/get?newpubs>. 

INTRODUCTION I . ' ,  
As part of its mission, the U.S. Geological Survey (USGS) collects 
data needed to assess the quality of our Nation's water resources. 
The National Field Manual for the Collection o f  Water-Quality Data 
(National Field Manual) describes protocols (requirements and 
recommendations) and provides guidelines for USGS personnel 

+ who collect data on the Nation's surface-water and ground-water 
resources. Chapter A 3  describes procedures for cleaning the 

Cleaning of Equipment for Water Sarnpllng 9/98 , Introduction 



equipment used to collect and process samples of surface water 
and ground water and procedures for assessing the efficacy of the 
equipment-cleaning process. 

The National Field Manual is Section A of Book 9 of the USGS 
publication series Techniques of Water-Resources Investigations 
(TWRI). Each chapter of this manual is published as a separate 
report. Chapter numbers are preceded by an "A" to indicate that 
the report is part of the National Field Manual. Other chapters and 
sections of other chapters of the National Field Manual are referred 
to in this report by the abbreviation "NFM" and the specific 
chapter and  (or) section number. For example,  ,general 
information on field measurements of ground water is covered in 
section 6.0.2 of Chapter A6, "Field Measurements," and would be 
cited as NFM 6.0.2. 

I 

PURPOSE AND SCOPE 
I 

The National Field Manual is targeted specifically toward field 
personnel in order to (1) establish and communicate scientifically 
sound methods and procedures, (2) provide methods that 
minimize data bias and, when properly applied, result in data that 
are reproducible within acceptable limits of variabiliity, (3) 
encourage consistent use of field methods for the purpose of 
producing nationally comparable data, and (4) provide citable 
documentation for USGS water-quality data-collection protocols. 

, 
The equipment-cleaning procedures presented in this chapter are 
adequate for routine environmental conditions. A modification of 
the cleaning procedures might be required, for example, in order 

' to decontaminate equipment adequately after sampling at sites 
where analyte concentrations are large. Modifications to the 
s tandard procedures described i n  this  chapter must be 
documented and quality controlled. 

- - 

Chapter A3 9/98 



CLEANING OF EQUIPMENT FOR WATER SAMPLING 

REQUIREMENTS AND RECOMMENDATIONS 

As used in the National Field Manual, the terms required and 
recommended have USGS-specific meanings. I 
Required (require, required, or requirements) pertains to USGS 
protocols and indicates that a specific USGS Office of Water 
Quality (OWQ) policy has been established on  the basis of 
research and (or) consensus of the technical staff and has been 
reviewed by water-quality specialists and ~ i s t r i c t '  or other 
professional personnel, as appropriate. Technical memorandums 
or other unpublished documents that define the policy pertinent 
to such requirements are cited in this chapter. Personnel are 
instructed to use required equipment or procedures as described in 
this chapter. Departure from or modifications to the stipulated 
requirements that might be necessary to accomplish specific data- 
quality requirements or study objectives must be based o n  
referenced research and good field judgment and must be quality 
assured and documented. 

Recommended ( r e c o m m e n d ,  r e c o m m e n d e d ,  o r  
recommendation) pertains to USGS protocols and indicates that 
USGS Office of Water Quality policy recognizes that one or several 
alternatives to a given procedure or equipment, selection are 
acceptable on the basis of research and (or) consensus. Specific 
data-quality requirements, study objectives, or other constraints 
affect the choice of recommended equipment or !procedures. 
Selection from among the recommended alternatives should be 
based on  referenced research and good field judgment, and 
reasons for the selection should be documented. Departure from 
or modifications to recommended procedures must be quality 
assured and documented. 

'~istrict  refers to a water-data collecting organizational unit of the USGS located In any of the 
States or Territories of the United States. I 
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FIELD MANUAL REVIEW AND REVISION 
+ 

Chapters of the National Field Manual will be reviewed. rdvised. 
and reissued periodically to correct any errors, incorporate 
technical advances, and address additional topics. Please send 
comments or corrections to NFM-QW, USGS, 412 National Center, 
Reston, VA 20192 (or send electronic mail to nfm-owq@usgs.gov). 
Information regarding the status and any errata of this and other 
chapters can be found at  the beginning of the electronic version 
of each chapter, located in the Publications Section of the 
following website: http://water.usgs.gov/lookup/get?owq. 

Newly published and revised chapters, will be announced on the 
USGS Home Page o n  t he  World Wide Web under  "New 
Publications of the U.S. Geological Survey." The URL for this page 
is ~http://water.usgs.g~v/lookup/get?newpubs. I I 
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erly cleaned before contacting (decontamination): ....,, .. . . ... , 

the sample and that the effective- Applying cleaning ,,.,:, . .Ii.'. 7 . 
..+ :p .',$ 

ness of cleaning procedures be . solutions to the surfaces I. '< ,,. . . 
quality controlled (Sandstrom, n ./ 

of equipment or using ::,;. : ' c. 
1990; Horowitz and others, 1994; , .. #) , - , , .  -'.. . ; r , .y t i  . &. . $  . 

Koterba and others, 1995). The other nondestructive ,;.* 2 .,. : 
;I't; 2% 

goal of equipment cleaning is to procedures (such as steam ,:,.,':,::, , .  ,A ... : ..,. . , . 

help ensure that the equipment is cleaning) to remove , tt:...:; . z ~ 

not a source of foreign substances f,;,sz:;;. foreign substances that ...c:,G-,. that  could affect the  ambient ., C .. '.- . ll',. . , . ..,: :' 
could affect the . . 

concentrations or chemistry of ' .... .,: a < ! :,;'. 
.._.,..- 

target analytes in samples. Stan- concentrations of k,-.i! ;. : ,. :>:,:;. ,:*.. 
dard procedures are described in.  analytes in samp1,es. -',;; . . .: .,;:,. . .. %, 

this chapter for when, where, and 
how t o  clean .equipment ,con- 
structed of various materials and to collect equipment blanks and 
field blanks for quality control. Space is commonly dedicated in 
an office laboratory for equipment cleaning and fo'r storage of 
cleaning supplies. In this report this work space can include the 
Field Service Unit or other dedicated office space. 
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CLEANING OF EQUIPMENT FOR WATER SAMPLING 

b Clean all sample-collection and sample-processing equip- 
ment before use. 

- Manufacturing residues must b e  removed from new 
equipment. +. n 

i " ,  ' 
L ( l ' l  I - Dust and any other foreign substances must be removed 

. - from equipment that has been in storage. 

::4."'!!, .3;,ik 
d ,, 
( ' I I.' ,,. ,, : ;,, ..; ;:! 

I - Substances adhering to equipment from previous sampling 
must be remo'ved. I 

b Prevent cross contamination between sampling sites by 
rinsing equipment with deionized water (DIW) 'while 
equipment is still wet, and then clean equipment as 
prescribed in this chapter before transporting it to the next 
site. , 1 

b Do not substitute fieldsrinsing with sample water for the 
equipment-cleaning procedures described in this chapter. 

b Collect equipment blanks and field blanks for quality 
control. A minimum of one equipment blank per year is 

. required for each piece of equipment. The frequency of 
collecting blanks normally is based on study objectives and 
site conditions.~ 

., ,I r1: 

, , *, $ ,),:;;; ',' 
. , <,. !:.' . 

I.. .I . , 

' . ; 1 , .  
,>, "i.', I:':' . 
;,, ,,,!.:'> . . I,.: .t 
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By D.B. Radtke. A.J. Horow'itz, and 
M.W. Sandstrom 

The supplies commonly used to clean sample-collection and 
sample-processing equipment are listed in table 3- 1. Cleaning 
supplies are to be stored in a contaminant-free cabinet. Follow - 
safety instructions regarding the storage of chemical reagents 
(NFM 9). 

Before gathering the cleaning supplies, check the construction 
materials (for example, metal, glass, or plastic) of washbasins and 
other cleaning items relative to the samples to be collected. 

b For analysis of inorganic constituents-Basins, 
brushes, and other items used for cleaning should be 
constructed of a suitable nonmetallic material such as 
uncolored or white polypropylene, polyethylene, or other + plastic. Do not use cleaning agents or items that  
might leach or sorb metals if the equipment to be 
cleaned will be used for samples to be analyzed for 
trace elements. 

b For analysis of organic compounds-Basins and other 
cleaning items can be constructed of metal, glass, or plastic 
materials. Stainless steel is recommended if methanol will be 
used. Do not use cleaning agents or items that might 
leach, sorb, or leave residues of organic substances 
that could bias or interfere with the analysis. 

I 

Cleaning of Equipment for Water Sampling 9/98 Supplies for Equipment Cleaning 

. '. ).'. .?,> 
<.  ,.. ( .I ' . ' :; ,:!. ?,.., 

.J ,; . ,.' ' ! r 
, . . ' , ? I "  

.::,;,!,'.. . . f  . 1 " 
;~ f 
J?>-+ it:... :, ,:, , .  . 
. . .  . , ,- . .. 



' ,  
I '  $ ; 
' t 

J .  12 I- CLEANING OF EQUIPMENT FOR WATER SAMPLING 
I 

Table 3-1. Supplies for cleaning e q u i p m e n t  used for water-sampl ing activit ies 

[ACS, American Chemical Society; DIW, distilledldeionized water; pSIcm, microsiemens per centmeter at 
25 degrees Celsius; PBW, pesticide-grade blank water; VBW, volatiles and pesticide-grade blank water; 
IBW, inorganic-grade blank water; L, liter; cm, centimeter; TOC, total organic carbon; DOC, dissolved 
organic carbon; SOC, suspended organic carbon; NFM, National Field Manual: PVC, polyv~n$l chloride; 
IBW, inorganic-grade blank water] 1 '  - - 

Item 1 Desoription and Co,mmentsl , , 

I I ~ c i d  solution' . Hydrochloric: ACS trace-element grade (5 percent by volume I in DIWl. 1 11 
, Nitric: A& trace-element grade (10 percent by volume in I DIW). 

I I Aluminum foil 
I 

, I Organics only: Heavy duty, for work surfaces ankl equipment. I 
I I 

I .  

Bags, plastic or fluorocarbon . Sealable bags with uncolored closure strips, vario+ sizes. 
polymer Recvclable trash bags are recommended for large 

Noncolored plastic sheeting 

Brushes and sponges It------ 
I eqipment  storage: . 

Clean sheeting used to provide a clean work surface. I 
-- 
Uncolored; plastic components needed for inorganic work. 1 

I 

Distilledldeionized water (DIW) Maximum specific electrical conductance, 1 pS/cm (usually 
District produced; Office of Water Quality ~eniorandum 

Office-produced organic-grade Usable only as a cleaning solution and only as specified in the I ( deionized water I text. Must not be used to substitute for PEW or YBW' I 11 
Gloves, disposable 

f I I 

Nonphosphate laboratory soap (for example, LiquinoxTM). 

Powderless, noncolored vinyl, latex, or nitrile (latex or nitrile 1 + 

I I 1 i for use with m'ethariol), assorted sizes. , I Im 
. . 

Inorganic-grade blank Blank water with certificate of analysis prepared and (or) I (IBW)' quality assured by the analyzing laboratory. IBW is required 
for blank samoles. . .. , ,  , 

Jerricans or carboys For waste solutions and as neutralization container. 
Neutralization container: 25- to 30-L, polyethylene, wide- 

mouth, with layer of marble chips. 
Methanol waste container: Appropriate for flamniable liquid. 

ACS pesticide grade. Methanol is the organlc solvent in 
common use for equipment cleaning, but study 

1 requirements might dictate use of a different ACS 
oesticide-qrade solvent. 

Neutralization materials 

Pesticide3-grade blank water 
(PBW)'; volatile-grade blank 
water (VBW)' 

(NFM 9) 

Marble landscape chips (1- to 2-cm chips r e ~ o ~ m e n d e d ) . ~  

Blank water prepared and (or) quality assured by the 
analyzing laboratory; required for collecting blank samples 
as follows: PBW for pesticide analysis; VBW for volatile 
compounds analysis and pesticide analysis; and either PBW 
or VBW for TOC, DOC, and SOC analyses. 

For example, Material Safety Data Sheets (MSDS), safety 
glasses, chemical spill kit, apron, emergency phone 
numbers. 

._,, . l ' .  i ' , 
, .  * 

,, 3j .:; ,, 
i , .,;,rv, &,i 

!,!'. ' 
..,j:.:,,: ;, 

. ,.us, . , 

, . 
' I  a m ,  

I 
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1 Table 3-1. Supplies for cleaning equipment used for water-sampling 
activities-Continued 

4- 

Standpipes for submersible 
P'JmP 

11 I 

Tapwater 

Tissues 

Item 

Plastic, glass, or other suitable material; for example, pipette 
jars or capped PVC casing; one standpipe labeled for blank 
water and one each for each cleaning solution. (Do not 
use PVC for methanol.) 

If quality is questionable, substitute DIW. Tapwater is more 
effective for initial and rapid removal of detergent residue. 

Laboratory grade, lint free, various sizes (for example, 
KimwipesTM). 

Deroription and ~o%menta,; . I 

Wash bottles Labeled to indicate contents (for example, ACID, DIW. TAP). 
(dispenser or squeeze) Fluorocarbon polymer needed for methanol, PBW, VBW, and 

IBW. 

11 1 Washbasins 

Cleaning of Equipment for Water Sampling 9/98 Supplies for Equipment Cleaning 

One washbasin for each cleaning solution; white or 
uncolored. Plastic, nonleaching. (Stainless steel is required 
for methanol.) I I 



CLEANING PROCEDURES 

By A.J. Horowitz and M.W. Sandstrom 

Equipment should be cleaned in an area protected from airborne 
or other sources of contamination.  Procedures t o  remove 
contaminants to concentrations below the targeted method- 
detection levels can vary, depending on the cleaning supplies 
used, the type of equipment being cleaned, the solubility and 
concentration of contaminant(s) ,  and the  length of t ime 
equipment is exposed to contaminant(s). Examine equipment- 
blank and field-blank data to determine whether 
'adjustments to the cleaning protocol are needed 
(section 3.4). 

The cleaning procedure to be usid depends on the type(s) of water 
samples tha t  will be collected and  processed. Figure 3-1 
summarizes the sequence of cleaning procedures for equipment 
used to collect samples for inorganic and (or) organic analytes 
(Sandstrom, 1990; Horowitz and others, 1994; and Koterba and 
others, 1995). 

b Inspect equipment for stains, cuts, or abrasions. 
Replace parts as needed. 

- Replace chipped or cracked glassware. 

- Replace bent sampler nozzles or samplers with bent fins 
(surface-water samplers). 

- Replace tubing if mold, mildew, or imbedded sediment 
cannot be removed. 

- Replace cracked or severely crimped O-rings. 

- Repair pump intakes and antibacksiphons that have loose or 
missing screws. 

- Check the flow manifold and sample tubing to ensure that 
valves and quick-connect fittings are in good working order; 
repair or replace as necessary to eliminate any problems. 

- Recoat chipped surface-water samplers with ,epoxy paint or 
"plasti-coat." Such samplers must be recoated before use. 

Cleaning of Equipment for Water Sampllng 9/98 Cleanlng Procedures 
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I 
INORGANIC ORGANIC INORGANIC AND 

CONSTITUENTS ,COMPOUNDS ORGANIC ANALYTES 

, - - - - - - - 
; Methanol; . . 

- - - - - - - -  
I Substitute with DIW if tapwater is  dot available 

or of poor quality. 

. Remove and clean metal parts, as shown 
PBW or VBW. 

for metal equipment. ! , 

EXPLANATION 
DIW Distilledldeionized water 1 ' 1  

, - - - - - - - 
I methanol] Current protocol includes methanol rinse for most types of . - - - - - - -  equipment except that used with samples for organic-carbon 

analyses. . SAFETY ALERT: 
~ethanol ' is highly flammable; fumes can be hazardous to 

- 

human health. 
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CLEANING OF EQUIPMENT FOR WATER SAMPLING- 

b Rinse equipment with DIW directly after use while 
equipment is st i l l  wet  and before cleaning 
procedures are implemented. 

b Place cleaned equipment in doubled storage bags. 

CLEANING OF EQUIPMENT USED TO 3.2.1 
SAMPLE FOR INORGANIC CONSTITUENTS 

I 
Cleaning of equipment used to collect and process water for 
analysis of inorganic constituents involves a five-step office- 
laboratory procedure or a five-step field-site procedure. These 
procedures are effective for cleaning equipment exposed t o  water 
containing concentrations of as much as 50;000 pg/L of iron. 
5,000 pg/L each of manganese and zinc,. 400 pg/L of copper, 
125 pg/L of cobalt, and large concentrations of the other trace 
elements (Horowitz and. others, 1994). The cleaning procedures 
are summarized in figures 3-2 and 3-3. (These procedures do not 
apply to field-measurement instruments-see NFM 6.) 

Equipment should be cleaned periodically in the office laboratory, 
where complete disassembly is more practical and more thorough 
procedures are' possible. Compared to cleaning at the field site, 
cleaning procedures carried out in the office laboratory involve 
longer exposure of equipment to cleaning solutions, more 
frequent change of cleaning solution, and greater volumes of rinse 
water. 

b To minimize field cleaning of equipment between sampling 
sites, preclean a separate set of equipment for each site. 

Cleaning of Equipment for Water Sampling 9/98 Cleaning Procedures 
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CLEANING OF EQUIPMENT FOR WATER SAMPLING 

I 

Office ~ a b o r a t o r ~ i  Inorganic Constituents 

Detergent wash Preparation sampling DIW rinse2 
and tapwater 

rinse 

metal equipment - I 
'Acid soak used for nonmetal equipment. 

* DIW = deionized water (table 3-1). 11 
Figure 3-2.Office-laboratory cleaning procedures for equipment 
used to sample for inorganic constituents. 

I 

Preparation I step '- I 
Field Site: Inorganic Constituents 

DIW' rinse , Check DIW rinse 
sampling 

I equipment A 
I 
I 

1 ------------- 
Detergent-wash 

I*------ 
option3 ! - - - - - - - - - - - . 

nonmetal equlpment 

m'etal equipment 

' DlW = deionized water (table 3-1). 
I . , 

2 ~ ~ i d  rinse used for nonmetal equipment. 

Detergent wash is routine only for field cleaning of submersible pumps; 
metal equipment components, or excessively contaminated equipment.: 

, . . .  , 

Figure 3-3.,Field-site cleaning procedures for equipment used to 
sample for inorganic constituents. 
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Ste 1. Preparation at the office laboratory or field site (figs. 3-2 
an 3-3). I 

I a. Prepare a contaminant-free space for cleaning and drying the 
cleaning supplies and sample-collection and sample-processing 

, I ,  equipment. 

i. Gather the cleaning supplies, the equipment to be cleaned, 
and the plastic bags or other material with which to,wrap the 

, . 
cleaned equipnjent. Check table 3-1 for the' cleaning supplies 
needed. 

I ii. Place clean plastic sheeting over the work surface. 

I iii. Put on disposable, powderless gloves2, a 1aborat4~ coat or 
apron, and safety glasses. 

I iv. Prepare the detergent solution, using a nonphosphate, 
laboratory-grade detergent. - I 

Office laboratory (fig. 3-2). Use 0.1- to 2-percent 
solution, volume-to-volume (vlv),, using a higher 
concentration for dirtier equipment. 

I , 

Field site (fig. 3-3). Use 0.1 - to 0.2-percent solution, vlv. 

I v. Prepare the acid solution, using a 5-percent v/v dilution of ACS , 
I trace-element-grade hydrochloric acid (HCI) in DIW. ' + 

I Add the adid t o  the water, not water to acid (NFM 9). 
I If nitric acid (HNO~-) will be used, prepare a 10;percent 

solution (v/v) of ACS trace-element-grade acid in' DIW. 

vi. Label each washbasin, standpipe, and wash bottle to indicate + I the solution it will contain. Use a black waterproof marker. 

I vii. Unwrap the equipment to be cleaned and'discard the storage 
bags. Change gloves. 

I b. Clean the items ured tci clean the equipment. 

i. Fill washbasini and (or) standpipes with the nonphosphate 
detergent solution. Put wash bottles, scrub brushes, and other 
small items used for cleaning into a washbasin. Soak for 30 
minutes. , 

ii. Scrub interior and exterior sides of basins and standpipes with 
soft scrub brushes. Fill wash bottles with a soapy solution and 

, shake vigorously. 

'~efers to laboratory gloves that are nonpowdered on the inside and intended for 
disposal after one use. Glove materials must be appropriate for the work to be 
carried out and the solutions and equipment to be contacted. For example, vinyl 

+ 
gloves are appropriate for most sampling activities but not when working with 
methanol or other organic solvents. 

U.S. Geological Survey TWRI Book 9 chapte:k3. 9/98 
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CLEANING OF EQUIPMENT FOR WATER SAMPLING 

iii. Rinse all items thoroughly with tapwater to remove detergent 
residue. No detergent bubbles should appear when fresh 
tapwater is agitated in the basin, standpipe, or wash bottle. 

iv. Rinse washbasins with DIW. 

v. Pour 5-percent HCI (or 10. percent HN03') solution into 
washbasins, standpipes, and ,wash bottles. Soak for 30 
minutes. Do not soak items with metal parts (exposed 
or hidden) in an acid solution. I I 

vi. Discard used acid solution into a neutralization container 
containing a bottom layer of marble chips (Step 4d). 

vii. Rinse washbasins, standpipes, and wash bottles with DIW. 
Dispose of DIW-using, directions in Step 4d. 

c. Disassemble sample-collection and sample-processing equip- 
ment. Change gloves. 

Submersible pumps should be disassembled periodically for 
office cleaning, but they are not usually disassembled for 
field cleaning. 

Processing and preservation chamber frames should be 
cleaned periodically using office-laboratory cleaning pro- 
cedures. Field cleaning is needed only if the cover is slipped 
over the frame instead of being clipped to the inside of the 
frame. 

Step 2. Detergent wash and tapwater rinse-Office laboratory 
(fig. 3-2). 

a. Place small equipment parts into washbasin labeled for detergent 
and fill with a 0.1- to 2-percent solution of nonphosphate 
laboratory detergent. The amount of detergent depends on the 
hardness of the tapwater and the degree to'which the equipment 
is dirty or contaminated. 

b. Soak equipment and tubing for 30 minutes: fill tubing with 
solution and keep submerged. 

c. Scrub exterior and interior of equipment surfaces to the extent 
possible, using a firm sponge or soft brush to remove any 
adhering material such as oil and grease, sediment, algae, and 
chemical deposits. Pay particular attention to grooves and 
crevices, O-rings, nozzles, and other spaces where inorganic or 
organic materials might be trapped. Change gloves. 

d. Rinse equipment thoroughly with warm tapwater to remove 
detergent residue. Equipment rinsing is completed when no soap 
bubbles appear after the rinse water is agitated. Change gloves. 

. . 
Cleaning of Equipment for Water Sampling 9/98 Cleaning Procedures 
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I Step 2. DIW rinse and detergent-wash option-Field site 
(fig. 3-3). 

, . 

For the DIW rinse: 
. . 

a. Rinse equipment and tubing with DIW. Pay particular attention to 
removing material from grooves and crevices, O-rings, nozzles, 
and places where materials might be trapped. Note that 
equipment should already have had one DIW rinse directly after 
contact with sample water and before the equipment had a - 
chance to dry. 

I 

b. Change gloves. Proceed to field detergent-wash option only for * 

metal equipment components or for equipment that has become 
excessively contaminated. 

For the detergen t-wash option: 

A field detergent wash i s  used for between-site cleaning of 
submersible pumps, metal components of equipment, or for 
equipment that has become greasy or otherwise coated and 
requires detergent t o  remove foreign materials; specific 
instructions for submersible pumps are given ir i  section 3.3.9. . 

I I 

a. Place small equipment, tubing, and parts into basin labeled 
"detergent" and fill with a 0.1 - t o  0.2-percent detergent solution. 
Soak for about 10 minutes, or keep equipment assembled and 
circulate the solution through pump tubing for 5 to 10 cycles. 

b. Scrub equipment surfaces with a firm sponge or soft brush to 
remove any adhering material such as oil and grease, sediment, 
algae, or chemical deposits. Pay particular attention to grooves 
and crevices, O-rings, nozzles, and other places where materials 
might be trapped. Change gloves. 

c. Rinse equipment~thoroughly with tapwater to remove detergent 
residue. Use DIW if tapwater is unavailable or is suspected of 
having a quality so poor as to contaminate the equipment. If 
necessary, use a wash bottle filled with DIW or tapwater to rinse 
hard-to-reach places; pump tapwater through assembled 
equipment for five or more tubing volumes. ~ ~ u i ~ m e n t  rinsing is 
complete when no soap bubbles appear after agitating the rinse 
water. If nonmetal equipment has been detergent-wash'ed, go to 
Step 4. 

d. place equipment into acid-solution washbasin. Change dloves. 
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CLEANING OF EQUIPMENT FOR WATER SAMPLING- 

Step 3. Check e uipment-Office laboratory and field site 
(figs. 3-2 and 3-8,  , 

- Nonmetal equipment or equipment with removable metal parts: 
remove any metal parts and go to Step 4. 

- Metal equipment components or excessively contaminated 
equipment: go to Step 2, detergent-wash option at the field site 
and then to Step 5, DIW rinse. ' . 

Step 4. Acid soak/rinse-Office laboratory and field site 
(figs. 3-2 and 3-3). 

For equipment constructed primarily of glass or fluorocarbon 
polymer or some other plastic, soak (office laboratory) or rinse 
(field site) in a 5-percent (v/v) HC1 solution to remove any 
remaining organic films and inorganic deposits. 

TECHNICAL NOTE: A 10-percent (v lv)  HN03- solution can 
be used instead of HCI if samples to be collected with the 
equipment will not be analyzed for nitrogen species. 

a. Place ,nonmetal .equipment and tubing into the washbasin 
labeled "acid solution." 

b. Office laboratory. Fill basin with dilute HCI solution (see 
TECHNICAL NOTE above). Soak equipment and tubing for 30 
minutes. Carefully swirl the acid solution several times during the 
30-minute soak to enhance removal of mineral encrustations. 

c. Field site. Using a wash bottle filled with 5-percent HCI solution 
(see TECHNICAL NOTE above), rinse exterior of equipment and 
tubing. Pump acid solution through the equipment and tubing, 
using a peristaltic pump. 

d. Carefully pour or pump the used acid solution into a 
neutralization container with marble chips covering the bottom 
(table 3-1). Do not reuse the acid solution. 

Do not fill the neutralization container more'than three- 
fourths full of acid solution. 

Ventilate container and workspace to allow for safe escape 
of carbon dioxide gas during dissolution of marble chips. 
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-CLEANING OF EQUIPMENT FOR WATER SAMPLING 

Check the solution pH periodically using ,narrow range: pH 
indicator .stiips. Neutralization is complete 'when the 
solution pH is greater than 6.0 or the original DIW pH. 

Discard the neutral solution, as appropriate. 

Rinse the container with tapwater but retain any 
undissolved marble chips. Replenish chips to form' a layer 
on the bottom of the neutralization container. 

I 
, . , .  
,, (.. 
:, . . I  . I Ste 5. DIW rinse-Office laboratory or field site (figsS43-2 and 

'*  ; ,: I ., t ,  1 3 - 3 r  , , 

I a. Place equipment into the cleaned washbasin labele'd DIW. 
Change gloves. 

b. Office laboratory. Rinse exterior and interior of each piece of 
equipment and tubing thoroughly with DIW and place on a clean 
surface to dry or into a clean IBW washbasin if blank samples will 
be collected to quality control the cleaning procedures. 

, Y I I c. Field site. Pump DIW through equipment. 

I d. Pour or discharge DIW rinse water into netralization container. 
Change gloves. I 

I e. Continue DIW rinsing until rinse-water pH is greater than 6.0 or 
the original DIW pH. . . 

f. Allow equipment to air dry in an area free from potential airborne 
contaminants. 

! 

Storage of clean equipment 
/ . . i 
' I .. 8 , :  ,,,: .., . >  . .  

,,,;y:h,, ,, t3'~>' 
::t, 

b . Place dry, clean equ ihen t  inside doubled plastic I?ags. For 
h.', :, , s  1 3 ,  ;, .' ' ,' ., . , .  

small equipment, parts, and tubing, use sealable plastic bags. 
. .  . , 

. , $ i  ' '  
, .',. , . ., , 8 

". , ;.. I $ I  

b place the churn splitter and funnel into doubled plastic bags 
,.. .,!. ,,' and t h e n  place ,churn splitter inside of the churn carrier. 

,114. I,">"' , , !,L b,,lt, 

I ,,. I 

I 
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CLEANING OF EQUIPMENT FOR WATER SAMPLING- 25 

CLEANING OF E~UIPMENT"USED TO 3.2.2 

SAMPLE FOR ORGANIC COMPOUNDS 

Nearly identical procedures are used in the office laboratory and 
at the..field site to clean equipment used to sample for organic 
com'pounds. The office laboratory provides an environment in 
whicli equipment can be cleaned over an extended' time using 
greater volumes of cleaning and rinsing solutions than in the 
field. The five-step cleaning procedure summarized in figure 3-4 is 
described in this' section. If inorganic constituents also will be 
sampled for, check the sequence of cleaning solution to be used as 
shown in figure 3-1 before proceeding. . 

b If individual or dedicated.sets of equipment for each field site 
are not available or cannot be precleaned, field clean 
equipment before moving to the next sampling site and + process additional field blanks for each field trip (Koterba 
and others, 1995). 

- b Collect additional field blanks after cleaning equipment that 
was exposed to high levels of contamination (NFM 4) and 

'lf sampling'for inorganics also, acid soaklrinse nonmetal equipment before 
the methanol rinse. 

ocedures-for equipment used to sample 
+ .  

I 
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-CLEANING OF EQUIPMENT FOR WATER SAMPLING 

Equipmen t-cleaning procedure for organic compounds 

Standard procedures for office-laboratory and field-site cleaning of 
equipment used to collect and process samples for organic- 
compound analysis ,are described below and summarized in 
figure 3-4. Not all the steps listed apply to all equipment, however. 
For example, 

b Omit any cleaning procedure for sample bottles for 
organic compounds. Bottles for organic analyses arrive 
from the laboratory capped and ready for use and should not 
be rinsed by field personnel. Discard bottles if received 
uncapped. 

b Omit the methanol rinse when cleanin'g the 
equipment used to collect and process samples for 

, total, dissolved, and suspended organic carbon 
(TOC, DOC, SOC). If equipment (such as a submersible 
pump) that has been in contact with methanol or other 
organic solvent must be used for TOC, DOC, or SOC 
sampling, flush the equipment with copious quanfities of 
sample water before collecting the sample; collection of a 
blank sample for DOC quality control is recommended. 

Be sure to check the specific procedures for selected equipment 
listed in section 3.3 before proceeding with the office-laboratory 
and field-site procedures. 

Step 1: Preparatioli (fig. 3-4). 

a. Prepare a contaminant-free space for cleaning and drying the 
cleaning supplies and sample-collection and sample-processing 
equipment. 

i. Gather the cleaning supplies, the equipment to be cleaned, 
and clean storage bags and aluminum foil with which to wrap 
the cleaned equipment. (Check table 3-1 for the cleaning 
supplies needed.) 

ii. Cover the cleaning area with aluminum foil or fluorocarbon 
polymer sheeting. 

Chapter A3. 9/98 
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CLEANING OF EQUIPMENT FOR WATER SAMPLING- 

I 

iii. Put on disposable, powderless gloves,3 a laboratory coat or 
apron, and safety glasses. Gloves provide protection from 
direct contact wi th solvents only for a liniited period 
o f  time. 

iv. Prepare the detergent solution, using nonphosphate 
laboratory-grade detergent. A 0.1- to 0.2-percent ( v l v )  
solution is normally of sufficient strength, unless equipment is 

. very oily or greasy. Do not use greater than a 0.2-percent 
solution for field cleaning. 

b. Clean the items used to clean the equipment. 

i. Label each washbasin, standpipe, and wash bottle with a black 
waterproof marker to indicate the solution it will contain. 

ii. Follow Steps 2-5, listed below, to clean the washbasins, 
standpipes, wash bottles, and other items to be used for 
equipment cleaning. 

c. Disassemble sample-collection and sample-processing equip- 
ment. Submersible pumps should be disassembled periodically 
for office cleaning but usually, are not disassembled for field 
cleaning. 

3~efers  to laboratory gloves that are nonpowdered on the inslde and intended for 
disposal after one use. Glove materials must be appropriate for the work to be 
carried out and the solutions and equipment to be contacted. For example. vinyl 
gloves are appropriate for most sampling activities but not when working with 
methanol or other organic solvents. Use solvent-resistant gloves when cleaning 

. with organic solvents. Latex or nitrile disposable, powderless gloves are 
appropriate when using methanol. 

+ 
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-CLEANING OF EQUIPMENT FOR WATER SAMPLING 

Step 2. Detergent w ish  and tapwater rinse (fig. 3-4). ' , 

a. Place small equipment parts into washbasin labeled for 
detergent. Fill washbasin with a 0.2-percent solution of 
nonphosphate, laboratory-grade detergent. (The specific 
concentration of detergent solution depends on how 
contaminated the1 equipment might be and on the hardness of 
the tapwater.) .Change gloves. 

Office laboratory. soak equipment in detergent solution 
for 10 to 30 minutes. 

Field rite. ;Rinse equipment exterior and interior with 
detergent solution. 

b. Scrub the exterior and interior of equipment surfaces to the 
extent possible, using a firm sponge or soft brush to remove any 
adhering material such as oil and grease, sediment, algae, or 
chemical depositsi Pay particular attention to removing material 
from areas where inorganic or organic materials might be 
trapped, such as grooves and crevices, O-rings, and nozzles. 

c. Place equipment into tapwater washbasin. 

d. Rinse equipment thoroughly with tapwater to remove detergent 
residue. Use an organic-grade water (PBW, VBW, or office- 
produced) if tapwater is unavailable or is of a quality so poor as 
to contaminate the equipment. If necessary, use a wash bottle 
filled with organic-grade water or tapwater to rinse hard-to-reach 
places. Equipment rinsing is complete if no detergent bubbles 
appear when rinse water is agitated. Change gloves. ' 

Step 3. Checksampling requirements (fig. 3-4). 
\ 

a. If samples will be collected for organic analysis only, go to Step 4. 
4 

b. If samples will be collected for inorganic analysis in addition to 
organic analysis, follow the procedure for the acid wash and DIW 
rinse before proceeding'with the methanol rinse (see figs. 3-1 

I 1 I 
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CLEANING OF EQUIPMENT FOR WATER SAMPLING 

Step 4. Methanol rinse4 (fig. 3-4). 

+ a. Change to gloves that are chemically resistant to any solvent 
being used. Place cleaned equipment into a clean stainless steel 

. or organic-solvent-resistant washbasin. Methanol-rinse area must 
be outside of the field vehicle and away from the sample- 
processing site. Sample-collection, -processing, and 
-preservation areas must remain free of solvent vapors. 

b. Use pesticide-grade methanol (or appropriate organic solvent) 
dispensed from a methanol fluorocarbon-polymer wash bottle 
(office laboratory) or pumped through tubing (field site) (see 
TECHNICAL NOTE below). 

i. Rinse equipment exterior and interior with a minimum 
amount of methanol. 

ii. Rinse interior of pump tubing with methanol. 
Do not rinse exterior of pump tubing with methanol. 
Do not rinse pump tubing with methanol or any 
organic solvent if TOC, DOC, or SOC samples will be 
withdrawn through that tubing. 

+ 4 ~ u r r e n t  (1998) cleaning protocol dictates the use of methanol to. remove 
contaminants from equipment to be used to collect samples for analysis of organic 
compounds. 

Cleaning of Equipment for Water Sampling 9/98 
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iii. Place equipment components and tubing on a clean aluminum 
foil surface. 

iv. Pour or discharge used methanol (or other organic solvent) 
into an appropriate waste container for flatymable liquids 
(Water Resources Division Memorandum 94.007). Change 
gloves. Dispose of gloves used for methanol rinse 
appropriately. 

TECHNICAL NOTE: Rinse with dichloromethane or hexane if 
the methanol rinse is not sufficient to clean equipment 
contaminated w,ith excessive concentrations of hydrophobic 
organic compounds. If rinsing with dichloromethane or 
hexane, use pesticide-grade solutions, wear nitrile gloves, 
and use only on dry equipment, (dichloromethane and 
hexane are not soluble in water). Do not rinse equipment 
with any organic solvent if equipment will be used for TOC, 
DOC, or SOC samples. 

Step 5. Air dry equipment or rinse w i th  organic-grade water 
(fig. 3-4). 

a. Allow methanol-rinsed equipment to air dry in an area free from 
dust and potential airborne contaminants (place an aluminum 
foil tent loosely over the drying equipment). 

' 

b. If it is not practical for the methanol to evaporate from the + 
interior of equipment components or sample tubing, either 

dry by blowing clean, filtered, inert gas through 
equipment; or 
rinse methanol from equipment with pesticide-grade or 
volatile-grade blank water, dispensed from a wash bottle or 
pumped with a valveless fluid metering pump. 

Storage of clean equipment 

Cover all equipment orifices with aluminum foil or fluorocarbon 
polymer bags, then 'place equipment into sealable storage bags. 
Isolate equipment used to collect trace-element samples from 
aluminum foil. 
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SPECIFIC PROCEDURES FOR 3.3 
CLEANING SELECTED TYPES 

OF EQUIPMENT I 
By A.J. Horowitz, M.W.'Sandstrom, and  F.D. Wilde 

I I 
The equipment-cleaning steps described in sections 3.2.1 and 
3.2.2 apply to most, but not all, equipment. This section describes 
the cleaning procedures needed for specific equipment for which 
the general protocols are modified or do not apply, or for which 
more detailed instructions might be useful. Wear .appropriate 
disposable, powderless gloves throughout  each cleaning 
procedure, changing gloves with each change in cleaning solution 
and as described in section 3.2. 
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CLEANING PROCEDURES >:. .) ; 

< . , ? - ,  ;: 
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Bottles for samples to be analyzed for inorganic constituents 
include translucent colorless polyethylene, opaque brown 
polyethylene,  and  t ransparent  glass bottles.Translucent 
polyethylene bottles that were acid rinsed at the laboratory should 
arrive capped with colorless, translucent plastic caps. Glass bottles 
for samples for mercury analysis also are acid rinsed, and should 
arrive capped. 

b Discard acid-rinsed bottles that are received 
uncapped. 

b A cleaning procedure is required for bottles that will cpntain 
samples  t o  be analyzed for trace e lements  a n d  is 
recommended for bottles that will contain samples to be 
analyzed for major ions and nutrients. 

Before leaving for the field, clean polyethylene and lass sample 
bottles, including acid-rinsed bottles, as described n the steps 
tha t follow: 

f 
1. Put on powderless, vinyl gloves. 

2. Fill each bottle about one-quarter full of DIW arid cap. 

3. Shake vigorously and decant DIW. 
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4. Repeat the DIW riqse 6 t e p s  2 and 3 iabove) two moretimes. 

5. ~ollowing'the last rinse, fill each bottle half full with*DIW and cap + 
the bottle. 

6. Rinse exterior of bottle with DIW and dry with lint-free liboratory 
tissue. 

, '  

7. Store bottles in ddubled plastic bags. 

I ,  
" 'I 
I .( 3.3.2 CHURN SPLITTER CLEANING 
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PROCEDURES 
I 

Plastic churn splitters are used primarily for samples to be analyzed 
for inorganic constituents (NFM 2). Avoid the  need to field-clean 
t h e  churn splitter by 'using a separate, precleaned churn splitter at 
each field site to be sampled, if possible. 

I ,  
\ 

When usin the detergent wash/tapwater rinse for the churn 
splitter-0 f fice-Jaboratoryprocedure (fig. 3-2, Step 2): a 

I .  Fill churn splitter through the funnel with detergent solution. 

2. Soak for 30 minutes. 

3. Scrub interior and exterior surfaces with a soft brush, taking care 
not to abrade the surface. 

$. 

*4: Pay particular attention to cleaning the paddle and the area 
around the spigot. ' I ' I I  

5. ~ a k e  sure spigot and funnel are free of sediment, inciuding fine 
particulates (clay), organic matter, and stains. , , , '  1%. 

6 .  Drain some of the cleaning solution through the spigot before 
discarding the remaining solution. I 

7. Fill churn through thehfunnel splitter about one-third full with 
tapwater; swirl and shake churn vigorously to remove ,detergent 
residues. Allow tapwater to pass through the spigot. 

8. Repeat rinse procedure until no bubbles remain in rinse water 
after the water is agitated. 
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CLEANING OF EQUIPMENT FOR WATER SAMPLING- 
. . 

When using the acid rinse for the &urn splitter-ofice- 
laboratory or f i  eld-site procedures (figs. 3-2 and 3-3, Step 4): 

1. Do not allow acid solution to contact the outside of churn splitter, 
'.:or the churn spigot. . . 

. . 
" . 

2. Do not pass acid solution through the spigot. 

3. Decant acid solution by pouring out of the top of the churn into 
the neutralization container. 

When using the DIW rinse for the churn splitter-ofice- 
laboratory or field-site procedures (figs. 3-2 and 3-3, Step 5): 

1. Fill the churn splitter through the funnel with DIW to about one- 
third full. 

2. Swirl the DIW vigorously and pour it out of the top of the churn 
into the neutralization container. 

3. Repeat the fill-and-swirl procedires of 1 and 2 above at least 
twice, checking the pH of the DIW after each swirl with narrow- 
range pH indicator strips. 

I 

4. Pass a portion of the DIW through the spigot only after 
the DIW pH equals or is greater than either 6.0 or the pH 
of the DIW before acidification. Pour the rest of the DIW 
into the neutralization container. 

For storage of a cleaned churn splitter-Ofice-laboratory or ffeld- 
site procedures: 

1. Package a clean, dry churn splitter in two new plastic bags and 
loosely tie or secure with a nonmetal clip. If a churn splitter must 
be packaged while wet, use within 1 to 3 days and (or) keep 
chilled to prevent bacterial growth. . 

2. Place entire package into the churn carrier. 
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.3 CONE SPLITTER CLEANING PROCEDURES 
1 

1 The fluorocarbon-polymer cone splitter (NFM 2) i s  appropriate for 
splitt ing samples for inorganic or organic analyses. When 
cleaning t h e  cone splitter (Office of Water Quality Technical 
Memorandum 97.03). pay particular attention to removing 
foreign material from threaded and hard-to-access parts. Field 
cleaning can be minimized by having separate, precleaned cone 

1 splitters available for, each si te and by keeping a supply of clean 
tubes to replace the  used tubes for each si te to be sampled. 

When inorganic constituents will be analyzed in samples 
processed through th'e cone splitter: 

Office laboratory. Follow the  steps as described for figure 3-2. 

Field site. ~eferring' to figure 3-3: 

1. Prepare the field site as described in section 3.2.1. Put on 
disposable, powderless gloves. I 

2. ~ inse the splitter thoroughly with deionized water. 

3. Inspect the conelsplitter. If it looks dirty, is suspected of being 
contaminated, or was allowed to dry between field sites without 
a thorough DIW rinse, or if the splitter will be used for sampling 
both inorganic and organic analytes, use the detergent-wash 
option. Change gloves. 

4. Acid rinse by passing 1 L of 5-percent HCI solution through the 
cone splitter. Collect used acid .solution into a neutralization 
container. Change gloves. I 

5. Rinse the cone splitter with at least 3 L of deionized water. Collect 
the rinse solution into a neutralization container. Change gloves. 

6. Allow the cone splitter to dry and then store in a clean plastic 
bag. Seal the bag and store in a second plastic bag or plastic 
storage container for transport to the next site. A cone splitter 
that is packaged into bags while wet should be used within 1 to 
3 days and (or) kept chilled to prevent bacterial growth. 

I I 
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CLEANING OF EQUIPMENT FOR WATER SAMPLING 

When organic compounds will be analyzed in samples processed 
through the cone splitter (fig. 3-91: 

Office Laboratory. Follow the  steps described for figure 3-4. 

Field Site. 

1. prepare site as described in section 3.2.2. Put on appropriate 
disposable, powderless gloves; if a solvent will be used, select 
gloves that will withstand contact with, the solvent. 

2. Detergent wash and ,rinse equipment as described for figure 3-4. 

3. Check equipment and sampling requirements. If splitter will also 
be used for inorganics sampling, follow acid-rinse directions 
before rinsing with methanol or other organic solvent. 

4. Proceed with the methanol (or other organic solvent) rinse, if 
required (section 3.2.2). 

Do not use any 'organic solvent if the cone splitter 
will contact samples for analysis of TOC, DOC, or SOC. 

If samples processed through a splitter will be analyzed for 
TOC, DOC, or SOC, rerinse the splitter thoroughly to 
completely remove residues from the detergent wash. Use 
PBW, VBW, or other organic-grade water for the final rinse if 
complete methanol evaporation is impractical.' If the cone 
splitter will not be used to process samples for inorganic 
constituents at the next site, wrap nozzle and other orifices in 
aluminum foil. 

For storage of a cleaned cone splitter: 

1. Allow the cone splitter to air dry. 1 

2. Place the cone splitter into a clean plastic bag and seal. 

3. Store in a second plastic bag or plastic storage container for 
transport to the next site. 

If a cone splitter must be packaged while wet, use within 1 to 3 
days and (or) keep chilled to prevent bacterial growth. 
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-CLEANING OF EQUIPMENT FOR WATER SAMPLING 

I ,  

, 3.3.4 FILTRATION EQUIPMENT CLEANING 
t C . ,  c!. .+ 

I ,  ' n PROCEDURES I 

. ; . , i , , , l  I 

. , >  
,I , . 3.3.4.A Disposable capsule Filter Cleaning 

1 .. .. . 
t.,?.i.. 

.;. ' 
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Procedure 

I I 

Filtration equipment includes disposable capsule filters and 
various plate-filter and pressure-filter assemblies. Cleaning . . 

procedures for these types of equipment are described below. 
. . 1 1 , "  

The disposable capsule filter has a one-time use for processing 
samples to be analyzed for inorganic constituents but must be 
cleaned before use. The filter can be prerinsed in the office 
laboratory instead of; at the field site as long as it is kept chilled 
and used in less than 1 day. After filtering the sample, clean or 
replace the sample-delivery tubing and discard the capsule filter. 
The cleaning procedure described  below comprises sufficient , 

cleaning of the filter for analysis of inorganic constituents at the + 
parts-per-billion (ppb) concentration level (Horowitz and others, 
1994). 

I 

(. 3 ' .  '. . . .  

. To clean the disposable capsule filter, pum 1 L of DIW to the 
filter through recleaned tubing (section 3.f5) as follows (refer to 
NFM 5.2 1.A Kr additional instructions): 

1. Use Clean ~ a n d d / ~ i r t ~  Hinds techniques described iln NFM 4. 
Remember: the Dirty Hands team member performs operations 
that are outside of the processing chamber and the Clean Hands 
team member performs operations that are inside the chamber. 
Put on disposable, powderless gloves. 

I 

2. In a processing chamber, remove the capsule filter from the 
protective bags. Attach pump tubing to the inlet connector of 
the capsule filter,' keeping the tubing as short as possible. Make 
sure the direction of flow through the capsule filter 
matches the direction-of-flow arrow on the side of the 
filter. 
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To clean filtration equipment used for samples to be analyzed for 
inorganic' or organic analytes, consult sections 3.2.1 and 3.2.2, 
respectively. Use Clean Hands/Dirty Hands techniques, as 
appropriate (NFM 4). 

CLEANING OF EQUIPMENT FOR WATER SAMPLING- 
I 

3. Pump 1 L of DIW through the capsule filter; discharge waste rinse 
water through a sink funnel or to a toss bottle. 

+ 
Operate the pump at a low speed. 

Hold the capsule filter so the arrow is pointing up at an acute 
angle from the horizontal plane. (This expels trapped air from 
the capsule; do not allow water to spray onto chamber walls.) 

4. Remove tubing from the DIW reservoir and continue to operate 
the pump in the forward, mid-range speed position to drain as 
much of the DIW that remains in the capsule filter as possible. 
While the pump is operating, shake the capsule filter to help 
remove any entrained DIW. 

5. Detach the capsule filter from the peristaltic pump tubing, put 
into a clean, sealable plastic bag, and store chilled until ready for 
use at the next site. 

b Preclean in the office laboratory one plate-filter 
assembly per site to be sampled, if possible, in order to save 
the time that  would be needed to clean the plate-filter 
assembly during the field effort. 1 

37 

- 

b During the detergent wash and (or) DIW rinse, pay 
particular attention to grooves and crevices, O-rings; and 
support structures for the filter, where sediment or organic 
matter might be lodged. Detergent wash and DIW rinse the 
pressure valve. 

Plate-Filter Assembly Cleaning Procedure 3.3.4.B - 

b Remove and discard- the used filter at the field site; 
rinse the filter assembly immediately with DIW while still 
wet from filtering the sample, even if a clean filter assembly 
is available for the next site. 
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When field cleaning the plastic plate-filter assembly: 

1. Disassemble the plate-filter assembly inside the processing 
chamber while it is still wet from the sample water and while 
wearing disposable, powderless gloves. 

a. Remove the used filter media carefully to avoid spilling any of 
the filter cake. 

b. Place the filter media into a sealable plastic bag. Seal and pass 
the bag out of the chamber. Change gloves. 

2. DIW rinse all components of the plate-filter assembly, including 
the exterior and interior of the tubing and the pressure valve, 
dispensing the DIW from a wash bottle. Pay particular attention 
to grooves and crevices, O-rings, and support structures for the 
membrane filter, where inorganic or organic materials might be 
lodged. Change gloves. 

I 

3. Inspect the plastic plate-filter assembly. Use the detergent-wash 
option described In figure 3-3 (Step 2) if the filter assembly looks 
dirty, is suspected of being contaminated, or was allowed to dry 
after use without first rinsing thoroughly with deionized water. 

4. Reassemble the plate-filter assembly, reattaching the piece of 
tubing to the outlet of the filter assembly and placing the 
discharge end of the tube through the drain or disposal funnel in 
the bottom of the processing chamber to the acid-neutralization 
container. Reconnect the filter assembly to the peristaltic pump 
with the sample tubing. Change gloves. 

5. To acid rinse the plate-filter assembly, pump 1 L of 5-percent HCI 
solution (or 10-percent HN03- solution) through the plate-filter 
assembly. Check that the acid solution is being discharged into 
the acid-neutralization container. Alternately squeeze and release 
the tubing at the outlet to force the acid solution to cover and 
rinse all interior surfaces of the filtration assembly. (Be careful not 
to force tubing from the outlet by squeezing tubing for too long.) 

6. To DIW rinse the plate-filter assembly, pump 2 L of deionized 
water through the assembly, using the same squeeze-and-release 
method described above in 5 for the acid rinse. Ensure tha,t all the 
rinse water is being discharged to the acid-neutralization 
container. After confirming that the pH of the acid rinse solution 

+ 
is greater than 6.0 or the original pH of the DIW, appropriately 
discard solutions from the neutralization container. 

, 
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CLEANING OF EQUIPMENT FOR WATER SAMPLING- 

7. For storage, place the cleaned plate-filter assembly and tubing 
into clean double bags for temporary storage until use at the next 
site. If wet when bagged, store for no longer than 24 hours and 
: '(or) chill to prevent bacterial growth. The filter assembly must be 

dry if stored for more than 24 hours. 

i When field cleaning the aluminum plate-filter assembly, use the 
general cleaning instructions in section 3.2.2 for figure 3-4, as 
follows: 

1, Inspect the aluminum (or stainless steel) plate-filter assembly for 
damage or excessive contamination and replace if necessary. 

2. Wearing disposable, powderless gloves, prepare the area to be 
used for cleaning the plate-filter assembly by lining the table or 
counter surface with aluminum foil. 

' 

3. Disassemble the filter assembly and remove the used glass-fiber 
filter media carefully to avoid spilling any of the filter cake. Place 
used filter media into a sealable plastic bag, seal the bag, and put 
aside for disposal. Place components of the plate-filter assembly 
and tubing into a washbasin for detergent. Change gloves. 

4. Detergent wash by using a 0.1- to 0.2-percent nonphosphate- 
detergent solution. Scrub each component of the filter assembly 
with a soft brush to remove any adhering material such as oil and 
grease, sediment, algae, or chemical deposits. Pay particular 
attention to grooves and crevices, O-rings, and support 
structures for the glass-fiber filter, where inorganic or organic 
materials might be lodged. Pump detergent solution through 
tubing. Place components of the plate-filter assembly onto a 
clean, aluminum-foil-covered surface. 

5. Discard detergent solution from basin, rinse basin with tapwater, 
and place components of the plate-filter assembly into the basin. 
Change gloves. 

6. Rinse.each component thoroughly to remove detergent residue, 
paying particular attention to grooves and crevices.. Use a wash 
bottle filled with DIW or tapwater to rinse hard40-reach places. 
Place rinsed components onto a dry section of clean aluminum 
foil or basin. Change gloves. If the assembly will be rinsed with 
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CLEANING OF EQUIPMENT FOR WATER SAMPLING 

methanol or oth'er organic solvent, change to disposa,ble, 
solvent-resistant gloves, and place components. of the filter. 
assembly into a clean, solvent~resistant washbasin. + 

7. Rinse plate-filter assembly components with pesticide-grade 
methanol or an equivalent grade for other organic solvents. Do 
not methanol rinse any tubing or filtration assembly to be used 
for collecting or processing samples for TOC, DOC, or SOC anal- 
ysis. The instructions for the methanol rinse apply also for use of 
any other organic solvent. Rinse the equipment with meth- 
anol while outside of the field vehicle and downwind of 
sampling activity. 

a. Dispense methanol from a fluorocarbon-polymer wash bottle. 
Rinse all sample-contacting surfaces of filter-assembly 
components and tubing over a solvent-resistant basin or waste 
container. Mefhanol-laced rinse water must be col- 
lected into an appropriate waste container designed 
for flammable liquids. 

b. Place methano,l-rinsed equipment components onto a clean 
aluminum foil surface to air dry. (Cover equipment 
components loosely with an aluminum foil tent, if concerned 
about airborne, contaminants.) 

8. ~eassemb'le the plate-filter assembly. Wrap nozzles with 
aluminum foil and seal filter assembly in plastic bags. Double bag 
for'transport or for long-term storage. I I , 

Pressure-Filter ~ s s e m b l ~  Cleaning Procedure 

The cleaning procedures described in section 3.2.2 for figure 3-4 do - 
not apply to t h e  filtration assembly used for samples to be analyzed 
for DOC and SOC. The filtration assembly for processing organic- 
carbon samples i s  a gas-pressurized apparatus constructed o f  either 
stainless steel or fluorocarbon-polymer material. 

b Do not bring the pressure-filter assembly in contact 
with methanol or other organic solvent or organic- 
solvent vapors. 

b In general, office-produced organic-grade water:, that i s  
prepared by bking passed .throtigh appropriate cbllumns to 
remove organic compounds i s  o f  adequate puri ty for 
cleaning t h i s  equipment. PBW or VBW also ,can be used. 
Office-produce'd organic-grade water, however, must not be 
substituted fort blank samples. 
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CLEANING OF EQUIPMENT F'OR WATER SAMPL~N'G 

b Preclean the number of tubing sections needed at each site 
in the office laboratory rather than recleaning tubing in the 
field, in order to save time during field work. Place into 
doubled plastic bags and store tubing dry or store wet tubing 
chilled to prevent bacterial growth. If bacterial growth is 
present, reclean tubing before use. 

.! '-:,< : ,, 
i ', ;; 1. ! 

:.t:.-. : .  , ":, 3.3.5 SAMPLE TUBING CLEANING PROCEDURES 
:. ,t t'.{.!,?i :': .!, . , 

I b Use disposable tubing if possible, especially at contaminated 
sites, t o  avoid the  cleaning process and  prevent t h e  
possibility of cross contamination. 

I ,' I 1 ,  
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When using office-laboratory or field-site procedures for cleaning 
plastic (including fluorocarbon-polymer) sample tubing used for 
samples to be analyzed for inorganic constituents, follow the 
general sequence of procedures described for figures 3-2 or 3-3, 
and those described for filtration assemblies (section 3.3.4). 

Cleaning procedures are described below for the tubing .and 
nozzles used with peristaltic andvalveless metering pumps. 
Cleaning procedures for submersible pump tubingare described in 
section 3.3.9.B. Wear appropriate, disposable, powderless gloves 
throughout the cleaning process, 'changing gloves with each 
change in cleaning solution as indicated throughout stction 3.2. 

I . . 
To summarize the key steps for figures 3-2 or 3-3: 

1. Pump 1 L of 5-percent HCI solution through the tubing, 
discharging the used acid solution into a neutralization container. 
Pinch and release tubing near tubing outlet while pumping the 
acid through to ensure that all interior surfaces are acid rinsed. 

2. Pump 2 L of DIW through tubing, using the same pinch-and- 
release method. ,Discharge used DIW to an acid-neutr;alization 
container, and check that the rinse-'water pH is greater than 6.0 
or the original DIW pH. 

1 3. Discard neutraliied sol&ions appropriately 

4. Clean stainless steel connections or metal tubing using 
detergent-wash and tapwaterl~lw'rinse procedures. 

I , '  
I 

I ,  ' 
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' 
CLEANING OF EQUIPMENT FOR WATER SAMPLING- 

, When using office-laboratory or field-site procedures for cleaning 
tubing for organic-compound samples: 

Follow t h e  general sequence o f  procedures described for 
figures 3-1 and 3-4. Proceed with the  methanol rinse after the 
detergent wash and tapwater rinse. I f  samples also w i l l  be 
collected 'for inorganic-constituent analysis, however, acid rinse 
nonmet'allic tubing and components after t h e  detergent 
washhapwater rinse and before continuing to the  methanol rinse. 
When cleaning sample tubing: 

2. Place ,discharge end of tubing from peristaltic or valveless 
metering pump over methanol waste container. 

1. Pump 1 L of nonphosphate, laboratory-grade detergent solution 
through tubing, followed by sufficient tapwater or DIW to 
remove detergent residue. Pinch and release tubing near tubing 
outlet while, pumping the solution to ensure that all interior 
surfaces are cleaned. 

Pass one tubing volume of methanol through the same pump 
system used for filtration, using the same pinch-and-release 
method. 

"4 
',:.- i,::~ , !, 
:,7,'::fi&,,., , . .-I, ,tt: IF.. .,. ': 

;;p ,:!' .. ..&..' .. ' 
A: ., ,,.:.. , '. '. , 
' :., ; : ~ , . 
>;>,?, ;$ '{,' 

. , . O X  ., . -  . 

Short sections of tubing can be held over the waste container 
while dispensing the methanol from a fluorocarbon-polymer 
wash bottle instead of pumping the methanol through the 
tubing. 

Do not  methanol rinse tubing t o  be used for samples 
for TOC, DOC, or SOC analysis. 

3. Store tubing in doubled plastic bags. 
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3.3.6 PROCESSING AND PRESERVATION CHAMBERS + 
AND FLOWTHROUGH CHAMBER I CLEANING PROCEDURES 

I 

Processing and preservation chambers used to protect, samples 
from atmospheric contamination generally are portable and are 
assembled at the field site. Large, clear plastic bags usually are 
.clipped to the inside of the frame rather than stretched1 over the 
frame. Plastic clips are used to hold the cover tightly in place. 
When the bag is clipped to the inside, it is not necessary to field 
clean the chamber frame. 

The flowth;bugh chamber, used when, monitoring grou':d-water 
field measurements, is connected inline to the pirmp sampler. The 
,flowthrough chamber should be kept free of sediment and dirt, or 
deposits on  the chamber walls. Air dry and store the chambers , . in 
sealable plastic bags. 

I When cleanlng the ~rocessfhg and preservation charnb'ei.: 
I 

Office laboratory. ,clean the frame of portable. chamb'ers in the 
+ 

office with detergent solution, then rinse thorbugh'ly with 
tapwater and dry and store in plastic bags. 

I Field site. Frames require regular cleaning after each udeat a site 
if chamber covers are stretched over the outside of the frame , 

rather than clipped to the frame. 
I 

( 1. Discard the used bag. 
1 

2. Wipe the chamber frame with DIW. 

3. Replace chamber cover only when the next samples are ready to 
be processed. 

4. If the processing chamber is a fixed installation, clean out any 
spilled sample water; solid materials, or wash solutions, and swab 
down the inside using deionized water and lint-free laboratory 
tissue., 

5. Use detergent solution followed by a thorough tapwdter or DI'W 
rinse if a spill has, contaminated the chamber. I 

' / 

I 

6. Store chamber frames in plastic bags. 
. . 
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RADON SAMPLER CLEANING PROCEDURE 3.3.7 
a s ., ' '. 

, ': v ", ,r' 

.,' l . , . .<' . .; , 

. . .  ." . . 
< :  ,, , 1 ,. ...,,,: 

.,",',:;. ,,,,.,),. 
. I .  .. . 
- , .  . 

Soak radon samplers in a detergent solution for 10 minutes and 
rinse thoroughly with tapwater to remove detergent residue; 
follow with three to five rinses with DIW. Do not use methanol. 
Air dry the radon sampler and store in doubled plastic bags. 
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CLEANING OF EQUIPMENT FOR WATER SAMPLING- 

When cleaning the flowthrough chamber: 

1. Clean the flowthrough chamber in the office laboratory with + detergent solution and rinse thoroughly with tapwater, followed 
. . 

, by DIW. Do not  use acid solution or methanol. 

2 :  If the flowthrough chamber needs to be field cleaned, remove 
, measurement sensors and clean with a dilute detergent solution; 

rinse thoroughly with tapwater followed by DIW. \ 
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CLEANING OF EQUIPMENT FOR WATER SAMPLING . . 
, , 

'3.3;s SURFACE-WATER SAMPLER 
. _ CLEANING PROCEDURES 

I Disassemble surface-water samplers for cleaning and follow the 
sequence of procedures described in section 3.2 and figures 3-2,3-3, 
or 3-4, as appropriate. . ' 

When using office-laboratory procedures for cleaning surface- 
water samplers: 

I 
1 1  

1. Periodically disassiemble samplers for office-laboratory cleaning. 
Discard the bag sampler bag after one use-do not 
attempt to scrub or detergent wash the used bagl. IPrepare 
cleaning solutions, cleaning equipment, and cleaning area as 
described in section 3.2. 

2. Soak components in detergent solution for 30 minutes. Put on 
apljropriate disposable, powderless gloves. Scrub components 
with a soft brush .or sponge and rinse thoroughly (section 3.2.1 
or 3.2.2). Change gloves. 

1 3. Checkthe seque"ck of cleaning irocedurei shown in f i~ure  3-1. 

a. If the sampler is used for sampling inorganic constituents, soak 
each nonmetallic component in a 5-percent trace-metal-grade' - HCI solution for 30 minutes, followed by copious rinsing with 
DIW (section 3.2.1). Acid rinse only nonmetal parts. 
Change gloves. 

Acid must  not contact the metal collar on the DH-81 
sampler. 

I ' Make sure that the nozzle is unscrewed from the cap. 

b. If the sampler is used for collecting organic-compound 
samples, rinse each component with pesticide-grade 
methanol dispensed from a fluorocarbon-polymer wash bottle 
and allow to air dry (section 3.2.2). Do not methanol rinse 
tubing or components that will contact TOC, DOC, or 
SOC samples. Change gloves. 

4. If collecting an equipment blank (section 3.4), change gloves and 
rinse each component with the appropriate blank water before 
collecting the blank sample. 

5. Reassemble the sampler. If the sampler is dedicated to sampling + 
for organic compounds, double wrap the sampler nozzle in 
aluminum foil. Place the sampler into double plastic bags and 
seal for storage and transport. 
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CLEANING OF EQUIPMENT FOR WATER SAMPLINC- 

When using field-site procedures for cleaning surface-water 
samplers: 

1. Unwrap precleaned washbasins (one for each cleaning solution 
to be used). 

2. Disassemble the used sampler into its component parts (bottle, 
cap, nozzle) so that all of the pieces can be thoroughly wetted 
with the various rinses. Discard the previously used bag- 
sampler bag (do not attempt to clean it for reuse). , 

3. Wearing appropriate disposable gloves, thoroughly rinse the 
sampler components with DIW. Use a stream of DIW from the 
wash bottle, if required. 

4.  Check whether target analytes are- inorganic constituents, 
organic compounds, or both. Review figure 3-1 for the appropri- 
ate cleaning sequence. 

a. If a sampler will be used for collecting samples for analysis of 
inorganic constituents only, change gloves and 

i. Thoroughly rinse the sampler components with tapwater . . 
or DIW. 

ii. Acid rinse nonmetallic components over a container 
-I- using a stream of dilute acid solution from the 

appropriate wash bottle, if required. 

iii. Thoroughly rerinse the sampler components with DIW 
over the same washbasin, if possible (see section 3.2.1). 
Change gloves. 

iv. Place each component 'on a clean, plastic surface. Pour 
used acid solution and DIW rinse water in to  
neutralization container. 

v. Check the pH of the solution in the neutralization 
container. Discard when solution pH is greater than 6.0 
or the original DIW pH. Change gloves. 

b. If a sampler will be used for collecting samples for analysis of 
organic compounds only, change gloves and 

i. Detergent wash, then rinse sampler components 
th,oroughly with tapwater or DIW until agitated rinse 
water produces no more suds. Change to solvent- 
resistant gloves. 

ii. Rinse sampler components with pesticide-grade 
methanol (section 3..2.2), collectirig the used methanol 
into an appropriate container for safe storage until 
appropriate disposal is arranged. 
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iii. Place each component on .a clean, aluminum-foil- 
covered surface to air dry and cover loosely with an 
aluminum foil tent, if airborne contaminants are a 
concern. change gloves. 

I c. If sampler will be used for collecting samples for both organic 
and inorganic analyses, change gloves and 

I i. Proceed with a detergent wash and thorough tapwater 
and (or) DIW rinse. ' I  

ii. Acid rinse and DIW rinse 'n'onmetallic compon'ents, as 
described above, discarding used solutions appiopriately. 
Change to solvent-resistant gloves. 

I . iii. Rinse with methanol, if needed, as described above. 
I I iv. Place cleaned items on a clean plastic surface to air dry. 

5. Reassemble sampler, If the sampler is dedicated to sampling for 
organic compounds, double-wrap sampler nozzle in aluminum 
foil. Place sampler into doubled plastic bags for storage and 
transport. 
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GROUND-WATER SAMPLER 3.3.9 
CLEANING PROCEDURES , 

, ,. , . . 

CLEANING OF EQUIPMENT FOR WATER SAMPLING- 

Y . '4, '; 
: ,  .': : .-. 
,,,,,,.<,'. '; , ... 
, ,: , '1 ,, t,' 
..,YV2, ,,' 

% >, 2, , . . I . -;. "'. 
,.: !,',:.: ' ,  .. ..a . 

, -,, ., , 
39 . ,, ., ') , ; ._ .  ... .,< <;, .! ,! . ." . . 1:s . . 

_I. . 

,'Ground water is sampled with nonpumping samplers (such as 
.bailers, syringe samplers, and the Kemmerer sampler) and with 
pumping samplers (such as peristaltic and valveless metering 
pumps and submersible pumps). Office-laboratory cleaning 
procedures are used before a sampler is used for the first time, after 
the sampler has been in long-term storage, and whenever the 
sampler has become excessively contaminated. Field-site cleaning 
procedures are used after sampling at a field site and before 
proceeding to the next sampling site. Caveats and modifications 
that apply to the general office-laboratory and field-site cleaning 
procedures (section 3.2) are described in this section. The cleaning 
procedures used should be documented on field forms. 

,The rinse with methanol, or other organic solvent, is 
appropriate only for samplers being used to collect samples 
for organic-compound analysis. Solvents are never used to , 
clean equipment when sampling for TOC, DOC; or SOC. 

I Dispose of used methanol and all other cleaning soluti.ons . + 
appropriately. 

TECHNICAL NOTE: Sampler components made pf . 
fluorocarbon-polymer plastic generally can withstand a 
solvent rinse with methanol. Check with the manufacturer 
before using an organic solvent on pump components 
constructed of any other plastic material. 

' . 
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i 3:3;9.A Cleaning of Bailers and Other >,;, $ 
. .  . _ ..).., + . ., *: " 
, # .  . . I  Nonpumping Samplers. 

" . # .i I 
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Offtce-laboratory procedure. Clean nonpumping samplers in 
a designated area of the office laboratory. Follow the procedures 
described for figures 3-2 ynd 3-4, as appropriate for equipment 
used to sample for inorganic constituents or organic compounds, 
respectively. 

Field-site procedui-e. Follow the field-site cleaning procedures 
described for figures 3-3 and 3-4, as appropriate for equipment 
used to sample for inorganic constituents or organic compounds, 
respectively. 

- Rinse the outside of the sampler with DIW directly after use. 

- After filling the sampler with each cleaning solution, shake the 
sampler vigorously and drain solution through the bottom- 
emptying device, ;spigot, or nozzle of the sampler. 

- If the sampler looks very dirty oris contaminated, disassemble 
and clean sampler components using the office-laboratory 
procedufe. /- 

. , 
' I  3.3.9.B Cleaning of submersible Pumps and 1 '  

.:1 il , 1 

1 r 
? , I  

s ; ,>p  I 
Submersible-Pump Tubing 

1 -. 3 , 

The general sequence shown in figure 3-5 is appropriate for 
cleaning most sub'mersible pumps. The field-site clleaning 
procedure (described below after the office-laboratory procedure) 
is sufficient for routine cleaning of the pump in most cases. 
Collection of blank samples for quality control must be included 
as a standard protocol for every study in order to document and 
ensure the  efficacy of the cleaning procedure for the field 
conditions encountered. 

b ~luorocarbon-polymer tubing used to collect .water 
, containing large concentrations of vo,latile: organic 

compounds (VOCs) can be difficult to clean adequately. 
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CLEANING OF EQUIPMENT F,OR WATER SAMPLING 

Office-labora tory puinp-cleaning procedure: 

Use office-laborator$ procedures about once a year ,and more + 
frequently i f  results of t h e  pump blank or other information 
indicate that the pump i s  contaminated. 

Step 1. Preparation. 

a. Wearing appropriate gloves, prepare several gallons of a 
laboratory-grade yonphosphate detergent solution (about 0.1 or 
0.2 percent, vlv; (use up to 2-percent solution for excessively 
contaminated pump systems). 

b. Preclean washbasins and standpipes'(section 3.2). 

c. Place pump into sink or waste basinand scrub exterior surfaces 
with soft brush a'nd detergent solution; rinse thoroughly with 
tapwater. 

I 
d. Disassemble the pump and place components into a detergent- 

solution washbasii.1. \ 

Ste 2. Detergent wash and tapwater rinse pump components 
an $ tubing. , 

a. Soak pump components in the detergent solution for 30 + 
.minutes. I L !  

b. Scrub pump components with soft sponge or brush. 

c. Rinse thoroughly with tapwater. 
' 

d. Raise discharge end of tubing above the rest of the tubling. Using 
a peristaltic or valveless fluid metering pump, fill the' pump 
tubing witti fresh detergent solution until solution rises to the end 
of the tubing. Plug the tubing end(s). 

e. After 30 minutes remove plug from discharge end of tubing and 
flush detergent,solution from tubing by pumping copious 
amounts of tapwater through the tubing. Change gloves. 

-- - -- - -- -- - 
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CLEANING'OF EQUIPMENT FOR WATER SAMPLING 

Step 3. Check sampling requirements. 

- If pump will be used for collecting samples for inorganic- 
constituent analysis, reassemble the pump and go to.Step 4. 

- Complete Step 4 if pump will be used for collecting samples for 
' 

analysis of both inorganic and organic analytes before 
". , proceeding to Step 5. 

- If the pump will be used for collecting samples for organic- 
compound analyses only, go to Step 5. 

Step 4. DIW rinse. 

a. Place pump components into DIW washbasin and dispense DIW 
from a wash bottle to thoroughly rinse all pump components. 

b. Using a peristaltic pump and appropriate clean tubing, pump 
DIW through the sample tubing to rinse. 

c. Reassemble pump and connect pump tubing. Change gloves. 

d. If collecting equipment blanks to verify that the pump has been 
adequately cleaned (section 3.4): 

i. Rinse a clean standpipe dedicated to blank water with blank 
water. 

ii, Insert pump into blank-water standpipe only after pump 
exterior has been rinsed with blank water or air dried after the 
methanol rinse. 
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-CLEANING OF EQUIPMENT FOR WATER SAMPLING 

Step 5. Rinse w i t h  blank water followed by a methanol rinse. 

a Change to latex or nitrile gloves. Put pump components 
into solvent-resistant washbasin. 

b. Working under a fume hood, dispense methanol (or appropriate 
solvent) from a fluorocarbon-polymer wash bottle to rinse each 
pump component and the exterior pump casing. Collect the 
used solvent into a nonflammable container for storage until 
disposal. 

Do not reuse methanol or other solvents. 

Work under a fume hood, if  possible, or in a well- 
ventilated area outside of the office laboratory, as 
methanol fumes can contaminate other equipment. 

c. Place methanol-rinsed components on a clean, aluminum foil 
surface and allow the pump components and casing to 
completely air dry before reassembling the pump (see section 
3.2.2). I 

d. Using a valveless fluid metering pump and fluorocarbon-polymer 
tubing, pump about 2 L of methanol through sample tubing and 
to the methanol waste container. 

e. Reassemble the pump and connect the pump tubing. ;Change 
gloves and dispose of the methanol-contaminated gloves 
appropriately. 

' f .  Pour an organic-grade water (PBW or VBW) into 'a' clean 
PBWIVBW standpipe. Insert pump and pass about two tubing 
volumes of organic-grade blank water (PBW or VBW) through the 
pump and tubing to waste. 
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CLEANING OF EQUIPMENT FOR WATER SAMPLING 

Field-site cleaning procedure for submersible pumps and pump 
\ t u blng: 

4- . Step 1. Preparation. 

a. Preclean the standpipes (one standpipe for each cleaning 
solution to be used, as described in 3.2.1). The standpipes need 
to be of sufficient height to supply necessary head for proper 
pump operation. Separate standpipes are designated for 
detergent solution and tapwater rinse, DIW rinse, methanol rinse, 
and blank water (IBW/PBW/VBW). Double-bag each cleaned 
standpipe for transport to the field site. 

b. Estimate the volumes of cleaning solutions and blank water that . . 
will be needed for the field effort (refer to fig. 3-6). 

c. Prepare the volumes of cleaning solutions needed for the field 
effort, using appropriate bottles for short-term storage and 
transport. 
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The volume of storage in tubing,, V,, of a set of pump-reel and extension tubing can be 
estimated1** as follows: 

Vs = [(Lp x Cp) + (Lg x Ce) + Vspl x CSP 
where, 

> 

V, is volume of storage'in iubing, in gallons ' :  
' I  , 8 

,I 
Lp is length of pump-tubing segment being cleaned, in feet 
Lg is length of extension tubing, in feet . . 
Cp (or C,) = 0.023 liter per foot for a 3/8-inch inside-diameter (ID) tubing 

or = 0.041 liter pel foot for a 112-inch ID tubing 
. Vsp is volume of solution needed to fill standpipe to minimum level 

required to operate pump, in liters1 
C,; = 0.264 gallon'per liter. 

8 ,  

~xamples 

Given: 

1. Lp - sample-wetted tubind segment is 100 feet for a pump-reel systdh that has a 
l/2-inch ID tubing: 

2. L, - two, 10-foot, 3/8-inch-ID pieces of extension tubing, one running from pump- 
reel outlet to sample collection chamber, and another running from chamber back 
to pump-reel (return-flow tubing to standpipe); and 

, 3. .VSp - minimum volume' of solution required in standpipe to operate pump is 
0.8 liter. . 

To estimate the volume of detergent solution needed for the detergent wash cycle: 

V, = [(I00 x 0.041) '+ (20 x 0.023) + 0.81 x 0.264 = 1.4 galions . 

+ 

_. .. 

. ,+ 



CLEANING OF EQUIPMENT FOR WATER SAMPLING- 

Step 2. Detergent wash and tapwater rinse. 

a. Put on disposable, powderless gloves (usually vinyl). Rest pump 
in a washbasin or pail partially filled with detergent solution and 
clean exterior of pump and tubing with a soft brush. Rinse 

, thoroughly with tapwater. (DIW can be substituted for tapwater, 
but is less efficient in detergent removal and requires a greater 
volume of water than tapwater.) 

6.  Place pump into standpipe, add detergent solution to level above 
pump intake, and route intake and discharge end of pump 
tubing to the standpipe. 

c. Begin pumping: 

i. Record the pumping rate. 

ii. Record the time it takes to fill the sample tubing. 

iii. Calculate the time it takes for a segment of solution to 
complete one cycle (fig. 3-6). 

d. Circulate detergent solution for about three cycles through the 
tubing and back to the standpipe. If possible, pump detergent 
solution through tubing at alternating high and low speeds, and 
(or) introduce air segments between aliquots of the detergent 
solution to increase cleaning efficiency. 

e. Remove the discharge end of tubing from the standpipe and 
pump about two tubing volumes of detergent solution to waste, 
adding fresh solution to the standpipe as needed. Remove pump 
from standpipe. 

f. Rinse detergent from standpipe with tapwater until sudsing 
stops. 

g. Rinse pump exterior with tapwater. Place rinsed pump into 
standpipe; add tapwater1DIW to level above pump intake. Begin 
pumping through sample tubing. Do not recirculate rinse water, 
but add water as needed to maintain water level above pump 
intake. Continue for five or more tubing volumes. Direct rinse 
water to waste, away from the vicinity of the wellhead and 
sampling area and (or) contain as required for disposal. ' 

. h. Collect rinse water into a small bottle and stop the pump. Shake 
the bottle-if sudsing.is observed in the rinse water, continue the 
rinse procedure until no suds appear in the rinse water. Change 
gloves. 
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58 CLEANING OF EQUIPMENT FOR WATER SAMPLING I 
I Step 3. Check sampling requirements. 

I 

- If a pump will be used to collect samples for inorganic- + 
constituent analysis, go to Step 4. 

- Complete Step 4.  if,a pump will be used to collect samples for 
analysis of both inorganic and organic analytes and go to Step 5. . , 

- If a pump will be used to collect samples for organic-compound 
analysis only, go to Step 5. , 

I Step 4. DIW rinse. 
! 

A separate DIW rinse i s  not required if DIW was substituted for 
tapwater. 

a. Use a clean DIW-dedicated standpipe, not the tapwater 
standpipe, and rinse with DIW. Rinse pump exterior with DIW to 
remove any detergent residue. Place pump into the DIW 
standpipe and add DIW to level above pump intake. Change 
gloves. 

I b. Start pumping DIW. Rinse DIW through sample tubing without + 
recirculating, using about 3 tubing volumes of DIW. Ke'ep the 
DIW level above pump intake. 

c. Collect DIW rinse: water in a clean 'bottle, shake, and chbck for 
suds. Continue to DIW rinse until rinse water is free of suds. 

, .z, 

$. d; If collecting field blanks to verify that the pump has been 
adequately cleaned (section 3;4): 

i. Change gloves. Rinse clean blank-water standpipe with IBW. 
Rinse pump exterior with blank water. 

ii. Place pump ihto the standpipe and add IBW td'c&ei the 
pump intake. 

iii. Turn on pump and displace any water residing in the pump 
and tubing. Continue pumping IBW for one tubing volume 
before collecting the blank sample. 

Step 5. Methanol rinse. 

+ 
Make certain that the  pump or other nearby electrically powered 
equipment i s  grounded, the power cord i s  intact, and potential 
sources of sparks do not exist before rinsing pump with methanol. 
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CLEANING OF EQUIPMENT FOR WATER SAMPLING 

TECHNICAL NOTES: I - Inspect the integrity of the seals and O-rings on the 
pump-motorlpump-body housing. Water inside the 
motor housing may indicate that methanol vapors could 
enter the motor. Direct-current motors inherently spark 
because of the commutator ring. AC motors might spark 

. if the insulation is frayed or burnt on the motor windings 

. or any associated wiring. 

- If flammable liquids are required for cleaningelectrical 
pump systems, use extreme caution. Vapors from 
solvents such as methanol can ignite if a disruption in 
the motor lead-insulation system occurs in the vapor- 
enriched zone. (Ignition from a spark from an AC 
induction-type motor in good operating condition is not 
a concern if rated as using the National Electrical Code 
(NEC) at Class 1, Group D . ~ )  

a. Change to latex or nitrile gloves. Wear safety.glasses and apron. 
Work in a well-ventilated area outside of the field van and 
downwind of the sampling area. 

b. Place pump into a clean, dedicated, solvent-resistant standpipe 
and route discharge end of sample tubing to a methanol waste 

+ container. Add methanol solution to level above pump intake. 

c. Pump about 2 L of methanol through sample tubing into 
methanol waste container, keeping the level of solution above 
pump intake. The operator should stand back from the pump as 
a safety precaution in the event that an electrical spark ignites the 
methanol. Carefully put any unused methanol from bottom of 
standpipe into methanol waste container. Let methanol in the 
standpipe evaporate to dryness. Change gloves. 

5~~~ Class 1 :  Group D: Areas in which flammable gases or vapors may be present 
in the air in sufficient quantities to be explosive; atmospheres such as acetone. 
alcohol, ammonia. benzene., benzol, butai.le, gasoline, hexane, lacquer solvent 
vapors, naphtha, natural gas, propane, or gas or vapors of equlvalent hazard (Cole- 
Parmer Instrument Company. 1997). , 
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;LEANING OF EQUIPMENT FOR, WATER SAMPLING I , . 
I , '  

d. Rinse pump exterior with organic-grade water and place pump 
into standpipe. Add organic-grade water to the standpipe to 
push the methanol out of the tubing and into the methanol 
waste container. Pump at least an additional 0.1 gallon (about 
0.38 L) of organic-grade water through the system for every 10 
ft (about 3.05 m),of methanol-wetted tubing to the methanol 
waste container after used methanol is collected. 

TECHNICAL NOTE: The recommended organic-grade 
water is PEW or VBW (supplied by NWQL for blank 
samples). Office-produced organic-grade water might not 
be of adequate purity, especially after being stored, and its 
use requires collection of additional blank samples for, 
quality control (see section 3.4). I 

e. ' Repeat d above with blank water (PBW or VBW) pumped from a 
blank-water standpipe if blank samples will be collected ifor 
analysis of organic compounds. 

Storage of the cleaned submersible p,ump and tubing: . , 
, " I 

I. Place pump into two clean, noncontaminatirig storage bags and 
close bags. 

2. Cover the pump reel and tubing with doubled plastic bags or 
sheeting for transport to the next site. 

For long-term storage '(longer than 3 days), the pump and exterior 
and interior of the  tubing must be dry before being placed into 
plastic bags. Tubing can be dried by blowing filtered air or filtered 
(inert) gas through tp tubing. If tubing cannot be dried, store 
chilled to prevent bacterial growth. If bacterial grow,th has 
occurred, reclean before use. 
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I I CLEANING OF EQUIPMENT FOR WATER SAMPLING 

b Equipment blank. An equipment blank i s  blank water 
that i s  processed under controlled conditions in the office 
laboratory by being passed sequentially through each 
component of  the sample processing and collection 
equipment. An equipment blank represents an entire 
sampling system (Ag.3-7) and is required: 

- Annually. 

- When a cleaning procedure is followed for the first time. 

- When new equipment will be used for the first time. 

1 To fulfill equipmen tiblank requiremqnts: ' . . 

, 1. Allow enough time in the study workplan to collect the annual 
equipment blank, complete laboratory analyses, and review 
analytical results before field work for the study commences. 

.2 .  Process the annual equipment blank in a clean, controlled 
, environment in the office laboratory, after the equipment has 
: been cleaned using office-laboratory procedures.. 

3. Analyze the annual equipment-blank data before collecting and 
processing the first water-quality sample of either the !fiscal year 
or the study. 

I 
I 

If the equipment-blank data indicatethat the equiement does 
not introduce contaminants that wiil bias study,.results, 
sampling can proceed. 

If the equipment-blank data indicate unacceptable 
concentrations of analytes of interest, the cause must be 
identified and the equipment or cleaning procedures must be 
changed or modified before sampling can proceed. 

1 

, 

+ 
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CLEANING OF EQUIPMENT FOR WATER SAMPLING- 

Field blank. The field blank is blank water that i s  processed 
at the field site by being passed sequentially through each 
component o f  the equipment being used t o  collect 
environmental samples. The procedure for processing the 
field blank, like the equipment blank, can also result in a set 
of sequentially collected blank samples (fig. 3-7) (Horowitz 
and others, 1994). Other types of blank samples also are 
collected at the field s i t e  (NFM 4). At least one field 
blank per sampling run is recommended; the 
numbers and distribution of QC samples depend on 
study objectives, the target analytes, and site 
conditions. 

- Process field blanks through clean equipment. 

- If equipment is used a t  several sites during a field trip, process 
a field-equipment blank after the last sample has bee,n 
collected and again after the equipment has undergone the 
prescribed field-cleaning procedures. 

- If multiple sets of office-cleaned equipment are used during a 
field trip, process a field blank at any site during the course of 
the trip. In this,case, the blank must be processed before 
sampling to avoid contaminating the blank with residues 
from an~environmental sample. 

- Process field blanks onsite and under the same conditions as 
the environmental sample. 

Before filling the QC sample bottle with the appropriate blank 
water: 

1. Check that sample bottles are clean, are the correct type, and are 
labeled correctly. 

2. Check the certificate of analysis:for the lot of blank water to be 
sure that it is appropriate.for quality control of target analytes. 

3. Record the date and lot .number of the IBW, PBW, and (or): VBW 
used and of the preservative used. To the extent possible, use 
preservative from the same lot number for an entire sampling trip 
.for both the environmental and quality-control samples. 

4. Rinse sample bottles for inorganic constituents three times with a 
small quantity of the blank water. I 

Cleaning of Equipment for Water Sampling 9/98 Quality Control for Equipment-Cleaning 

. ,. ,'. . ;'. 
, <;.; ., 

.-%t. ,":.,. 
lP .'.. , ...a!a:?, * 

, ,., '.' , . 

:,;:;: :, -:,, 
v,.,8b ', *,., ,?+. . .,. '+ ,;;?I. 
? %  '!' ; , , ! '.!.( 
', t. .!; . .: ' t ;:..'~,<,..;.~ 

. . 
, ::, .:t.-.j; 

.., ., ., , .?' 

<< ,: ' . . . .  I .  .. . I . .  



1 

OF EQUIPMENT FOR WATER SAMPLING 

I Use the following strategy for QC data collection and analysis: 

1. For inorganic-constituent samples, initially send only the final 
equipment-blank sample for the.routine inorganic blank-sample 
analysis or for inorganic analytes targeted by the study.' 

Archive the remaining sequentially processed blank samples 
(fig.3-7) until' .the inorganic-constituent analysis , of the 
equipment-blank sample has been received. 

I Do not archive blank samples for organic-compound analysis. 

2. check the analytical results for the equipment blank and field 
blanks as soon as possible and before the next field trip. 

I If analytical results indicate that the equipment is clean within 
acceptable limits, the equipment may be used for field work 
without additional testing or analysis. 

Use of equipment is not recommended if  analysis of 
the equipment blank sample indicates greater than 
acceptable analyte concentrations. 

I + 
3. Additional QC data collection and (or) analysis is required if the 

equipment blank has greater than acceptable analyte I concentrations. 

For inorganic-sample analysis. Submit the rest of the 
sequential blank samples for laboratory analysis and use the 
analytical results from the sequential blank samples to identify 
potential source(s)' of contamination. Modify ecjuipment- 
cleaning prockdurer if contamination can be remedidd by a 
change in ;leaning procedure. Repeat collection of 
equipment blanks until the blank data verify t'hat the 
equipment is suitable for use. 

I I 
For organic-sample analysis. Modify the equipment 
cleaning procedure if the source of contamination is known or 
suspected and contamination can be remedied by a change 
in cleaning procedure. If the source of contamination is not 
known, reclean equipment using office-laboratory procedures 
and collect and analyze blanks for each part of the sampling 
system that could be a source of contamination. Repeat 
collection of equipment blanks until the blank data verify that 
the equipment is suitable for use. 

U.S. Geological Survey TWRI Book 9 chapter A3. 9/98 



11 Figure 3-7. Sequence of sample collection to obtain the equipment blank ( 

CLEANING OF EQUIPMENT FOR WATER SAMPLING 1, 5 
I 

The equipment blank is the last sample of a set of sequentially processed. blanks collected in 
the office laboratory and documents the suitability of the eq~iipment for the samples that are to 
be collected and analyzed. Field blanks are collected in the field in the same manner as the 
equipment blank but document the effectiveness of the field-cleaning prpcedures plus any 
ambient contamination. . , 

Surface water: collect the series of five sequential blank samples listed below for routine 
surface-water sampling. 
Ground water: collect the source-solution blank (Sample 1) and either a sampler blank 
(Sample 2) or pump blank (Sample 4) (depending on the type of sampling device being 
used) along with the filter blank (Sample 5) . 

Sample 1. Source solution (SS) 
SS blank Put on disposable gloves. Pour the IBW, PEW, or VBW directly into appropriate 

SS blank-sample bottle.' Add chemical treatment and (or) chill, as required for 
the analytes of interest. 

Sample 2. SS + Sampler 
Sampler Bottle or baa sampler: Fill sampler container with SS; attach sampler cap and 
blank nozzle; decant sample into blank-sample bottle through the nozzle. Preserve 

sample (add chemical treatment and (or) chill) as required (NFM 5). 

Bailer or thief sampler: Fill sampler with SS; install bottom-emptying device; 
. empty sample into blank-sample bottle through the bottom-emptying device. 

Preserve sample, as required. 
Submersible or'nonsubmersible mums: Go to Sample 4 (Pump blank). 

Samele 3. SS + Sampler + splitter2 
Splitter If a cone or churn splitter is used, decant remainder of the SS into sampler 
blank container, and then through splitter (through nozzle or bottom-emptying 

device). Refill sampler container with SS to fill churn with 3 to 5 liters of water. 
Alternatively, pour enough SS from samplers through cone splitter to fill 
splitter-blank bottle. Collect SS into blank-sample bottle through churn spigot 
or cone-splitter exit port(s). Preserve sample, as required. 

Sample 4. SS + Sampler + Splitter + Pump 
Pump Nonsubmersible (peristaltic, vacuum, or valveless metering pump): 
blank Secure intake end of clean pump tubing into churn splitter or into a subsample 

split with the cone splitter. Pump some sample to waste to rinse tubing, and 
fill pump-blank bottle directly from the discharge end. Preserve sample, as 
required. 
Submersible pump: Place pump in blank-water standpipe and fill standpipe 
with enough SS to cover pump intake and allow for drawdown. Start pump at 
low pumping rate, discharge 0.5 liter of SS to waste, then fill blank-sample 
bottle with SS. Preserve sample, as required. 

Samele 5. SS + Sampler + Splitter + Pump + Filter 
Filter or Pump SS through a prerinsed filtration assembly (plate filter or capsule filter); 
equipment pump the first aliquot to waste and then pump SS directly into the blank-sample 
blank bottle. Preserve sample, as required. 

'~rocess the source-solution blank in the protected environment of the office laboratory only, not 
in the field (NFM 4). 

 o or ground-water quality control: A splitter blank is included if a cone splitter is used; a'standpipe 
blank often is collected if a submersible pump is used. 
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CF 

CONVERSION FACTORS AND 
ABBREVIATIONS 

CONVERSION FACTORS 
Multiply BY To obtain 

centimeter (cm) 0.3937 i nch  

meter 3.281 foot 

milliliter (mL) 0.06102 inch3 o r  cubic inch  

liter (L) 0.2642 gallon 

microgram (pg) 3.53 x ounce  

Temperature: Water and air temperature are given in degrees 
Celsius ("C), which can be converted to degrees Fahrenheit ("F) by 
use of the following equation: 

O F  = 1.8('C) + 32 

ABBREVIATIONS 
DIW deionized water 

DOC dissolved organic carbon 
HCI hydrochloric acid 

HN03- nitric acid 

IBW inorganic-grade blank water, laboratory-certified free of trace elements 
and other inorganic constituents 

pg/L micrograms per liter 

pS/cm microsiemens per centimeter at 25°C 

MSDS Material Safety Data Sheet 

NFM National Field Manual for the Collection of Water-Quality Data 

NWQL , National Water Quality Laboratory of the U.S. Geological Survey 

OWQ Office of Water Quality of the U.S. GeoIogical Survey 
PBW pesticide-grade blank water, certified free of pesticide 

organic compounds by the NWQL 

PVC polyvinyl chloride 

QC quality control 

QWSU Quality of Water Service Unit 

SOC suspended organic carbon 

SS source solution 

TOC total organic carbon 

TWRI Techniques of Water-Resources Investigations 

URL Uniform Resource Locator 

USGS U.S. Geological Survey 

VBW volatiles-grade blank water, certified free of volatile compounds 
by the NWQL 

v/v volume to  volume 

Cleaning of Equipment for Water Sampling 9/98 Conversion Factors and Abbreviations 

.. 
':.: ;.. 0 
; . ,. . '. . , 

. . ,' .. " . 
>.. , ' . 

' ,  . . ' I  

, , 
.1.. 

.t, J.:.,:. 
, ,v 

,:..,;j 5; , i ; , ,y ! ,  
';{. 
..,.,d. . 

* C.' '.. 
: 0, : !'-:<.? 

" :" i'. 
:,y ',:; . , ,. 
..'.,.8' 
, , .,' , d 

? :::c,.. 
,'C.!~/ ,,;; ; 
i ._ . ., 

% ...,, , . . ' . I  .' : .  t .  

. !;),. <+' ,, .;:a:: ,, $.. 

, r  . .. . .. ,."- 
. v . . .  , 

. :: - . 
.," ' i*, . . ' 

,;;:.,:. . ' .?$?$ , 
,-<:, \d ,;, 
.n :s 
.'i;: 2~:' 
a. :., I. :r'*t,. " 

,,,.,,. ," , ,.,.. , ,,,.: .',:. 
3 . .  - .,- . : . " - ". 

, ,, , *. . .' 
.,L,,:,.:' . - 
. I  ^ 3, " '.. '.,', . '  
1 ,,<,,:., . , 

. .,. 
, .; . : " 
', , ' . . .  . ..?f.::. . , .. . 

I. . .. , , ,' 
; <',:(,; ... .. .I., . . 
S -. . 
'i'. .., :.", 
. A, .. ,:<. 

3 . .  .,,,. ,# t. : 
' ',",?".< 

*:.:&;.; ,, ,:; , , ,. 
,<:,>'.:' , ,,, '.'.. . 
'. . . : , . , _ . .. n,: I "  ". 1 7 . , e..., .':. ., r. .d ,; ' 
, , 
. .:;,"< 

' .  . . , r  .,,,: i: .;..& .i).,.' 
:.::::,<:! ' 
:i., .". 4 . i: .. I . b.' . , .. l';,: ' ", 

, ,:gy.:>. 
. . :::,.: $ 
>, 't*";: ., !,!. . 

$2:~: ,i!.t <,;' .,, :: , 
e.,,. , : ..; . 

:.5. . .1 .,>'t ! . ,.'. >"* 3 ... 4' . 1. .  I .  . c: ... >, ' . 
;. f .( .. 

- . .  
, , .  I 

;..:i'i"+ 
b.4. ; ..X L, '..>, 
.,, !:*- A , . .... 

r . ,  
, ,.t.;" 

yL. r,: . . , . :j. ,. , ::.is"?- 
> -' .*. - 
. ., s.:,*.. , 

, ...< -,.;., 
; . I . .  

,, .?.:a' , 
. ,.'-..."& .> c;.. ,. ,; .. r 

; - , r ,  .:. 
, .̂. .. 
I, . .  . > .. . . ', ,. 
i ,.A,:*;: ,., , .,> ,,!>'.? , . ' # I ,  ..: . 4 1  

? - ,... ' ". .<ye: : 
J . .". . 
.;,:, ,,' , '  

$,{>, !; !, 
3 . ., . . 1. " .  
, .:.'. . . 

I . '  . . 1 .' 
' 

a . :7., $3. 

f *.:,..;: ,. ..'.,"., ' 
, ts ... - .. 

I . .i. ' ' . .. _. 
I , ? ' . ' .  
, , .  , -  ,: :, 

,,., .i:?.'' . I . ,' '. , :.i * , . :_ _ ,  
' ..j'-. : .... . . . :, . 
t !,'$.',. , . 
ir 4 >  . ,+. .ah:+' , 

,,.-,. 
:: ,<i?, . 
, ~. 

'I(,' ,. 
'I,. . ,,1 '_ ' ' i ' . .  , . .. . . . .  

:,.;!t., :,?: 
P ...I. ::g, * . 
, .. !... , . . 
: .? ., .,.$',. > 

< ; ..Js" , , 



SELECTED REFERENCES AND 
INTERNAL DOCUMENTS 

SELECTED REFERENCES- FOR CLEANING OF 
EQUIPMENT FOR WATER SAMPLING 

American Public Health Association, American Water Works Association, and 
Water Environment  Federation, 1992. Standard methods  for t h e  
examination of water and wastewater (18th ed.): Washington, D.C., 
American Public Health Association, variously paged. 

American Society for Testing and' ~ a t e r i a l s .  1990, Standard practice for 
decontamination of field equipment used at nonradioactive waste sites: 
Philadelphia, Pa., no. D 5088-90, 3 p. 

Capel, P.D., and Larson, S.J., 1996, Evaluation of selected. informatjon on  
splittipg devices for water samples: U.S. Geological Survey Water- 
Resources Investigations Report 95-4141. 103 p. 

Cole-Parmer Instrument Company. 1997. 97-98 Catalog: Vernon Hills, Ill., 
Cole-Parmer Instrument Company, 1416 p. 

Horowitz, A.J., Demas, C.R.. Fitzgerald, K.K.. Miller, T.L.. and Rickert, D.A., 
1994. U.S. Geological Survey protocol for the collection and processing of 
surface-water samples for the subsequent determination of inorganic 
constituents in filtered water: U.S. Geologi~al Survey Open-File Report 
94-539. 57 p. 

Ivahnenko, Tamara, Szabo, Zoltan, and Hall, G.S., 1996. Use of a n  ultra-clean 
sampling technique with inductively coupled plasma-mass spectrometry 
to determine trace-element concentrations in water from the Kirkwood- 
Cohansey aquifer system, Coastal Plain, New Jersey: U.S. Geological 
Survey Open-File Report 96-142. 37 p. 

Koterba. M.T., Wilde. F.D.. and Lapham. W.W., 1995. Ground-water data- 
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Internal Documents 
Office o f  Water ~ u a l i t ~ ,  National ~ a t k r  Quality ~ a b o r a t o r ~ ,  and 
Water Resources Division numbered memorandums are available 
electronically o n  the Internet through the USGS Home Page o n  
the Wor ld Wide Web. The site address (URL) is 

http://water.usgs.gov/lookup/get?techmemo. 

: Water Quality . I 

Date 

Dec. 20, 1991 

Feb. 7, 1997 

I 

Memo No. 

qw 92.01 

qw 97.03 

i 

National Water Quality Laboratory (NWQL) 
I 

,US. Geological Survey TWRI Book 9 

Title 

DistilledIDeionized Water for District 
Operations 

Protocols for Cleaning a Teflon Cone 
Splitter to Produce Contaminant-Free 
Subsamples for Subsequent 
Determinations of Trace Elements 

Memo No. 

wrd 94.007 
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Date 

Mar. 25, 1992 
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Water Resources 'Division I 

Title 

Technology Transfer-Availability of 
Equipment Blank Water for Inorganic 
and Organlc Analysls 

I I 

Title 
1 

Safety--Storage, Transportation, 
Handling and Disposal 
of Methyl Alcohol 

Date 

Dec. 3,1993 
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PUBLICATIONS ON TECHNIQUES OF 
WATER-RESOURCES INVESTIGATIONS 

The U.'S. Geological, Survey publishes a series of manuals 
describing procedures for planning and conducting specialized 
work in water-resources investigations. The material is grouped 
under major subject headings called books and is further divided 
into sections and chapters. For example, Section A of Book 9 
(Handbooks for Water-Resources Investigations) pertains t o  
collection of water-quality data. The chapter, which is the unit of 
publication, is limited to a narrow field of subject matter. This 
format permits flexibility in revision and publication as the need 
arises. 

The Techniques of Water-Resources Investigations (TWRI) reports 
listed below are for sale by the U.S. Geological Survey, Branch of 
Information Services, Box 25286, Federal Center, Denver, CO 
80225 (authorized agent of the Superintendent of Documents, 
Government Printing Office). Prepayment is required. Remittance 
should be sent by check or money order payable to  the U.S. 
Geological Survey. Prices are not included because they are subject 
to cha-nge. Current prices can be obtained by writing to the above 

+ address. When ordering or inquiring about prices for any of these 
publications, please give the title, book number, chapter number, 
and "U.S. Geological Survey Techniques of Water-Resources 
Investigations." An updated list of TWRI reports can be found by 
accessing the World Wide Web url: http://water.usgs.gov/lookup/ 
get?TWRI. 

Book 1. Collect ion o f  Water  Data  by Direct Measurement  

Section D. Water Quality 
1 -D 1 .Water temperature-influential factors, field measurement, and data 

presentation, by H.H. Stevens, Jr., J.F. Ficke, and G.F. Smoot: USGS-TWRI 
Book 1, Chapter D l .  1975. 65 pages. 

1-D2.Guidelines for collection and field analysis of ground-water Samples for 
selected unstable constituents, by W.W. Wood: USGS-TWRI Book 1. 
Chapter D2. 1976. 24 pages. 

Book  2. Collect ion o f  Envi ronmenta l  Data 

Section D. Surface Geophysical Methods 

2 - ~ 1 . A p ~ l i c a t i o n  of surface geophysics to  ground-water investigations.'by 
A.A.R. Zohdy. G.P. Eaton, and D.R. Mabey: USGS-TWRI Book 2, Chapter 
D l .  1974. 116 pages. 

2-D2.Application of seismic-refraction techniques to hydrologic studies, by 
F.P. Haeni: USGS-TWRI Book-2, Chapter D2. 1988. 86 pages. 
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, c,.; needed far wise management of the Nation's water resources. 
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attributes of water systems. These data are used for environmetltal 
' , *  
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and resource assessments by the USGS, other government and 
1 
1.. ' I  scientific agencies, and the general public. Reliable and objective 

, i data are essential to the credibility 'and jmpalliality of the water- 
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resources appraisals carried out by tlle USGS, 
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1~. Yi . maintain technical expertise. USGS field personnel use this 
I !  i - 8  

j mhilual to ensure that data collected are of the quality required to 
* , "r, , 

fulfill our mission. 
' ' I  

v l' 
4; < ; *E ,*! ,** Robert M. Hirsch 

, : 1, 
: I  

Chief Hydrologist 

. ,.. 
: ..+ i:,,d., O.R&urn to Chapter A4 Contents :'age ; ; .: , ?;,;\;;:: 
,, + 

: !, ,..4;~,., ! , *Return to Field Manual Complete Bontents . 
. .#' I .  *Return to Water Quality Information Pages 
!, ' , ?.! :I, 1 
P . C . , ? .  . , 

, I , ,  , , s 

; ' : f,.' 
b. 

, . ,  
(, . , " I.. 



.. . ..,, ., , 
, ..:,b' . 

p a ,  , 
, . , Abstract 
:+:, ;. . , !  .I<.:'!,,! , .. 3 , ', 
* . I  , ' b  . I  ( . . I + .  

Page 1 of 3 

,I * ' i  

I : Water kesources--office of Water Quality 
, . .i 1 

1 I 

I I 

4 , This document is also available in pdfformat: abstract.p<C 
i ,!'$, 

I ' !  
t ', ' 

f i ' f  4 
L 4  National Field Manual 

/!P ' 
1 '  CHAPTER A4. COLLECTION OF WATER 

: ,. : .,., , .:*. 
', : \ A , ,  
' k; , 

. : Edited by Franceska D. Wilde, Dean B. ~ad tke ,  Jacob Gibs,and Rick T. Iwatsubo ,;;*; !,. , ,b'; : 
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., , . . : :%. L ABSTRACT 
!:;:,:.!i:,>:.'l, " . . .  1 . .  , . 
I , .  . 1 ' I  

' , 

The National Field Manual for the Collection of Water-Quality Data (National Field Manual) describes 
protocols i d  provides guidelines for U.S. Geological Survey (USGS) personnel who collect data that 
are used to assess the quality of the Nation's surface-water and ground-water resources. This chapter 
provides information and addresses appropriate methods for the collection of surface-water, ground- 
water, And associated quality-control samples. Among the topics coveredlake procedures to prevent 
sample contamination; instructions for collecting isokinetic, depth-integrated samples from streams; and 
guidelines and criteria for purging wells in preparation for collecting samples from ground water. 

Each chapter of the National Field Manual is published separately and revised periodically. Newly 
published and revised chapters will be announced on t6e USGS Home page on the World Wide Web 
under "New Publications of the U.S. Geological Survey." The URL for this page is 
http://water.usgs. ~ov/lookuplnet?newpubs. I 

. . 
- ! I '  1 " .  

J. ,;. i ,,.' : INTRODUCTION .. ..:, 
' . . ' \ , . : d  ., . . ;,?; ;, '-':' 
v. . :.. ; , - 

," . . 
';r, 

, 
A S  part ofks  mission, the U.S. Geological Survey (USGS) collects the data needed to assess the quality . . 

,.,, 
. . - ...I I,.-.. .. . . of our Nation's water resources. The ~at ional  Field Manual for the Collection of Water-Quality Data 

, .. . *.. _.. c : . . . ., . ,.,. .. . i . ,  (National Field Manual) describes protocols (requirements a'nd recommendations) and provides 
.' , . ,.,,.a',c~ 
, guidelines for USGS personnel who collect those data on surface-water and ground-water resources. 

: , , x ; , .  . 
. I . .12., . . , , Chapter A4 provides information about the collection of water samples foi- investigations and 

.: ; ' assessments of environmental water quality. Forma1,training and field apprenticeship are,necessary 
, 
. , .  ihorder to implement correctly the procedures described in this chapter. 

Y ' . ,  ,, 1 
, '  . ' 5 ' .  ,;. , , I ,  i 

.:. 
,,,, '!<;'.:: ; @ 

, s !,2,A ij .! The National Field Manual. is Section A of Book 9 of the USGS publication seiies "Techniques,,o,f 
1 .1 !'. ,, . 

. ' , , !  . . c , .  
( , I "  , #  . Water-Resources Investigations" (TM) and consists of individually published chapters designed to be 

,I.:' ': . + , , I ,.rp: I. : used in conjunction with each other. .Chapter numbers are preceded by an "A" to indicate that the report 
I,;;;jk>>,> , 

, , ,*11 . . is part of the National Field Manual . Other chapters of the National Field Manual are referred to in this 
I .  I .. 

., , ,.. . , , 4  , 
report by the abbreviation "NFM" and the specific chapter number (or chapter and section number). For 

, ;  example, NFM 6,refers to Chapter,A6 on "Field Measurements" and NFM 6.4 refers to the section on , ,.,. 
' " ,I 

field measurement of pH. ,,. I' ' ,: 



, . . ,  . , ,...*, ;I. 
,:< ' 

Abstract L; Page 2 of 3 .. , 
,, ,.. . 
: , .  , . . .";.. ,. . ?,i, 

. 3 -..a ,., 
, ; I .  '. !. 

, .., 
. . 

The procedures described in this. chapter represent protocols that are generally applicable to USGS . , :. . .. ... . . : I. , .'.I . ' :., ,,.> "" 

studies involving the collection of water-quality data. Modification of required and recommended : ,. .,..., .. ; : Y ,  , . : 

procedures to hlfill study objectives or to enhance data quality must be documented and published with 
,~;, :. ;: ,,,.::'c, . .. 

the data and data interpretation. ., ,, :,,!, t;. .: : : ,$. &a, ! , 
f 1 '. .' <. 

.>: , , .; . 
PURPOSE AND SCOPE < . :. , , ,y.  ' 

. . < . q  . ... 
*,,:k .:; i. 

, . :... !. 
..il . * 

The National Field Manual is targeted specifically toward field personnel in order to (1) establish and .,'. .. . , .  . . 
, ,' $' 

. ( % ,  communicate scientifically sound methods and procedures, (2) provide methods that minimize data bias, ,,.:, .,I. :.,: . . .,; 
and, when properly applied, result in data that are reproducible within acceptable limits of variability, ., , ,,,, . : . . .  . - ,,. 
(3) encourage .consistent use of field methods 'for the purpose of producing nationally comparable data, ' , '  

..I # ;: ::. '. 
;.;,u; I;U:>'? I .. 

and (4) provide citable documentation for USGS water-quality data-collection protocols. , .,> . B 8 .  !,: . :3, I .  . 

,,. a 
:; J:,. . 
.' ' ;s >; :! 

The purpose of this chapter of the National Field Manual is to provide field personnel andother I ,. , ,. 
., . ''.::!, 

' " *  interested parties with a description of the requirements, recommendations, and guidelines routinely. 
\ .  . ,:,: . .: .. ,:: ,, I . 

used in USGS studies involving the collection of water-quality samples. The information provided . , ., , a f + - 5, .,+. . 
covers topics fundamental to the collection of water sakples that are representative of the ambient . '~ ,;a:..: .- .',, ,, I ?  . 
environment. The information provided does not attempt to encompass the entire spectrum of data- , . 

>.4' k , ,  :. 
.. , I 

collection objectives, site characteristics, environmental conditions, and technological advances related , 

.I!,$';., ;+; ,',J,., 1.". : 
to water-quality studies. Also beyond the scope of this chapter is discussion of procedures to collect .- <., , . .:. 

, I . . .  . ., ,., '.$ 

samples for analysis of suspended or biological materials. , .u .. ... .- . ,> 
',;+,;!; 

- '  +.:fib ;:: . :..: * ,  . . ~ ", . 
REQUIREMENTS AND RECOMMENDATIONS .. . 

<. . 
. . O . . L  

' . , I . .  . .  
.<;; . ,: . s .I ., 
. . ! ' ,  I i 

As used in the Nationa1,Field Manual, the terms required and recommended have USGS-specific '" ';. Z . . ;. , . '. 
meanings. 

;, ,.: .a 

Required (require, required, or requirements) pertains to USGS protocols and indicates that USGS ,,: y,,.::: 

Office of Water Quality policy has been established on the basis of research and (or) consensus of the !, ,;,;, ;:; .>. 
, . I - /  b:,h".s). , . . 7 :  . ,',,. 

technical staff and have been reviewed by water-quality specialists and selected District' or other . I , . .  . I' ; .  
2 . I  professional personnel, as appropriate. Technical memorandums or other internal documents that define c+::);~,: , ,....., t ,$. ,. 

. .,.<,. the policy pertinent to such requirements are referenced in this chapter. Personnel are instructed to use . .  , . . .  . ,, . .  . . . , . ,.. .,_ required equipment or procedures as described herein. Departure from or modifications to the stipulated :.i:, : . .. . 
requirements that might be necessary to accomplishing specific data-quality requirements or study . ' t,., . >. . . c . .  ..%,. . 

, - w , .  . 
objectives must be based on referenced research and good field judgment, and be'quality assured and . , ..,,..... . . . .  -a ; ;,? I , ,  .. 

documented. . . r i ,,,: !. ,'..'. :,. . . , .. . ,. *'.' 
.. ,,.' I .. 

I ,J 
I ,.f.*,'. 

Recommended (recommend, recommended, recommendation) pertains to USGS protocols and 
+ .  : ..; . :.,:..' . 

indicates that USGS Office of Water Quality policy recognizes that one or several alternatives to a given ' ;. i:;,,:;;;; 
equipment selection or procedure are acceptable on the basis of research aqd (or) consensus. Specific ! . , ,; ?: , . :, :.,.:;. 

, . d  
A1,. 

data-quality requirements, study objectives, or other constraints might.affect the choice of r'ecomrbended. . .;,;':A , .  
j ,,;<;.::I, equipment or procedures. Selection from among the recommended alternatives must be based on ,. % :, . -!,. ,... 

referenced research and good field judgment. Reasons for the selection should be documented. . ,>* .. 
! ,,;'i>, : 
, ... 

I .~.. . _..t 
Departure from or modifications to recommended procedures must be quality assured and documented. ;I,::? :..c , ,:;?:. .: I 

,!., 1 

FIELD MANUAL REVIEW AND REVISION 
.; 1 

I ? * , ? I  
, . , ,*; >. 

< : ,: . - Chapters of the National Field Manual will be reviewed, revised, and reissued periodically to correct ,: ,-. ,. . 
a I ' 
, .':.';. ; any errors, incorporate technical advances, and address additional topics. Comments or corrections can I, , ;';L$.;.:' 

be sent to NFM-QW, USGS, 412, National Center, Reston, VA 20192 (or direct electronic'mail to. id.., ..: 
.: ,, , : I  
'. F. j :  .: - . . P, ,r .- , ,. 
;. .>: .. , 
::. j. 

r .  ' 
f, ,' ' c. 

,,. <,  ,,::. 
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, 2.4~',,!,,b ,. nfmowq@usgs.gov). Information regarding the status &d any errata, of this or other chapters can be . . ,, ,$ . '  , 
. . found at the beginning of theelectronic version of each chapter, located in the'publications se'ctio of 
.. . 

, . l  , 

.& , , ... > A ,  . the following Web site: http://water.usgs'.ov/lookup/8et?owq. 
., . . .. . ( b -  

. i t  :, , . . "  
.- :.- . Newly'published and revised chapters will be announced on the USGS Home.Page, on the World Wide 
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; a it:, , , Web under "New Publications of.the U. S. Geological Survey;" at http://water.usgs.~ov/lookup/get? 

'>..;I~:, newpub's. * ,  

, ' .  ;.. ' 
.a. , , 
" 111. 

,* . 1 '  
, , .  . ACKNOWLEDGMENTS 

,I 
/.:" :..;+ 

: .  . .!,,r.9.+. , The information included in this chapter of the National Field Manualis based on existing manuals, 
.. ....'f' ' 

. I  , ;,, . ,  various reference documents, and a broad spectrum of colleague expertise'. in addition to the references 
, . . . provided, important source materials include USGS han'dbooks, manuals, and technical memorandums. 

' I  I .  

i I I  , The editors and authois'wish to acknowl'edge the following individuals in the USGS who developed the 
: i t ,  , * <  field and training manuals that provided the foundation for information on the collection and processing 
:,i,;;;j ; , , , : ofwa te~  samples: M.E. Dorsey, T.K. Edwards, W.B. Garrett, W.J. Gibbons, R.T. Kirkland, L.R. Kister, 

q , ,  
' , ; : : I  & 
., ,,* p-.:yvi J.R. Knapton, C.E. Lamb, R.F. ~iddelburg,  J. Rawson, L.R. Shelton, M.A; Sylvester, and F.C. Wells. 
'!, .': ; , 
. . '* ..;-;, 1 ! 

I .  3 .. .','. . .. . I ',i .::: , . , . 
;;,; '$ , J , 

' 
The technical content of this report was enhanced by expertise from H.D. Ardourel, B.A. Bernard, R. W. 

i. . Brenton, A.D. Bumgartner, M;R. Burkhardt, R.W. Carmody, B.F. Connor, T.B. Coplen, 11, K.K. t,yy ! ;;,';i 
. , , , , Fitzgerald, D.S. Francy, J.R. Garbarino, S.R. Glodt, J.A. Kammer, V.J. Kelly, J. W. ~ a ~ a u g h ,  S.L. Lane, 

,'),. . $ *  ;C.' 

..p .* ., , ,- 8 

W.D. Lanier, A.H. Mullin, C.J. Patton, L?N. Plurnmer, D.L. Rose, S.K. Sando, M.P. Schroeder, C.A. 
.. , / : 

. , ,  . ,  Silcox,,A.H. Welch, W.R. White, and D.S. Wydoski. Valuable editorial assistance was provided by I.M. 
I::, t Collies, C.M. Eberle, B.B. ~alcsak,  and Chester Zenone. Production assistance from C.T. Mendelsohn, 

, , , - A.M. Weaver, and L.E. Menoyo was instrumental in maintaining the quality of this report. 
@/J i i * Atl i<i 

),!I$'; 4.1; 3 
' ,  .!!.... : . , . .  The editors and authors wish to pay tribute to R.W. Lee and'S.W. McKe*ie, who provided final 
;;,~,i,.8:.-*,:4 . , 

: i  ,-, .:'; 
< .  ,(.. . technical review, and who contributed significantly to the accuracy, quality, and usability of this report.. 

; .I, 
,. .. . .. Special thanks go to .T.L. Miller, whose encouragement and faith in.this project was instrumental to its .;. . u3;A , 

.> l 

.,.;,[':".'l 

$:, ,::: !; achievement, and to D.A. Rickert and J.R. Ward for providing the support needed to produce a national 
s 3  1~~~~ ., ! , field manual for water-quality studies. 

I 'I,:, .+ . 
I ;,; . : * > '<  
I.. . ..','. 

I ,  

,;%.:;,:J, .$, . , 
; % ..\:;!,? 3 ! . I 
.?.. ti :;.!$ ~istrict'refers to an office of the USGS, Water Resources Division, located 61 any of the States or territbdes of the United 
r l,,?,J$ 
;;.> : g;: .,, ..I States. .',,: : '.! 

;:j, ', .,... 
. , , :: 1; '' 

. .  . . . .  ! .  ,. . , . . e m _  , . *Section 4.0 Contents 
'.".< + 1::. 

i .  . Cf. Return to Chavter A4 Contents ' 
" , , 

' I  'Q Return to Field Manual Complete Contents 
,. , ,.. .. ' : 
. ";, . I * , ' .  . -'?. pa Cf Return to Water Quality Information' Panes -, ,* 

, , .  .,.. 



fi+;;; ',,, / " 

.. ,* * . 
, .,; . tf ,- !, Abstract 

" :!L ., 
. I  ,:\ , ., , 
.;, ;..:.:)' 
, . I .:> 

.* j?,:,:; 
, ,::.{' 
(! _ . .  ( ;,.. ,&.,ii . I  'BUSGS L,;:at 8;:; $ I 

. ! , ; I .  ......' >, .,'p.,.ri. " 1 .  
I ,  

I . !  b . .  :,:, . : 1 
t ' I , , '  

Page 1 of 3 

. , 

.b I, 
! .  " ;> ,% 

Water Resources--Office of Water Quality 
!; ,.' ;:;, , ., .. , .:.,' , 

' .  , +  ? This docirnent is also pvailable in pdffonnat: abstract.>n[ ,.i:gv.,-4,,;, h* 

,.E':.$,'..; j ' ' ,  
! 

,, '>.:,,; 

,., :' , = \ .  3 . 8  

I;.! ,;;.i. National Field Manual . .. 
. ,. . 3 ,  
' . . <  

.. ':;, ! , 
/ .  * ( ' 4  
; ? v,;" It I 
!-I , l a  

J : I +  CHkPTER A4. COLLECTION OF WATER 
SAMPLES * ,  

'%. i,,' 
I " *  I ' 

t14,:;r:, ' 
: i  1 1 Edited by Franceska D. Wilde, Dean B. kadtke, Jacob Gibs, and Rick T. Iwatsubo 
:, ' 1 ,.: t .. ., . , ' I .  

\ . . <  . . .,.* >..  ,..,: , . . . .  , I.: s %! J ABSTRACT , '  

~, . . *  . . ( ,  , , ,  
.;.G ::$ ' 

iP' T,. 
G ?:(, ; :;! , 1: The ~akional Field ~ a n u a l  for the ~ollebtion of water-gality Data (Nbtibnal Field Manual) describes 
. protocols and provides guidelines for U.S. Geological Survey(USGS) perdonnil who collect data that 
'J:; 8 .  ! 

-+ - :* , t, , ,: are used to,assess the quality of the Nation's surface-water and ground-water resources. This chapter 
,; ' , '1:. , : 
:J:!.. ., ;,:, provides information and addresses appropriate methods for the collection of surface-water, ground- 
p r  P.:.,:> 'j.. 
, . io,, .!:,t,..,, :I.,* ; I  : water, and associated quality-control s@ples. Among the topics covered ai-e procedures to prevent 
;;z;..;* I, i .. ,. .I *!,>I , .; -4 , f .  , .., 

sample contamination; instructions for cbllecting isokinetic, depth-integrated samples from streams; and 
.! . , I  
, +  . ... guidelines and critiria for purging wells in preparation for co'llecting samples from ground water. 
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5, F,: . . ,,:,i 
As part of its mission, the U;S. ~ e o l o ~ i d i l  Survey (US&) collects the d i t i  heeded to &ess the quality 

,! k.;' . 
,,* .,,,,"',.! ' 

of our Nation's water resources. The National Field Manual for the Collection of Water-Quality Data ' , 

, , , 
(National Field Manual) describes protocols (requirements and recommendations) and provides 

;!;l,., 

. ' . ;,$ :j,'iz 5: guidelines for USGS personnel who collect those data on surface-water and ground-water resources. 
3;:. )i,:' , l. , , 

?, ,,;;Ii, . Chapter A4 provides inforrnktion about the collection of water samples for,investigations and 
assessments of environmental water quality. Formal training and field apprenticeship are necessary 

t ,  .:,. 
.,& . *  , .  
.! * + ,  , in order to implement correctly the procedures described in this chapter. 

The National Field Manual is Section A of Book 9 of the USGS publication series "Techniques of 
Water-Resources Investigations" ( T W ~ )  and consists of individually published chapters designed to be 
used in conjunction with each other. Chapter numbers &e preceded by an "A" to indicate that the report 
is part of the National Field Manual . Other chapters of the National Field Manual are referred to in this 
report by the abbreviation "NFM" and the specific chapter number (or chapter and section number). For 
example, NFM 6 refers to Chapter A6 on "Field Measurements" and NFM 6.4 refers to the section on 
field measurement of pH. $ 

1 
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The procedures described in this chapter represent protocols that are generally applicable to USGS 
studies involving the collection of water-quality data. Modification of required and recommended 
procedures to hlfill study objectives or to enhance data quality must be documented and published with 
the data and data interpretation. 

I 

The National Field ~ a n u a l  is targeted specifically toward field personnel in order t o  (1) establish and 
commuiiicate scientifically sound methods and procedures, (2) provide methods that minimize data bias 
and, when properly applied, result in data that are reproducible within acceptable limits of variability, 
(3) encourage consistent use of field methods for the purpose of nationally comparable data, 
and (4) provide citable documentation for USGS water-quality data-collection protocols. . . 

The purpose of this chapter of the National Field Manual is to provide field personnel and other 
interested parties with a description of the requirements, recommendations, and guidelines routinely 
used in USGS studies involving the collection of water-quality samples. The information provided 
covers topics hndamental to the collection of water samples that are representative of the ambient 
environment. The information provided does not attempt to encompass the entire spectrum of.data- 
collection objectives, site characteristics, environmental conditions, and technological advances related 
to water-quality studies. Also beyond the scope of this chapter is discussion of procedures to collect 
samples for analysis of suspended or biological materials. 

REQUIREMENTS AND RECOMMENDATIONS 

As used in the National Field Manual, the terms required and recommended have ~ ~ ~ s - s ~ e c i f i c  
meanings. 

Required (require, required, or requirements) pertains to USGS protocols and indicates that USGS 
Office of Water Quality policy has been established on the basis of research and (or) consensus of the 
technical staff and have been reviewed by water-quality specialists and selected District' or other 
professional personnel, as appropriate. Technical memorandums or other internal documents that define 
the policy pertinent to such requirements are referenced in this chapter. Personnel are instructed to use 
required equipment or procedures as described herein. Departure from or modifications to the stipulated 
requirements that might be necessary to accomplishing specific data-quality requirements or study 
objectives must be based on referenced research and good field judgment, and be quality assured and 
documented. 

Recommended (recommend, recommended, recommendation) pertains to USGS protocols and 
indicates that USGS Office of Water Quality policy recognizes that one or several alternatives to a given 
equipment selection or procedure are acceptable on the basis of research and (or) consensus. Specific 
data-quality requirements, study objectives, or other constraints might affect the choice of recommended 
equipment or procedures. Selection from among the recommended alternatives must be based on 
referenced research and good field judgment. Reasons for the selection should be documented. 
Departure from or modifications to recommended procedures must be quality assured and documented. 

' FIELD MANUAL REVIEW AND REVISION 

Chapters of the National Field Manual will be reviewed, revised, and reissued periodically to correct 
any errors, incorporate technical advances, and address additional topics. Comments or corrections can 
be sent to NFM-QW, USGS, 412 National Center, Reston, VA 20192 (or direct electronic mail to 

. I  -. .i- 
. ' ~ : : : * '  
' . 1.. . , .  . '.. , .:,r 
a,.,.. , .y,,,..- d' . 

,. 7 -.: 
,&'?*{2k, ::& , ' 
$. !;, ' :<.,:. .., . :"' . ~ .. 
.,:;j, - ':.I .,-._: 

b ;<&.::. 
.,;t*:;,;. . " 
: :;\ :,.; ! .; 
' . I. -$&. ..{ 

.,. . '.T'; 
.".a . , 

- ,  .. .% .,.I . . 
.-.-:.i, ... 

+ .. .- 
3°C ., 

, _ . '  
,;;y,? < -, "- :(' :, .; 
'., 'j?>t,>.., 
', ,7" . x .  
hi)??. 

i'.,,... 
F ..i .,.:,. 1 , 

: i. .I . ;:.< ::r, ,?: 
~ , - 8 .  .:.:I * 

, .,, :< , . 3 .  
,. :. ,. L ,  

a. ,3,!l. 
I . .  , ,. ,. :* , , - _  

. , .i6:k' ,: 
$:>>,u, * : 

::&;j$$$$ 
> .;;>j;{ ;.< 
... .I . .,, . ' 
>;:':,, ,- : ,,',, 

p.1. ... -! 
' - 8 .  ' - . '. . ,, , . ' 
.: ;: ,-' 
1%; ,..:: 
,..,,.{iL , ' 
> ). x. 
; ,.,y..'; 

.I I .  
.,.:";,;! 
(? ;?  ,. ? '  . 
n, . ,T , , ' 
;,ij, ;;, 
. . .. .. , . _ .  
, 

*-:t. ,.. 
'?.\..', : . .,- ,:.::;i. ':$ 
..;;y fl,? 2 ' 
<{!, ..d{Q;; ;, 
, ;$:;I, . 
!.;rpyaf yi: 
I;,: 7$:4r;.i 
, ,. . . < '  . . f ) .  ...,&. . . ,I :. . , ",* $. - ; 
'.!< f, ;>' , 

,'J. :.. . ., ?.  

.!',';;,< + 

.,' . 
, --i& < 

, !;*$?$# ;:; ' 
A .  .!1.q :i. 
I".:? ,;fi 

:..;. .hi ;, \ 
':? . ..$ .. - ' I  . 

..L:.3>. * 
...f ".', . L C .  '' 

, / . ... .. !?=, ',&? ,, 
, #.<,,' ,, <*a;:::-. . >; ,t.! .!:~~>4? ,i 
>'..C,, .,$- :' .%!?&,Y:' ,* <, p'1E' .. 
1: ":.:;., 'I . e : , , : . .  , 

,. ,-,:,.. . 1.1 , . . 
.": . . . I  

, .** ,. . ' . . . .. . . .., 
, .. . . ' ;; ,,.-., . 

,,,:;';p.<:. 
;, 'q,c;;;: ; ,, 

).P ,. ; "v'.F. - 
:,,4.!::. ,, ' 

.,: ,,.. . 1 

<:; ! .', :.. 
' ;:.::.;, ' . ., 
I;- . ' : 
'i . 4.x<$+ , 
.,a$? .- 
/&;$;,';;+,,, 
.$?'t. ' '.,+ : ; : 

i ',r:>-D -, 
,$$,:$: .;., 

e . .  . . i- .> 4: - 
. ,* .> . ~ . . ;.:rt. -: .,. .*. 

.C~:.' .. . 
:: . ..,.., ,"i,. .. '. i':: 

% :.*,: 
, , .&$;;:, 

5 'T,. , "!. $, ' . ... ,.!" 
;.,': .g, ,; ' 1 

.. . , .: ; y::- , 



,Abstract Page 3 of 3 

nfinowq@usgs.gov). Information regarding the status and any errata of this or other chapters can be 
found at the beginning of the electronic version of each chapter, located in the Publications section of 
the following Web site: http://water.usgs.gov/lookup/et?owq. 

Newly published and revised chapters will be announced on the USGS Home Page on the World Wide 
Web under "New Publications of the U. S. Geological Survey," at http://water.us~s.gov/lookup/~et? 
newpubs. 
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'ABSTRACT 

The National Field Manual for the Collection of Water-Quality Data (National Field Manual) describes 
protocols and provides guidelines for U.S. Geological Survey (USGS) personnel who collect data that 
are used to assess the quality of the Nation's surface-water and ground-water resources. This chapter 
provides information and addresses appropriate methods for the collection of surface-water, ground- 
water, and associated quality-control samples. Among the topics covered are procedures to prevent 
sample contamination; instructions for collecting isokinetic, depth-integrated samples from streams; and 
guidelines and criteria for purging wells in preparation for collecting samples from ground water. 

4 I 

.*a . . I ,  ," .< , . .; . "I,;-:, , , Each chapter of the National Field Manual is'published separately and revi'sed periodically. Newly 
*:;:.,a,.* 

;',' published and revised chapters will be announced on the USGS Home page on the World Wide Web .,,i. ' " ' ' x:.,",, 
\ , .  ,.i .;: : under :New Publications of the U.S. Geological Survey." The URL for this page is 0 ' '  I . : , j.'* ' . ' , 

~ $.,* , 
:i. , . . Y.1. . . I I , http://water.us~s.gov/lookup/get?newvubs. , , 

:I ,'!.:,.I> ,, i . '\, < I 

:,:!; ; I .. , ;..... ,.il.;, , , INTRODUCTION .,,,t !I . : 
, ! . . :  .. .. 
1 ' ,  . 

.f .' ', . , 
t ., , 
. .- :As partlof its mission, the U.S. Geological Survey (USGS) collects the data needed to assess the quality 
n;<;,;9r,i :,;. :, 1:: of our Nation's water resources. The Nati&zal Field Manual for the Collection of Water-Quality ~ a t a  
. , P:;. n.,: .':,-, . (National Field Manua[) describes protocols (requirements and recommendations) and provides .,,'lf4',. ;I,< 
,.,, , ; 

*,.,. ' 
, guidelines for USGS personnel who collect those data on surface-water and ground-water resources. 

7 a 1.. . . Chapter A4 provides information about the collection of water samples for investigations and 
" < . ~  , ' -assessments of environmental water quality. Formal training and field dpprenticeship are necessary 
:! l~;,:,;>:; 

, , , in order to implement correctly the procedures described in this chapter. 
.),, ' 8 ,  .,! ,-F:,, , i 

; I  1 '  *WV, r ' ; " , '  
!J , . ."  . , : S t ,  : The Notional Field Manual is Section A of Book 9 of the USGS public&dn series " ~ e c h n i ~ u e s  of 
:-,;,.:': , 

. . .  
I , .  : 

,Water-Resources Investigations" (TWRI) and consists of individually published chapters designed to be 
; ' , r ,  ; 
,',.;: : 

used in;conjunction with each other. Chapter numbers are preceded by an "A" to indicate that the report 
... ::.,I is part of the National Field Manual . Other chapters of the ~at ional  Field Manual are referred to in this 

, 1 hS.l 
*>t . "',,i'; 

1 , - , +  ,$ ,st{;r 
report by the'abbreviation "NFM" and the specific-chapter number (or chapter and section number). For 

I.d,'{, , at::;.jij,37 . ! , example, NFM 6 refers to Chapter A6 on "Field ~easurements" and NFM.6.4 refers to the section on' 
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The procedures described in this chapter represent protocols that are generally applicable to USGS ,. ., ,,: ..... 
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, .  , -.. procedures to hlfill study objectives or to enhance data quality must be documented and published with 
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the .data and data interpretation. . ., ., \ 
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I. ,.,... . 
PURPOSE AND SCOPE ,<' .,;:., '* 

, ,. .. 
.- !. It y;.: ;. 
:,. .. , ( I .  

The National Field Manual is targeted specifically toward field personnel in order to (1) establish and 
communicate scientifically sound methods and procedures, (2) provide methods that minimize data bias 
and, when properly applied, result in data that are reproducible within acceptable limits of variability, 
(3) encourage consistent use of field methods for the purpose of producing nationally comparable data, 
and (4) provide citable documentation for USGS water-quality data-collection protocols. 

The purpose of this chapter of the National Field Manual is to provide field personnel and other 
interested parties with a description of the requirements, recommendations, and guidelines routinely 
used in USGS studies involving the collection of water-quality samples. The information provided 
covers topics fundamental to the collection of water samples that are representative of the ambient 
environment. The information provided does not attempt to encompass the entire spectrum of data- 
collection objectives, site characteristics, environmental conditions, and technological advances related 
to water-quality studies. Also beyond the scope of this chapter is discussion of procedures to collect 
samples for analysis of suspended or biological materials. 

. ~ ... . ;.::; ,. 

REQUIREMENTS AND RECOMMENDATIONS 
:.,;>",,t,:,d 
' ,. .. , '. , ..., :s .%,, . ~; ?'.. ., :, .. . 

As used in the National Field Manual, the terms required and recommended have USGS-specific ' 

meanings. 

Required (require, required, or requirements) pertains to USGS protocols and indicates that USGS 
Office of Water Quality policy has been established on the basis of research and (or) consensus of the 
technical staff and have been reviewed by water-quality specialists and selected District' or other 
professional personnel, as appropriate. Technical memorandums or other internal documents that define 
the policy pertinent to such requirements are referenced in this chapter. Personnel are instructed to use 
required equipment or procedures as described herein. Departure from or modifications to the stipulated 
requirements that might be necessary to accomplishing specific data-quality requirements or study 
objectives must be based on referenced research and good field judgment, and be quality assured and 
documented. 

Recommended (recommend, recommended, recommendation) pertains to USGS protocols and 
indicates that USGS Office of Water Quality policy recognizes that one or several alternatives to a given 
equipment selection or procedure are acceptable on the basis of research and (or) consensus. Specific 
data-quality requirements, study objectives, or other constraints might affect the choice of recommended 
equipment or procedures. Selection from among the recommended alternatives must be based on 
referenced research and good field judgment. Reasons for the selection should be documented. 
Departure from or modifications to recommended procedures must be quality assured and documented. 

FIELD MANUAL REVIEW AND REVISION 

Chapters of the National Field Manual will be reviewed, revised, and reissued. periodically to correct 
any errors, incorporate technical advances, and address additional topics. Comments or corrections can 
be sent to NFM-QW, USGS, 412 National Center, Reston, VA 20192 (or direct electronic mail to 
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The National Field Manual for the Collection of Water-Quality Data (National Field Manual) describes 
protocols and provides guidelines for U.S. Geological Survey (USGS) personnel who collect data that 
are used to assess the quality of the Nation's surface-water and ground-water resources. This chapter 
provides information and addresses appropriate methods for the collection of surface-water, ground- 
water, and associated quality-control samples. Among the topics covered are procedures to prevent 
sample contamination; instructions for collecting isokinetic, depth-integrated samples from streams; and 
guidelines and criteria for purging wells in preparation for collecting samples from ground water. 

Each chapter of the National Field Manual is published separately and revised periodically. Newly 
published and revised chapters will be announced on the USGS Home Page on the World Wide Web 
under "New Publications of the U.S. Geological Survey." The URL for this page is 
http://water.usgs.gov/lookup/get?newpubs. 
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i; ,,,~:..~m A s  part of its mission, the U.S. ~ e o l o ~ i b a l  Survey (USGS) 'collects the &ti needed to assessthe quality , 
,I , & , .. .. of our Nation's water resources. ~ h e ~ d t i b n a l  Field Manual for the Collt2ction of Water-Quality Data , ..' 
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. 
The prockdures described in this chapter represent protocols that are generally applicable to USGS 
studies involving the collection of water-quality data. Modification of required and recommended 
procedures to fulfill study objectives or to enhance data quality must be documented and published with 
the data and data interpretation. 

.PURPOSE AND SCOPE' 

The National Field Manual is targeted specifically toward field personnel in order to (1) establish and 
communicate scientifically sound methods and procedures, (2) provide methods that minimize data bias 
and, when properly applied, result in data that are reproducible within acceptable limits of variability, 
(3) encourage consistent use of field methods for the purpose of producing nationally comparable data, 
and (4) provide citable documentation for USGS water-quality data-collection protocols. 

The purpose of this chapter of the National Field Manual is to provide field personnel and other 
interested,parties with a description of the requirements, recommendations, and guidelines routinely 
used in USGS studies involving the collection of water-quality samples. The information provided 
covers topics fundamental to the collection of water samples that are representative of the ambient 
environment. The information provided does not attempt to encompass the entire spectrum of data- 
collection objectives, si'te'characteristics, environmental conditions, and technological advances related 
to water-quality studies. Also beyond the scope of this chapter is discussion of procedures to collect 
samples for analysis of suspended or biological materials. 

REQUIREMENTS AND RECOMMENDATIONS 

As used in the'National Field Manual, the terms required and recommended have USGS-specific 
meanings. 

Required (require, required, or requirements) pertains to USGS protocols and indicates that USGS 
Office of Water Quality policy has been established on the basis of research and (or) consensus of the 
technical staff and have been reviewed by water-quality specialists and selected District' or other 
professional personnel, as appropriate. Technical memorandums or other internal documents that define 
the policy pertinent to such requirements are referenced in this chapter. Personnel are instructed to use 
required equipment or procedures as described herein. Departure from or modifications to the stipulated 
requirements that might be necessary to accomplishing specific data-quality requirements or study 
objectives must be based on referenced research and good field judgment, and be quality assured and 
documented. 

Recommended (recommend, recommended, recommendation) pertains to USGS protocols and 
indicates that USGS Office of Water Quality policy recognizes that one or several alternatives to a given 
equipment selection or procedure are acceptable on the basis of research and (or) consensus. Specific 
data-quality requirements, study objectives, or other constraints might affect the choice of recommended , 
equipment or procedures. Selection from among the recommended alternatives must be based on 
referenced research and good field judgment. Reasons for the selection should be documented. 
Departure from or modifications to recommended procedures must be quality assured and documented. 

i 

FIELD MANUAL REVIEW AND REVISION 

Chapters of the National Field Manual will be reviewed, revised, and reissued periodically to correct 
any errors, incorporate technical advances, and address additional topics. Comments or corrections can 
be sent to NFM-QW, USGS, 412 National Center, Reston, VA 20192 (or direct electronicmail to 

-.':.I 
: ,?',A .. .;.k.- , 
: .&:, . t  .. . ,?,;;. - ,: -. . 
s< . .  i .  , . ~ ; ' , k , j :  ,. 

,rhji,, , , . 
%., ,$,;;. .; *, 
;:#.! ;,,x ;!' 
,, ,jy.* ,.: ,=, 4:.-,,::-, 

" 1 , ~ :  
* 

>, , e .,* . . ..,.' .. ;, 
, ' .  

f,?; .; fl 
..;. ...; 

I.. , , . 
* , *v,.v. 

, 7 .  .. 
.u > .,, 

>ss.,G ,,t' 
' ".,!, .! . . $. 

t.$; ,::;. - :  
L.. j. . , .; >:.I,, . 
..;& : 
i:: ' . 

;,t' ., - . : 
i ... .* .. ., 

, ,L%f i  :.b ,'' 
<.I ::;y..)+ 
,2 , .., . !'&.i..JI;$ ' 1.;g,.k .,v;,, 

I-. . . I . , .  : r..:: r.. .< 
, ,<,::., '; ' . 
, n.., ;;.. i - .... . , , ' : ., .,, 
:-.:: ., .'.... > <... . ",' (".(.. . ..,! 

'~ : ,.:;:,::J,: 4, .' ; 

:.,;:;.<'. ' . 
.., ! ..::: ., ,:*, 

, ,. .I  .. .,".' ,. 
,,'2 :, ,:, ..... ; ..I:' 

.?, .,.'?-I. *'.. 
, 

' 
?.i "F;;:;"I ? . .: 

, .,.. ;,:.:>,..:. : 
r':, ' '  

r :  '-..<; , 
; ., L,. ' ... ? C? , 1 ...,, ;+., ,. . 
, <.,". , 

:;.r-"y ib2 
,;$3:9>$, 
r+...i' 1 . 

.ri:l,.r. ,. - -.:. u,* l:," 
. ..,.;,. c, : 

,Fa% ,..I"::. 
. r(:9 < , ,. 
: 4 c.;.;, , , 

.-,..>:I ~. t . . , 
. 7 .  . j.. 

9 ; ,: 
." *,-'-'.>'.. 
'..$.::*, 1, ., .. ,. ; .,;.v , .,:~,>;,'.'; 
f. 1 : yi..: : . .${ 
..gi;$,. ,,:': : 
<p, > 

:,t_ . , '*"'. '.'i-' -';$.*,', ,: ?, 

'. " :;:*.' *\  ' . .. ?< 
, - ., 'il. ' . . - .. # 
, ,.- . ,  

,/,: ,;.: 
,.!:!,i;! :.::: 
.. .. 'i -: . <$.. .&, . 

i. b +,", '. . ' , .  ."?.r..! , , 4 ;' T;,  ' 5  

,.'$ ". 
' i .  I-: :' 

s :,. .=. .. :. . 
, . . , .  $ 

><.>f ,. 

. ,,+.;. ,,.,>, 
' 3,. .: ...* 

:;;+;.,$ ,;, ' 

:.?$ . ::<. 
;;:,,'; .: :, ; ..,.,:" ' . . . .Y.Lt " ,; 

, ',:>i;.+: .; 
, ; <.?,;'> .;.. . ,,. . I.- '&!" ' 

,. ,. ' $ ; 
# .  .< ,,t? \ * ' 
; > , , : r ' , . ,  

,.'pi{.. ,:*.s ";," 
,<;.i $.' 

, ..:<.':?.? 

,>,':,**i:::! ,,~ 
,.b. ?' 

t ,.< ','.. 
.>. . . 
- ,  . __ I  " 

I., - , , t r . .  

;.,v2:,,: ;: 
4i2 :.., 

> . .' 
1 ;: . . '  . * ..( .#.., 

I( ,IV*. . ! ' . .  '". ' . .. 



:';. ... 
,'I ,;!;ft:;;' , ' 

i ,  ,.. ., Abstract :,.j.,lr.'.!.' .' ir :.*. ' 
,,.I' , .,.!!$'!,. , , *  ,. ', I 8 .  

Page 3 of 3 

. 't ,;,:.' ' ( .  . . 
:$ . ;. ,, * ,  1, .,* fl' ' 1 .  ,;:' 

>. , > .  < 

:. :.. nfinowq@usgs.gov). Information regarding the status and any errata of this or other chapters can be 
, ; '!, .+; ,). ., . 
. , ,. :." found at the beginning of the electronic vefsion of each chapter, located in the Publications section of 
:,I '.' ', 
, a  , . , , . ,  the following Web site: http://water.usgs~ov/lookup/rret?owq. 
! ,; ;, ) a ,  ' 

, k, ,$4 :'. .<y,,..,  4' , "  

. . ,  
' ., , , .  . .  

4.. 

~ e w l y  and revised chapters will be announced on the USGS Hdhk Page on the World Wide 
. , ,, . . 

, .,, 1.'. .;.,r:$..( . 
I .4. 

Web under " ~ e w  Publicatidns of the U. S. Geological Survey," at http:/l~ater.us~s.povllo'okup/get? 
! : newpubs, 

,: . .  
! ,;,'':% 

I 1'1 

) I s . , !  

1 , 1: 
ACKNOWLEDGMENTS 

! > .  ";. ;"$ . 
..5 

, , :  .,:::, The information included in this chapter of the National Field Manual is based on existing manuals, 
> !. .,'i , I. ;. 

1 various reference documents, and a broad .spectrum of. colleague expertise. In addition to the references . :,:t,:;, &: 
. ( . _ ,  8 I 

.. ,, , $ 
provided, important source materials include USGS handbooks,.manuals, .and technical memorandums. 

; The editors and authors wish to acknowledge the following individuals in the USGS who developed the ', ? I . < *  ;,,, 8; Y;J-$ *; . , , . field and training manuals that provided .the foundation for information on.the collectionaid processing 
,; ! ,  ,,,<.',:' 
, .' . ..:,a of watei samples:, M.E. Dorsey, T.K. Edwards, W.B. Garrett, W.J. ~ ibbons ,  R.T.  irkl land', L.R. Kister, 

, ' I , ,  ' 1 . .  
' e ! A ,  ,? ,. I '  J.R. Knapton, C.E. Lamb, R.F. Middelburg, J. Rawson, L.R. Shelton, M.A. Sylvester, and F.C. Wells. 

k*', 

, !  . *: . , , 

The technical content'of this report was enhanced.by expertise from H.D. Ardourel, B.A. Bernard, P.W. 
Brenton, A:D. Bumgartner, M.R. ,Burkhardt, R. W. Carmody, B.F. Connor, ,T.B. Coplen, 11, K.K. 
,Fitzgerald, DiS. Francy, J.R. ~ k b a r i n o , ' ~ . ~ .  Glodt, J.A. Kamrner, V.J. Kelly, J.W. LaBaugh, S.L. Lane, 

; , I .,r; 4. 
W.D. Lanier, A.H. Mullin, C.J. Patton, L.N. Plummer, D.L. Rose, S.K. Sando, M.P. Schroeder, C.A. 

,' ,. ,' ' . ~:~!~..~: , p:. Si1cox;A.H. Welch, W.R. White, and D'.S. Wydoski. Valuable editorial assistance was provided by I.M. 
,: . t",...! ; 

.! . . .I.:.: .. Collies, C.M. Eberle, B.B. Palcsak, and Chester Zenone. Production assistance from C.T. Mendelsohn, 
,v , * ,;'-it:.:\ A.M. Weaver, and L.E. Menoyo was instrumental in maintaining the quality of this report. 

t . . .?  .:' , 
k,. ., .' ,: . .,' 

The editors and authors wish to pay tribute to R.w.' Lee and S.W. McKenzie, who provided final 
technical review, and who contributed significantly to the accuracy, qual'it3,and usability of this report. 

, Special thanks go to T.L. Miller, whose encouragement and faith in this project was instrumental to its 
achievement, and to D.A. Rickert and J.R. Ward for providing the support needed to produce a national 

3 .  

field manual for water-quality studies. ! I ,  

,;, < < : ,  ,*, d:.;,!! :,* , ,  
', ,.,; ),.P:'. . , 

,:,;;:;,;:: $:, +: 
,;?'< ;;, y. 
f, :.. .,'. j ' : . . .  

> I .  ,.., 
I. ,;Cj';' I District refers to an office of the USGS, Water.Resources Division, located in any of the States or territories of the United 
, . , ' , ,~ ! .~~~] ,  , . . 
I...,':,t.;. States. 
, . I : . ~  . . 

: L' 
,c 1 ,.J * r~ 

1, .,;- +Section 4.0 Contents 
'I .,*,, .. + , 

, , 8 Return to ChaGer A4 Contents 
. , I  

.. .. -!:l:*:!.. , ' . ,i I 9 Return to Field Manual Complete Contents 
. .  ' .  

,I.', . . 
, : <  .-I, 

* Return to Water Quality Information ~ a ~ e s  
,. '., .,. ; 



, i 1, ; :: 
. * 
, ,, . : .. 

3 2;.  i. 
., ,..,I, Abstract . 3 ,  

Page 1 of 3 

,*.I a 
5 '  

, \ j  . ' 
Water Resources--Office of Water Quality 

' .. :: ; 

This document is also available in pdfformat: nbstmct.pq 
' / 

. - 
I . ! .  . ,. ,. 'I, . .  . ,  . #  

, . ..,\%',. ' 
, .,;;I, . 

. , s ~  sib\-B:r.i s ( , I  ,ii t ' ,  CHAPTER A4. COLLECTION OF WATER 
.&, #4::yAj;) , , I 

.,, , 
! "  . i' ' < .  

. SAMPLE S ;' ' r. ' .i . ,.,. . 
I .  . _ (  . , 
),' ; . .:.;; 

f , . :  

: , Edited by Franceska P. Wilde, Dean B. Radtke, Jacob Gibs, and Rick T. Iwatsubo 
';I &!I, ,-,:.,i; . ,;, * i,. #.(.:%: b \ y l * s 8 {  

'i,"-l;; ..,I , 
2 "; ), ' . .! ,I ,:, ..,. .3,.;!;,': . ABSTRACT :c ?; 

I t . * . : .  . ., 
3 8  v ,., ' 
:: ,:j,.:,...."#: 
. , j..;y!., 

< .  

I , ;  : .. a ,  1 i.i :ti< 

The National Field Manual for the Collection of Water-Quality Data (National Field Manual) describes 
: ;,,s:.:p!P;, 

protocols and proirides guidelines for U.S. Geological Survey (USGS) personnel who collect data that 
5 , , .8,vv,~1, b are used to assess the quality of the ~a t i bn ' s  surface-water and ground-wa(erresources.  his chapter ' . 

,! . : , ;,,; provides information and addresses appropriate methodsfor the collection'of surface-water, ground- 
{ ;': , 1 , 

, . 1 . '  "' . , . , water, &d associated quality-control samples. Among the topics covered aie procedures to prevent ,,, :.,i.,' . - ,  
, ,A: ., ,?,, . sample contamination; instructions for collecting isokinetic, depth-integrated samples from streams; and 
:.; . '  ".. 
,i,, , . guidelines and criteria for purging wells in preparation for collecting samples from ground water. 
;.:,* ' - .,,* 8. 1 :i ,,:: ' 6" "" 4' ;" 

/ .* (I+, 
!,f+>, s ?  i, . .,:i+.; ~ i c h  chapter bf the ~ a t i o n a i  ~ i e l d  ~ a n u a l  is published separately and rei.ised periodically. Newly ;.; , . *' -.. . .$., . .: '.:A 

" . A  . published and revised chapters will be announced on the USGS Home Page on, the World Wide Web 
. unddr "New Publications of the U.S. Geological Survey." The URL for this page is 'j ', . :* ,.;. * 
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. . .. . 
A$ part of'its mission, the U.S. Geological Survey (USGS) collects the data needed to assess the quality 
of our Nation's water resources. The National Field Manual for the Collection of Water-Quality Data 
(National Field Manual) describes protocols (requirements and recommendations) and provides 

, . 
It +'. ' 

guidelines for USGS personnel who collect those data on surface-water Ad ground-water'resources. 
. , -. . i Chapter A4 provides information about'the collection of water samples for investigations and " 5:: , ;  , ! < '  

, , , , , assessments.of environmental water quality..Formal training and field apprenticeship are necessary 
, :.;: ic ., in order to implement correctly the procedures.described in this chapter. 

,.., , . 
" , < 1 : 8 % ~ . ,  . 

The National Field Manual is Section A of Book 9 of the USGS publication series "Techniques of 
Water-Resources Investigations" (TWRI) and consists of individually published chapters designed to be 
used in conjunction with each other. Chapter numbers are preceded by an "A" to indicate that the report 
is part of the National Field Manual . Other chapters of the National Field Manual are referred to in this 
report by the abbreviation "NFM" and the specific chapter number (or chapter and section number). For 
example, NFM 6 refers to Chapter A6 on "Field Measurements" and NFM 6.4 refers to the section on 
field measurement of pH. 
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The procedures described in this chapter represent protocols that are generally applicable to USGS 
studies involving the collection of water-quality data. Modification of required and recommended 
procedures to fulfill study objectives or to enhance data quality must be documented and published with 
the data and data interpretation. , 

PURPOSE AND SCOPE 

The National Field Manual is targeted specifically toward field personnel in order to (1) establish and 
communicate scientifically sound methods and procedures, (2) provide methods that minimize data bias 
and, when properly applied, result in data that are reproducible within acceptable limits of variability, 
(3) encourage consistent use of field methods for the purpose of producing nationally comparable data, 
and (4) provide citable documentation for USGS water-quality data-collection protocols. 

The purpose of this chapter of the National Field Manual is to provide field personnel and other 
interested parties with a description of the requirements, recommendations, and guidelines routinely 
used in USGS studies involving the collection of water-quality samples. The information provided 
covers topics fundamental to the collection of water samples that are representative of the ambient 
environment. The information provided does not attempt to encompass the entire spectrum of data- 
collection objectives, site characteristics, environmental conditions, and technological advances related 
to water-quality studies. Also beyond the scope of this chapter is discussion of procedures to collect 
samples for analysis of suspended or biological materials. 

REQUIREMENTS AND RECOMMENDATIONS b % .'..I a 1 ,  < I  qr: , 
t: 

I ";:& 

As used in the National Field Manual, the terms required and recommended have USGS-specific 1 ' ? ,  . ..., < 

meanings. 
' , ,  ?#.' ' ,'.,,$;,Z$.. 
. ,,,. :3?:: ,. ~ : 

Required (require, required, or requirements) pertains to USGS protocols and indicates that USGS ~L.:i..,:,. i~:;,:.i ".-. 

Office of Water Quality policy has been established on the basis of research and (or) consensus of the , 5 t 4:',' 1. .,.. ' . , .  . 
: . . , I ! ,  
, .,. -;.. 

technical staff and have been reviewed by water-quality specialists and selected District' or other , , ... . 3 , .  . ' 
. , .. 

professional personnel, as appropriate. Technical memorandums or other internal documents that define :.,;,. : 
.I:'::, 4:. 

the policy pertinent to such requirements are referenced in this chapter. Personnel are instructed to use ;.,, .; . ..', . 
-r*; -,.,.t . *' 

required equipment or procedures as described herein. Departure from or modifications to the stipulated :,,:i;.: :? .. ~ : ; i . ' , ~ ~  ,... , f 

requirements that might be necessary to accomplishing specific data-quality requirements or study . . ,?.  . ., . ;. . ., 
objectives inust be based on referenced research and good field judgment, and be quality assuredand .... .I: 

'. <i;.; documented. . , *, 
. . I 

,; "-9 * '  

.-,: :.;."l,?: ' ' 

Recommended (recommend, recommended, recommendation) pertains to USGS protocols and ,~:,t:+.b. .;..?., r:r.,. 
4 f: indicates that USGS Office of Water Quality policy recognizes that one or several alternatives to a given . . .,!,.: ,.; 

equipment selection or procedure are acceptable on the basis of research and (or) consensus. Specific . 2f ,.., . ,'.:,. .. . 
. . 

data-quality requirements, study objectives, or other constraints might affect the choice of recommended : I.3,*, ; - . 
I I :  . 

equipment or procedures. Selection from among the recommended alternatives must be based on .. . 
I I 

...$4: 4.: ,.. , 

referenced research and good field judgment. Reasons for the selection should be documented. i .  
.'l ,,..,,': , Y ,". l" 

4 . ,l.l.:,.;. ,? 
Departure from or modifications to recommended procedures must be quality assured &d documented. !;,' : :.'. .,. . b 
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FIELD MANUAL REVIEW AND REVISION 
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Chapters of the National Field Manual will be reviewed, revised, and reissued periodically to correct , .,,,.s '.,it;: :. ,; 
' . ,.I. - 

any errors, incorporate technical advances, and address additional topics. Comments or'corrections can c:,:!;. , .:: 
: , ,E . .. 

be sent.to NFM-QW, USGS, 412 National Center, Reston, VA 20192 (or direct electronic mail to , .:,_... ... . . . 
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Page .3 of 3 

. I  .. 
j I. . , . )  ..< ,:t,.*<;;*;,, p.,c ,.,. . , - ,  
' / , , 
" , I ; ,  $ ; , u , , l '  , 
..I' . . .. . , .  . , . .  

, , . ! , n6nowq@usgs.gov). Information regarding the status k d  any errata of this or other chapters can be 

t' ,. i ,  , .; 
found at the beginning of the electronic version of each chapter, located in the Publications section of 

I, I., 

. .  , . ,  . .  . I , !  . 
the following Web site: http:llwater.usgs.gov/lookuplPet?owq. 

' ." , ' i. , 1 
, I .jl . . 
. ,,, i.4 Newly published and revised chapters will be announcedon the USGS Home Page oh the World Wide - , 

, 
'4 , ' r .  

! '  
, , 
,:? .;< j-1, 

Web under "New Publications of the U. S. Geological Survey," at http://water.usgs.gov/lookup/~et? 
. : I  ,I.?: & : . neyubs.  . .  ' ., . . , , 
, , :  

: I.. :,! ' ' ' - * 
, . 

a . , 'ACKNOWLEDGMENTS . , . . .  
1 , ',' , <' / . . c :;., ,,?' ,.' ., ' i  . . 

4 I 
.. 

G'., '+ . ;; ., 
, .: t. - .  he information included in this chapter of the National Field Manual is bdsed on existing manuals, 
. . , *', . 

I I '  . ,  . various reference documents, and a broad spectrum of colleague expertise. In addition to the references 
( I .  . 
.:it . . ,, provided, important source materials include USGS handbooks, manuals, and technical memorandums. 
,, . ,: :, t. ! 1 ' :The editors and authors wish to acknowlbdge the following individuals in,the USGS who developed the 
' ,' : . .  ,,. , . , ; ' :  . ' . .  i.. .. " . 

field and training manuals that provided the foundation for in-formation on the collection and processing 
, of water samples: M.E. Dorsey, T.K. Edwards, W.B. Garrett, W.J. Gibbons, R.T. Kirkland, L.R. ~ i s t e r ,  

% ?'! : ' . *>. 

.ail;,-.$, '.,, , ~ .~ .Knap ton ,  C.E. Lamb, R.F. ~ i d d e l b h r ~ ,  J. Rawson,L.R. Shelton, M:A, Sylvester, and F.C. Wells. .-. 
; 4  '\ , 
.I. . ' 5  . . ,: ,.., 
.i f. 

, ., . . . The technical content of this report was enhanced by expertise from H.D. Ardourel, B.A. Bernard, R.W. 
I ? ,  (, 
'U " .' :. ,+ :; . Brenton, A.D. Bumgartner, M.R. Burkhardt, R.W. Carmody, B.F. Connor, T.B. Coplen, 11, K.K. . 

, . 
, Fitzgerald; D.S. Francy, J.R. Garbarino, S.R. Glodt, J.A. Kammer, V. J. Kel!y, J.W. LaBaugh, S.L. ~ane ' ,  I 

.,+.: ': ,,'. , 
, J ' , '  
, , ,  . . , . .  . .  

W.D. ~ a n i e r : ~ . ~ .  ~ b l l i n ,  C.J. Patton, L.N. Plummer, D.L. Rose, S.K. Sando, ~ . ~ . . ~ c h r o e d e r ,  C.A. , 

> .. ,.., ,,, 
I!, , Silcox, A;H. Welch, W.R. White, and D.S. Wydoski. Valuable editorial assistance was provided by I.M. 
:: , 8 J. , ( 9  Collies, C;M. Eberle, B".B. Palcsak, and Chester,Zenone. Production assistance from C.T. Mendelsohn, ,:!:9.., .. " j;;:,. . 

,." . " ,  
ti., ' L I  . .  , , . , .  . A.M. weaver, and L.E. Menoyo was instrumental in miihtaining the qualit) of this report. 
* 3. 

. .,, ) I . ,  #,,.3'. ; 
:+:, ' .  

'?,..,, . . The editors and authors wish to pay tribute to R.W. Lee and S.W. McKenzie, who provided final 
v 5  . ;:: ,. , , . !  ,I technical review, and who contributed significantly to the accuracy, quality; and usability of this report. 
,*. , , , , . $ 

:>..- . 
. ,  p ' I  

Special thanks go to T.L. Miller, whose encouragement'ind faith in this project was instrumental to its 
9: , . .I' , , . L  ,,, . achievement, and to D.A. &ckert and J.R. Ward for providing the support needed to produce a national 
*.. . . . t , .  

, : :. ,,.. J ,  field manuaifor water-qualitystudies. 
$, y:; !? 3 ,  I '  , . 
" I .  ' "  , i,?, 
' > b u  3:1.r , 
<" .,v : , .. .A . , 
,;.:'.';' < . , , ,  !, . . . . ,,Yi' ' {  

: ,  , . , "~istr ic t  iefers to an office of the USGS, Water kesou~-ces Division, located in any of thC States or territories of the United 
."I ,.., , , -  
', , , ,: J , States. 
. .  , . . ..:.,.: : 

i . .  ' 1 . 4  
* '  4. ,f 

9''. :I'., 
a b,. 

4' 4 , 
Section 4.0 Contents 

Cf Return to Chapter A4 Contents 
I . ' I. 

t ;L>, ; Cf Return to Field Manual Complete Contents 
? 8 Return to Water quality Information P a ~ e s  

,' ( 8 %  



A4 Page'l of 2 

Water Resources--Office of Water Quality 

This document is also available in pdfformat: Chapter A4.pdf 

COLLECTION OF WATER SAMPLES 

This chapter of the National Field Manual describes standard USGS methods (sampling strategies, 
techniques, requirements, and recommendations) for routine collection of representative water samples. 
A representative sample is one that typifies the ambient targeted characteristics of the media of interest 
at the time of collection. obtaining representative samples is of primary importance for an accurate 
description of the environment. In order 'to collect a representative sample that .will yield the information 
required, (1) study objectives, including data-quality requirements,' must be understood in the context of 
the water system to be sampled and (2) artifacts of the sampling process must be minimized.' Field 
personnel must be alert to conditions that could compromise the quality of a /sample. 

Think contamination! To ensure the integrity of the sample, be aware of possible sources of 
contamination. Contamination introduced during each phase of sample collection (and processing 
is additive and usually is substantially greater than contamination introduced elsewhere in the 
sample-handling and -analysis process. Collect sufficient quality-control samples. 

Collect a representative sample. Use appropriate procedures and quality-assurance measures tha 
ensure sample representativeness and integrity and that meet study criteria. 

, 

Before field work begins, review the preparations for water sampling described in NFM 1 and the safety 
requirements described in NFM 9. Sampling plans should be prepared and reviewed in advance. Some 
programs require chain-of-custody documentation and (or) a prescribed format for sampling and safety 
plans (SAPS). 

Never compromise the safety of field personnel. 

Become thoroughly familiar with sample processing requirements (NFM 5) before 
 proceeding to collect water samples. 

Keep clear and precise field records. Implement the methods described in this chapter 
conscientiously and consistently, as appropriate to study objectives and site conditions. Any 
departure from standard methods needs to be documented, quality assured, and reported 
'with the data and interpretation of the data. 

I 

Sample collection forms a continuum with sample processing, and information in this chapter (such as 
collecting quality-control samples) overlaps to some extent with the information in NFM 5 for 
processing of water samples.. 

I I I 

, , .. . . 
::.', 'AS used in this report. data-quality require~nents refer to that subset of data-quality objectives pertaining to the analytical 

: i.:: ; f [,;!I?, 
, :;. .,;< ' ' 

detection level for concentrations of target analytes and tlle variability allowable to fulfill the scientific objectives of the 
:;:!. 4i'.! ' 

. . . . . , study. 
.*. , , . 
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 he dcgrce to whicll a sarnplc can be considered representative of a water body depcnds otl many interrelated factors 
~ncluding, for example, tcmporal and spatial homogeneity of the water body, sample size, and the method and manner of 
sample collection. 
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. Foreword 
The mission of the Water Resources Division of the U.S. Geological 
Survey (USGS) is to provide the information and understanding 
needed for wise management of the Nation's, water resources. 
Inherent in this m'ission is the responsibility to collect data that 
accurately describe the' physical, chemical, and biological 
attributes of water systems. These data are used for qnvironmental 
and resource assessments by. the USGS, other government and 
scientific agencies,'and the general public. ~eliable.and objective 
data are essential to the credibility and impartiality of the water- 
resources appraisals carried out by the USGS. . 

The development and use of a National Field Manual is necessary 
to achieve consistency in the scientific methods and procedures 
used, to  document those methods and procedures, and to 
maintain technical expertise. USGS field personnel use this 
manual to ensure that data collected are qf the quality required to 
fulfill our mission. 

, 
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a Chapter  A4. \ 

COLLECTION OF , 
WATER SAMPLES I 

Edited by Franceska D. Wilde, Dean B. Radtke, 
Jacob Gibs, and  Rick T. i~watsubo 

ABSTRACT I 
The National Field Manual for the Collection of Water-Quality Data 
(National  Field Manual)  describes protocols and  provides 
guidelines for U.S. Geological Survey (USGS) personnel who 
collect data that are used to assess the quality of the Nation's 
surface-water and ground-water resources. This chapter provides 
information and addresses appropriate methods for the collection 
of surface-water, ground-water, and associated quality-control 
samples. Among the topics covered are procedures to prevent 
sample contamination; instructions for collecting isokinetic, 
depth-integrated samples from streams; and guidelines and 
criteria for purging wells in preparation for collecting samples 
from ground water. 

Each chapter of the National Field Manual is published separately 
and revised periodically. Newly published and revised chapters 
will be announced on the USGS Home Page on the World Wide 
Web under "New Publications of the U.S. Geological Survey." The 
URL for this page is http://water.usgs.gov/lookup/get?newpubs. 
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INTRODUCTION ', 

I 

As part of its mission, the U.S. Geological Survey (USGS) collects 
the data needed to assess the quality of our Nationk water 
resources. The National Field Manual for the Collection of Water- 
Quali ty  Data (National  Field Manual)  describes protocols 
(requirements and recommendations) and provides guidelines for 
USGS personnel who collect those data on surface-water and 
ground-water resources. Chapter A4 provides information about 
the collection of water samples for investigations and assessments 
of environmental wdter quality. Formal training and field 
apprenticeship are necessary in order to implement 
correctly the procedures described in this chapter. 

The National Field Manual is Section A of Book 9 of the USGS 
publication series "Techniques of Water-Resources Investigations" 
(TWRI) and consists of individually published chapters designed 
to be used in conjunction with each other. Chapter numbers are 
preceded by an "A" to indicate that the report is part of the 
National FieldManual . Other chapters of the National FieldManual 
are referred to in this report by the abbreviation "NFM': and the, 
specific chapter number (or chapter and section number). For 
example, NFM 6 refers to Chapter A6 on "Field Measurements" 
and NFM 6.4 refers to the section on field measurement of pH. 

I 

The procedures described in this chapter represent protocols that 
are generally applicable to USGS studies involving the collection 
of water-quality data. Modification of required and recommended 
procedures to fulfill study objectives or to enhance data quality 
must be documented and published with the data and data 
interpretation. 

I 
-- - - -- 

PURPOSE AND SCOPE- 

i 
The National Field Manual is targeted specifically toward field 
personnel in order to (1) establish and communicate scientifically 
sound methods anid procedures, (2) provide methods that 
minimize data bias and, when properly applied, result in data that 
are reproducible within acceptable limits of varilability, 
(3) encourage consistent use of field methods for the purpose of 
producing nationally comparable data, and (4) provide citable 
documentation for USGS water-quality data-collection protocols. 

I 
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COLLECTION OF WATER SAMPLE 

The purpose of this chapter of the National Field Manual is to 
provide field personnel and other interested parties with a 
description of. the  requirements, recommendations, and 
guidelines routinely used in USGS studies involving the collection 
of water-quality samples. The information provided covers topics 
fundamental to  the  collection of water samples that  are 
representative of the ambient environment. The information 
provided does not attempt to encompass the entire spectrum of 
data-collection objectives, site characteristics, environmental 
conditions, and technological advances related to water-quality 
studies. Also beyond the scope of this chapter is discussion of 
procedures to collect samples for analysis of suspended or 
biological materials. 

REQUIREMENTS AND RECOMMENDATIONS 

As used in the National Field Manual , . the terms required and 
.- recommended have USGS-specific meanings. : 

Required (require, required, or requirements) pertains to USGS 
protocols and indicates that USGS Office of Water Quality policy 
has been established on the basis of research and (or) consensus of 
the technical staff and reviewed by water-quality specialists and 
selected ~istrict '  or other professional personnel, as appropriate. 
Technical memorandums or other internal documents that define 
the policy pertinent to such requirements are referenced in this 
chapter. Personnel are instructed to use required equipment or 
procedures as described herein. Departure from or modifications 
to the stipulated requirements that might be necessary to 
accomplishing specific data-quality requirements or study 
objectives must be based on referenced research and good field 
judgment, and be quality assured and documented. 

+ 
'District refers to an office of the USGS, Water Resources Division, located in any 
of the States or territories of the United States. 

Collection of Water Samples 9/99 Introduction I 
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Recommended (recommend, recommended, recommendation) 
pertains to USGS protocols and indicates that, on the basis of 
research and (or) consensus, the USGS Office of Water !Quality 
recognizes one or several acceptable alternatives for selecting 
equipment or procedures. Specific data-quality requirements, 
study objectives, or other constraints might affect the choice of 
recommended equipment or procedures. Selection from among 
the alternatives must be based on referenced research and good 
field judgment, and reasons for the selection should be 
documented. Departure from or modifications to recommended 
procedures must be quality assured and documented. 

FIELD MANUAL REVIEW AND REVISION 

Chapters of the National Field Manual will be reviewed, revised, 
and reissued periodically to correct any errors, incorporate 
technical advances, and address additional topics. Commynts or 
corrections can .be mailed to NFM-QW, USGS, 412 National 
Center, Reston, VA 20192 (or direct electronic mail to nfm- 
owq@usgs.gov). Information regarding the status and any errata 
of this or other chapters can be found near the beginning of the 
electronic version of each chapter, located in the ~ublications 
section of the following Web site: http://water.usgs.gov/lookup/ 
get?owq. Newly published and revised chapters will be announced 
on the USGS Home Page on the World Wide Web under "New 
Publications of the  U.S. Geological Survey," at  h t tp : / /  
water.usgs.gov/lookup/get?newpubs. 
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COLLECTION OF A4. 
WATER SAMPLES I 

This chapter of the National Field Manual describes standard USGS 
methods (sampling strategies, techniques, requirements, and 
recommendations) for routine collection of representative water 
samples. A representative sample is one that typifies the ambient 
targeted characteristics of the media of interest at the time of 
collection. Obtaining representative samples is of primary 
importance for an accurate description of the environment. In 
order to collect a representative sample that will yield the 
information required, (1) study objectives, including data-quality 
requirementsI2 must be understood in the context of the water 
system to be sampled and (2) artifacts of the sampling process 
must be minirni~ed.~ Field personnel must be alert to conditions 
that could compromise the quality of a sample. 

b Think contamination! To ensure the integrity of the 
sample, be aware of possible sources of contamination. 
Contamination introduced during each phase of sample 
collection (and processing) is additive and usually is 
substantially greater than contamination introduced 
elsewhere in the sample-handling and -analysis process. 
Collect sufficient quality-control samples. 

b Collect a representative sample. Use appropriate 
procedures and quality-assurance measures that ensure 
sample representativeness and integrity and that meet study 
criteria. 

2 ~ s  used in this report, data-quality requirements refer to  that subset of data- 
quality objectives pertaining to the analytical detection level for concentrations 
of target analytes and the variability allowable to fulfill the scientific objectives 
of the study. 

3 ~ h e  degree to which a sample can be considered representative of a water body 
depends on  many interrelated factors including, for example, temporal and 
spatial homogeneity of the water body, sample size, and the method and manner 
of sample collection. 

Collection of Water Samples 9/99 Collection of Water Samples I 



-COLLECTION OF WATER SAMPLES 

Before field work begins, review the preparations for water 
sampling described in NFM 1 and the safety requirements 
described in NFM 9 . ,  Sampling plans should be prepared and 
reviewed in advance., Some programs require chain-of-custody 
documentation and (or) a prescribed format for sampling and 
safety plans (SAPS). 

b Never compromise the safety of field personnel. 

b Become thoroughly familiar with sample process- 
ing requirements (NFM 5) before proceeding, to col- 
lect water samples. 

b Keep clear and precise field records. Implement the 
methods described in this chapter conscientiously and 
consistently, as appropriate to study objectives and site 
conditions. Any departure from standard inethods 
needs to be documented, quality assured, and 
reported with the data and interpretation of the 
data. 

Sample collection forms a continuum with sample processing, 
and information in this chapter (such as collecting quality-control 
samples) overlaps to some extent with the information in NFM 5 
for processing of water samples. 

U.S. Geological Survey TWRl Book 9 ~ h a b t e r  A4. 9/99 
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TECHNIQUES TO PREVENT 4.0 
SAMPLE CONTAMINATION 

By ED. Wilde and D.B. Radtke 

Contamination of water samples can be prevented by planning 
the order in which sites will be sampled and by recognizing 
potential sources of contamination; NFM 1 provides information 
on reconnaissance of field sites. Sites should be sampled in the 
order of least to greatest. potential for equipment fouling or 
contamination. The cleanest sites are often those that are in 
pristine environments, in areas where concentrations of dissolved 
solids are low, or upstream or upgradient from known or suspected 
sources of contamination. 

The most common causes of sample contamination during 
sample collection include poor sample-handling techniques, 
atmospheric input, inadequately cleaned equipment, and use of 
equipment constructed of materials inappropriate for the analytes 
targeted for study. Contamination of samples from 'these sources 
can be prevented or minimized by adhering to good field.practices 
(table 4-1). Use of Clean HandsIDirty Hands sampling techniques 
is described in section 4.0.1, along with other clean-sampling 
procedures. Field rinsing of equipment to be used to collect and 
process samples is described in section 4.0.2. The considerations 
and planning required for collecting ground-water or other 
samples that contain gases are described in section 4.0.3. 
Collection of equipment blanks and field blanks is necessary to 
help identify potential sources of sample contamination (section 
4.3). The same equipment that is used to collect (and/or process) 
environmental samples is to be used to collect (and/or process) 
blank samples. 

I 
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Table 4-1. Good field practices for collection of water-quality samples ' 

. , 

[~od i f ied  from "dulesfor~race-~etal &mpling" by ~oward~aylor, U.S. ~eological ~ur\iLy, writ- : , 
ten communication, 1992;.NFM, National Field Manual for the Collection of Water-Quality Data] 

Be aware of and record potential sources of contamination at each field site. 

Wear appropriate disposable, powderless gloves: 
- Change gloves before each new step during sample collection (and processing9. ' 1 

- Avoid hand contact with contami"atin9 surfaces ,(such i s  eqtipment, coins, food). 

Use equipment constructed of materials that are relatively inert with respect to the 
analytes to be collected (NFM 2). 

Use only equipment that has been cleaned according to prescribed procedures (NFM.3). 

Field rinse equipment, but only as dirpcted. Some&uipmentforsomeanalytes should nbt be 
field rinsed. 

Use correct sample-handling procedures: 
- Minimize the number of sample-handling steps. I 

- Use Clean HandsIDirty Hands techhiques (table 4-2) as k iu i red for parts-per-billibn tiace- 
element sampling. Adapt Clean HandsIDirty Hands techniques for other sample type$ as 
appropriate. Obtain training for and practice field techniques under supervision before 
collecting water samples. . , 

Collect (and process) samples in enclosed chambers so as to minimize contamination from 
atmospheric sources. , I .  

Collect a sufficient number of appropriate types of quality-control samples. 

Follow a prescribed order for collecting samples. 

+ 
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COLLECTION OF WATER SAMPLES- 

',: CLEAN-SAMPLING PROCEDURES 4.0.1 
, , 

Clean-sampling procedures (sometimes called the parts-per- 
billion or ppb protocol) involve (1) using equipment that is 
constructed of noncontaminating materials (NFM 2) and that has 
been cleaned rigorously before field work and between field sites 
(NFM 3); (2) handling equipment in a manner that minimizes the 
chance of altering ambient sample composition; (3) handling 
samples in a manner that prevents contamination; and 
(4) routinely collecting quality-control (QC) samples. Clean 
HandslDirty Hands (CHIDH) techniques separate field duties and 
dedicate one individual (designated as Clean Hands) to tasks 
related to direct contact with the sample. CH/DH techniques are 
summarized on table 4-2. Implementation of this protocol 
requires hands-on training and field-team c~ordinat ion.~  The 
field team must be trained in and practice these 
procedures before using them to collect samples. 

Clean-sampling procedures, including CH/DH techniques, were 
developed for collecting (and processing) samples vulnerable to 
contamination. 

b Requi.rement: Clean-sampling procedures (such as CH/DH 
techniques) are required when collecting samples for 
analysis of metals and other inorganic trace elements 
(hereafter referred to collectively as trace :elements), as 
follows: 

- For trace elements with ambient concentrations at or near 
1 pg/L. 

- For iron, aluminum, or manganese with ambient concentra- 
tions to about 200 pg/L. 

b Recommendation: Clean-sampling procedures are recom- 
mended when collecting samples for analysis of most trace ele- 
ments with concentrations to about 100 pg/L. 

+ 4~ detailed description of Clean HandsIDirty Hands techniques can be found in 
Horowitz and others (1994). Clean HandsIDirty Hands techniques also are 
included in procedures for equipment cleaning (refer to NFM 3) and sample 
processing (refer to NFM 5). 

Collectlon of Water Samples 9/99 ~ e c h n i ~ u e s  to Prevent Sample Contamination I 
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b Recommendation: Clean-sampling techniques are' recom- 
mended when collecting samples for analysis of trace-organic 
compounds and major inorganic elements, particularly when 
the target analyte could be subject to contamination from field 
or laboratory procedures a t  a level that could exceed data- 
quality requirements. 

' Table 4-2. Clean HandslDirty Hands techniques for water-quality sampling h I Clean HandslDirty Hands techniques require two or more people working together. I I 
At the field site, one person is designated as clean Hands ( CH) and a second person as Dirty 
Hands ( DH). Although specific tasks are assigned at the start to CH or DH, some tasks overlap 
andcan be handled byeither, as long as theprescribedcare istaken topreventcontaminating 1 A 
the sample. 

CHtakescare of all operationsinvolving equipmentthatcontacts the sample; for example, 
- Handles the surface-water sampler bottle. 
- Handles the discharge end of the surface-water or ground-water sample tubing. '"1 I 

Both CHand DH wear appropriate disposable, powderless gloves during the entire sampling 
operation andchangeglovesfrequently, usuallywith each change in task. (Wearing multiple 
layers of gloves allows rapid glove changes.) Gloves must be appropriate to withstand 
any acid, solvent, or other chemical substance that will be used or contacted? 

-Transfers sample to churn or cone splitter. I 11 

I 
- Prepares a clean work space (inside vehicle). 
- Sets up processing and preservation chambers. 1 11 

DH takes care of all operations involving contact with potential sources of contamination; 
for example, OH 
- Works exclusively exterior to processing and preservation chambers. 
- Prepares and operates sampling equipment, including pumps and discrete samplers, 

peristaltic pump switch, pump controller, manifold system. 
- Operates cranes, tripods, drill rigs, vehicles, or other support equipment. 
- Handles the compressor or other power supply for samplers. 
- Handles tools such as hammers, wrenches, keys, locks, and sample-flow manifolds. 
- Handles single or multiparameter instruments for field measurements. 
- Handles the churn carrier, including outer protective bags. 
- Handles stream-gaging or water-level equipment. 
- Sets up and calibrates field-measurement instruments. 

-Places equipment inside chambers(forexample, sample bottles, filtration and preservation 
equipment). 

- Works exclusively inside chambers during collection/processing and preservation. 
- Changes chamber covers, as needed. 
- Sets up field-cleaning equipment and cleans equipment. 

I 

L 
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FIELD RINSING OF EQUIPMENT 4.0.2 

COLLECTION OF WATER SAMPLES- 

Most equipment used for sample collection and processing is field 
rinsed with the water to be sampled,just before thecwater samples 
are collected (some exceptions are described below). The purposes 
of field rinsing are to condition, or equilibrate, the equipment to 
the sample environment and to help ensure that all cleaning- 
solution residues have been removed before sampling begins.' 
The Clean Hands team member is responsible for field rinsing the 
equipment whenever CH/DH techniques are used: Field-rinsing 
procedures are summarized below for sampling devices and for 
sample-compositing and sample-splitting equipment. Field- 
rinsing procedures are discussed in detail in Horowitz and others 
(1994) and Koterba and others (1995). 

.19 

Surface-Water Bottle Samplers 4.0.2.A 
and Bag Samplers 

I 

. .  

Sampling devices used to collect water samples from, surface water 
are described in NFM 2. A bottle-,or bag-type sampler is used for 
most routine sampling in streams. If a pump sampler will be used, 
refer to section 4.1.2, step 4B. ,  

To field rinse a surface-water sampler: 

1.  Put on appropriate disposable, powderless gloves (gloves). 

2. Partially f i l l  and rinse the sampler with the water to be sampled 
(rinse water). Avoid getting sand in the rinse water. 

3. Shake or swirl and then drain the rinse water from,the sampler 
through the nozzle. (For bag samplers, the bag must be removed 
from the sampler to properly discard final rinse water.) 

'cl;aning procedures and subsequent collection of the equipment blank are 
described in NFM 3. 
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. , .  , . , , .  
,$ '$ 16 it ', v 

,$ '.# i, 
; t I;! ;; : ; ;; : I 4.012.8 Churn Splittei 
1 . : ,  , . + 

Surface-water samples commonly are composited in a churn 
splitter that has a funnel attached to the l id (NFM 2 and NFM 
5.1.1.A). 

' I t , , ,  

To field rinse the chum splitter 

I ' 1. Put on gloves. 

, I splitter (churn) through the top funnel. , 

2. Pour 2 to 4 L of rin,se water from the sampler into the churn 

' I  

3. Remove the churn from the churn carrier, leaving the outer 
plastic bag inside the carrier. Move the churn disk up and down 
several times to ensure that the inside of the churn is thoroughly 
wetted, then swirl the rinse water vigorously in the churn. 

4. Pierce a hole through the inner plastic bag to expose the churn 
spigot and drain the rinse water through the spigot. If sand is 
present, swirl water vigorously in the churn, open the plastic 
bag, and partially lift the churn cover to pour the rinse water out 
of the top of the churn. (Draining the rinse water through the 
spigot will not adequately remove sand.) 

' 5. ~ f i e r  the rinse wate; h& been drained from the churn, rotate the 
churn in the plastic bag so that the spigot is  nolonger exposed. ' 

Place the inner plastic bag holding the churn into an outer plastic 
bag and place intoithe churn carrier. 

4.0.2.C Cone Splitter 

The cone splitter i s  required ,for specific site conditions (NFM 
5.1.1.B) and i s  the sample splitter of choice for some water-quality 
data-collection programs. 

To field rinse the cone splitter: 

1. Put on gloves. 

2 .  Uncover the splitter reservoir and pour or pump 2 to 4 L of rinse 
water intothe cone-splitter Mservoir. 

3. Lightly tap the splitter to dislodge adhering water drops. Discard 
rinse water. 

4. Cover the splitter. 

I 
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COLLECTION OF WATER SAMPLES 21 -I 
Ground-Water Samplers 4.0.2.D 

1 

Samples of grdund water from monitoring wells generally are 
collected using either a submersible pump, a peristaltic or 
valveless metering pump, or a point sampler such as a bailer, thief 
sampler, or syringe (NFM'2). 

To field rinse a ground-water sampler: 

1. Put on gloves. 

2. Lower the sampler carefully through the water column in the well 
to the selected depth interval for sampling. When lowering 
the sampler, take care to minimize disturbance to the 
water column and to sediments at the bottom of the 
well. 

If using a pump sampler, run water continuously through the 
pump and sample tubing to the waste container to achieve 
the equivalent volume of three equipment rinses. Field rinsing 
is accomplished with well purging, provided that the well will 
be purged with the same equipment to be used for sample 
withdrawal. 

If usinga' bailer or, other point sampler, follow the same 
procedure as for the surface-water bottle sampler (section 
4.0.2.A). , 

3. Discard or contain the purge water used for field rinsing, as 
appropriate. Comply with. waste-disposal regulations if water 
contaminated with toxic levels of chemicals is withdrawn from 
the well. 

Collection of Water Samples 9/99 Techniques to Prevent Sample Contamlnatlon 
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4.0.3 AVOIDING EXCHANGE OF SAMPLE 

I 

• 

WITH ATMOSPHERIC GASES 

Collection of environmental samples from water bodies for which 
concentrations of dissolved gases differ significantly from 
atmospheric concentrations might require special field equipment 
or procedures. Water bodies isolated from the atmosphere or with 
dissolved-oxygen conc~ntrations substantially less than that of air 
can be found in surface-water systems but are more common in 
ground-water systems. For such sites, exposure of the sample to 
the atmosphere can increase dissolved-oxygen concentrations, 
causing reduced metal ions to oxidize and precipitate as a 
hydroxide (for example, oxidation of iron species from ferrous 
( ~ e ' ~ )  to ferric ( ~ e ' ~ )  iron). Precipitation of the iron or other metal 
hydroxide before or during filtration results i n  lower 
concentrations of iron and co-precipitating metals in the analyzed 
sample than are ambient in the ground water. Examples of 
nonmetal analytes for which atmospheric exposure can 
compromise sample integrity include volatile organic compounds 
(VOCs), pH, alkalinity, chlorofluorocarbons (CFCs), and some 
bacteria. Equipment and procedures should be selected that 
minimize c.ontact with the atmosphere or minimize the effect of + 
pressure changes from the source of the sample to the point of 
field measurement or sample processing. In geneyal, to 
maintain sample integrity for environments of limited 
atmospheric circulation: I 

, 
b Use pump and tubing conveyances that minimize 

entrainment of atmospheric gases or use equipment 
designed to collect and contain sample in situ. 

b Use inline flowthrough sample-collection and sample- 
processing systems (NFM 6.2.2). 

b Transport samples that need to be processed at the surface 
inline to a chamber filled with an inert gas such as qtrogen. 
This prevents oxidation but does not prevent degassing. 



COLLECTION OF WATER SAMPLES- 

The methods used to collect surface-water samples depend not 
only on flow characteristics of the surface-water body but also on 
the following considerations: safety of field personnel (NFM 9); 
nature of streamflow; field-measurement profiles (NFM 6); 
temporal and spatial heterogeneity; physical setting; ecological 
characteristics; weather conditions; fluvial-sediment transport; 
target analytes; point and nonpoint sources of contamination; 
and study objectives, including data-quality requirements. Each 
sampling site needs to be examined and sampled in a manner that 
minimizes bias caused by the collection process and that best 
represents the environmental conditions at the time of sampling. 

. . l <  ,, 
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The field team should be thoroughly familiar with procedures and 
requirements described in the National Field Manual and Office of 
Water Quality Technical Memorandum 99.02~ before beginning 
field work. Standard references. that provide descriptions of 
surface-water sampling techniques include: Federal Inter-Agency 
Sedimentation Project (1986)) Ward,and Harr (1990), and Edwards 
and Glysson (1998). Study requirements for quaiity control (QC) 
must be checked and previous QC data examined before field work 
begins. 

::5,: : <. 
, r,, , 6 ' .  

L,,. !.4:: : 8 ,  ., ! ,? * . "  

FLOWING-WATER AND 
STILL-WATER SITES 

By W.E. Webb, D.B. Radtke, and R.T.'Iwatsubo 

b The field team should review requirements and procedures 
for collection of equipment blanks, field blanks, concurrent 
samples, and other relevant QC samples before beginning 
field work (section 4.3). 
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b The field team should be adequately staffed and equipped. 
For example, additional personnel and equipment are 
required for collection of concurrently collected samples 
(concurrent replicate samples, section 4.3). 

6 ~ h e  technical~memorandums referenced in this manual are available on  the . 
World Wide Web; see "Selected References and  Internal Documents" for 
memorandum titles, dates, and the Web site address. 
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4'. 1.1 FLOWING-WATER SITES , 

Flowing streamwater is collected using either isokinetic, depth- 
integrating or nonisokinetic sampling methods. Isokinetic, depth- 
integrating methods are designed to  produce a discharge- 
weighted (velocity-weighted) sample; that is, each unit of stream 
discharge is equally represented in the sample (Office of Water 
Quali ty Technical  Memorandum 99.02) .  The  ana ly te  
concentrations determined in a discharge-weighted sample are 
multiplied by the stream discharge to obtain the discharge of the 
analyte. 

Collection of an isokinetic, depth-integrated, discharge-weighted 
sample is standard procedure; however, site characteristics, 
sampling-equipment limitations, or study objectives constrain 
how a sample is coliected and could necessitate use of other 
methods. If the QC plan calls for collection of concurrent samples, 
then  the  relevant procedures must be reviewed and the  
appropriate equipment prepared (section 4.3). 

Nonisokinetic sampling methods, such as those involving use of 
an automated poinf sampler, generally do not result in a 
discharge-weighted sample unless the stream is completely mixed 
laterally and vertically. Thus, the analytical results cannot be used 
to directly compute analyte discharges. 

I 
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. ; Isokinetic, Depth-Integrated 4.1.1 
Sampling Methods 

Collection of isokinetic, depth-integrated samples involves using 
either an  equal-width-increment (EWI) or equal-discharge- 
increment (EDI) sampling method. The EWI or ED1 methods 
usually result in a composite sample that represents the discharge- 
weighted concentrations of the stream cross section being 
sampled. The EWI and ED1 methods are used to divide a selected 
cross section of a stream into increments having a specified width. 
The term vertical refers to that location within the increment at 
which the sampler is lowered and raised through the water 
column. EWI verticals are located at the midpoint of each width 
increment. ED1 verticals are located at the centroid, a point within 
each increment at which stream discharge is equal on  either side 
of the vertical. 

Isokinetic samplers usually are used to  obtain a discharge- 
weighted sample along the stream cross section. When using an 
isokinetic sampler there should be no change in velocity (speed 
and direction) as the sample enters the intake (fig. 4-1). If properly 
implemented, ED1 and EWI methods should yield identical 
results. The uses and advantages of each method are summarized 
below and in table 4-3. 

Collect isokinetic, depth-integrated samples by using a 
standard depth- and width-integrating method if analysis of 
a representative sample from a cross section of flowing water 
is required for discharge computations. Appendix A4-A and 
Edwards and Glysson (1998, figures 39-43), provide detailed 
information about isokinetic, depth-integrating transit rates 
for collecting samples. 

+ 

I 
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COLLECTION OF WATER SAMPLES 

b For isokinetic sampling, the mean velocity of the vertical 
that  i s  sampled must exceed the minimum-veloci ty  
requirement of an isokinetic sampler-the m in imum + 
velocity requirement i s  either 1.5 ft/s for a bottle sampler or 
3 ft/s for a bag sampler (Appendix A4-A; NFM 2). 

- The transit ratei(the rate a t  which the sampler is lowered or 
raised) used to collect an isokinetic, depth-integrated sample 
is mainly a function of the nozzle diameter of the sampler, 
volume of the sampler container, stream velocity, and 
sampling depth (Appendix A4-A; NFM 2). Note that water 
temperature can affect isokinetic sampling. For example, bag 
samplers do not ,work isokinetically in water tempe'ratures 
that are less than about 7 OC. 

- An error in concentrations of suspended particulates coarser 
than 62 mm can be significant when the velocity of the 
sample entering the nozzle and the stream velocity differ 
significantly.  he velocity of the sample entering the nozzle 
also can be affected by the transit rate: too fast a transit rate 
will cause a sampler to undersample sand-sized particulates 
(Edwards and Clysson, 1998). 

- The transit rate must be kept constant during sampler 
descent through a vertical and also during sampler ascent 
through a vertical. Although not necessary, usually the same + 
transit rate i s  used for raising the sampler as was'used for 
lowering the sampler through a given vertical. 

I 

C RULE OF THUMB: For isokinetic, depth-integrating 
sampling, do not exceed the designated maximum 

I 

transit rate. 
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C. Non-isckinetic sampling 

EXPLANATION 

V, VELOCITY INTO THE SAMPLER NOZZLE 

CS SAMPLE SEDIMENT CONCENTRATION 
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The number of increments needed in order to get a discharge- 
weighted sample at a site is related primarily to data ob.jectives (for 
example, the  accuracy needed) and how well-mixed or 
heterogeneous the stream is with respect to the physical, 
chemical, and biological characteristics of the cross section. The 
recommended numbei of increments for EWI and ED1 methods 
are discussed in the sections to follow. Edwards and Glysson 
(1998) describe a statistical approach for selecting the number of 
increments to be used, based on sampling error and suspended- 
sediment characteristics. 

I ,, Selecting the number of increments 
I 

b Examine the variation in field-measurement values (such as 
specific electrical conductance, pH, temperature, and 
dissolved oxygen) along the cross section (NFM 6) .  

b Consider the distribution of streamflow (discharge), 
suspended-materials concentration and particle-size 
distribution, and concentrations of other targeted ~analytes 
along the cross section. Consider whether the distribution or 
analyte concentrations will change during sample 
collection. 

b Consider the type of sampler,, that will be used and the 
volume of sample that will have to be collected for the 
analysis of the target analytes. 

b   void side-channel eddies. EDI, and EWI methods cannot be 
used at locations with upstream eddy flow. 

' . 
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I 

Table 4-3. Uses and advantages of equal-width-increment (EWI) and equal- 
discharge-increment (EDI) sampling methods 

EWI method Advantages of the EWI method I 
=used wGn information required to I I 

determinelocationsofsamplin~ertica~sfor EWI method is  easily learned and I the ED1 method is not available, and (or) the I im~lemented for sam~lina small streams. I , d 

stream cross section has relatively unifbrm 
depth and velocity. Generally, less time is required onsite if the 

EWI method can be used and information 
Use EWI whenever: reauired todetermine locationsof samplinq 

I veiticals for the ED1 method is not avaiiable 
The location of ED1 samplina vedicals 
changes at the same di;cha?ge from one 
sampling time to another. This situation 
occurs frequently in streams with sand 
channels. 

ED1 method .' Advantages of the ED1 method 

ED1 is used when information required to 
determinelocationsofsamplingverticalsfor Fewerincrementsarenecessary, resulting ina 
the ED1 method is available. shortened sampling time (provided the 

locations of sampling verticals can be 
Use ED1 whenever: determined quickly and constituents are 

adequately mixed in the increment). 
Small, nonhomogeneous increments need to 
be sampled separately from the rest of the Sampling during rapidly changing stages is  
cross section. The samples from those facilitated by the shorter sampling time. 
verticals can be analyzed separately or 
appropriatelycompositedw~ththerestofthe . Subsamples making up a sample set may be (Have the ana~yzedseparate~yormaybepropor~iona~~y scheme approved.) composited with the rest of the cross- 

Pr I sectional sample. 
Flow velocities are less than the isokinetic 
transit-rate range requirement.Adischarge- The cross-sectional variation in constituent 
weighted sample can be but the discharge can be determined if subsample sample will not always be isokinetic. bottles are analyzed individually. 

or 
The EWI sampling method cannot bkused. Agreater range in velotity and depths can be 
For example, isokinetic samples cannot be . sampled isokinetically at a cross section. 
collected because stream velocities and 

vary so much that the The total compo&te volume of the sample is requirements of the are not met at known and can beadjusted beforesampling several sampling verticals. begins. 
or 
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For the EWI sampling method, the stream cross sectidn is 'divided 

30- 

into a number &f equal-width increments (fig. 4-2). Samples are 

-COLLECTION OF WATER SAMPLES 

Equal-width-in'crement (EWI) method + 

collected by lowering and raising a sampler-through the water 
column at the center of each increment. (This sampling location 
is referred to  as the vertical.) The combination of the same 
constant transit rate used to sample at each vertical and the 
isokinetic property of the sampler results in a discharge-weighted 
sample that is proportional to total streamflow. 

Isokinetic sampling is required for the EWI method. 
Use isokinetic, depth-integrating sampling equipment (NFM 
2). 

- Use the same size sampler container (bottle or bag) 
and nozzle at each of the sampling verticals (fig. 4-2). 

- Collect samples using the same transit rate at each 
vertical during descent and ascent of the sampler. The transit 
rate must be constant and within theoperational range of the 
sampler (Appendix A4-A). 

Composite the subsamples from all verticals in a churn 
splitter or process subsamples through the cone splitter 
(NFM 5). 

1 .I I 
I l l  
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COLLECTION OF WATER SAMPLES . 

Guidelines for the EWI sampling method 

Select the Collect 
sampling increments transit rate samples 

I Step 5. ; ------- 
I Step 6. Clean 1 
I - - + ] ] - - -) equipment I 

samples I 

I (NFMS) I 
l (NFM3)  1 
L--l,,-- 

Be sure that the field effort i s  adequately staffed and equipped. 
Check QC requirements before departing--QC samples: require 
additional equipment'and supplies. 

Step 1. Prepare for sampling7 
, 

. a. Upon arrival a t  the'field site, set out safety equipment such as 
traffic cones and signs. Park vehicle in a location and direction so 
as to prevent sample contamination from vehicle emissions. 

b. Assemble sampling equipment and set up a clean work space. 

Organic compounds. Select equipment with'fluorocarbon 
polymer, glass,,or metal components if components will di- 
rectly contact samples to be analyzed for organic com- 
pounds. Do not use plastics other, than fluorocarbon 
polymers. 

Inorganic constituents. Select equipment with compo- 
nents-made of fluorocarbon polymer or other relatively inert 
and uncolored plastics or glass if components will directly 
contact samples to be analyzed forinorganicconstituents. Do 
not use metal or rubber components for trace- 
element sampling. 

, 
Microbiological analyses, collect samples for microbio- 
logical analyses using'equipment and techniques destribed in 
NFM 7. 

'preparations for water sampling are described in NFM 1, 2, and 3. Consult NFM 
5 for sample processing, NFM 6 for field measurements, NFM 7 for biological 
indicators, NFM 8 for bottom-material sampling and NFM 9 for field' safety. 

:: 
1 

'.C, ; ' 
1 
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lCOLLECTION OF WATER SAMPLES. 

Step 2. Select the number and width of  equal-width 
increments. 

a. Visually inspect the stream from bank to bank and longitudinally, 
observing velocity, width, and depth distribution, and apparent 
distribution di sediment and aquatic biota along the cross 
section. Note and document the location of stagnant water, 
eddies, backwater, reverse flows, areas offaster than normal flow, 
and piers or other features along the cross section. 

b. Determine stream width from a tagline or from distance markings 
on a bridge railing or cableway. 

c. At sites with little sampling history, measure and record the cross- 
sectional variation of field measurements (such as specific 
electrical conductance, pH, temperature, and dissolved oxygen). 
Review the magnitude of the variations along the cross section. 

d. Determine the width of the increment. To obtain the number of 
increments, divide the stream width by the increment width. The 
number of increments must be a whole number. 
Increment width is based on study objectives, variation in field 
measurements and flow, and stream-channel characteristics 
along the cross section. 

1 

Collect the subsample a t  the center of each equal-width 
increment (the vertical). 

If the subsample does not represent the mean value for that 
increment, decrease the increment width until the mean 
value for the increment is  represented. This will increase the 
number of increments sampled. 

e. Locate the first sampling vertical a t  a distance of one-half of the 
selected increment width from the edge of the water. Locate all 
the other verticals a t  the center of each remaining equal-width 
increment along the cross section. 

Example: 

If a stream 56 ft wide has'been divided into 14 increments 
of 4 f t  each, the first sampling vertical would be 2 f t  from 
the water's edge and subsequent verticals would be a t  6, 
10, 14 ft from the water's edge, and'so forth. 
Even. if streamflow is divided, as in a b,raided channel, 
equal-width increments must be identical from channel to 
channel; and the same constant transit rate must be used 
at each vertical. 

f. Make slight adjustments to sampling locations, if necessary, to 
avoid sampling where the flow is affected by a pier or other 

' ,' obstruction. 

Collection of Water Samples 9/99 Surface-Water Sampling 
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COLLECTION OF WATER SAMPLES 

TECHNICAL NOTE: Sampling near or downstream from 
large in-stream obstructions such as bridges and piers could 
result in artificially elevated concentrations of suspended 
sediments if the sampler is immersed in an eddy that is 
caused by the obstruction. If it is necessary to include an 
eddy in the cross section to be sampled, consider treating 
the eddy as a solid obstruction: subtract the eddy width 
from that of the total cross section: and determine the 
width of the increments based on the remaining stream 
width. 

- - -- - 

C RULE OF THUMB 
When selecting the number of equal-width 
increments: 

Cross-sectional width 2 5 ft-use a minimum of 10  equal- 

width increments. 

Cross-sectional width c5 ft-use as many increments as 

practical, bu t  equally spaced a minimum of 3 in. apart. 

Equipment limitations also constrain the number of 

increments selected; for example: 
When using a D-95 at maximum,depth wi th a 14-L churn 

splitter, EWI samples can be collected at approximately 1 4  

verticals. If an 8-L churn splitter is used, samples can be 

collected dt approximately 1 0  verticals. 

When using a D-77 and a 14-L churn splitter, the maximum 

average depth must not  exceed 5 f t  when samples are 

collected at 1 0  verticals. 

Step 3. Select the transit rate.' 

a. Refer to Appendix ~ 4 - A  for guidelines for determining the transit 
rates for collecting isokinetic, .depth-integrated samples. Unless. 

' . the mean velocity is actually determined, use the trial-and-error 
method to determine the minimum'transit rate. 

b. Locate the equal-yvidth increment containing the largest dis- 
charge (largest product of depth times velocity) by sounding for 
depth and either measuring or estimating velocity. At the vertical 
for this increment, use of the minimum transit rate results in the + 
maximum allowable filling of the sampler bottle or bag during 
one vertical traverse. 

U.S. Geological Survey TWRI, Book 9 , Chapter A4. 9/99 
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' COLLECTION OF WATER SAMPLES. 

c. Determine the minimum transit rate at this vertical for the type 
of sampler (bottle or bag), size of sampler nozzle, and the desired 
sample volume. 

Approximate 'the mean velocity of the vertical in  feet per 
second by timing a floating marker (such as a peanut) as it 
travels a known distance. (A known length of flagging tape 

. tied to  the cable where the sampler is attached often is used 
to  measure the distance.) Divide the distance (in feet) by the 
time (in seconds) and multiply by 0.86. 

Make sure that the transit rate does not  exceed the maximum 
allowable transit rate t o  be used at any of the remaining 
verticals along the cross section. This can be determined by 
sampling the slowest increment. If the minimum volume 
of  sample (relative toL depth of the vertical) i s  not 
collected a t  this vertical, then the EWI method 
cannot be used at  this cross section t o  collect a 
discharge-weighted sample (Appendix A4-A). 

Guidelines for seletting'the transit rate for EWI sampling 

The descending and ascendin transit rate must be constant in 
each direction and must be t& same for each vertical along 
the cross section. 

Do not exceed the maximum allowable transit rate if using 
EWI. If the transit rate must exceed the maximum allowable rate, use 
ED1 instead of EWI. 

The transit rate selected must be sufficiently rapid to keep from ovLrfilling 
the sampler. The sampler is overfilled when the water surface in the 
sampler container is above the bottom edge of the nozzle when the 
sampler is held in the sampling position. 

The same size sampler nozzle and container must be used at all verticals 
along the cross section. 

If the total volume collected will exceed the recommended volume for 
the churn splitter, then a cone splitter must be used. 

Step 4. Co l lec t  samples. 

The sample-collection procedure is  t he  same whether y o u  are 
w a d i n g  o r  us ing  t h e  reel-and-cable suspension me thod .  Use 
CH/DH techniques, as required' (section 4.0.1). Always 
follow safety procedures (NFM 9). 

Collection of Water Samples 9/99 Surface-water Sampling 

I . .  , . . , .  
' A , '  . a.., . ' 

I *'. ... p . ,> :,+ .; ;,, .,:: ,.;:;.'#.' ' 

,! ?. .,; $ ,- 
.$li;;!;? 
. .Ci . . , l  

, *3',"'., '. ', I.$-!,':. ; <L5<; ; 
. . . ..- j ..:.? .*' . . 
, , ;?.i:y. 
.'<:;hy; :;r 

, p.?: . ~, , *&,?, ,k' 
.i:G'b.P' 
': < . .$ , : . '.% - . . .&.I 

;c:-tj;:j+; 
..:,C"b .'L 

, .,, s o .  .,, r - . 
.>,:y", { 
.; :< .' . .I 

.< *,,,;a .,.. :; " .,," . . ...A . ;*. '!.;. ? . 
;, . , . t t  3 .  , ,~ ,.. 

a,: ,;: !?. 
4.:t*,;<,:2. 
" . I'. . _ 

? !I- , 5 > .: .;*- 
'I". .' ' , ,. 

, . L .<. l.'*.l: , ,:,,%:;2 > : . ., .. .; ;: ,Zi ... . , .  
, :  . !,"' ., 
. ..- 1 ', 
*.:tt::.,,;. 
,;i :$': 3 ', , '!'," 

.,.. ' ,_  , . 
J .y;.... 
4; :.,, . . ,  - ,... , 

3, ?., .I.:< ;> , 
&, , ', , :' .,, 

.*t, L*: 

. . :,;?:. . , .  .;:.;. '.. 
;"p '?; : 
,2..,;:: :,(;,., 
. ." ..,,. t . .  , 

.."? !,. . . 
f,?,; f :,,: 
" ,.','&',,.' 

. .';,$' .c. . . ) :.T .. 

.AI '.I ,:1 

.is !::. .,: 
5:s : -. - 
j..:I :, 

( -,.. F a  
,,.$l.?':- " .I .. . > ,:, ' ,e ':. ..: ' 
..*.J!::,' 
, :',**, ..., . .-1 1::1,. 
$8>:;;:,);,.:. 
.* ,;':! .b2 ; ; 

, .. p , > ' +  . .  
+ $ .  
,>,: ., , J,,':" 
.& .\.. I > .  t,., .!.:.; 

, .L\. ,b!:., ;.,. g'.. 1. ... . " .  
c . <  ,. . . . ;? :' , 

: *?,,, i;. ;:". .; ... ,:. ;;,:l: 
, :; :- . .s .. ' 

;;,.;r, %.' \,. . . . 
":':$.. .. ."' 

': . + . >,,,' ', , .. ,; ( . . 
3 .  

> ::' ....:, . ,' . ,  , 
, '  . . *  
' :I ... .̂  .. , 1 1 

2 a . a  i t p  ,< . ". ;, :,.: ,'."* . . .' 
. ,  . ? ' . < . . " '  

:<. . - . , ,  . .<;. . .. : . 
, . . _  I ,' .. ..:.!,,..; , 

$ 9 ,IL, ', ', ,, . . , .  

' ' ' b . " .  
. . . , 
. + ,>'$ , ,.:.I. .,:);:;;;I .. * , j, 
> ,:',:. .>..:,.,, .. , 

,,:!+: :; 
tL+; t<t + ; 

..I& -,'$ : : 
?:.'..:':..:. 8 

. .. .,,. . 1 
'..', ,. ', p;;, , . , 'I -,, ! .a:;, ~ 

' I ,  , ).' , ' 

;' ". . , 
' ,.- ' 

k .. 
., :!h;,,"::!* 

, , 7 .* . ,,. 3 

,.,,<$' ""'; 
. i s  ! _,.,.- .. 



-COLLECTION OF WATER SAMPLES 

a. Move to the first virtical (midpoint of first EWI near edge of 
water) and field rinse equipment (section 4.0.2). 

b. .Record start time and gage height. 

c. lower field-rinsed sampler at the predetermined constant transit 
rate until slight contact is made with the streambed. ,, Do not 
pause upon contacting the streambed. Raise the sampler 
immediately a t  the same constant transit rate until sampler 
completes the vertikal traverse. ' 

Take care not to disturb the streambed by bumping the 
sampler on it; bed material may enter the nozzle, res'ulting in 
erroneous data., 

I 

Do not overfill the sampler container. Overfilling results in a 
sample that is not isokinetic and that could be enriched with 
heavy particulates because of secondary circulation of water 
through the sampler (from nozzle through air exhaust). This 
enrichment will result in an artificially increased sediment 
concentration and will bias particle-size distribution toward 
heavier, and larger particulates. 

Do not underfill the sampler container (Appendix A4-A). 
Underfilling will result in a sample that is  not isokinetically 
collected because the maximum transit rate has been 
exceeded. 

* If the required; volume cannot be collected, use, the ED1 
method to obtain discharge-weighted samples. 

d. Inspect each subsample as it is  collected, looking for overfilling or 
underfilling of the sampler container and (or) the presence of . 
anomalously large amounts of particulates that might have been 
captured because of excessive streambed disturbance during 
sample collection. If you note any of these conditions, 
discard the sample, making sure there are no residual 
particulates left in the container, and resample. 
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COLLECTION OF WATER SAMPLES- 

e. Move sampling equipment to the next vertical.' Maintain the 
selected transit *rate. The volume of the subsample can vary 
considerably 'among verticals. Subsamples can be collected a t  
several verticals before emptying the sampler container, as long 
as the maximum volume of sample in a bottle or bag sampler has 
not been exceeded. If the container is overfilled, it is  necessary to 
resample. 

TECHNICAL NOTE: The tables in Appendix A4-A apply to 
the first complete round-trip transit starting with an empty 
sampler container. These tables cannot be used if the 
sampler is not emptied between verticals. 

f. Continue to the next vertical until no more samples can be 
collected without overfilling the sampler container. Empty the 
subsample into a field-rinsed churn or cone splitter and repeat 
sample collection in the same manner until subsamples have 
been collected a t  al l  the verticals. 

If the total volume of the subsamples to be.collected will 
exceed the operational capacity of the churn, select from the 
following options: use either a sampler with a smaller bottle 
or a bag sampler with a smaller nozzle; or use a cone splitter; 
or use the ED1 method, if appropriate. 

To ensure that all particulates are transferred with the sample, 
swirl the subsample gently to keep particulates suspended 
and pour the subsample quickly into the churn or cone 
splitter. 

Sample EWI verticals as many times as necessary to ensure that 
an adequate sample volume is collected as required for 
analysis, but  sample a t  each vertical an equal number of 
times. (The composite cross-sectional sample will remain 
proportional to flow at  the time of sampling.) 

If flow is stable during sampling, (hen multiple samples can be 
collected a t  each vertical during a sing1e.travers.e along the 
cross section. If flow is changing, however, study objectives 
should determine whether to collect multiple samples a t  each 
vertical during a single traverse or to collect one sample a t  
each vertical during multiple traverses along the cross section. 
Document on field forms the method used. 

+ 
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-COLLECTION OF WATER SAMPLES 

g. Record the following information after all samples have been 
collected: 

Sampling end time. 

Ending gage height. 

All ,field observations and any, deviations from standard 
sampling procedures. 

Step 5. Process Samples + Refer to NFM 5.  , , 

I Step 6. Clean Equipment + Refer to NFM 3. 

If the sampler will not be reused during a field trip, rinse 
sampler components with deionized water before they dry 
and place them into a plastic bag for transporting to the office 
laboratory to be cleaned. I 

If the sampler will be reused during the field trip, rinse the 
components with DIW while still wet from sampling and then 
field-clean while a t  the samplirig site using the prescribed 
procedures (NFM 3). Reassemble the sampler. 

Collect a field blank, if required, after sampling equ,ipment 
has been cleaned at  the sampling site. 



samples 

Prepare Select equal- 

sampling increments 

The objective of the ED1 method is to collect a discharge-weighted 
sample that represents the entire flow passing through the cross 
section by obtaining a series of samples, each representing equal 
volumes of stream discharge. The ED1 method requires that flow 
in the cross section be divided into increments of equal discharge. 
Equal-volume, depth-integrated samples are collected at the 
centroid of each of the equal-discharge increments along the cross 
section (fig. 4-3). Centroid is defined as that point in the 
increment at which discharge is equal on both sides of the point. 

Guidelines for the EDI sampling method 

Be sure that the field effort is adequately staffed and equipped. 
Check QC requirements before departing-QC samples require 
additional equipment and supplies. 

+ 



4. 4 COLLECTION OF WATER SAMPLES 

Example: Sampler D77; nozzle size, 511 6 inches ID; 3 Liter Sam le bottle; 
width 57 feet; maximum depth 12 feet; maximum velocip 5.0 R s ;  width of 
section containing 20 percent of flow is variable, 5 to 22 eet; 20 percent 
of flow per section will give 5 sampling verticals; transit rate variable, 
0.3 to 1.7 ftls. 

j sam'$iing ) 

vertical Percent 
'bottle/ discharge left edge of 
number ,, I 1 

I 

Figure 4-3. Equal-discharge-increment method for collection of water 
samples (modified from Bruce Ringen, U.S. Geological Survey, written 
commun., 1978). , 

-- -- - - - 
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COLLECTION OF WATER SAMPLES 

Step 1. Prepare for sampling for inorganic and organic 
analytes.' 

a. Upon arrival a t  the field site, set out safety equipment such as 
traffic cones and signs. Park vehicle in a location and direction so 
as to prevent sample contamination from vehicle emissions. 

b. Assemble equipment needed and set up a clean work space. 

Organic compounds. Select equipment with fluorocarbon 
polymer, glass, or metal components if components will 
directly contact samples to be analyzed for organic com- 
pounds. Do not use plastics other than fluorocarbon 
polymers. 

Inorganic constituents. Select equipment with compo- 
nents made of fluorocarbon polymer or other relatively inert 
and uncolored plastics or glass if components will directly 
contact samples to beanalyzed for inorganic constituents. Do 
not use metal or rubber components for trace- 
element sampling. 

Microbiological analyses. Collect samples for microbio- 
logical analyses using equipment and techniques described in 
NFM 7. 

Step 2. Select the number and location o f  equal-discharge 
increments. 

The number and location of equal-discharge increments should 
not  be determined arbitrarily. Selection of increments for a 
sampling site is governed by factors described in a, dl and e below. 

a. Visually inspect the stream from bank to bank, observing velocity, 
width, and depth distribution, as well as apparent distribution of 
sediment and aquatic biota along the cross section. Document 
location of stagnant water, eddies, backwater, reverse flows, 
areas of faster than normal flow, and piers or other obstructions 
along the cross section. 

b. Determinestream width from a tagline orfrom distance markings 
on bridge railings or on a cableway. 

c. At sites with little sampling history-measure, record, and review 
the cross-sectional variation of field measurements (for example, 
specific electrical conductance, pH, temperature, and dissolved 
oxygen). 

'~re~arations for water sampling are described in NFM 1, 2, and, 3. Consult NFM 
5 for sample processing, NFM 6 for field measurements, NFM 7 for biological 
indicators, NFM 8 for bottom-material sampling, and NFM 9 for field safety. 
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d. Measure discharge at the cross section to be sampled or use an 
existing ED1 graph prepared from current or historical discharge 
measurements (fig. 4-3) (Edwards and Clysson, 1998). An 
existing ED1 graph can be one prepared for the site that shows, 
for example, cumulative discharge or cumulative percent of 
discharge versus stationing. 

e. Determine volume of discharge that will be represented in each 
EDI, based on data objectives for the study, variation in field 
measurements, flow and stream-channel characteristics along 
the cross section, and volume of sample required for analyses of 
target analytes. 

I f. Divide the cross section into equal-discharge increments: 

When determining the number of increments to be sampled, 
keep in mind that the subsample collected at the centroid of 
each ED1 must represent the mean streamflow measured for 
that increment. If mean streamflow for the increment is not 
represented, increase the number of increments by 
decreasing thel volume represented by each discharge 
increment until the mean streamflow value for the increment 
is represented. 

As a guide, a minimum of 4 sampling increments is, recom- 
mended; the number of increments is usually less than 10. + 

g. Determine the location of the centroid of flow within each 
increment from the discharge measurement by (1) constructing 
a curve using cumulative discharge or cumulative percentage of 
discharge (fig. 4-3): plotted against cross-section stationing, or 
(2) determining ED1 locations directly from the discharge 
measurement sheet (fig. 4-4; an explanation of this method and 
definition of midpoint are described in Edwards and Clysson, 
1998.) Centroid-of-flow locations also can be determined from 
an ED1 graph, as described below and in the TECHNICAL NOTE 
that follows the example below. 

I + 

I 
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COLLECTION OF WATER SAMPLES 3 4 

Figure 4-4. Discharge-measurement field notes used to determine the 
equal-discharge-increment centroid locations based on cumulative 
discharge and far-midpoint stationing (from Edwards and Clysson, 1998, 
p. 42). 
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-COLLECTION OF WATER SAMPLES 

Example: 

In this example, each ED1 equals 20 percent of discharge. 

i. If the stream cross section will be divided into five equal- 
discharge increments, divide stream discharge by five to 
determine the discharge increment. 

ii. Locate the centroid of the initial ED1 where cumulative 
discharge equals half the discharge increment (1 0 percent). 
This is  the location of the vertical from which the first 
subsample is collected. 

iii. Locate each of the remaining centroids (four in this exahple) 
by adding the discharge increment (20 percent) to the 
previous centroid discharge (20 + 10 = 30) and determining 
where that cumulative discharge occurs along the cross 
section. 

iv. The ED1 centroids will correspond to locations of 10, 30, 50, 
70, and 90 percent of the cumulative discharge along the 
cross section. In figure 4-3, these percentages of cumulative 
discharges correspond to lo,cations at 14, 28, 38, 45, and 
51 ft from the left edge of the water, whereas in figure 4-4, 
the centroid locations of the equall-discharge increments are 
a t  26, 50, 74, 102, and 134 ft. ' 

TECHNICAL NOTE: If the stream channel is stable at 
the cross section to be sampled, graphs of cumula- 
tive discharge or percentage cumulative discharge 
at various stages can be based on historical dis- 
charge measurements. Location of ED1 centroids 
can be determined from these ED1 graphs so that 
discharge measurements do riot have to be made] 
before each sampling. Linear interpolation based on 
discharge can be made between curves for different 
discharges on the ED1 graphs. ED1 graphs require 
periodic verification by being compared to 
recent discharge measurements. 

Step 3. Select the transit rate. 

a. Determine the sampling depth and the mean stream velocity at 
the centroid of each equal-discharge increment. 

b. Determine the transit rate for each centroid that will yield 
subsamples with approximately the same volume (within 10 
percent) using sampling depth, mean stream velocity, and 
information in Appendix A4-A. When compositing subsamples, 
the minimum volume for every equal-discharge increment is  the 
minimum volume~for the deepest vertical. 

I U.S. Geologlcal Survey TWRI , Book 9 Chapter A4. 9/99 
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COLLECTION OF WATER SAMPLES- 

I ~uidel inesf~~~elect ing the transit rate for EDI: rampling I 
Collect samp\estof edual volumes at each centroid. This is required for 
ED1 if the sample will be composited (fig. 4-3 . Generally, transit rates 1 vary from centroid to centroid in order to col ect equal volumes. 

Keep the transit rate unidirectional, constant, and within the isokinetic 
transit range of the sampler when collecting isokinetic samples at each 
centroid. 

Do not exceed the maximum transit rate (Appendix 4A-4). The. 
maximum transit rate will be exceeded if the minimum sam le volume g associated with stream velocity and the selected nozzle and ottle size is 
not collected. Exceeding the maximum transit rate will affect the 
concentration of particulates 2 0.062 millimeters. 

Step 4. Collect samples. 

The procedures are the same whether you are wading or using a 
reel-and-cable suspension method. Use C H D H  techniques, as 
required (section 4.0.1), and implement safety proce- 
dures (NFM 9). 

b Collect microbiological samples using equipment and 
techniques as described in .NFM 7. 

b Collect, subsamples at ED1 centroids as many times as 
necessary to ensure collection of sufficient sample volume 
for analysis. If the sample is to be composited, care must be 
taken to obtain approximately the same total volume (f 10 
percent) from each ED1 centroid so that the composited 
cross-sectional sample will be proportional to flow at the 
time of sampling. 

b Stay within the isokinetic transit-rate rangeof the sampler at 
each centroid. If flow ve1ocity.i~ less than the isokinetic. 
transit-rate range. of the sampler, a discharge-weighted 
sample still can be obtained by collecting equal volumes at 
each centroid; however, this sample will not be isokinetic. 

a. Move sampling and support equipment to the centroid of the 
first increment to b e  sampled. Field rinse the sampling 
equipment (section 4.0.2) and record sampling start time. 

b. Read and record the starting gage height. 

Collection of Water Samples 9/99 Surface-Water Sampling I 



COLLECTION OF WATER SAMPLES 

c. Lower the sampler at the predetermined transit rate until slight 
contact is  made with the streambed. 

+ 
Do not paure!upon contacting the streambed. Raise 
the sampler immediately at a constant transit rate to 
complete the vertical traverse. The descending transit rate 
does not have to equal the ascending transit rate, but each 

. rate must be unidirectional, constant, and within the 
isokinetic transit' range of the sampler. 

Take care not to disturb the streambed with the sampler. 
Disturbing the streambed could cause bed material to enter 
the nozzle, resulting in erroneous data. 

Ensure that the sampler container has not overfilled. 
Overfilling will result in enrichment of the sample with heavy 
particulatesdue tosecondarycirculation ofwater through the 
sampler (from nozzle through air exhaust). This enrichment 
will result in an artificially increased sediment concentration 
and will bias particle-size distribution towards heavier and 
larger particulates. 

d. Inspect each subsample, looking for overfilling and (or) the 
presence of anomalously large amounts of particulates that 
might have been captured because of excessive streambed 
disturbance during sample collection. If you note either or both + 
of these conditions, discard the sample, making sure there are no 
residual particulates left in the container, and resample. 

e. Ensure that the sal(lpler container is not underfilled (that the 
minimum volume indicated in Appendix A4-A has been 
collected). Underfilling will result in a subsample that i s  not 
isokinetically collected-usually because the maximum transit 
rate has been exceeded. 

f. I3epe"ding on study objectives, either process and (or)lanalyze I the subsample collected at the initial centroid as a separate 
sample, composite this subsample with other subsamples 
collected along the 'cross section, or split the subsample for 
further processing. 

If the total volume of the subsamples that will be collected will 
exceed the operational capacity of the chum or cone splitter, 
decrease the number of increments or use an appropriate 
sampler with a smaller bottle or with a bag with a smaller 
nozzle. 

Ensure that all particulates in the, sampler bottle oq bag are 
transferred with the sample by swirling the sample gently to 
keep particulates suspended, and quickly pouring the sample 
into the churn or cone splitter. 

U.S. Geological Survey TWRI Book 9 , 1 Chapter A4. 9/99 
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rCOLLECTlON OF WATER SAMPLES ' Guidelines for the VCF method 

1. Measure discharge along the cross section where sampling i s  to 
be done. (This is notlnecessary if the section is  stable and accurate 
historical discharge measurements are available.) 1 

2. Locate the centroid of flow from the discharge measurement. 

Either (a) construct an ED1 graph using cumulative discharge 
or cumulative percentage of discharge plotted against cro'ss- 
section stationing (for example, in fig. 4-3, the centroid 
location is  station 38, which corresponds to 50 percent of 
cumulative flow), or (b) determine centroid location directly 
from the discharge measurement sheet (for example, in fig. 4- 
4, the centroid location is station 74). 

ED1 graphs of cumulative discharge at various stages can be 
based on historical discharge measurements if the stream 
channel is stable at the cross section to be sampled. The 
location of centroids can be determined from these ED1 
graphs so that discharge measurements do not have to be 
made before each sampling. EDl-graphs require periodic 
verification. 

3. Examine the cross section for uniformity.of appearance. 

4. Measurethecross-sectionalvariationoffieldmeasurements(such 
as specific electrical conductance, pH, temperature, and 
dissolved oxygen) at  sites with little sampling history. ~e'cord and 
review variations along the cross section. 

5. Evaluate data from steps 1-4 to decide if the VCF method is  
appropriate.-Use either the ED1 or the EWI sampling method if 
streamflow, field-measurement, or chemical-analysis data do not 
confirm that the stream section is well mixed vertically and 
laterally. 

I 6. If the VCF method ii used, follow steps 3 and 4 of the instructions 
for the ED1 method for selecting transit rate and collecting 
samples. I 1 

7. Process samples + Refer to NFM 5. 

8. Clean equipment + Refer to NFM 3. 

U.S. Geological Survey TWRI Book 9 Chapter A4. 9/99 



~uideiin=s for nonisokinetic sampling methods 

Use nonisokinetic sampling methods when: 

Velocity of flow is so high that an isokinetic sampler cannot be lowered 
through the vertical properly and safely. 

Extreme low-flow conditions render use of an isokinetic sampler 
impractical. For example, when water depth is equal to or less than that 
of the unsampled zone or when stream velocity is less than the minimum 
velocity requirement for an isokinetic sampler (1.5 f t l s  for bottle 
samplers, 3 f t l s  for bag samplers). 

Automatic pumping samplers are needed for specific situations; for 
example, time-dependent regulatory monitoring, sampling at remote 
sites, or samplin of floods or urban runoff when discharge is rapidly 
changing and a ?arge number of samples are needed from several 
locat~ons within a relatively short time. 

Periods of extreme cold cause the nozzle or air-exhaust vent to freeze, 
rendering isokinetic, depth-integrating samplers inoperable. 

Study objectives dictate use of nonisokinetic sampling methods. 
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COLLECTION OF WATER SAMPLES 

Three nonisokinetic sampling methods most commonly used are 
the dip (weighted-bottle), discrete, and pump methods. Ward and 
Harr (1990) and Edwards and Glysson (1998) provide detailed + 
information on these sampling methods. General instructions are 
provided below. 

b Dip sampling method. Dip sampling involves dippi& a 
narrow-mouthed ,bottle into a water body. Dip sampling is 
not recommendea for discharge-weighted sampling when it 
is possible to obt'ain a depth-integrated, isokinetid sample. 
The error int'roduced by ,dip sampling 'can be 
significant if the target analytes are sorbed onto 
suspended materials that are not uniformly 
distributed along the cross section. Caremust be taken 

, 
to avoid collecting particulates that are resuspended as the 
result of wading or bumping the~sampler on the streambed. 

- To collect a dip sample in water that is too shallow to 
submerge an isokinetic, depth-integrating sampler, 9 d e  to 
where the sample(s) will be collected and immerse a hand- 
held, narrow-niouth bottle at the centroid of flow, or at 
multiple locations along a cross section. 

- To sample with a hand-held bottle, stand downstream of the 
bottle while it is being filled. .+ 

- To collect a dip sample where water is too deep to wade, 
lower a weighted-bottle sampler at the centroid of flow or at 
multiple locations along a cross section. 

b Discrete sampling method. Discrete (point) sampling 
involves either (1) lowering a sampler to a specified depth 
and collecting a sample by first opening, then closing the 
sampler, or (2) using a single-stage sampler, which fills when 
stream stage rises to a predetermined height. 

- Thief-type samplers are the most common point samplers 
used for collecting water-quality samples (NFM 2). Although 
these samplers ,are designed primarily to sample still,waters, 

I they can be adapted for slow-flowing water by attaching 
them to a weighted line. Samples can be collected at the 
centroid of flow or at multipleverticals and at selected depths 
along the cross section. 

- lsokinetic point samplers (for example, the P-61 and P-63 de- 
scribed in Edwards and Clysson, 1998) are available for col- 
lecting samples for suspended-sediment concentration and 
particle-size determination, and for selected chemical con- 
stituents. The IP-61 and P-63, samplers are not suitable + 
for collecting samples for trace-metal analyses. 
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Step 1. 
Prepare 

sampling 

r - -  Step 4. 
I Proyess. 

- - samples' 
' . WqMS) 

L,, 

Step 2. 
Select 
sampling 
locations 

Step 3. 
Collect' 

I Be sure that the field! effort i s  adequately staffed and equipped. 
Check QC requirements before departing-QC samples require 
additional equipment and supplies. 

1 

I 

I Step 1. Prepare for sampling for inorganic and organic 
analytesg 

I a. Upon arrival a t  the field site, set out safety equipment such as 
traffic cones andgigns. Park vehicle in a location and direction so 
as to prevent sample contamination from vehicle emissions. 

I b. Assemble equipmentand set up a clean work space. , 

Organic compounds. Select equipment with fluorocarbon 
polymer, glass, or metal components if components will 
directly contact samples to be analyzed for organ,ic com- 
pounds. Do not use plastics unless they are fluorocar- 
bon polymers. 

Inorganic constituents. Select equipment with 
components madeoffluorocarbon polymerorother'relatively 
inert and uncolored plastics or glass if components will 
directly contact samples to be analyzed for inorganic 
constituents. Do not use metal or rubber components 
for trace-element sampling. I ,  

I 
Collect samples to be analyzed for sediment concentration 
and (or) particle-size distribution using a separate set of clean 
sample bottles. Sediment samples generally are not field 
composited. I 

I - Collect bacteiia samples usin4 equipmeht and techniques 
described in NFM 7. 

I Calibrate field instruments as described in NFM 6; ' 

I 

 reparations for water sampling are described in NFM 1, 2, and 3. C7nsult NFM 
5 for sample processing, NFM 6 for field measurements, NFM 7 for biological 
indicators, NFM 8 for bottom-material sampling, and NFM 9 for field safety. 



Step 2. Select sampling locations. 

Review data objectives to ensure they wi l l  be met at the sampling 
location(s) selected. I f  discharge-weighted samples are needed'and 
the stream section i 5  well mixed with respect to target analytes, 
locate multiple sampling points along the cross section using the 
ED1 method. 

a. Measure discharge at the cross section where samples will be 
collected. 

b. At sites with very little sampling history, measure the variation 
within each field measurement (specific electrical conductance, 
pH, temperature, and dissolved oxygen) along the cross section 
and review these data. 

c. Locate the centroid of flow if distribution of streamflbw and the 
field-measurement data indicate that the section is  well mixed 
(refer to the description of the VCF sampling method a t  the,end 
of section 4.1.1 .A, p. 48). 

Step 3. Collect samples. 

By applying ED1 sampling methods and collecting equal-volume 
samples at the centroid of each equal-discharge increment, a 
sample can be collected that i s  discharge weighted but that i s  not 
isokinetic. I 

Using CH/DH techniques, as required (section 4.0.1): 

a. Move sampling and support equipment to the first sampling 
location. Field rinse equipment (section 4.0.2). 

b. Record starting gage height and sampling start time. 

c. ' Lower field-rinsed sampler using the method selected. 

If a vertical traverse is  made to collect the sample, do  n o t  
pause when contact w i t h  the  streambed occurs, but 
raise the sampler immediately until the traverse is  completed. 
Take care not to disturb the streambed with the sampler, as 
bed material entering the sampler results in erroneous data. 

If a discrete sample is to be collected, lower the sampler to the 
desired depth, then sample. 

If a pump is used to collect a sample, lower the pump intake 
to the..desired depth and liump about three sample-tubing 
volumes to field rinse sample tubing before collecting the 
sample. 
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COLLECTION OF WATER SAMPLES 

d. Move to the next vertical (if more than one vertical will be 
sampled along the' cross section). 

+ .. i. Record the time and repeat sample collection as described in 
step 3c above;' 

ii. Inspect each sample, looking for anomalously large amounts 
of particulates that might have been captured because of 
excessive streambed disturbance during sample collection. If 
such a condition is observed, discard the sample, making sure 
there are no residual particulates left in the container, and 
resample. 

iii. ' ~ e ~ e n d i n ~  onidata objectives, ?ither composite thesamples 
collected or set aside each sample to be independently 
processed and analyzed. 

If pumped samples will be composited, pump the samples 
directly into the churn splitter. 
If transferring the subsample to a churn or cone splitter, 
ensure thatjall particulates in the sampler are transferred 
with the sample by swirling the sample gently to keep 
particulates suspended and pouring the sample quickly 
into a sample splitter. I 

e. After all the samples have been collected: 

Record sampling end time and gage height. For automated 
samplers, reco'rd beginning and, ending dates and times for 
the sampling period. 

Retrieve samples from automated pumping samplers at the 
earliest possible time to reduce the chance of che,mical or 
biological alteration of the sample. (Automatic samplers with 
refrigeration are available to help maintain sample integrity.) 
Samples collected by automatic samplers generally are 
composited. 

Document all' field observations and any deviations from 
standard sampling procedures. 
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COLLECTION OF WATER SAMPLES. 

Step 4. Process samples + Refer to NFM 5. 

+ " Step 5.  Clean equipment + Refer to NFM 3. 

If the sampler will not be reused during a field trip, rinse the 
sampler co;nponents with deionized water before they dry 
and place them in a plastic bag for transport to the office 
laboratory to be cleaned. 

If the sampler will be reused during the field trip, rinse the 
components with DIW while st i l l  wet from sampling and then 
field-clean while at  the sampling site using the prescribed 
procedures (NFM 3). Reassemble the sampler. 

Collect a field blank, if required, after sampling equipment 
has been cleaned a t  the sampling site. 

Place the cleaned sampler into a plastic bag and seal for 
transport to the next site. 
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4.1.2 STILL-WATER SI,TES 

56- 

In still water, samples generally are collected at multiple sites and 
at multiple depths. The probability is very sdall that any still- 
water body (lake, reservoir, pond, lock, storage pool) is relatively 
homogeneous with regard to any water-quality characteristic. 
Therefore, a single site or sampling point generally is not adequate 
to describe the physical and chemical properties of the water 
body, or the distribution and abundance of the inhabiting 
biological community. The number (of sampling sites and the 
depths where samples will be collected depend on study objectives 

1 and the physical, chemical, and biological characteristics of the 
water body (Ward and Harr, 1990). 

, 
-COLLECTION OF WATER SAMPLES 

Thief-type samplers usLally are used tb collect stilll-waterlsamples; 
however, pumping samplers also can be used. A disadvantage of 
pumping a sample is that if a thin stratum of water' is being 
sampled, water can move radially from unknown depths and 
distances into the pump. 

I b Samples must be collected at a known depth. 

b Sample integrity hus t  be maintained to the degree possible 
while samples are being brought to the surface for further 
processing. 

Guidelines for sampling at still-water sites 

samples 
sampling depths 

'step 5T 1 'S tG 6. 
I Procbss I - - I Clean I 

- - *I samples 1 equipment 1 
(NFM3) , L - -  

Be sure that the field effort is adequately staffed and equipped. 
Check QC requirements before departing-QC samples require 
additional equipment and supplies. 

i 
-I- 

I 

I U.S. Geological Survey TWRl ~ b o k  9 '  Chapter A4. 9/99 



COLLECTION OF WATER SAMPLES- 

Step 1. Prepare for sampling of inorganic and organic 
analytes.10 

+ 
a. Upon arrival a t  the field site, set out safety equipment such as 

traffic cones and signs. Park vehicle so as to prevent sample 
contamination from emissions. 

b. Assemble equipment and set up a clean work space. 

Organic compounds. Select equipment with fluorocarbon 
polymer, glass, or metal components if components will di- 
rectly contact samples to be analyzed for organic com- 
pounds. Do not use plastics other than fluorocarbon 
polymers. 

Inorganic constituents. Select equipment with compo- 
nents made of fluorocarbon polymer or other relatively inert 
and uncolored plastics or glass if components will directly 
contact samples to be analyzed for inorganicconstituents. Do 
mot use metal or rubber components for trace-ele- 
ment sampling. 

Microbiological analyses. Collect microbiological samples 
using-equipment and techniques described in NFM 7. 

Step 2. Locate sampling site. 

a. Locate the first sampling site (vertical section) and maintain a 
sampling platform position a t  the site. 

b. Record depth to bottom. 

Step 3. Select sampling depths. 

a. Make field measurements (such as specific electrical 
conductance, pH, temperature, and dissolved oxygen) in situ to 
obtain a vertical profile of field-measurement variation. 

b. Measure light penetration (if applicable). 

c. Select and record sampling depth(s) based on study objectives 
and the variation in field measurements for the vertical. 

'O~re~arat ions for water sampling are described'in NFM 1, 2, and 3. Consult NFM 
5 for sample processing, NFM 6 for field measurements, NFM 7 for biological 
indicato~s, NFM 8 for bottom-material sampling, and NFM 9 for field safety.. 

- 
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I Step 4. Collect sampies. 

Field rinse sampling equipment first (section 4.0.2). Collect 
samples by using the procedures listed below under Step 4A for a 
thief-type sampler and under Step 4B for a pump sampler. 

I Step 4A. ~h ie f - t f i e  sampler. 

The instructions listed below are for samplers that operate 
with an open/close mechanism. I f  the sampler operates as a 
point-source bailer, follow a and c-g below. Pulling the bailer 
up wi l l  trigger the upper check valve to seal off the sample 
from the water overlying the targeted depth. 

I a. Lower opened sampler to the desired depth while minimizing 
disturbance of,the water column. 

I , b. Isolate the sample by activating the mechanism that closes 
the sampler. 

I c. Raise the sampler from the water body. 

d. Dispense sample to sample bottle or compositing/splitting 
device using C H / D H  techniques, a s  required or 
recommended: 

If using a \bailer, drain sample through the bottom- 
emptying device. 
If sample compositing and (or) splitting i s  required, ensure 
that all particulates in the sampler are transferred with the 
sample by swirling the sample gently to keep particulates 
suspended and pouring the sample quickly into the churn 
or cone splitter, ( I ,  

e. Repeat the instructions in step 4A a -d if more sample is  
needed from the same depth for that vertical section. 

f. Repeat the instructions in Step 4A a -e for each depth to be 
sampled in that vertical section. If a second sample from a 
different depth or vertical section will be composited, either 
(1) clean and dield rinse the splitter after processing the first 
sample and before collecting the second sample, or (2) use 
another clean splitter. 

I g. Move to the next site if another vertical section will be 
sampled. ~epeat Step 4A a -f. 

, + 

I 
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COLLECTION OF WATER SAMPLES. 

Step, 4B. Pump sampler. 

a. Lower the-pump or pump-sample tubing (attached to a 
weighted'line) to the desired sampling depth. 

' 

b. Turn on the pump and pump about three sample-tubing 
volumes to field-rinse the pump, tubing; and other sample- 
collection or -processing equipment. Discard rinse water. 

c. Direct sample flow into collection container(s) until sufficient 
sample volume has been collected. 

d. Repeat Step 4B a - c  if another depth and (or) vertical section 
is to be sampled. If a second sample from a different depth or 
vertical section will be composited, either (1) clean and field 
rinse the splitter after processing the first sample and before 
collecting the second sample, or (2) use another clean splitter. 

Step 5. Process samples + Refer to NFM 5. 

Step 6. Clean equipment + Refer to NFM 3. 

If the sampler will not be reused during a field trip, rinse the 
sampler components with deionized water before they dry 
and place them in a plastic bag for transporting back to the 
office laboratory to be cleaned (NFM 5). 

If the sampler will be reused during the field trip, rinse the 
components with DIW while still wet from sampling and then 
field-clean while at the sampling site using the prescribed 
procedures (NFM 3). Reassemble the sampler. 

Collect a field blank, if required, after sampling equipment 
has been cleaned a t  the sampling site. 

Place the cleaned sampler into a plastic bag and seal for 
transport to the next site. 
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By Jacob Gibs and  ED. Wilde 

GROUND-WATER SAMPLING: 4.2 
PREPARATIONS AND 

Collecting samples' of ground water that accurately represent 
aquifer conditions requires sampling appropriate wells using 
equipment and methods that maintain the integrity of the sample 
wi th  respect t o  t h e  physical, chemical,  a n d  biological 
characteristics of interest. Ground-water sample collection 
involves specific preparations, such as measuring the water level 
in a well and purging the well of standing water. This chapter 
(NFM 4) primarily addresses the activities up to the point that the 
ground-water sample enters a collection/processing chamber. 
Because purging, sample withdrawal, and sample processing form 
a continuous process, the information provided in this chapter 
overlaps somewhat with that in NFM 5. NFM 5 addresses the 
required and recommended procedures for filling bottles with a 
water sample (raw or filtered),, sample preservation, and other 
sample-processing activities. 

PURGING METHODS AT 
WATER-SUPPLY WELLS AND 

MONITORING WELLS 

The generic information provided below for withdrawing water 
from wells is followed by specific information and procedures for 
sampling from supply wells (section 4.2.1) and monitoring wells 
(section 4.2.2). 

. . 

Considerations for collecting .representative ground-water 
samples 

Consideration must be given to well type, well construction, 
sampling equipment, and well-purging and Sam ling methods to 
ensure that a representative sample is collected." Field personnel 
should be aware of the factors that can affect the quality of 
ground-water samples and are instructed to  use appropriate 
contamination prevention techniques (tables 4-1 and 4-2). It is 
imperative to review the most recent analyses of blank samples 

 round-water samples collected using passive or natural-gradient methods or 
from direct-push or cone-penetrometer systems are not addressed in this chapter. I 
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,! 62 COLLECTION OF WATER SAMPLES 

collected through the equipment to be used for ;ampling before 
field work begins, and to collect other types of quality-control 
(QC) samples as a rqutine part of field work (section 4.3 and , 
Appendixes A4-B and A4-C). 

I b Well type. Check the type of well(s) to be sampled before 
beginning field work. Equipment and sampling methods can 
differ substantially, depending on the well type (NFM 1). 

- Supply wells are designed for domestic, public, industri- 
al/commercial, and irrigation use and commonly are con- \ 

structed using methods and materials that can affect sample 
chemistry. (NFM 1 and Lapham and others, 1997, describe 
selection criteria for supply wells.) Pumps installed in su,pply 
wells generally deliver a large volume of water that is subsam- 
pled for water'quality. 

- Monitoring wells are designed and installed principally for 
the collection of water-quality samples and related data. 
Samples from monitoring wells are collected either with 
portable, low-capacity pumps or with other types of 
sampling devices designed for water-quality work. Sampling 
devices can be dedicated for use at a well and (or) can be 
installed permanently or semipermanently. 

b Well construction. Periodically check the integrity of the 
well's construction and hydraulic communication with the 
aquifer: inspect casing with a televiewer, note any changes in 
depth-to-well-bottom measurements, and run slug tests or 
aquifer tests (Lapham and others, 1997). Check well integrity 
only after sample collection is complete or during a 
nonsampling site visit to avoid stirring up particufates that 
could cause a bias in analysis of trace metals, polychloride 
biphenyls (PCBs), or other analytes that tend to associate 
with particulates. If water from the well is laden with 
particulates, the well should be redeveloped or purged until 
turbidity values return to background or near-background 
levels (normally less than 5 NTU, the threshold for visible 
turbidity). 

U.S. Geological Survey TWRI Book 9 I - chapter A4. 9/99 



COLLECTION OF WATER SAMPLES 

- To collect samples that represent a specific zone of an aquifer, 
the well must be in hydraulic communication with the water- 
bearing unit of interest and must be isolated or sealed from 
overlying and underlying units. 

- Determine the:; aquifer interval(s) that yield significant 
contribution of 'flow if collecting samples in miedia with 
strongly defined paths of preferential flow, such as in 
fractured rock. 

- Review guidelines in NFM 1 and Lapham and others (1 997) 
for selecting the materials, length, and diameter of the well 
screen and casing, well completion method, and well 
development method. 

b Sampling equipment. Select and prepare equipment 
using the guidelines and protocols described in NFM 2, 3, 5, 
and 6. 

- The sample-wetted 'parts of the equipment must be 
constructed of materials that will not contaminate thesample 
orotherwise affectambientconcentrationsof targetanalytes. 

- All sampling equipment must be precleaned and quality 
assured. Equipment-blank analyses should confirm that the 
equipment to be used is not a source of contamination with 
respect to concentrations of target analytes. Document in 
field notes the cleaning and QA procedures used, along with 
the analytical results for equipment-blank data. 

- A flow-splitting manifold constructed of noncontaminating 
materials i s  recommended for use a t  the wellhead for 
directing pumped sample flow (fig. 4-5). 

- The sample tubing should extend into a processing chamber 
or glove box to avoid sample contamination from the 
atmosphere. Set up sample chambers before beginning 
sample collection (a flowthrough chamber for field 
measurements and processing and preservation chambers 
for sample filtration and preservation, respectively). 

, . 
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I 64 COLLECTION OF WATER SAMPLES 

EXPLANATION 

NEEDLE VALVE (PINCH 
C L A M P ) - K ~ ~ ~  valve ' 

. QUICK CONNECTION either full on or full off; ,. 

b FLOW DIRECTION AT 
DIFFERENT TIMES: 

Figure 4-5. Example of a manifold-used for well purging and 
sample collection (modified from Koterba and others, 1995). 
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I '  COLLECTlON OF WATER SAMPLES 

b Well-purging and sampling methods. Before selecting 
and implementing the purging and sampling methods 
described below, consider how maintaining sample integrity 
(table 4-4) applies to your specific study and site, making 
sure to consider: 

L 

- Type and construction of well, and the hydraulic conditions 
and subsurface geochemistryat the site (Lapham and others, 
1997). 

Stopwatch and calibrated bucket to measure pumping rate 

Threaded fittings, male/female, such as hose-type connectors 
(precleaned) 

Tools (such as wrenches to remove well cap) 

Water-level measurement equipment 

- Study requirements to ensure and determine data qualityfor 
target analytes (section 4.3). 

- specific protocols needed to meet program or study 
-objectives that could require modification of standard 
methods. Document any deviations from recommended 
sampling procedures and record field observations in field 
notes. 

Collection of Water Samples 9/99  round-water Sampling 
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COLLECTION OF WATER SAMPLES 
. .  , 

Table 4-4. Considerations for maintaining the integrity of ground-water 
samples I 

I ,  Factors that can compromise sample integrity I 
Loss of pressure. Pressure in ground water can be much greater than atmospheric pressure. I I As thesampleis broughtto land surface, depressurization of thesample can cause changes in I 
sample chemistry. , 
Exposure to the atmosphere. Atmospheric gases and particulates that enter the sample 
can affect the water chemistry. 
Leaching or sorption. Chemical substances can be leached from or sorbed by the 
equipment that contacts the sample. 

Temperature. Ground-water temperatureisoften lower than theatmospheric temperature 
at land surface. As the sample is  brought to land surface, an increase in temperature can 
increase chemical reaction rates and microbial activity and cause degassing. 

Strategies to maintain sample Integrity, 5 
/ I 

Plan sampling at sites in a sequence that avoids contamination. Start'with pristine 
sitesor those least contaminated or with lowest concentrations of dissolved solids or target 
analytes. End at the site with the highest concentrations of target analytes. 
Purge the well of standing water. Purge the well to reduce artifactsfrom well installation 
or sampler deployment. If possible, pump at a rate that does not overly stress the aquifer, 
creatingdrawdownand mobilizingparticulates. Protocolsforpurgingandpumpingratecan 
depend on well type and study objectives. 
Isolate the sample. Use, for example, processing and preservation chambers. 
Avoid sample aeration. Purge the well before sampling; filter in-line; use thick, 
nonpermeable sample tubing; completely fill filtration assemblies and sample tubing with 
sample; fill sample bottles from bottom up to overflowing whenever appropriate; handle 
anoxic water under an inert gas atmosphere, if necessary. 
Clean equipment. Sample only with decontaminated equipment and quality assure the 
efficacy of the cleaning procedurys. 
Collect quality-control samples; Review the analytical results and adjust field procedures, 
if necessary, before the next sampling. 
Avoid temperature changes. Keep sample tubing as short as possible and shaded from 
direct sunliaht. 

I + 
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COLLECTION OF WATER SAMPLES- 

Offsite preparations12 

+ Before leaving for the field site, review the types of environmental 
and QC samples to  be collected (check section 4.3 for QC 
information). QC samples require additional equipment and 
supplies. 

b Prepare the field forms that will be needed (for example, 
water-level, purging, field-measurement, analytical services 
request, and chain-of-custody forms). Fill out as much 
information as possible, including the equipment to be used 
and numbers and types of samples to be collected. 

b Check equipment requirements (NFM 2).  When assembling 
the equipment, test that equipment is in  good working 
condition. Take backup equipment,,as appropriate. 

- Organic-compound samples. Use fluorocarbon polymer, 
glass, or metal for any equipment components that will be in 
contact with samples to be analyzed for organic compounds. 
Do not use plastics other than fluorocarbon polymers. 

- Inorganic-constituent samples. Use fluorocarbon 
polymer or other relatively inert and uncolored plastics or 
glass for any equipment components that will be in contact 
with samples to be analyzed for inorganic constituents. Do 
not use metal or rubber components for trace-element 
sampling. Stainless-steel sheathed pumps are generally 
acceptable, but could leach low concentrations of chromium, 
molybdenum, nickel, and vandium to the sample. Collect 
an equipment blank before sampling to demonstrate 
the acceptability of the data to be collected. 

b Set up a clean workspace (usually in the water-quality field 
vehicle) and the sample-processing and .  -preservation 
chambers,, Place the filter unit and other necessary supplies 
for sample collection and processing into the processing 
chamber. 

'2~reparations for water sampling are describe in NFM 1, 2, and 3. Consult NFM 
5 for sample processing, NFM 6 for field measurements, NFM 7 for biological 
indicators, NFM 8 for bottom-material sampling, and NFM 9 for field safety. 

f 
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-COLLECTION OF WATER SAMPLES 

Measuvng water levels 

The static water level in a well is measured routinely before water 
samples are withdrawn from the well. Water-level-measurement 
procedures can differ for supply wells (section 4.2.1) and 
monitoring wells (section 4.2.2). Detailed procedures for various 
methods of measuring water levels are documented in U.S. 
Geological Survey (1980, p. 2-8) and additional information can 
be  ob ta ined  from t h e  USGS Office of Ground  Water 
(http://water.usgs.gov/ogw). 

Procedures and equipment for water-level measurement can 
differ, depending on the type, construction, and design of a 
well.. 

Document in fiild ndtes if oil ii floating on the water table. 
Review your equipment-cleaning and sample-collection 
strategies and revise as needed if oil is present, to prevent 
contamination of samples. A dual-phase sonde can be used 
to determine the thickness of the oil layer, as well as the 
depth to water. 

, t 

water-level medsurement may not be possible or accbrate in 
some supply wells (section 4.2.1). Record any measurement , 
problem(s) on field forms. 

b Continuous monitoring of water levels is recommended 
throughout purging of monitoring wells (section $2.2). 

! 1 

b Record discrete water-level measurements on field forms. 

1 1 

i 

I 

, 1 

+ 
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COLLECTION OF WATER SAMPLES 69 -I 
Purging the well.while monitoring field measurements I 

, , f 
Standard purge procedure involves. removal of at least three well 
volumes of standing water while monitoring field measurements 
and water level';as.:a function of time, pumping rate, and the 
volume of water removed (figs. 4-6 and 4-7). The low-flow 
(micropurge) an'a standard purging methods are discussed in the 
TECHNICAL NOTE below. 

b Purging should not cause siknificant drawdown in 
monitoring wells; the purge procedure should be modified 
appropriately if substantial drawdown occurs. Ensure that 
purging is sufficient to remove water from the annular space 
surrounding the well casing. 

b Field-measurement procedures are described in detail in 
' NFM 6 .  Collection of water samples is not recommended 
from a well in which field measurements have not met 
stability criteria (fig. 4-7). 

b Exceptions to the three-well-volume rule. Site 
characteristics or study objectives could require modification 
of the standard purge procedure by changing the number of 
well volumes removed or by changing or adding the types of 
field measurements and analyses. Document the well- 
purging procedure used. When standard purge volumes 
cannot be removed, (1) sufficient water must be withdrawn 
from the well to field rinse the sampler and sample tubing, 
and (2) field measurements must be monitored before 
collecting samples. Modify the standard purging protocol 
when: 

- A supply well to be sampled has been pumped continuously 
or long enough to have removed three casing volumes of 
water before sampling. 

,- The sample-collection interval is sealed with packers (purge 
the packed interval). 

- Drawdown occurs rapidly but recovery to approximately 90 
percent cannot be achieved before samples are collected. 

- Purging probably will disturb,sediment at the bottom of the 
well because the water column is small. 

-   he well to be sampled is equipped with a dedicated 
sampling d,evice and the intake is within the open or screened 
interval. 

- A purge-minimization device (Schalla, 1996) or low-flow 
purging techniques are used. 

\ 
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COLLECTION OF WATER SAMPLES 

TECHNICAL NOTE: 

Low-flow (micropurge) purging procedures 
are designed to minimize the volume of purge 
water and are applicable to some studies and sites 
at which the pump intake is to be located within 
the screened/open interval and a low rate of flow 
can be maintained without compromising sample 
integrityforithe target analytes (usually,unfiltered 
trace elements) (Kearl and others, 1992; Puls and 
Powell, 1 992; Puls and Barcelona, 1996), The low- 
flow method requires either a permanently 
installed (dedicated) pump capable of low flow 
rates, or a waiting period of 24 hours after 
installing and before starting a portable pump. 
Standard'*procedure is to calculate a purge 
volume using the height of the water column to 
the bottom of the well, instead of the water- 
column height to the top of the screen. The 
greater volume minimizes effects on ground- 
water chemistry from (1) vertical and (or) 
horizontal exchange of water in the open or 
screened interval with the aquifer, and (2) 
diffusion of oxygen from air above the water 
column into the column of standing water within 
the open or screened interval. In addition, the 
length of the open or screened interval might not 
be known, while well depth can be measured 
onsite. The,smaller the ratio of length of open or 
screened interval to total height of water column, 
the smaller the difference between the low-flow 
and standard procedures for calculating purge 
volume and possible effect on water chemistry. 

C RULE OF THUMB: A sufficient volume has been , 
purged from the well when the variability in 
sequentially monitored field measurements is  

within the prescribed criteria for stability. 
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+ 

His  height of water column, in feet , 

n is number of well volumes to be 
removed during purging 

+ 

1 
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' . RECORD OF WELL PURGING . 
Date: By: 

STATION ID STATION NAME 

HEIGHT OF WATER COLUMN DEPTH OF WELL 
PUMP INTAKE (ft or m below MP): Start End 
WELL-PURGING METHOD AND PUMP TYPE (describe): I I 

Celsius; mgIL, miligrams per liter; gpm, gallons per minute; Llmin, liters per minute. 

Well volume = V =  0.0408 ~d = - gallons. Purge volume = (n)(V) = - gallons. 
V=volume of water in well, in gallons; D =  inside well diameter, in inches; H =  height of water 

column, in feet; n= number ofwellvolumes to purge. Well volume isO.16 gallons per foot for a 
2-in. casing diameter. 

FIELD MEASUREMENT sTABILIn CRITERIA' I 
I 

PH f 0.1 standard units 
Temperature (T) (in degrees Celsius) f 0.2"C (thermistor thermometer) 1 

I - f 0.5"C Iliauid-in-alass thermometer) 1 
, . - ,  , . 

S~ecific electrical conductance (SCI 
' if 5%. fo; 'ic 5 ,I 00 W S I C ~ .  1 11 

' (in microsiemens per centimeteiat 25 "C) I f  3%; for SC > 100  SIC^ 
Dissolved-oxygen concentration (DO) If 0.3 mg/L 111 

1 Iin milliarams ~ e r  liter) 1 1 1. 
d 

Turbidity (TBY) 
(in nephelometric turbidity units or f 1096, for NTU c 100 I 

formazin turbidity units; FTU =NW) Note: Ambient TBY is 5 5 NTU for most ground- 
water systems , < 

'~llowable variation beheen 5 or'more sequentlal field~measureme~itvalues. 

Fiqure 4-7. Example of field form for a record of well purging. 11 

I U.S.Geologica1 Survey TWKI ~ o o k  9 Chapter A4. 9/99 



COLLECTION OF WATER SAMPLES- 

Withdrawing the  ground-water sample I 
If samples are being pumped, start sample collection immediately 
after final field measurements have been recorded. Refer to 
sections 4.2.1 and 4.2.2 for guidelines relevant to water-supply 
wells and monitoring wells, respectively. 

b Do not stop the pump after purging, but record the rate of 
pumping. 

b Pump samples from the well through the sample tubing that 
goes directly into the processing chamber. 

If samples will be withdrawn using a thief-type sampler, lower and 
raise the sampler smoothly at a constant rate, keeping the 
suspension line clean and off the ground. 

b A bailer or other thief-type sampler is not 
recommended for trace-element or volatile organic 
compound (VOC) sampling. 

b Bailing can mobilize particulates and, unless designed for 
VOC sampling, can allow VOCs to escape. See section 4.2.2, 

. Step 4, under "Nonpumped samples" (p. 88), for additional 
guidelines if a nonpumping sampling device will be used. 

Field Cleaning of Sampling Equipment I 
If more than one well will be sampled during a field trip, each site 
and (or) a field vehicle must be set up for onsite cleaning of the 
sampling equipment. Field personnel should design the most 
efficient field-cleaning system, appropriate for the sites to be 
sampled and in accordance with the equipment-cleaning 
guidelines described in NFM 3. 

Collection of Water Samples 9/99 Ground-Water Sampling I 



I 74 COLLECTION OF WATER SAMPLES 

4.2.1 WATER-SUPPLY WELLS 
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Collection of samples from water-supply wells with permanently 
installed pumps requires specific consid'erations, preparations, 
and precautions. Refer to other NFM chapters ,for guidelines for 
reconnaissance and preparations at supply-well sites (NFM 1) and 
safety precautions (NFM 9). Field personnel should be aware of the 
potential sources of contamination to samples withdrawn from 
supply wells (table 4-5; NFM 1). 

b Do not sample the well if it is not possible to bypass any 
holdilig tank or ,chemical treatment system. 

I 

b Document all fi'eld observatioris and any deviations 'from 
standard sampling procedures. 

, b Obtain permission for access to .and collection of samples 
and data from the well. I , ,  

I 
Table 4-5. Advantages and disadvantages of ,collecting water samples from 
supply wells with permanently installed pumps 

Advantages, I I 

Cost of well and pump installation is not a factor. 
Samples from domestic and municipal wells (for studies of the quality of potablelwater 
supplies) are collected directly from the resource being studied. ! 
Pumps are dedicated to the site; therefore, 
- cross-contamination of other wells from pumping equipment is not a problem, and ' 

I I The well and the ooen or screened intervals miaht not isolate the aauifer zone wheie water- 1 11 

I 
-field time and effort othe&ise expended in operating and cleaning portable pumps can be 

allocated to other tasks. 
In-servicesupplywellsgenera!ly requirea minimal amount of purging atthe timeof sampling. 

Disadvantages I , I  I 
quality informatidn is needed. 

- 
Materialsofconstructionofwellandpumpmayaffectconcentrationsoftheanalytes targeted 
for study. 

Pumpswith highcapacitiescanalterthewaterchemistryof asampleif the pumpislubricated 
withoil.Thewaterchemistryofasamplecanalsobealtered byaerationanddegassingcaused 
by high-velocity pumping, suction lift, and cavitation: 
Access for water-level measurements miaht be unavailable; or, access miaht be indirect I 



COLLECTION OF WATER SAMPLES. 

~rotocols  and guidelines for sampling from water-supply 
wells 

Prepare Measure 

sample 
sampling monitor 

, field I measure- I , 
l ments I 

1 
- 

51 
I process I r~tG 6. 

- - -)I and bottle I - ,- 1 Clean I 
samples * I equipment I 

I (NFM 5) L (NFM3) -, , 
Be sure that t h e  field effort i s  adequately staffed and equipped. 
Check QC requirements before departing-QC samples require 
additional equipment and supplies. Implemen't good field 
practices and. CH/DH techniques, as applicable (duties typically 
performed-by Clean Hands (CH) and Dirty Hands (DH) are 
indicated in the steps that follow). 

Step 1. Prepare for sampling at a supply-well site (CH/DH). 

a. Upon arrival, set out safety equipment such as traffic cones and 
signs. Park vehicle in a position to prevent sample contamination 
from yehicle and traffic emissions and the prevailing wind. 

Check the well.identification number and compare it with the 
number in the well file and in field notes (NFM 1). 

Assign CH/DH tasks. 

b. Describe well and site conditions in field notes and (or) on field 
forms, as appropriate ( DH). 

c. Check site for hazardous conditions (NFM 9) ( DH). 

Test for toxic fumes if the well is in an enclosed structure or if 
there is reason to suspect the presence of organic vapors. 

Examine the area for evidence of animal infestation and other 
potential .safety hazards. 

Collection of Water Samples 9/99 Ground-Water Sampling 
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-COLLECTION OF WATER SAMPLES 

d. calibrate field-meisurement instruments ( DH). (Refer tb NFM 6 
for instructions.) 

e. Spread clean plastic sheeting (for example, a polypropylene tarp) 
around the well to keep sampling equipment and sample tubing 
clean. Prepare area to be used for field cleaning of equipment 
(DH). Put on gloves. 

f. Se! up sample processing and preservation chambers in a clean 
workspace (usually in the water-quality field vehicle). Change 
gloves. Place filter unit and other necessary supplies for sample 
collection and processing into the processing chamber ( CH). 

g. Connect sample tubing as close to the wellhead as possible ( DH). 

i. Determine the location and method of hookup to the well. 

There must be no water-storage tanks, holding or 
pressurization tanks, or chemical disinfection or water- 
softening systems inline between the pump and tap or 
faucet to which sample t ub i~g  will be attached. Obtain 
written permission to install a tap to bypass any holding 
tank or chemical treatment system. 
Select a faucet without an aerator, or obtain written per- 
mission from the owner to remove the aerator. 

ii. Use connectors and sample tubing that are compatible with 
the target analytes and that will not contaminate the sample. 
Clean connectors and tubing before use. At, highly 
contaminated sites, it is recommended that this equipment 
be dedicated to that site or disposable equipment be used. 
Because connector fittings compatible with' existing 
plumbing can vary, check that you have the size and 
configuration needed, and carry various sizes as spares. 

iii. Connect a short length of sample tubing (2 to 3 ft) between 
the taplfaucet fitting and the antibacksiphon valve ( DH). 

iv. Connect an adequate length of sample tubing from the 
antibacksiphon valve to manifold; from manifold, connect 
lines toflowth<ough chamber, to processing chamber, and to 
waste dischaqge. Keep the discharge end of the sample 
tubing sealed, until use. Keep tubing for sample' and field- 
measurement lines as short as possible and protected from 
direct sunlight and extreme temperatures. 

Tubing that transfers sample to the processing chamber 
must be of noncontaminating material, such as 
fluorocarbon polymer, and handled by CH. 

U.S. Geological Survey TWKl Book 9 Chapter A4. 9/99 



COLLECTION OF WATER SAMPLES- 

* Tubing connected 'to a flowthrough chamber for field 
measurements that is used for that purpose only (not for 
sample collection) can be of any material, but should be 
transparent in order to see if bubbles or sediment are 
entrained, in' the sample flow ( OH). 
Tubing that is used solely to discharge purged water or 
other wastewater can be of any material, but needs to be 
long enough to direct water away from the work area 

Step 2. Measure water level (DH). I 
Procedures and equipment for water-level measurement depend 
on well type and construction and t h e  presence of nonaqueous 
liquid phases. 

a. Put on gloves if chalking a steel tape. Using a weighted steel or 
electric tape in a nonpumping well, measure. water level to the 
nearest 0.01.ft (for wells < 200ft to water); repeat measurement 
until precision is within 0.02 ft. At deep wells, calc~ilate the 
compensation factor to account for tape stretching. 

Care must be taken not to entangle the well tape in the pump 
discharge pipe or intake. 

An unweighted tape might be necessary if the weight cannot 
fit past the pump apparatus. 

At some supply wells, the water level can only be estimated 
using the less'accurate air-line method. 

b. Record water-level measurements on field forms (fig. 4-7) and 
note any deviations from standard water-level measuring 
procedures. 

Step 3. Purge the wel l  and monitor field measurements (DH). 

A supply well that i s  in regular service and that i s .  pumping 
continuously or that has been ,operating long enough to have 
removed three casing volume's of water within several hours of 
sample collection does not require removal of three well volumes. 
Sample tubing needs to be flushed with sample and the field 
measurements moni to red before sampling, however. I t  - i s ,  
recommended that water level in the well should be maintained 
above the screened or open interval to ensure a representative 
sample. 

Collection of Water Samples 9/99 Ground-Water Sampling 
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-COLLECTION OF WATER SAMPLES 

b Adjust the flow rate at the pump (preferable) or use a 
manifold w i t h  a flow-regulating valve '(needle valve),, i f  
possible.   he flow-regulating valve i s  necessary to prevent 
backpressure and air bubbles from building in the line. Flow 
should not b'e halted or the flow rate chaliged 

, suddenly during the final phases of purging and 
sampling. 

b The pump should produce a sm'ooth, solid stream of water 
without air or gas bubbles and without pump cavitation 
during field measurements and sample withdrawal. 

b Contain and dispose of puqge water as required by 
Federal, State, or local regulations. Do not discharge 
the purge water from one well into another without proper 
authorization. Discharge the water far enough away from a 
well or well cluster so as not to affect water quality in the 
well. 

a. Calculate the well' volume: volume, in gallons = (0.0h08) x 
(Height of water column) x (inside ~ i a m e t e r ~  of well; in inches). 
Note that depth to bottom of well and inside casing diameter 
must be known to calculate well volume. Begin to calculate the 
three well volumes after discharging the initial volume of water 
to waste until sediment is cleared from the flow. Record the start 
and end times of purging, the purging rate, water levels, and 
location of pump intake (fig. 4-7). 

Field personnel could request a site operator or hom'eowner 
to start pumping the well before personnel arrive at the site. 

If the pump is turned off but three well volumes have been 
removed within 24 hours before sampling, additional purging 
is  not necessary if samples will be analyzed only for concen- 
trations of nutrients or major ions. Purging immediately 
before sampling i s  recommenaed if samples for trace ele- 
ments and volatile organic compounds will be collected. 

b. Open any additional valves or tapslfaucets to ensure that the 
pump will operate continuously and to reduce the possibility of 
backflow of water stored in ancillary plumbing lines. Keep all 
principal discharge lines (faucets and tap) open during sample 
collection that are open during purging. Flow must not be 
interrupted during purging, field measureinents, or 
sample collection. 

c. Begin flow through the flowthrough chamber for field 
measurements. Adjust flow to the chamber (NFM 6) from the 
pump, if possible, using a manifold with flow~regulating,valves. 
Do not use a flow-splitting valve to adjust flow rate. 
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COLLECTION OF WATER SAMPLES, 

Once flow is  constant, begin monitoring field measurements. 
(lnstructions'for monitoring field measurements are provided in 
NFM 6.) ' . '  

To control the flow rate from the manifold, a flow-regulating 
valve (such as a needle valve) is needed. , 

Keep three-way valves 'either completely opkn. or closed. 
Partially open three~way valves can create a vacuum and air 
bubbles and can draw in water that has.possibly been in 
contact with contaminating materials. Do not use a three- 
way valve or flow-splitting valve to regulate the flow. 

d. Calculate and record the final pumping rate. When water is 
flowing through more than one conduit (valve, taplfaucet, 
manifold lines) calculate the pumping rate by summing the rate 
of flow through each conduit. The final pumping rate, used 
during the final five sets of field measurements, also 
should be used during sample collection. 

e. As the final well volume is removed, record on field forms at least 
five sets of field measurements a t  regularly spaced intervals and 
check data against stability criteria (fig. 4-7; NFM 6). 
Recommended measurements include specific electrical 
conductance, pH, temperature, dissolved oxygen, and turbidity. 

Step 4. Withdraw sample (CH). 

Flow should be constant and uninterrupted during 
purging and sampling. Regulate flow at the pump (as 
described below in Step 3). 

a. Wearing gloves, check that the sample tubing is properlysecured 
within the*processing chamber. 

b. Direct sample flow through sample tubing to processing 
chamber immediately after final field measurements have been 
recorded. 

Step 5. Process sample + Refer to NFM 5. 

C RULE OF THUMB: The rate of flow for filling sample 

bottles should not exceed 

500 mL/min for bottles 250 mL or greater in volume, 

or 

150 mL/min for 40-mL VOC vials. 

Collection of Water Samples 9/99 Ground-Water Sampling 1 
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-COLLECTION OF WATER SAMPLES 

I I Step 6 .  Clean equipment + Refer ~ O N F M  3. 

At highly contaminated sites, use sample tubing that is disposable 
or dedicated to that site in order to minimize the risk of cross- 
contamination between wells. Wear gloves while cleaning and - 
handling sampling equipment. 

I b Rinse sampling equipment with deionized water before the 
equipment dries; 

I Clean equipme& to be used at another well during the same 
field trip after rinsing and before moving to the next site. 

b Collect field blanks used to assess equipment-cleaning 
procedures directly after the sampling equipment has been 
cleaned in the field or after moving to the next site and 
before sampling,  as dictated by t h e  data-qual i ty  
requirements of the study (section 4.3). 

I ,  I i 

4.2.2 MONITORING WELLS 

Ground-water samples commonly are collected from monitoring 
wells using portable sampling equipment. Sampling equipment 
can be dedicated for use at a specific well or can be installed + 
permanently for the duration of the study, if using the same 
equipment for several wells poses a substantial risk of cross 
contamination. 

, 
Check NFM 2 for applications and limitations of various purging 
and sampling devices (pumps, bailers, and other samplers). 
Submersible pumps are recommended in general, but site 
characteristics can place limitations on the practical use of various 
types of sampling equipment. If possible, the pump that is 
used for sampling also should be used for purging. 

b Select equipment that will not alter the ~hemical 
composition of, the sample with respect to target {analytes. 
Use only clean equipment. 

b Several monthsin advance of rampling, quality assure the 
sampling equipment selected with an equipment blank(s) to 
verify that the equipment is suitable for the purpose of the 
study. 

I b Obtain permission for access to and collection of samples 
and data from the well. 

b Document all field observations and any deviations from 
standard sampling procedures. 

U.S. Geological Survey TWKl Book 9 Chapter A4. 9/99 
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COLLECTION OF WATER SAMPLES -I 
~rbtocols and guidelines for sampling from monitoring 
wells - 

Measure 

sample 
sampling monitor 

field 
measure- 

r - - 
Step 5. 1 

r~tG6. ' 
I Process I - - I Clean' I * sample - - I * I equipment ' (NFM 5) 

I 
L - - A  

(NFM3) A L -, 

Be sure that the field effort i s  adequately staffed and equipped. 
Check QC requirements before dgparting-QC samples require 
additional equipment and supplies. Implement good field 
practices and CH/DH techniques as applicable (duties typically 
performed by  Clean Hands (CH) and Dir ty  Hands (DH) are 
indicated in t h e  steps that follow). 

Ste 1; Prepare for sampling at a monitoring-well site 
(DR/cH). 

a. Set out safety equipment such as traffic cones and signs. Park 
vehicle in a position to prevent sample contamination from 
vehicle and traffic emissions and prevailing wind. 

Check well-identification number and compare it with the 
well file and field notes. 

Assign 'CH/DH tasks to field personnel. 

b. Describe well'and site conditions in field notes and (or) on field 
forms, as appropriate ( DH). 

c. Check site for hazardous conditions (NFM 9) ( DH). I 
Test for toxic fumes if the we'll is in an enclosed structure or if 
there is reason to suspect the presence of organic vapors. 

Examine the area for evidence of animal infestation and other 
potential safety hazards. 

Collection of Water.Samples 9/99 Ground-Water Sampling I 
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-COLLECTION OF WATER SAMPLES 

I d. Set u'p equipment and instrumentifor field measurements and 
sample withdrawal (DH). 

+ 
Keep sample tubing shaded from direct sunlight to minimize 
changes in the temperature of the sample. 

Calibrate field-measurement instruments (NFM 6). 

e. Spread clean plastic sheeting (for example, a polypropylene tarp) 
on the ground around the well to keep sampling equippent and 
sample tubing clean (DH). prepare area to be used for field 
cleaning of equipment. Put on gloves. 

f. Set up sample proCessing and preservation chambers (usually in 
the water-qualitjl field vehicle). Change gloves. Place filter unit 
and other necessary supplies for sample collection and 
processing into the processing chamber ( CH). 

g. Remove cap from well casing and connect manifold to pump (if 
using a pump) (DH). Verify clear access downhole by lowering a 
section of blank pipe through the depth interval to be sampled 
and raising it slowly. Do not drop the pipe or otherwise stir 
up particulates in the process of lowering and raising 
the pipe. 

i. Connect the antibacksiphon valve in-line between the pump 
and manifold. (The antibacksiphon valve is a standard + 
component of some submersible pumps.) 

ii. Connect sample tubing to manifold, keeping tubing as short 
as possible. I I 

I 

iii. From manifold, connect lines to flowthrough chamber, 
processing chamber, and waste discharge. Keep the 
discharge end of sample tubing (handled by CH) sealed until 
used. Keep tubing for sample and field-measurement lines as 
short as possible and protected from direct sunlight and 
extreme temperatures. 

I 
Tubing that transfers sample to the processing chamber ~ must be of noncontaminating material ( CH). 

1 Tubing con:nected to a flowthrough chambei 40; field 
measurements that is used for that purpose only (not for 

1 ,  sampling) can be of any material, but should be 
transparent in order to see if bubbles or sediment are 
entrained in the flow ( DH). 
Tubing connected to the nianifold that is used solely to 
discharge purge water or other wastewater can be of any 
material,, but it needs to be long enough to direct water 

, away from the work area ( pH). , 

I 
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COLLECTION OF WATER SAMPLES. 

Step 2. Measure water level (DH). 

Procedures and equipment for water-level measurement depend 
on  well type and construction and the presence of nonaqueous 
liquid phases. 

a. Put on gloves before chalking a steel tape. Using a weighted steel 
or electric tape in a nonpumping well, record two or more 
consecutive water-level measurements to the nearest 0.01 ft (for 
wells of less than 200 ft to water); repeat measurement until 
precision is within 0.02 ft (U.S. Geological Survey, 1980). At deep 
wells, calculate the compensation factor to account for tape 
stretching. 

b. Record water-level measurements on field forms (fig. 4-7). 

c. Set up a system to measure water levels throughout purging. 
Electrical tapes or submersible pressure transducers are 
recommended-repeated measurements with a steel tape can be 
cumbersome and can generate turbidity in the water column. 

C RULE OF THUMB:   he initial water-column height . ,  

should be greater than 4 f t  plus the length of the 

sampling device. 

Step 3. Purge the well and monitor field measurements (DH). 

Purge wells with a pump, if possible. Operate pumps in a manner 
that minimizes turbidity. Do not use a bailer for purging 
unless well characteristics or other constraints exclude other 
alternatives and the turbidity during and after bailing is less than 
about 5 NTU or at background level. Measuring water levels is 
recommended throughout purging to document drawdown and 
the locati,on of the water level with respect to the screenedlopen 
interval and the pump intake. 

b Use the same pump equipment for purging that will be used 
to collect samples, if possible. 

b Avoid refueling or changing equipment;and do not 
stop the pump during the final phase of purging 
and sample collection. Be aware of study objectives and 
potential sources of contamination. For example, avoid 
fueling the equipment on  the same day that samples are 
collected for VOC analysis. 

Collectlon of Water Samples 9/99 Ground-Water sarnpl'ing I 
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I '. 84 COLLECTION OF WATER SAMPLES 

b Adjust the flow rate at the pump (preferable) 1 or use a 
mani fo ld w i t h  a flow-regulating valve (needle valve). The 
flow-regulating valve is necessary t o  prevent backpressure 
and air bubbles f rom bui ld ing in the tubing. 

- Pump at a r i te  that does not significantly lbwer the 
' water level. The water level should be maintained 

above the screened or open interval. 

- Flow should not be halted pr the flow rate changed 
suddenly during the final phases of purging and 
sampling. 

TECHNICAL NOTES: 

A dual-pump system often is used when the water 
table is  deeper than 250 ft and (or) a large volume 
of water must be purged. Position, in series: a . 
submersible turbine or gear pump downhole and a 
centrifugal pump a t  the surface. 
- water discharging from the slow-pumping 

subthersible pump is used for field rneasure- 
merits and sample collection, while the cen- 
trifugal pump removes the required volume 
of purge water at a faster rate. Changes in 
pumping rate might increase turbidity. 

1 

- Dissolved oxygen, Eh, or turbidity should. 
not be measured while using a dual 
pumping system. Record measurement; 
while operating only the submersible pump. ' I 

When t'he water table is less than 25 to 30 ft from 
land surface, a peristaltic pump sometimes is used 
for small-diameter wells. A peristaltic pump or oth- 
er comparable suction device can affect dissolved- 
oxygen concentrations and Eh measurements tun- 
less lo&-gaseous-diffusion tubing such as TygonTM 
is used (NFM 2 )  . 
An inflatable packer sometimes is set above aria 
below the screenedlopen interval, with a pump 
intake located within the screenedlopen interval. , 
- Packers, which can fail to form a complete 

seal between aquifer intervals, should be 
used with pressure transducers to indicate 
whether water is leaking past the packers or j 
sho'rt circuiting in the aquifer. 

- The materials of which the packer is made 
also might affect sample chemistry by 
leaching or sorbing target analytes. 

3 , .  
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COLLECTION OF WATER SAMPLES. 
- 1  . 

a. calculate and record well volume (figs. 4-6 and 4-7) using the 
static depth to water measured in Step 2, as follows: 

V=O.O408HD [Volume, in gallons = (0.0408) x 
(Height of water column, measured in feet as well 
depth minus water level) x (inside ~ i a m e t e r ~  of the 
well, in inches)]. Note that depth to bottom of well 
and inside casing'diameter must be known to 
calculate well volume. 

b. Lower a submersible pump, followed by a water-level sensor, to 
the desired location of the pump intake. (The pump position is  
fixed if the monitoring well has a permanently installed sampling 
system.) Move the equipment slowly and smoothly through the 
water column to avoid stirring up particulates. The intake can be 
either lowered continually while purging to the final depth 
desired or placed immediately at i ts final position. Note that 
the~final pump intake position always i s  at the point of 
sample collection. 

Position the pump intake at least 3 ft ( -0.9 m) below static 
water surface and a minimum distance above the top of the 
screenedlopen interval of 10 times the well diameter (for 
example, 20 in. for a'2-in. well diameter), if the sample is to 
represent the entire screened or open interval of aquifer. The 
Ibcation of the intake might be different if the study objective 
requires collecting the sample from a point within the 
screenedlopen interval or from wells in which packers are 
installed. 

Place water-level sensor (electric tapes) a maximum of 1 ft 
(-0.3 m) below the water surface. 

c. Position the pump intake. 
. . 

If final intake position i s  above the screened or open 
interval, do not exceed 1 f t  (-0.3 m) of drawdown. 

If final intake position i s  within the screened or open 
interval, do not exceed 0.5 f t  (-0.15 m) of drawdown. 
The final pumping rate should be as slow as necessary to 
avoid causing turbidity. 

I 
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COLLECTION OF WATER SAMPLES 

d. Start the pump, channeling initial discharge to waste., 
I 

I Gradually increase and (or) adjust the pumping rate to limit 
drawdown to between 0.5 and 1 ft ( ~ 0 . 1 5  to 60.3 m). Control 

I the flow rate through the field-measurement tubing from the 
pump, if possible; or use a flow-regulating valve on the 
manifold. Do not use a flow-splitting va!ve to adjust 
flow rate. 

Record changes in water level during purging. 

Do not halt or suddenly change the flow rate during the 
purginglsample collection process. The pump must produce 
a solid stream of water during field measurements o( sample 
collection. Adjust the pumping rate to eliminate air or gas 
bubbles or pump cavitation. 

e. Do not move the pump during field measurements or sample 
collection after intake has been set at the final location. , The final 
depth of pump intake must be the same for making field 
measurements as for sample collection. 

f. Discharge water to waste until sediment i s  cleared from 
the flow. Begin flow through thef1,owthrough chamber for field 
measurements. Regulatetheflowtotheflowthrough chamber,as 
required, for measurements of pH and dissolved oxygen (NFM 
6). + 

g. Record the start time of purging, the pumping rate(s), water 
levels, and final location of pump intake (fig. 4-7). If water is 
flowing through more than one conduit (such as valve and 
manifold lines), calculate flow rate by summing the flow rate 
through each conduit. I 
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COLLECTION OF WATER SAMPLES 

Step 4. Withdraw grpund water (CH). 

~ l t  on gldves and begin sample collection immediately after field + 
measurements have been completed. . 

I 
Pumped samples- 

a. Check that sample tubing i s  properly secured witpin the 
processing chamber. Direct the sample flow through sample 
tubing to the processing chamber. 

I 

b. Use the flow-regulhing valve on the manifold to adjust sample 
flow to be smooth and uniform; avoid splashing while filling 
sample bottles. I 

c. Go to Step 5. 
I .. 
1 

C RULE OF THUMB: The rate of flow for filling sample 
, , . .  . < ,  

bottles shduld, "lot exce'ed 
500 mL/min for bottles 250 mL or greater In volume, 
or 
150 mL/min for 40-mL VOC vials. 

I I 

1 1  

Nonpumped samples- 

a. Field rinse the sampler and sampler emptying device (and 
compositing device, if used) three times before collecting the 
sample. Deploy the sampler so as to minimize disturbance to the 
water column and aquifer materials. 

i. Use a reel to keep sampler line clean and untanglkd. 

ii. Lower sampler smoothly, entering water with :as little 
disturbance as possible. 

iii. Allow sampler; to fill, then withdraw sampler smoothly. 

iv. Shake water in'samplervigorously to rinse all interiorsurfaces. 

v. Attach sample-delivery tube or bottom-emptying device to 
sampler and drain the rinse water through the sampler. 

vi. Repeat rinse procedure at least twice. 
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COLLECTION OF WATER SAMPLES- 

b; Repeat (a) i -iii to withdraw ground water for the sample. 

TECHNICAL NOTE: When a device is lowered and raised 
through the water column, the disturbance to the water 
column can result in outgassing or degassing of ambient 
dissolved gases and an increase in concentrations of 
suspended particulates. Repeated movement of the device 
through the water column exacerbates these effects and 
can result in substantial modification of the ambient water 
composition and chemistry. 

c. Composite the bailed sample or set up bailer in an enclosed or 
protected space. 

Step 5 .  Process sample + Refer to NFM 5. 

Step 6. Clean equipment + Refer to NFM 3. 

At contaminated sites, use sample tubing that i s  disposable or 
dedicated to that site. to avoid lengthy field-cleaning procedures 
and to minimize the risk of cross-contamination between wells. 

Rinse sampling equipment with deionized water before the 
equipment dries. 

Clean equipment to be used at  another well during the same 
field trip after the DIW rinse and before moving to the next 
site. 

Collect field blanks used to assess equipment-cleaning 
procedures directly after the sampling equipment has been 

I cleaned in the field or after moving to the next site and before 
sampling, as dictated by the data-quality requirements of the 
study (section 4.3). 

Collection of Water Samples 9/99 Ground-Water Sampllng I 



COLLECTlON OF WATER SAMPLES 91 -I 
QUALITY-CONTROL 4.3 

SAMPLES 

By ED. Wilde, T.L. Schertz, and D.B. Radtke 

Collection of quality-control (QC) samples is a required 
component of sample collection for water-quality studies. QC 
samples are collected, usually at the field site, in order to identify, 
quantify, and document bias and variability in data resulting from 
the collection, processing, shipping, and handling of samples by 
field and laboratory personnel. The bias and variability 
associated with  data must be known so that  
environmental data can be adequately interpreted 
(Horowitz and others, 1994; Koterba and others, 1994; Koterba 
and others, 1995). 

The procedures for collecting QC samples can depend on, or be 
modified according to, the purpose of the quality-assurance 
program. Thus, personnel need to understand the purpose for 
each QC sample to be collected (Appendix A4-B) and how the 
resulting QC data will be used. The type, number, and distribution 
of QC samples are determined by the design and data-quality 
requirements of the study. For any water-quality sampling 
schedule, personnel must: 

b Be aware that an equipment blank is required at 
least annually (NJM 3). 

b Be alert to field conditions for which blanks or other QC 
samples should be collected, in addition to those planned. It 
is usually best to collect the additional QC samples; 
it can be decided later whether to submit them for laboratory 
analysis. 

b Collect all field QC samples on the same day that 
environmental samples are collected, using the same 
equipment as for environmental samples. 

Collection of Water Samples 9/99 Quallty-Control Samples I 
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I b Obtain the QC sample solutions needed. . 

- Blanks. The sdurce solution needed for blank samples must 
be produced and-certified by a laboratory to have analyte 

+ 
concentrations that do not exceed a specified method 
detection limit, Review and keep on file the certificate of 
analysis for each lot of blank water; keep a record of the lot 
numbers used for each sample. 

Inorganic-grade blank water (IBW) is required'for 
blanks that ,. will be analyzed for inorganic conititu'ents. 

Pesticide-grade blank water (PBW) and volatile- 
grade blank water (VBW) are required for blanks that 
will be analyzed for pesticides and volatile, organic 
compounds, respectively. VBW can also be uied for 
pesticide blanks. 
VOC trip blanks must be requested from the laboratory 
as a separate' order and can be shipped with an order for 
VOC vials. 

Replicates and field-matrix spikes. The surface or 
ground water being sampled (environmental water) is the 
solution used for most types of replicates (sequential, split, 
and concurrent samples) and spikes. 

I - Standards and reference materials. Standards and + 
reference materials are either artificial or environmental 
solutions with known and certified analyte concentrations. 

Reference materials usually are obtained from the National 
Institute of Standards and Technology ,(NIST) 
(http://www.nist,gov). 
USCS personnel can obtain Standard Reference Water 
Samples (SRS) from the USCS Branch of Quality Systems 
(http://btdqs.usgs.gov). I 

b Use preservatives from the same lot number for the 
environmental and associated QC samples. Record 
preservative lot number. 

I 

I 
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I L I 4.3.1 .A Source-Solution, Equipment, Trip, and 
; f ,<, 

+ 
. ; -  

I 
Other Prefield Blanks 

1 .  

.I '..I& ;: , ,',?. ', 

I Prepare the source-solution blank, equipment blank, and trip 
blank before going to the field for environmental sampling. Wear 
gloves and conform to other clean-hands practices when working 
with blank solutions. 

, ., , ,"., 
V , , , ~ . ' .  . ., .. , . ). '.,. . , ,, 

. .",?; 
:, .!,,. 

,.. ,' 
. 9 4  

,,' i 'l , +;; r .a, , , ,  

source-solutiod blank. Collect in a designated clean, 
draft-free area of the office laboratory, such as under a 
laminar-flow hood or laniinar-flow bench. Do .niit' collect 
the source-solution blank in a fume hood. Submit the . , 

sample for analysis along' with field-collected samples. 

-COLLECTION OF WATER SAMPLES ' 

Equipment bl'ank. Collect in a designated clean area of 
the office laboratory. Collect the equipment blank at least 4 
weeks before using the equipment in the field Ito ensure 
enough time for chemical analysis and review of the 
resulting QC data. 

.,I . i ',,!I., , , I  . 
, . I  . .,. , 

Trip blank. Carry the trip blank as received $om the 
laboratory to the field site. Do not open, but store with the 
environmental samples collected for the same target 
analytes, and submit for analysis along with the field- 
collected samples. Record the trip-blank lot number on the 
NWQL Analytical Services Request (ASR) form submitted 
with the vial. (The lot number can be found on the box, and 
is sometimes printed on the label.) I (  

A variety of other types of blank samples that are collected in the 
controlled office-laboratory environment can be designed to test 
some aspect of sample handling not related to field activities. 
Examples of this type of blank (described in Appendix A4-B) 
include the refrigerator blank, the shelf blank, and the  
preservation blank. 

I 
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Ambient and Field Blanks 4.3.1.B 
. .< 'L 

i COLLECTION OF WATER SAMPLES- 

The collection of blank samples, described in this section, 
addresses onsite (field) processing of blank water in the same 
environment in which the surface- or ground-water samples are 
collected and (or) processed. 

.95 

To prepare for processing blank samples: 

1. Label the capped, precleaned sample bottle with the site 
identification number, laboratorysampledesignation code(NFM 
5)) date, and time. 

2. Put on gloves. Place each stock container of the blank solution to 
be used into clean plastic bags. 

IBW-Required for trace-element, major-ion, and nutrient 
field-blank analysis. 

PBW-Required for pesticide field-blank analysis; can be used 
as a blank for total .or dissolved organic carbon (TOCIDOC). 

VBW-Required for VOC field-blank analysis; can be used as a 
blank for TOC/DOC and pesticides. 

3. If pumping blank water from a standpipe, change gloves and 
then rinse the precleaned standpipe three times using a small 
volume of blank solution of the type selected. Keep standpipe 
covered until use. 

4. Change gloves. Place precleaned, labeled sample bottle(s) and 
the stock of blank solutions to be used into processing chamber. 

IBW blanks-Discard the deionized water that half fills the 
precleaned polyethylene sample bottle. Rinse the sample 
bottle with a small quantity of blank solution and discard 
rinsate before filling with IBW. 

PBW or VBW blanks-Do not:prerinse'the sample bottle. Use 
glass bottles or vials as' received precleaned from the 
laboratory. 

Collection of Water Samples 9/99 - Quality-Control Samples I 



I Ambient blanks 

96; 

Ambient blanks are used to answer questions such as "To what 
extent could exposure o f  the sample to  i t s  collection and 
processing envifonment introduce measurable concentrations of 
target analytes?" Depending o n  the site characteristics or 
condi t ions being subjected t o  qual i ty  control ,  di f ferent 
procedures can be used for collecting the ambient blank; Three 
common procedures are described below. For each procedure, 
prevent contamination of the source solution and blank sample 
by  capping the respective bottles immediately after use. 

I 

-COLLECTION OF WATER SAMPLES 

Procedure 1. Fill clean sample bottle(s) with the appropriate blank 
water in the same office-laboratory area in which the '. 

source-solution blank is collected, and transport to 
the field. Place the bottle(s) in the pfiocessing or 
preservation chamber or other area in which the 
environmental sample(s) are being processed. Open 
the blank-sample bottle to expose blank sample to 
the chamber atmosphere for the period' of'time in 
which' the environmental sample(s) are being 
processed. Cap the bottle(s).and label appro,priately. 

Procedure 2. Working within the area being tested (usually the area 
in which the environmental sample is  being collected 
or processed), pour blank water from the 'source- 
solution container directly into the sample bottle. Cap 
the bottle immediately and label appropriately. The 
goal is to use similar procedures to expose an 
identical volume of blank water to the ambient 
atmospheric condition's as that for collection .of 
sample water. 

Procedure 3. While working within the area being tested (such as a 
field vehicle), fill a clean, wide-mouthed container 
with the type of blank water desired and leave open 
to the atmosphere for the entire testing period. Pour 

t the blank water into a clean sample bottle. Cap the 
bottle and label appropriately. (This type of; ambient 
blank is sometimes referred to as an atmospheric 
blank.) 

I 
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COLLECTION OF WATER SAMPLES- 

Field blanks 

Field blanks are collected and processed at the field site in the 
s a m e  m a n n e r  'and us ing  t h e  same e q u i p m e n t  as  t h e  
environmental sample(s). Equipment must be meticulously 
cleaned for collection of field blanks (NFM 3). Field blanks answer 
questions such as "Has this component of the equipment system 
been adequately cleaned?" or "Does this equipment component 
introduce detectable concentrations of target analytes?" or "Is 
there carry-over contamination from the previous sampling site?" 

b Field blanks can represent equipment components of the 
sampling system; for example, the sampler blank, splitter 
blank, filter blank, or pump blank. (The pump blank for 
ground water often is the same as or analogous to a sampler 
blank, when a pump is the type of sampler used to withdraw 
water from its original source.) 

b A single field blank that represents the entire sampling 
system is commonly referred to as the field blank or field- 
system blank (fig. 4-8 and Appendix A4-B). The field blank is 
comprised of a n  al iquot  of blank water processed 
sequentially through each component of the sampling 

+ system. 
Submit field blanks for laboratory analysis of the same 
target analytes as the environmental sample(s). If the 
analytes being quality controlled are inorganic, preserved with 
acid, and are not time dependent, the sequential blank samples 
representing components of the sampling system and any 
associated source-solution and ambient blanks normally can be 
stored for up to 6 months. 

1'. If the field-blank data indicate constituent concentrations at 
acceptable levels, the associated set of sequential blanks can be 
discarded. (Be sure to use appropriate means for disposing of 
chemically treated solutions.) 

2. If laboratory data indicate greater than acceptable concentra- 
tions: 

a. Submit the source-solution blank, ambient blank(s), and 
equipment-component blank(s) (the sampler blank, splitter 
blank, pump blank, and so forth) to the laboratory for 
analysis. 

b. Use the data from equipment-component blank samples to 
+ identify the source(s) of contamination detected in the field 

blank. 
c. Take appropriate measures to eliminate contamina- 

tion during future sampling trips. 

I 
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EXAMPLE PROCEDURE FOR COLLECTMG FIELD BLANKS h 

b Follow steps 1 through 4 to process a surface-water field blank. In this 
example, the equipment used includes a US D-77 sampler, 8-liter (L) churn splitter, 
peristaltic pump, and filter assembly. I 

A set of blanks can be generated that is associated with the field blank to help determine which 
equipment component in the system could be a source of contamination. The field blank is the final 
sample that represents all equipment components of the sampling system. After each blank sample is 
collected, preserve and store sample as required. 

b Follow steps 3 and 4 to prvcess a ground-ivater field blank. In this example, the 
equipment used includes a submersible pump and a filter assembly. 

I 
Surface-water system 

I r Ground-wi-I 

(1) Sampler 
(3) Pump Fq-14 (splitter + Blank (pump + 

(sampler) sampler) splitter '+ 
s a m ~ l e r )  

(same as filter blank 
in this example) 
(filter + previous 

(1) Sampler Blank. Using the blank water selected, rinse and then fill the sampler; attach 
sampler cap and nozzle; pour the required volume through nozzle into sample bottle. 

(2) Splitter Blank.' Rinse churn splitter with blank water. Pour the blank water remaining in 
the sampler through the sampler nozzle and into the 8-L churn splitter. Refill sampler, repeat 
until churn contains 3 to 5 L of blank water. Process the required blank-sample volume 
through the churn spigot into the splitter-blank bottle. (If a cone splitter is used instead of a 
churn splitter, the blank sample is processed through the exit port tubes.) 

(3) Pump Blank.' 
Surface-water example: Using the peristaltic pump, thread the intake end of clean 
tubing into churn splitter through the funnel, and cap the funnel loosely. Insert the 
discharge end of the pump tublng into a processing chamber and pump blank watel 
through the tubing for an initial rinse, discharging rinse water to waste. After the rinse, 
pump the required volume of blank water from the churn splitter into the pump-blank 
bottle. 
Ground-water example: Rinse a precleaned, noncontaminating standpipe with blank 

. water and discard rinse water. Place submersible pump Into the standpipe 'and pour in 
blank water-keep water level above the pump intake. Insert discharge end of pump 
tubing into a processing chamber. Circulate blank water through pump and tubing to 
rinse, discharging rinse water to waste. Pump the required volume of blank water from 
the standpipe into the pump-blank bottle. 

(4) Field-System Blank (the field blank). The field blank in this example is the same as a 
speclal type of filter blank' bdcause the filter assembly is the final component of the 
equipment system through which the blank is processed. Working in the processing chamber, 
precondition the filter with blank water (NFM 5). 

Surface-water example: Pump the required volume of blank water from the churn 
splitter through the prerinsed filter assembly into the field-blank bottle. 
Ground-water example: Pump the required volume of blank water from the 
standpipe through the prerinsed filter assembly into the field-blank bottle. 

' ~ h e s e  are special cases of a splitter blank, pump blank, and filter blank, respectively, because the 
equlpment component named Is the final component but not the only component contacting the 
biank sample. 

Figure 4-8. Example of procedure for collecting field blanks and associated 
blank sam~les. 
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COLLECTION OF WATER SAMPLES- 
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REPLICATE SAMPLES 4.3.2 
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Concurrent replicates are simultaneously collected samples of 
environmental water used to answer questions such as "What was 
the variability introduced from collection, processing, shipping, 
and laboratory handling of the sample?" Concurrent replicates 
can be designed to assess variability inherent in the system being 
sampled (Appendix A4-B). 

Depending o n  study objectives, concurrent samples can be 
collected by using two sampling devices of the same type 
simultaneously or by filling separate sample-compositing 
containers concurrently using the same sampling device. The 
following procedure (from Horowitz and others, 1994) is used at 
surface-water sites to fill two or more sample-compositing 
containers (usually churn splitters) and incorporates Clean 
HandsIDirty Hands techniques: 

.;; 7 
, .  . 
'..,,) ... 
; * , ' f ,  .. . " >,!, ,:1:* 

.99. . ' ;. , .'o 
;?. : . . " I .  

The primary.purpose of replicate samples is to identify and (or) 
quantify the variability in all or part of the sampling and analysis 
system. Replicates-environmental samples collected i n  
duplicate, triplicate, or higher multiples-are considered identical 
in composition and are analyzed.for the same chemical properties. 
Common types of replicates are described below. 

1.  Complete'equipment field-rinsing procedures (section 4.0.2). 
Label bottles appropriately. Change gloves. 
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2. At the first vertical of an EWI or ED1 section, collect a ;a,mple,and 
pour into a field-rinsed churn splitter (section 4.1). 

3. Resample the firstvertical and pour into the second churn splitter. 

4. Move to second vertical, collect sample, and pour into second 
churn splitter. 

5. Resample second vertical and pour into first churn splitter. 

6 .  Collect and pour sample into.each churn splitter in this manner 
for each of the remaining verticals, alternating chu.rn splitters as 
described in 2-5 listed above. 

, 7. Process and preserve a sample (a) from the first churn, and. 
(b) from the second churn. 

Collection of Water Samples 9/99 Quallty-Control Samples 



4.3.2.B Sequential Replicate Samples 

1 I 

Sequential replicates are samples of environmental water1 that are 
collected consecutively instead of simultaneously. Sequential 
replicates are used to,  assess variability among samples resulting 
from collection, processing, shipping, and laboratory procedures 
conducted ,at different sampling times. The sequential replicate 
can be designed to assess sample variability from inhomogeneities 
in the system being sampled by spacing samples over short or long 
time periods. 

4.3.2.C Split Replicate Samples 
I 

Split replicates are samples that are divided into two or r h r e  equal 
subsamples, each o f  which is submitted to  on'e or more 
laboratories for the identical analysis. Field-split samples'are used 
to assess variability from sample processing and preservation. 
Bottles must be appropriately labeled, and the sequence of 
procedures used must be recorded. 

I To split a sample into two subsamples after the original has been 
processed and preserved, use the following procedure (from 
Horowitz and others, 1994): 

1 .- Wearing disposable, powderless gloves and working inside a 
processing chamber, start with a full sample bottle of processed 
(whole-water or filtered) sample. I I 

For inorganic sampler only, use a bottle rinsed twjce with 
deionized water and then field rinsed with a small volume of 
processed sample. 

I Do not field rinse bottles for organic samples. 

2. Transfer entire contents of first bottle to second bottle, cap 
second bottle, and thoroughly shake bottle to mix. ' 

1 3. Pour entire contents of second bottle back into first bottle. 

I 4. Pour one-half of sample from first bottle back into second bottle, 
! 

then cap both bottles. 

I 
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Spike samples are used to answer questions such as :"What loss or 
gain of target analytes occurred because of water-matrix 
characteristics; the field,processing, shipping, ;or handling 
procedures used; holding time; or laboratory analytical 
procedures?" 

::,;,; ;: '. ( ' A "  . ..:< , 
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, ,,!,<, L '  . 
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 p pic all^, spikes are applied to samples to be analyzed for 
concentrations of organic compounds. A sample is spiked by 
adding a mixture of target compounds obtained from the 
laboratory to an environmental sample after the sample has been 
processed. An unspiked environmental sample must 
accompany each spiked sample. 

COLLECTION OF WATER SAMPLES-' 

To split concurrent replicate samples that were processed through 
separate cornpositing devices (such as churn splitters), follow the 
procedure listed 'in 1-4 above and label the samples as follows 
(from Horowitz and others, 1994): 

I 

Churn splitter #1: first bottle "Site (X), Sample 1, Split A" 
"Site (X), Sample 1, Split B" 

. . 

Churn splitter #2: first bottle "Site (X), sample 2, Split A" 
"Site (X), Sample 2, Split B" 

Training is required before personnel attempt to spike 
samples. The spike kits provided to USGS personnel by the 
NWQL include the spike solution, equipment, and bottle labels, 
and detailed instructions. 

The numbers and types of matrix spikes used depend on the 
objectives and data-quality requirements of individual studies, as 
determined by the project chiefs. Although analyses for a set of 
spike samples-laboratory spike, field spike, and field-spike 
replicate-provides the most complete information relating to the 
performance of the analytical method, the data from only 
laboratory spikes, or perhaps only one field spike, could be 
sufficient to meet study needs. 
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' When preparing eld-spiked samples for pesticides or VOCs, di follow the proce ure listed below: 

I 1. Keep samples chilled untilspiking. Label bottles appropriately. 
I .  

' I 2. Wearing gloves, spike each of the QC samples with the 
appropriate volume of the correct ~ ~ ~ ~ i p r o v i d e d  spike 
solution: 

I 

I Check that the pesticide sam'pl'&s are being spiked with . ' 

pesticide-spike solution. . , ' I  

I Check that the VOC samples are being spiked with VOC-spike 
solution. 

I 3. Chill field-spiked samples to 4OC or below without freezing, and 
handle in a manner identical to that of the environmental sample. 

I 4. ~ecord'the following information related to the spike sample.on 
field and NWQL Analytical Services Request forms: 

I Lot number of spike solution, volume,of spike solution, and 
source of spike solution. 

I 

4.3.4 REFERENCE SAMPLES 

Standard-reference-water samples (SRS) and reference-material 
samples are used to answer questions, such as "What are the bias 
and variability associated with field-handling, shipping, and 
laboratory procedures?" Reference samples commonly are 
submitted from the field as blind samples (section 4.3.5) and as 
split replicate samples (section 4.3.2.C) because the composition 
is known, eliminating guesswork regarding the accuracy and 
correctness of the analytical results. , I 

Reference samples with a natural water matrix are currently 
available to USGS personnel from the USGS Branch of Quality 
Systems. NIST and some commercial laboratories also supply 
reference materials. 

+ 

I 
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COLLECTION OF WATER SAMPLES- 

When preparing reference samples, follow the procedure listed 
below: 

1. Prepare this sample before leaving for the field site. 

a. Relabel the reference-sample bottle with the site identifica- 
tion code and a field date and time. The sample should 
appear as if it is an environmental sample. 

b. Process SRS or reference-material samples in a clean 
environment in the office laboratory, under a, laminar-flow 

. hood or other protective chamber, to avoid atmospheric 
contamination. Do not process these QG samples under 
a fume hood. 

c. Rinse each sample bottle three times with a small volume of 
SRS or reference-material sample, fill the bottle with the 
reference solution, and cap securely. 

2. Prepare an ASRform; record the SRS or reference-material sample 
identification code (from the original container) in field notes. 

3. Pack the sample and the accompanying ASR form to take to the 
field site. 

4. Ship SRS or reference-material samples in the same container 
with the environmental and other QC samples collected at the 
field site. 

BLIND SAMPLES 4.3.5 

The source and chemical composition of blind samples are known 
to the submitter although typically not known to the analyst; 
therefore, blanks, SRS, or reference material usually are used as 
blind samples. Blind samples can be designed to answer questions 
such as "What bias and variability are introduced by procedures 
used within a single laboratory or among laboratories?" Replicate 
or spike samples also can be used to answer a similar question. 

Collection of Water Samples 9/99 Quality-Control Samples 
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CONVERSION FACTORS, SELECTED 
TERMS, AND ABBREVIATIONS 

CONVERSION FACTORS 
Multiply BY To obtain 

foot (ft) 0.3048 meter I 
gallon (gal) 3.785 liter 

inch (in.) 25.4 millimeter 

meter (m) 3.281 ' foot I 
micrometer (km) 3.281 x 1 0 . ~  foot 

millimeter (mm) 0.03937 inch 

milligram (mg) 3.527 x lo-' ounce, avoirdupois 

liter (L) 0.2642 gallon I 
milliliter (mL) 2.64 x gallon I 

Temperature: Water and air temperature. are given in degrees 
Celsius ("C), which can be converted to degrees Fahrenheit ("F) by 
use of the following equation: 

SELECTED TERMS 
Accuracy: The degree of agreement of a measured value with the 
true or expected value of the quantity of concern (Taylor, 1987). 

Analyte (target analyte): "Substances being determined in an 
analysis" (from Bennett, 1986). The term target analyte is used in 
this report to refer to any chemical or biological substance for 
which concentrations in a sample will be determined. Target 
analyte does not include field-measured parameters such as specific 
electrical conductance, pH, temperature, dissolved' oxygen, Eh, 
alkalinity, color, or turbidity. 

Aquifer: "A saturated permeable geologic unit that can transmit: 
significant quantities of water under ordinary hydraulic gradients" 
(Freeze and Cherry, 1979). 

Area-weighted sample: A sample that contains an equal volume 
from each unit of area sampled. 

Bias: Systematic error inherent in a method or caused by some 
artifact or idiosyncrasy of the measurement system. The error can 
be positive (indicating contamination) or negative (indicating loss 
of analyte concentration) (from Taylor, 1987). 

-- 
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Bag samplers: Samplers whose containers are bags that instantly 
transmit the ambient pressure to the interior of the1 sample 
container and do not have opening or closing valves. t 

Bottle samplers: A rigid sample container that does not instantly 
transmit the ambient pressure to the interior of the sample 
container and has neit'her pressure compensation nor opening and 
closing valves. Point samplers described in Edwards and Glysson 
(1998) use rigid bottles but have pressure compensation and 
opening and closing valves and are not considered bottle samplers 
for the purposes of this document. The tables in Appendix A4- 
A were not designeld for use with point samplers. 

I 

Centroid (as used to designate a special case of stream-sampling . 
location for the equal-discharge-increment method): The vertical 
in the increment at which discharge is equal on both sida of the 
vertical (G. Douglas Glysson, U.S. Geological survey,/ written 
commun., 1997). 

Contaminant: Biological, chemical, or physical substances or 
properties added to the medium of concern through human 
activity or natural !processes and that corrupt its 'ambient 
composition. I 

Contamination (of water): Corruption. of ambient ' water, 
composition or attributes by the' addition of biological, chemical, 
or physical substances as a,result of human activity :or ,natural 
processes. Addition of such substances can degrade the: quality of 
the water resource. 

\ 

Data-quality requirements: That subset of data-quality 
objectives pertaininglspecifically to the analytical dete~$on level. 
for concentrations of target analytes and the variability allowable 
without compromising achievement of the scientific objectives of 
the study. . 

Depth-integrated ,sample: A sample collected when each 
vertical portion of the stream depth is represented in the sample in 
proportion to the desired sampling scheme. 

b Depth integration. "A method of sampling at every 
point throughout a given depth (the sampled depth) 
whereby the water-sediment mixture is collected isoki- 
netically so that the contribution from each point is pro- 
portional to the stream velocity at the point. This + 
process yields a sample with properties that are dis- 
charge weighted over the-sampled depth" (ASTM, 1990). 

-- -- - 
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CF 

b Depth integration for a discharge-weighted 
sample. "A discharge-weighted (velocity-weighted) 

+ sample of water-sediment mixture collected at one or 
more verticals in accordance with the technique of 

1 depth integration; the discharge of any property of the 
sample expressible as a concentration can be obtained as 
the product of the concentration and the water dis- 
charge represented by the sample" (ASTM, 1990). For a 
discharge-weighted sample, the water-sediment mixture 
is collected isokinetically so that the contribution from 
each point is proportional to the stream velocity at the 
point (that is, the sample contains an equal volume from 
each unit of discharge sampled). 

b Depth integration to collect an area-weighted 
sample. The ASTM definition of depth integration does 
not accommodate the concept of an area-weighted sam- 
ple. Area weighting is similar in concept to discharge 
weighting, except that the water-sediment mixture is 
collected 'so that the contribution from each point is 
proportional to the stream area at the point (that is, con- 
tains an equal volume from each unit of area sampled). 
Area-weighted sampling is used to obtain a sample that 
contains the average concentration of a property that is 
observed in a cross section. Averaged in situ field mea- 
surements of streams are more nearly area weighted 
than discharge weighted. The product of an area- 
weighted property concentration and the stream dis- 
charge would not yield the discharge of the property 
unless the stream contained the same property concen- 
tration at every point. 

Discharge-weighted sample:*'A sample that contains an equal 
volume from each unit of discharge sampled. 

District: An office of the USGS, Water Resources Division, located 
in any of the States or territories 'of the United States. 

Equal-width-increment (EWI) and equal-discharge- 
increment (EDI) sample-collection methods: Methods 
specifically designed to result in the collection of discharge- 
weighted, depth-integrated, isokinetic samples (Edwards and 
Glysson, 1998). When either method is used properly, the resulting 
samples contain the same property concentrations. 
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Isokinetic sampling: A sample collected in such a way that the 
water-sediment mixture moves with no change in velocity as it 
leaves the ambient flow and enters the sampler intake (ASTM, + 
1990). 

Precision: The degree of mutual agreement characteristic of 
independent measurements as the result of repeated application of 
the process under specified conditions (Taylor, 198 7). 

I 

Quality Assessment: Overall process of assessing the quality of 
the environmental data by reviewing the application of the quality- 
assurance elements and the analysis of the quality-control data. 

Quality Assurance (QA): A system of protocols and procedures 
implemented to meet expected standards of quality needed to 
fulfill study objectives and control unmeasurable components of a 
study, such as sampling at the right place and (or) time using the 
correct equipment and techniques. 

I 

Quality Control (QC): A system of activities (such as'cillection . ' 

of blank or replicate samples) whose purpose is to assess the quality 
of.environmenta1 data by generating a set of data that will be used 
to estimate the magnitude of the bias and variability resulting from 
theprocedures used for obtaining the data. + . 

~ a w ' s a m ~ l e :  A whole-water (unfiltered) sample that has :not been 
processed through a filter or other phase-separation device. 

Transit: To move the sampler from the stream surface to the 
st~eambed or from the streambed to the surface. 

I I 

Transit rate: The rate at which the sampler is passed through the 
, water from the stream surface to the streambed or from the 

streambed to the surface. 

Unsampled zone: The unsampled portion of the, sampling 
vertical, usually assumed to be the zone from the streambed to the 
sampler intake. Generally, sampler intakes are 4 to 7 inches above 
the streambed, depeliding on the kind of sampler used. 

Variability: Random error in- independent measurements as the 
result of repeated application of the process under specific 
conditions. 

Vertical: Refers to that location within the increment at which the + 
sampler is lowered and raised through the water column. 

- 

Survey TWHl Book 9 Chapter A4. 9/99 



ABBREVIATIONS 
< less than 

5 equal to  or less than 

2 equal to or greater than 

ft/s feet per second 
gallmin gallon per minute 
L/min liter per minute 

pg/L microgram per liter (equivalent to parts per billion) 

mg/L milligram per liter 
mL/min milliliter per minute 

ppb parts per billion (equivalent to micrograms per liter) 

ASR Analytical Services Request 

ASTM American Society for Testing and Materials 

CFC .chlorofluorocarbon 

CH/DH Clean HandsIDirty Hands 

DIW distilled, deionized water 

DOC dissolved organic carbon 

ED1 equal-discharge increment 

EWI equal-width increment 

FTU Formazin turbidity unit 
IBW inorganic-grade blank water 

ID identification number that is unique to a field site, station, or well 

NAWQA National Water-Quality Assessment Program 

NFM National Field Manual for the Collection of Water-Quality Data 

NIST National Institute of Standards and Technology 

NPDES National Pollutant Discharge Elimination System 

NTU Nephelometric turbidity unit 

NWQL National Water Qual~ty Laboratory 

PBW pesticide-grade blank water 

PCB polychlorinated biphenyls 

QA quality assurance 
QC quality control 
QWSU Quallty Water Service Unit 
SRS Standard reference water sample 

TBY turbidity 
TOC total organic carbon 

URL Uniform Resource Location 

USGS U.S. Geological Survey 
VBW volatiles-grade blank water (is also of pesticide grade) 

VCF single vertical at centroid of flow . 
VOC volatile organic compound 
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Internal Documents 
The fo l lowing Branch o f  Quality Systems (formerly Branch o f  
Quality Assurance), Office o f  Water Quality, and Nat ional  Water 
Quality Laboratory technical memorandums are available on the 
Wor ld  Wide Web at http://water.usgs.gov/lookup/get?techmemo. 

Memo 
No. 

Title Date 

Branch of Quality Systems 

92.01 ADP-Storage of water-quality, quality February 5, 1990 
assurance data in NWlS 

95.01 ADP-Storage of water-quality quality October 28, 1994 
assurance data in NWlS 

Memo 
No. , 

Title Date 

Water Quality 

qw92.02 FIELD TECHNIQUES-Field preparation December 20, 1991 
of containers for aqueous samples 

qw94.16 New preservation techniques for ~ u ~ u s t  5, 1994 
nutrient samples 

qw95.02 Establishment of U.S. Geological December 29, 1994 
Survey (USGS) Laboratory for 
determination of chlorofluorocarbons 
(CFCs) in air and water samples.(joint 
office memo--also available as Office 
of Ground Water Technical 
Memorandum 95.02) 

qw97.03 Protocols for cleaning a Teflon cone February 7, 1997 
splitter to produce contaminant-free 
subsamples for subsequent 
determinations of trace elements 

qw97.06 Comparison of the suspended- May 5,1997 
sediment splitting capabilities of the 
churn and cone splitters 

qw99.02 ~uidance for collecting discharge-. November 3,1998 
weighted samples in surface water 
using an isokinetic sampler 
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Memo ' ' No. 
Title 

I 
National Water Quality Laboratory 

92.04 Bottles for tritium a"alyses August 12, 1992 
I 

93.09 Radon. - Discontinuance of duplicate August 24, 1993 
samples for radon-in-water j 

95.04 Shipping samples to the National December 2, 1994 
Water Quality Laboratory 

95.05 Nitrogen isotope sample preservation. March 8, 1995 ' . 

for water sampl'es 

96.05 Collection, processing, and analysis of April 5, 1996 
carbon isotope samples 

97.04 Tritium/helibm dating of ground-water April 7, 1997 
samples available through contract , 

with Lamont-Doherty Earth 
Observatory of Columbia University, 
Palisades, New York 

Memo 
No. Title 

: ' Water Resources ! 

. 94.008 ~ ~ ~ A ~ - A ~ r e e m e n t  forms 9-1 482, 9- February 18, 1994 
1482A, and 9-1483 
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PUBLICATIONS ON TECHNIQUES OF 
WATER-RESOURCES INVESTIGATIONS 

The U.S. Geological Survey publishes a series of manuals 
describing procedures for planning and conducting specialized 
work in water-resources investigations. The material is grouped 
under major subject headings called books and is further divided 
into sections and chapters. For example, Section A of Book 9 
(Handbooks for Water-Resources Investigations) pertains to  
collection of water-quality data. The chapter, which is the unit of 
publication, is limited to a narrow field of subject matter. This 
format permits flexibility in revision and publication as the need 
arises. 

The Techniques of Water-Resources Investigations (TWRI) reports 
listed below are for sale by the ,U.S. Geological Survey, Branch of 
Information Services, Box 25286, Federal Center, Denver, CO 
80225 (authorized agent of the Superintendent of Documents, 
Government Printing Office). Prepayment is required. Remittance 
should be sent by check or money order payable to the U.S. 
Geological Survey. Prices are not included because they are subject 
to change. Current prices can be obtained by writing to the above 
address. When ordering or inquiring about prices for any of these 
publications, please give the title, book number, chapter number, 
and "U.S. Geological Survey Techniques of Water-Resources 
Investigations." An updated list of TWRI reports can be found by 
accessing the World Wide Web url: http://water.usgs.gov/lookup/ 
get?TWRI. 

Book 1. Collection of Water Data by Direct Measurement 

Section D. Water Quali ty 

1-D1.Water temperature-influential factors, field measurement, and data 
presentation, by H.H. Stevens, Jr., J.F. Ficke, and G.F. Smoot: USGS-TWRI 
Book 1, Chapter Dl .  1975. 65 pages. 

1-D2.Guidelines for collection and field analysis of ground-water samples for 
selected unstable constituents, by W.W. Wood: USGS-TWRI Book 1, 
Chapter,D2. 1976. 24 pages. 

Book 2. Collection of Environmental  Data 

Section D. Surface Geophysical Methods 

2-D1.Application of surface geophysics to ground-water investigations, by 
A.A.R. Zohdy, G.P. Eaton, and D.R. Mabey: USGS-TWRI Book 2, Chapter 
Dl .  1974. 116 pages. 

2-D2.Application of seismic-refraction techniques to hydrologic studies, .by 
,F.P. Haeni: USGS-TWRI Book 2, Chapter D2. 1988. 86 pages. 
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Section E. Subsurface Geophysical Methods 

2-E1.Application of borehole geophysics to water-resources investigations, by 
W.S. Keys and L.M. MacCary: USGS-TWRII Book 2, Chapter El. 1971. 
126 pages. 

2-E2.~orehole geophysics applied to ground-water investigations, by W.S. 
Keys: USGS-TWRI Book 2, Chapter E2. 1990.150 pages. I 

Section F. Drilling a n d  Sampl ing Methods 

2-F1.Application of drilling, coring, and sampling techniques to test holes 
and wells, by Eugene Shuter Bnd .W.E. Teasdale: USGS-TWRI Book 2, 
Chapter F1. 1989. 97 pages. 

Book 3. Applications of Hydraulics 

Section A. Surface-Watir Techniques 

3-A1.General field and office procedures for indirect discharge measurements, 
by M.A. Benson and Tate Dalrymple: USGS-TWRI Book 3, Chapter Al. 
1967. 30 pages. 

3-A2.Measurement of peak discharge by the slope-area method, by Tate 
Dalrymple and M.A. Benson: USGS-TWRI Book 3, Chapter A2. 1967. 
12 pages. 

3-A3.Measurement of peak discharge at culverts by indirect methods, by G.L. 
Bodhaine: USGS-TWRI Book 3, Chapter A3. 1968. 60 pages. 

3-A4.Measurement of peak discharge at width contractions by indirect 
methods, by H.F. Matthai: USGS-TWRI Book 3, Chapter A4. 1967. 
44 pages. 

3-A5.Measurement of peak discharge at dams by indirect methods, by Harry 
Hulsing: USGS-TWRI Book 3, Chapter AS. 1967. 29 pages. 

3-A6.General proceduri for gaging streams, by R.W. Carter1 and Jacob 
Davidian: USGS-TWRI Book 3, Chapter A6. 1968. 13 pages. 

3-A7.Stage measurement at  gaging stations, by T.J. Buchanan and W.P. 
Somers: USGS-TWRI Book 3, Chapter A7. 1968. 28 pages. 

3-A8.Discharge measurements at gaging stations, by T.J. Buchanan and W.P. 
Somers: USGS-TWRI Book 3, Chapter A8. 1969. 65 pages. 

3-A9.Measurement of time of travel in streams by dye traci,ng, by F.A. 
Kilpatrick and J.F. Wilson, Jr.: USGS-TWRI Book 3, Chapter A9. 1989. 
27 pages. 

3-A1O.Discharge ratings at gaging stations, by E.J. Kennedy: USGS-TWRI 
Book 3, Chapter A10. 1984. 59 pages. ' 

3-A1 1.Measurement of discharge by the moving-boat method, by G.F. Smoot 
and C.E. Novak: USGS-TWRI Book 3, Chapter Al l .  1969. 22 pages. 

3-A12.Fluorometric procedures for dye tracing, Revised, by J.F. Wilson, Jr., 
E.D. Cobb,  and‘^.^. Kilpatrick: USGS-TWRI Book 3, Chapter A12. 1986. 
34 pages. 

3-A13.Computation of continuous record4 of streamflow, by E.J. Kennedy: 
USGS-TWRI Book 3, Chapter A13.1983. 53 pages. 

3-A14.Use of flumes in measuring discharge, by F.A. Kilpatrick and V.R. 
Schneider: USGS-TWRI Book 3, Chapter A14. 1983. 46 pages. 

3-A15.Computation of water-surface profiles in open channels, by Jacob 
Davidian: USGS-TWRI Book 3, Chapter A15. 1984. 48 pages. 1 

3-A16.Measurement of discharge using tracers, by F.A. ~ i l ~ a t r i k k  and E.D. 
Cobb: USGS-TWRI Book 3, Chapter A16. 1985.52 pages. 
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3-A17.Acoustic velocity meter systems, by Antonius Laenen: USGS-TWRI 
Book 3, Chapter A17. 1985. 38 pages. 

3-A18.Determination of stream reaeration coefficients by use of tracers, by 
F.A. Kilpatrick, R.E. Rathbun, Nobuhiro Yotsukura, G.W. Parker, and L.L. 
DeLong: USGS-TWRI Book 3, Chapter A18. 1989.52 pages. 

3-A19.Levels at streamflow gaging stations, by E.J. Kennedy: USGS-TWRI 
Book 3, Chapter A19. 1990. 31 pages. 

3-A20.Simulation of soluble waste transport and buildup in surface waters 
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The designations in the RATE column of these tables are defined 
as follows: 

full 

-10 tip 

fastest 

The reeling or transit rate that fills the sampler to i ts  
maximum volume. 

The reeling or transit rate that will result in a volume 
in the sampler such that if the sampler nozzle is 
tipped 10 degrees down from the horizontal, no 
sample will spill from the nozzle. 

The reeling or transit rate that is the fastest rate to 
avoid compression problems in bottle samplers or to 
not exceed a transit rate that is more than 0.4 times 
the stream veloc,ity for bag samplers. 

The volume designations in these tables are defined as follows: 

max vol. The volume that will be in the sampler when the 
"full",(see definition above) reeling rateor transit rate 
i s  used for the specified stream depth and velocity. 

-10 vol. The volume that will be in the sampler. when the 
"-1 0 tip" (see definition above) reeling or transit rate 
is  used for the specified stream depths and velocity. 

min vol. The volume that will be in the sampler when the 
"fastest" (see definition above) reeling or transit rate 
is  used for the specified stream depth and velocity. 
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APPENDIX A Q A 4 a b l e  l a .  lsokinetic transit rates for a 1 -liter bottle sampler with a 311 6-inch nozzle 

pransit rates in feet per second; Depth is (water depth) - (unsampled zone); max, maximum; vol, volume; min, minimum; m l  milliliter; --, not applicable] 

I Max. vol. 1 Volume- 1 
-10 vol. min.-vol. -1 m i .  v .  1 - I 
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APPENDIX A4-A-~Able la. lsokinetic transit rates for a 1 -liter bottle sampler with a 311 6-inch nozzle-Continued g 
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APPENDIX A4-A-Table 1 b..lsokinetic transit rates for a 1 -liter bottle sampler with a 1 /Cinch nozzle 

pransit rates in feet per second; Depth is water depth - unsampled zone; max, maximum; vol, volume; min, minimum; mL, milliliter; --, not applicable] 

r ~ z h 1  I Mean rtrearn velocity in 

-1 0 tip 
fastest 

full 
-1 0 tip 
fastest 



APPENDIX A4-A-Table 1 b. lsokinetic transit rates for a 1 -liter bottle sampler with a 114-inch nozzle-Continued 

1 15 Ifastest 1 -0.47 1 0.63 1 0.78 ) 0.94 ( 1.10 1 1.25 1 1.41 1 1.57 11.88 12.19 12.50 12.82 ( 926 - I - I 



I APPENDIX A4-A-Table 1c. Isokinetic transit rates for a ,-liter bottle sampler with a 511 6-inch nozzle 

[Transit rates in feet per second; Depth is water depth - unsampled zone; max, maximum; vol, volume; min, minimum; m l  milliliter; -, not applicable] 

Depth Mean stream velocity in  vertical I 

feet) 1.50 1 2-00 1-2-50 1 3.00 1 3.50 1 4.00 1 4.50 

1 - full - 0.04 0.06 0.07- 0.09 0.10 0.12 0.13 
1 _lotip 0.06 0.08 0.09 0.11 0.13 0.15 0.17 
1 fastest 0.34 0.46 0.57 0.69 0.80 0.92 1.03 

. - 

feet per 
. - .  . 

5.00'~~ 

recond) 
-a . . . 

. 6.00 
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APPENDIX A4-A-Table lc. lsokinetic transit rates for a 1 -liter bottle sampler with a 511 6-inch nozzle-Continued g 

feet) (in I Rate 



APPENDIX A4-A-Table 2a. lsokinetic transit rates for a 3-liter bottle sampler with a 114-inch nozzle 

pransit rates in feet per second; Depth is water depth - unsampled zone; max, maximum; vol, volume; min, minimum; m l  milliliter; --, not applicable] 
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c APPENDIX A4-A-Table 2a. lsokinetic transit rates for  a 3-liter bott le sampler w i th  a 114-inch nozzle--Continued 2; 
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APPENDIX A4-A-Table 2b. lsokinetic transit rates for a 3-liter bottle sampler with a 5/16-inch nozzle 

[Transit rates in feet per second; Depth is water depth - unsampled zone; max, maximum; vol, volume; min, minimum; mL, milliliter; not applicable] 
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APPENDIX A4-A-Table 2b. lsokinetic transit rates for a 3-liter bottle sampler with a 511 6-inch nozzle-Continued % 

I 

~ ~ 
1-5 Ifastest 1 0.25 1 0.34 1- 0.42 1 0.50 1 0.59 1 0.67-~--1 O r 1  0.84 11.01 11.18 (1.34 p.51 4,695 I 
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' APPENDIX ~ 4 - ~ - ~ a b l e  3a. Minimumvolumes for isokinetic 
sampling with a bag sampler-Continued 

'Minimum volume= area of nozzle x time in water x mean stream velocity in vertical; 
minimum volume in milliliters = 15 x 3.14 x 2.54 cubed x nozzle diameter, in inches 



. . . .  . . .  . .  . ... . . . .  . .  . . . . . . . . . . . . . .  . . . -  . . . . . . . . .  . , -. . . . . . .  . - 
..>. - .. ...:';!:-...;>:. .. . . ..: ~; . -  .*- .'; : ':;'L. ,':.: .,,-. ;;.lc$T;.7' .... ,;-: ..;. -.. :.:%.-.-T-....<;L I:.; ,-g . .  :. . . i . . . . . . . . . . .  . .- ....... 2 : * - -' -. -2 -;.. - ~-&,:~Y ...: ,,. -;. ;< .<---  -- - - - 

? _  . . . .  -- <... =..-..; . . .  . . . . . . .  . . . . . . .  . . . . . .  . . .  . . -:. A .= - - ~. -. . - zc . ---. -+- .-, . A:=-- -. . - , 
. . . . . . .  . -.*" . . . .  . . . .  . . - .  .. , -: .. . ..... .. :... . . .  . . . ~ ' .  -. . . 

. . . . .  . . 
. - -  

. --:. , '--.ic\- :. -. .*:;;..- :-.-:.-v7. ..k-,:5--'~- ..';+. ;'--< ,Fp*. & :,IT- ';> .-.>------ ,..-.=i 6. L2...*Z :. .: - . . 
. ..... ;.. . .. .... . . . - . . L > - -  - . - 

:; ,&;.?-: .: = -.-**y:> + "; .+. ..:.. F.s %,.> iZZ ' - E : . ~ ~ ~ -  -. .rA.*A:.-y. $&-.? 1 -;... i;' &:.;.+.. .-? z ,.:+ && -;... .-L .+:. :.&;:; ;,-. ->?..:: ...-;: 
,* C -.-.+.,. .. .A 

. .... .. =&- ..L-.': ..... *-- .,::&;3--g, ;:::-rA=~$-.x.$- ..;.:,c-+ :;I: <;;-:;.,::. ... <. . *+ .......... ..,-*a.,:. - 2 -  -- .;.-+.,:.<,;.. . .:r..:. 7 .;.- :--, .....*....... y: . . .... p .:s+ -:. . . -  i- .- >..* . . .- :..,--=..*.~.-. .-- ..... - -,. +.z".- . - - . . . . . I .  <..-.- . I .. .- ...-..-. ..- .. .-<': .. ".-:5s-7,. . . . .  , ... .F...T\ . . .  - . . .  .... ... - . . . . .  . . . . . . .  . .  .. . . . . .  
- - - -  .--I-<---.. ,.-. - 2.z- .,, : - - * ...- .$ "- ;7;.;:.-." *-, ..-.: 

-.* , , . . . - " - -  -. - . . - .  . - .: - -  . . . i - . -  -. - - .  :- -,: . - . - - .  . _ ._  . . .. ' .  - - ' - - 2 . .  < - , .  . -- . . -  e - j . -~ -- - . I  . . : . - .  

- 

B - 
tn 

6 

2 . .  
s : 

. .  -0 

- V1 

5 
- 2  

c 
\O . 
\O \O 

- 

2- 
u 
X 
p. 
2- 

. . .  
. . 

+ + 
- .  

APPENDIX A4-A-Table 3b. lsbkinetic transit rate; for a 3-literbag sampler with a 114-inch nozzle . . - 

.pransit rates in feet per second; Depth is water  depth^- unsampled zone; max, maximum; vol, volume; min, minimum; mL, milliliter; --, not applicable] 

- 

. . .  

% z 
CI 
cm 



, -  . - . ----, I-. . -,-_. _... 1 . .  ,.. >.. .. -. . . > .  ... *. . . . . . . . . . .  . -- . . ..! .=.".. - . . . ,. .. ,-?<... .. -:,. = . ' . - ' - ' -  

. . - - ...->;>;.?..,;:i'.::.%: :.- . ..- ,*  :+,: ..< . ..* -. . , _ ,.- , ..> +: .,- ;., :_.i. ri- -- -' ;.&-- -. . ~ . .. -- ~ , . -, , >:. e. , ::%., I.., . . :,. >..; :-:, , .. <. ?:-:ds. ...-. c<+ ,:.: 4 ~~7 2 :.?$Z.: ;?:- A 7. .. ; , , -. . ?$, !: *c.,;. :.:;.it: .:;< . , -: ..:?;:;??. 72;::$.;! ;;<:2-L ,> ..;?;j;i;; .::: j:?::~,&:$* ;. ..,, - ;:; 71s5. ;. . .-; .....-, .,::.. . , .:::..z, .. 
. . &..A : ;,:- ;.::--.;;;:. , c -  ,: - :e.: ..,.... ;;;. ;&: <.-., ,:.;-:7:+:... > . ;:5 

.,, - . :-.. .~. . : . -, .: .'? . ; . .. .- a,?;:. , 
.:->..; ,.=. .<..-,--. ....:> ..-: .;-*:.2 .'%C .<.*,.- "..J ,:? ..,; .-.. ,. . ,: ,..-.-x:.,..-. ' 

-- . .. ., i -. - - * 2 ::.+,*:... -. -...:; .,. ,. ..: %: < -. :<-.?- 3> . ?%:, * . ,..., _ 1.- 
. I I._(, I . 

, .  . . ; 
, ? '.:-;?- - '  '- s.+'-l';rl.: ;~~~5:.~:;tI;j-~;1.:.i.i,.; *..-..'5 :-- , - .  . .' .") 

., . ,.:.- <;, .::: ::.: .,.$.>;-, , ;;: i.;.:;,.. --. ..- ,- . c - .. 3 ~ * - + -  .,--~* -.3-, ,--:-' :.. ,<I?..?. .,. : * . . I. .. <LC.. -=.t" i,.:. - 7 
. . . .  ,' , , ' :,; . ," :.;% , ..f;: 

.,..-,*.-. T - , " .  $' . .  
. .  c 

... . . " .-: .. - . , . :. , . . . .,; - - ?>:-"I ,,. ..".?I . . --. . .* *;<,,., - .*., .. r.,..---:-: *;:.>- , '..$ ,, . :.: ,.,,i.:, ..'::. '.",.,' ,i'" :,;:'i:,-i",.--:.:. ,. ,c!v:$., . .. - . .  . . - .  * . . ; .,- , ., , v* - ,, , ', - , .. - .> .... , , . ..t, ,.+:;: :,.4.; . .,. . . . - .  . , .. . .  

APPENDIX A4-A-Table 3b. lsokinetic transit rates for a 3-liter bag sampler with a 114-inch nozzle-Continued 2 z 
. . 

. . 
... 

53 1fu11 
53 Ifastest 

0.98 
1.00 

1.18 
1.20 

1.37 
1.40 

1.57 
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1.77 
1.80 

1.96 
2.00 

~ ~ 

2.36 - 

2.40 

. . - . .  
2.75 j 3.14 
2.80 13.20 

. . 

3.53.  i3.93 j4.71 i.607 
3.60 p.00 p.80 4,559 
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APPENDIX AQA-Table 3c. lsokinetic transit rates for a 3-liter bag sampler with a 511 6-inch nozzle 

[Transit rates in feet per second; Depth is water depth - unsampled zone; max, maximum; vol, volume; min, minimum; mL, milliliter; --, not applicable] - 
I Depth I I - - 

Mean stream velocity in vertical (f* per second) 

18 full 0.52 0.63 0.73 0.83 0.94 - 1.04 1.25 1.46 1.67 

18 fastest 1.00 1.20 1.40 1.60 1.80 2.00 2.40 2.80 3.20 

- -- Max. vof. Volume- 

-10 vol. mln. vol. 
9-00 14-00 12-00 min. vol. (mL) 

0.21 0.23 0.28 ;!,604 2,453 
3.60 4.00 4.80 151 -- - - 

I 
0.42 0.46 0.56 3,604 2,302 
3.60 4.00 4.80 1 302 -- 

-= -, 
0.63 0.70 0.83 i . 6 ~  2,151 
3.60 4.00 4.80 1453 -- 

I 
0.83 0.93 1.1 1 2,604 2,000 
3.60 4.00 4.80 604 -- 

, -  - 
1.04 1.16 1.39 1,604 1,849 
3.60 4.00 4.80 1 755 -- 

I 
1.25 1.39 1.67 4,604 1,698 



APPENDIX A4-A-Table 3c. Isokinetic transit rates for a 3-liter bag sampler with a 511 6-inch nozzle--continued z 
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APPENDIX A4-B 

QUALITY-CONTROL SAMPLES. 
COLLECTED BY FIELD PERSONNEL FOR 

WATER-QUALITY STUDIES 

Prepared by ED. Wilde, U.S. Geological Survey, 
Reston, Va.; T.L. Schertz, U.S. Geological Survey, 

Lakewood, Colo.; and S.W. McKenzie, 
U.S. Geological Survey, Portland, Oreg. 
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: Appendix AIB-Quality-control samples collected by field personnel for water-quality studies I 
[Common typesof Qcsamplesaredescribed in thistable; thelist isnotcomprehensive. Some terms, descriptions, and purposesforquality-controlsamples have 
been compiled and modifiedfrom Sandstrom (1 990), Horowitzand others(l994), Shelton (1 994), Koterba and othen(l995), unpublished course notesfrom 
"Quality-Control Sample Design and Interpretation," and the following Branch of Quality SystemsTechnical Memorandums: 90.03,92.01,95.01; QC, quality 
control; Blank-water abbreviations ': PBW, pesticidegrade blank water; VBW, volatile-grade blank water, IBW, inorganic-grade blank water] 

r . . 

BLANKS~ 
Quality-control samples used t o  assess possible source(s) and (or) magnitude o f  sample contamination I 

Sample type - . 

Ambient blank 

-General description% -- -- -- - - '  - -  -- 
Blank water that is exposed to the identical collection and 
processing areas and time period as environmental samples. The 
blankwater is transferred from thestock-solution containerto the 

I sametypeof bottleusedforanen~ironmentalsam~le.~hespecific 
mode of exposure to the atmosphere is determined by the QC 
objective. 
Examples: 
(o)The blank water is  transferred to a samplebottle while in the 
sample-processing chamber used for environmental samples. 
(b)Containersuchasa sample bottleis prefilled with blankwater, 
opened while in the processing chamber, and exposed to the 
chamberatmospherethroughouttheprocessingofenvironmental 
tamnlet 

I 

I~eterrnine analvte concentrations Dresent in the 
- 

en~ironmental~am~lethatcou~d beattributed toexposureof 
sample to the ambient atmosphere in which samples are 
collected, processed, and analyzed. 

Referring to the general description: 
Example ( a) is used to assess concentrations after processing 
the blank in a manner that mimics collection of the 
environmental sample. 
Example ( b) is used to indicate the maximum analyte 
concentration that would result from prolonged sample 
exDosure to ambient conditions. 

Trip blank 
- 

A sample bottle filled at the laboratory with VBW, PBW, or IBW Dethinewhethershipping, storage, and field transportcan 
(usually VBW) that remains unopened and is carried to the field beasourceof samplecontaminationorcross-contamination. 
and i s  stored and shipped with the environmental samples. I 

source-solution blank Stocksolution of PBW, VBW, or IBW that is transferred to a sample 
bottle in an area of the office laboratory within a controlled 
atmospherethat is relatively clean and protected with respectto 
taroet analvtes 

Determine the source of water used for blanks and the degree 
to which the composition of blank solution could have 
changed (with respect to target analytes) from time of 
laboratow certification to time of use. 



Appendix A4-B-Quality-control samples collected by field personnel for water-quality studies-Continued . , .  

z BLAN,KS~ --Continued 
Quality-control samples used to assess possible source(s) and (or) magnitude of sample contamination 

Sample type ' I General description3 I purpose3 
I I 

Equipment blank I ~lankwaterthatis~assedseauentiallvthrouaheachcom~onentof 1' Identify effects of the equipment system used to collect and 1 
In this example, the 
sample referred to as the 
equipment blank is the 
sameas thefilterblank. as 
the filter assembly is the 
last component of this 
sampling-equipment 
system. 

the equipment system to be used {or coll&ting and irocessing 
environmentalsamplesandresultinginasinglefinalblanksample. 

Differs from a field blank in that the equipment blank is 
processed under controlled conditions in an office laboratory 
and before equipment will be used for field work. Collected 
annually, unless equipment is in constant use and regularly 
quality controlled. 

Often results in collecting a seriesof blanksamplessequentially, 
each sample of which represents a different component or 
combined components of the equipment system used. The 
blanksgenerated insuch a seriesarea specialcaseofthegeneric 
term that identified the QC sample type. For example, if 
processing a water sample through a DH-77 sampler, churn 
splitter, peristaltic pump, and filter assembly, in that order, the 
followingsetofsamplescould becollectedtobeassociatedwith , the equipment blank: 
- Sampler blank (blank water processed through the DH-77 

sampler. 
-Splitterblank(blankwaterprocessedthroughthesamplerand 

then through a'churn splitter). 
- Pump blank (blank water processed through the sampler, 

, churn splitter, and then through a peristaltic pump system). 
-Filterblank(blankwaterprocessedthroughthesampler,churn 

splitter, peristaltic pump system, and through the filter 
assembly). 

process samples on analyte concentrations. 

Verify adequacy of equipment-cleaning procedures(NFM 3). 

Relating to.components of the equipment system, assess 
potential of sample contamination and adequacy of 
equipment-cleaning procedures associated with each 
component of the equipment system to be used for field 
work. 



6 
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' 

 continued 
~ualit$control samples used to assess possible source(s) and (or) magnitude of sample contamination . - 

purpose3 
- - - 

Determine theconcentrations of target analyte(s) that could 
be present in environmental sample attributable to field 
procedures for equipment cleaning and sample handling. 
Results include effects from laboratory handling. 

Examples related to ( a) and ( b) under Generaldescription: ( a) 
Check theadequacyoffieldcleaning procedures(demonstrate 
thatequipmentwasadequatelydecontaminatedafie~revious 
use) (NFM 3); ( b) Identify contamination of sampling 
equipment wh~le in transport from office to field site or 
between field sites, and ambient field conditions at the field 
site. 

Identify effects of sample? on analyte concentrations. 
Verify adequacy of cleaning procedures (NFM 3). 

Identify effects of splitter on analyte concentrations. 
Verrfy adequacy of cleanlng procedures (NFM 3). 

Identify effects of pump on analyte concentrations. 
Verify adequacy of cleanfng procedures (NFM 3). 

ldentify effects of filtration assembly on analyte 
concentrations. - 

-Verifyadequacyofcleaningpfocedures,  fap plate or cartridge 
assembly is used-see NFM 3. 

Sample type 

Field-blank system 
("The field blankn- 
see fig. 4-8) 

Sampler blank 

Splitter blank 

Pump blank 

. Filter blank 

- - 
General description3 

Blankwaterthatispassedthrough theentiresampling equipment 
system onsite and subjected to identical collection, processing, 
preservation, transportation, and storage procedures and 
laboratory handling as for environmental samples. An identical 
sequence of procedures is followed as for the equipment blank. 

The field blank is processed onsite through clean equipment on 
the same day as environmental samples: 
(a) directly after the equipment has been field cleaned and before 
leaving for the next site (NFM 3) or 
(b)atthenextsite, just beforeenvironmentalsamplesforthatsite 
are processed. 

A set of blanks can be processed and associated with the field 
blank, analogous to the equipment blank. 

Blank water processed through the same sampler used for 
environmentalsamples.(Blanksprocessedthroughpumpsamplers 
usually are designated pump blanks.) 

Blank water processed through the same sample-splitting device 
used to collect or to process environmental samples (such as a 
chum splitter, cone spl~tter, or manifold system). 

Blankwaterprocessedthroughthepump-and-tubingsystemused 
for environmental samples. 

Blank water processed through the fllter assembly used for 
environmental samples. If thef~lterblank is to representthe same 
filter media, blank is processed prior to environmental samples. 
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samples into twoor more combositing containers<~orowitzand 
others, 1994). 

Can bedesignedtoindicatetemporalvariabilityresulting 
from consecutive collect~on of samples. 

- 

replicate) 
~oncument 
replicates 

Analysis includes the variability introduced from 
collection,processing,shi~ping,andlaborato~handling 
and analysis of the sample. 

I 

REPLICATE AND VARIABILITY S-AMPLES 
Quality-Control Samples Used To Assess Field and Laboratory variability 

- 
Samples obtained by collecting simultineousl~with two or more 
sam~lers or bv usina one sampler and alternatinq collection of 

Sequential - 

replicates 
. . 

' Identify and (or) quantify the variability in the Vstem 
' 

being sampled. 

~ u r ~ o s e ~  - 

Depending upon its type, a replicate is used to determine 
variabilityinsomepartofthesamplecollection,processing, 
and analysis system. 

. - 

Sample type 
- 

'~e~ l ica tes  
(duplicates, triplicates, etc., 
of sequential, split, 
concurrent, or other type of 

Samples that are collected one after the other and considered 
virtually identical i n  composition. 

- .  .General description3 

Asetof samples that arecollected close in timeand space and in a 
mannersothatthesamplesarethoughtto berepresentativeofthe 
ambient water composition at the time of collection. 

' Identifyand(or) quantifythevariabillfyintr~ducedkom 
collection,processing,shipping,andlaborato~handling 
and analysis. 



Appendix A4-B-Quality-control samples collected by field personnel for water-quality studies-Continued 

I REPLICATE AND VARIABILITY SAMPLES -Continued 
Quality-Control Samples Used To Assess Field and Laboratory Variability I 

I Sample type I General description3 I - purpose3 I 
Samples obtained by dividing one sample into two or more 
subsamples either before or after sample processing and 
preservations each of the subsamples is to be analyzed for 
concentrations of the same constituents or compounds. 
Examples: 
(a) A processed and treated sample in a sample bottle is split into 
two or more aliquots and subjected to identical handling and 
analysis. 
(b) Environmental water is passed through a splitting device(such 
as a conesplitterorT-valve)from which subsamples are collected 
simultaneously and subjected to identical handling and analysis. 
(c) Environmental water is collected into a compositing device 
fromwhichsubsamplesarecollectedsequentially andsubjected to 
identical handlina and analvsis. 

I d 

IA laboratory-prepared solution or material whose 
compositio-n ~c&tifiedforoneormorepropertiessothatitcan be 
used to assess a measurement method or for assigning 
concentration values of specific analvtes. 

I 

Spike sample I ~nvironmental("field-matrixspikes")orreference-materialsample 
to~hichas~ik~solut ion has been added in knownconcentrations 
and in a manner that does not substantially change the original 
sample matrix. 
Spike solution is a solution having laboratory-certified 

' 

concentrations of selected analytes and that is added in known 
quantities to a sample. 

ksess variability for-a given sample matrix. 
Compare differences in analyses obtained from the same 
- or separate laboratories. 
Analysis includes any variabilityfrom splitting and other 
sample-processing procedures, shipping, and laboratory 

' handling and analysis of the sample. , 

process. 

I 

Iksess the recovew of taraet analvtes relative to the actual 
conditions to whilh samples haie been exposed; quantify 
effects of sample-matrix interferences and analyte 
degradation on analyte recovery. 



r= cn 1 Appendix A4-B-Quality-control samples collected by field personnel for water-quality studies-Continued 

REPLICATE AND VARIABILITY SAMPLES --Continued 
0 %I 1 Quality-Control Samples Used To Assess Field and Laboratory Variability 

( '~lanks for trace-element analysis have a unique NWQL schedule of analysis; different from that of the environmental sample. 

Sample type . 
Blind sample 

I 
%he description of a QC sample depends to some extent on the purpose for which i t  is collected. The purpose for the QC sample can govern the mode 
of its collection, processing, and treatment, and the equipment to which i t  is exposed. Purposes for a specific type of QC sample are varied. 
40btain spike solutions in spike kits for pesticide and volatile organic compound analyses supplied by NWQL. 

pr lank water is a solution that is free of analyte(s) of interest at a specified detection limit and that is used to develop specific types of QC samples. USGS - 
personnel are required to use blank water that has been analyzed and certified to be of a specific grade. Order IBW from the Q ~ U  in Ocala, Fla., via 
<Ocalaman@usgs.gov>. Order PBW and VBW from NWQL in Arvada, Colo. via <densuppl@usgs.gov>. 

- Geiiiiral description3 - L 

Asample (typically, reference materia1)submitted for laboratory 
analysis with composition known to the submitter but unknown 
(b1ind)totheanalyst. Everyblindsampleanalyzedshould havean 
associated reference to thesourceand the preparation procedure. 

-. -, - purpose3 - - - ", 

Testfor biasandvariabilityof thelaboratory measurement 
process. 
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EXAMPLES FROM THE NATI~NAL . 

I 
I APP-C- 

WATER-QUALITY.ASSESSMENT PROGRAM , 

RELATED T,O PROTOCOLS FOR COLLECTING 
BLANK SAMPLES AT GROUND-WATER 

I SAMPLING SITES 
I 

1 

Modified from Koterba and othirs, 1995 

-1 
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APP-( 

APPENDIX A4-C.-Table 2. Example of procedure to collect blank 
samples with a submersible pump 

[Modified from Koterba and others (1 995). Updated information is available on the 
World Wide Web at the following URL: http://wwwrvares.er.usgs.gov/nawqa/OFR95- 
399.html. DIW, deionized water; VBW, volatiles-grade blank water; PBW, pesticide- 
gradeblankwater;IBW,inorganic-gradeblankwater;VOC,volatileorganiccompound; 
QC, quality control] I 

General Fleld-Blank Collection ~rocedur'e' ' 
1. Divide field team duties . Three-person team recommended-two people collect 

samples ina manner similarto that used tocollect ground-water samples; the third 
person adds blankwaterto standpipeand controlsflow through system, as needed, 
to facilitate field blank'collection. 

2,'~heck flow set-up-from standpipe to sample collectionlProc~ssing chamber, 
ensure thatadequatevolumesof DIW and the required blankwater are within easy 
reach of person stationed at standpipe and arranged in order of collection: VBW 
first, PBW next, IBW last. 

3. Set low flow rate-On'ce pumping is initiated, setflow (on basis of measurement at 
chamber outflow) to about 0.1 gal. (500 mL) per minute or less to avoid wasting 
blank water (1 50 mLJmin or.less is recommended for filling VOC vials). 

4. Collect blank solutions in prescribed sequence-As solutions are charig&d, pump 
operator should change to clean gloves, empty residual solution from standpipe, 
rinse pump intake and standpipe, individually, at least three times each, with the 
next solution. Attempt to pump air segment into pump line before adding next 
solution to standpipe to mark change in solution type. 

Pass about 0.5 gallons (approximately 2 L) of blank solution to waste before 
collecting the QC sample, regardless of whether air segments or timed flow or 
both are used to assess when the solution arrives at the collection chamber. 

If air segment can not be used to mark the end of one solution and the beginning 
of the next, then determine the change in solutions on the basis of the storage 
volume in line divided by the pumping rate to estimate the time it takes for the 
solution to travel from the standpipe to the collection/processing chamber. 

Use one type of water to force the last of another type from the sample tubing 
afterallsamples that require that blank-water type have beencolle,cte' d, in order 
to limit the amount of blank water left in the sample tubina. 

. 

'~ssurn~tions: Submersible pump was used to collect the ground-water samples. 
Organic and inorganic field blanks will be collected. Equipment just used 'to collect 
ground-water samples has been cleaned, and, except for the pump in'take being in a 
standpipe instead of a well. is set up on site in the same manner as it was for the 
colle;tionof ground-wateriamples. 'Standpipe has just been cleaned and subsequently 
.rinsed with VBW. If only inorqanic field blanks will be collected, rinse the cleaned 
standpipe with IBW a& moify steps 2-4 accordingly. 

Collection of Water samples 9/99 Appendix C I 
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_I , Foreword 

The rnissioll of the Water Resources Division of the U.S. Geological 
Survey (USGS) is to provide the information and understanding 
needed for wise n l a n a g e ~ ~ ~ e n t  of the Nation's water resources. 
Inherent in this mission is the responsibility to collect data that 
accurately describe the physical, chemical, a n d  biological 

. . attributes of water systems. These data are used for environr~lerltal 
and resource assessments by the USGS, other government and 

; 
LJ 

scientific agencies, and the general puhlic. Reliable and objective 
data are essential to the credihility.and i!npa~.tialiry of the water- 

. ' \  
resources appraisals carried out by the USGS. 

. ,'.,LC , 
,1.,,.. . 
t.. ,,,;' 

.ig',i;,;! .. 
The development and use, of s ~icrh;ol~r~l ,  ~ i e l r l  M N I I I ~ ~  is 11ecess;1ry 

,,;, :;k,jj;! 
" .' 'd.;:ll,", 

to achieve hns is te&y in the scientific lnethodshhkl procedures 
;;;$k.:k 

.::!,;,.:, ,I, 

used, to document  those methods  and  procedtlres, and  to  
I .  ,. , . ' ," - ,., M{,': . ,. , mainta in  technical expertise. USGS field p e r s o n ~ ~ ~ e l  use this 
, . ; .2 ,;,+ , 

.. 3 r:li 
marlual to ensure that data collected are of the q~laiity requiredto 

, 1, <: ... fulfill our missio11. ' , . I . . ,  . 
,,,>-..y , >' . 
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1: 

ABSTRACT 

The National Field Manual for the Collection of Water-Quality Data (National Field Manual) describes 
protocols and provides guidelines for U.S. Geological Survey (USGS) personnel who collect data used 
to assess the quality of the Nation's surface-water and ground-water resources. This chapter addresses , 
methods to) be used in processing water samples tb be analyzed for inorganic and organic chemical 
substances, including the bottling of composite, pumped, and bailed samples and subsamples; sample 
filtration; solid-phase extraction f~r.~est ' icide analyses; sample preservation; and sample handling and 
shipping. 

ifl!,!." " 
,:.,, .,;.I * 

,..i.'.$". 

st: , .. I :,-, ', ,.&, ;! . . . 
Each chapter of the National Field Manual is published separately and revised periodically. Newly 

i" . : ,. ti.. 
;'> , - .:>. 

published and revised chapters will be announced on the USGS Home Page on the World Wide Web 
, ( .  '' . , 

t . . : ,  . , : *.+ under "New Publications of the U.S. Geological.Survey." The URL for this page is 
, http://water.usgs.gov/lookup/~et?new~. 
,.,,:::,, i . .. 

' ,. iik~,;.. 
,:. $ ,  p.':~,, , , 

. ' INTRODUCTION . 
" .  , 7 .': " *a. 4 ,X? 

As part of its mission, the U.S. Geological Survey (USGS) collects the data heeded to assess the quality 
of our Nation's water resources. The National Field Manual for the Collection of Water-Quality Data 
(National Field Manual) describes protocols (required and recommended procedures) and provides 
guidelines for USGS personnel who collect those data on surface-water and ground-water resources. 
Chapter A5 describes methods to be used in processing water samples to be analyzed for inorganic and 
organic chemical substances, including the bottling of composite, pumped, and bailed samples and 
subsamples; sample filtration; solid-phase extraction; sample preservation; and sample handling and 
shipping. Formal training and field apprenticeship are necessary in order to implement correctly 
the procedures described in this manual. 

The National Field Manual is Section A of Book 9 of the USGS publication series "Techniques of 
Water-Resources Investigations" ( T V )  and consists 'of individually published chapters designed to be 
used in conjunction with each other. A list of TWRI publications is included at the end of this report. 
chap& numbers are preceded by an "A" to indicate that the report is part of the National Field Manual. 
Other chapters of the National Field Manual are referred to in the text by the abbreviation "NFM" and 
the specific chapter number (or chapter and section number). For example, NFM 6 refers to chapter A6 
on "Field Measurements" and NFM 6.4 refers to the section in Chapter A6 on field measurement of pH. 
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The procedures described in this chapter represent.protocols that are applicable to most USGS studies 
involving the collection of water-quality data. Modification of required and recommended procedures to 
fulfill study objectives or to enhance data quality must be documented and published along with the data 
and data interpretation. 

PURPOSE AND SCOPE 

The National Field Manual is targeted specifically toward field personnel in order to (1) esiablish and 
communicate scientifically sound methods and procedures, (2) encourage consistency in the use of field 
methods for the purpose of producing nationally comparable data, (3) provide methods that minimize 
data bias and, when properly applied, result in data that are reproducible within acceptable limits of 
variability, and (4) provide citable documentation for USGS water-quality data-collection protocols. 

The purpose of this chapter on processing water samples is to provide field personnel and other 
interested parties with a description of the required and recommended procedures routinely used in 
USGS studies to composite, subsample, filter, preserve, and ship surface-water and ground-water 
samples to the USGS National Water Quality Laboratory (NWQL) for analysis. The sample processing 
procedures presented can be applied to the majority of samples that are analyzed routinely by NWQL for 
inorganic constituents and organic compounds. Samples that require special analysis or samples that are 
to be sent to other laboraFories for analysis might require different processing procedures, the protocols 
for which are beyond the scope of this chapter. 

REQUIREMENTS AND RECOMMENDATIONS 

:;;. '; 'i,'..: ;, 
' . 3.. , : 

I r .. :- 
2.. ,< . ' 
, f,..".,. 8 

B, ' ;  .,. 
"k., ' .  

f , ? . , <  . . ,. ... . 
':I , - ,I ,. l. : .. 
..,.,. . . 

, ,ti;,: $\ ,' 
t 

i') P . 
.1. > ..t.:.:,, r, 

. a ,  . .,1.1, , 
.',;.c', ..' .. 

$:,? i4? . ., ~ . , 
35;; ; ., C ._. .., . 
,,,,:,.- . . t d  

..*,.,:,+, .. <... 

As used in the National Field Manual, the terms required and recommended have USGS-specific . >:A . !,.-.:, ,.. % . . ,' 

meanings. .,, , '  . . . 
C :. . _ . .. . 3 5. 

, . i .  l I.. I >; . , 
I .... Required (require, required, or requirements) pertains to USGS protocols and indicates that USGS . . A, .5  a ,  .. ' 

Office of water Quality policy has been established'on the basis of research and (or) consensus of the ' . (  .I 
[ '  , , 

< , ,  

technical staff and have been reviewed by water-quality specialists and selected District' orother . 
.,;.'.$'., , 

, .l.i.i: '., professional personnel, as appropriate. Technical memorandums or other internal documents that define I,,v.-l., .,. , 
:' .$' .::, , .. 

the policy pertinent to such requirements are referenced in this chapter. Perso'nnel are instructed to use '!,$ .', . : 
required equipment or procedures as described herein. Departure from or modifications to the stipulated . ' . . +  ;i.>+; [:.. 

t .; ..: ' 
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As part of its mission, the U.S. Geological Survey (USGS) collects the data needed to assess the quality 
of our Nation's water resources. The National Field Manual for the Collection of Water-Quality Data 
(National Field Manual) describes protocols (required and recommended procedures) and provides 
guidelines for USGS personnel who collect those data on surface-water dnb ground-water resources. 
Chapter A5 describes methods to be used in processing water samples to be analyzed for inorganic and 
organic chemical substances, including the bottling of composite, pumped, and bailed samples and 
subsamples; sample filtration; solid-phase extraction; sample preservation; and sample handling and 
shipping. Formal training and field apprenticeship are necessary in order to implement correctly 
the procedures described in this manual. 
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The National Field Manual is Section A of Book 9 of the USGS publication series "Techniques of 
Water-Resources Investigations" (TWRI) and consists of individually published chapters designed to be 
used in conjunction with each other. A list of TWRI publications is included at the end of this report. 
Chapter numbers are preceded by an "A" to indicate that the report is part of the National Field Manual. 
Other 'chapters of the National Field Manual are referred to in the text by the abbreviation "NFM" and 
the specific chapter number (or chapter and section number). For example, NFM 6 refers to chapter A6 
on "Field Measurements" and NFM 6.4 refers to the section in Chapter A6 on field measurement of pH. 
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The procedures described in this chapter represent protocols that are applicable to most USGS studies 
involving the collection of water-quality data. Modification of required and recommended procedures to 
fulfill study objectives or  to enhance data quality must be documented and published along with the data 

' and data interpretation. 

PURPOSE AND SCOPE 
. . 

The National Field ~ a n u a i  is targeted specifically toward field personnel'in order to (1) establish and 
communicate scientifically sound methods and procedures; (2) encourage consistency in the use of field 
methods for the purpose of producing nationally comparable data, (3) provide methods that minimize 
data bias and, when properly applied, result in data that are reproducible within acceptable 1imits.of 
variability, and (4) provide citable documentation for USGS water-quality data-collection protocols. 

The purpose of this chapter on processing water samples is to provide field personnel and other 
interested parties with a description of the required and recommended procedures routinely used in 
USGS studies to composite, subsarnple, filter, preserve, and ship surface-water and ground-water 
samples to the USGS National Water Quality Laboratory (NWQL) for analysis. The sample processing 
procedures presented can be applied to the majority of samples that are analyzed routinely by NWQL for 
inorganic constituents and organic compounds. Samples that require special analysis or samples that are 
to be sent to other laboratories for analysis might require different processing procedures, the protocols 
for which are beyond the scope of this chapter. 

REQUIREMENTS AND RECOMMENDATIONS 

As used in the National Field Manual, the terms required and recommended have USGS-specific 
meanings. 

Required (require, required, or requirements) pertains to USGS protocols and indicates that USGS 
Office of Water Quality policy has been established on the basis of research and (or) consensus of the 
technical staff and have been reviewed by water-quality specialists and selected District' or other 
professional personnel, as appropriate. Technical memorandums or other internal documents that define 
the policy pertinent to such requirements are referenced in this chapter. Personnel are instructed to use 
required equipment or procedures as described herein. Departure from or modifications to the stipulated 
requirements that might be necessary to accomplishing specific data-quality requirements2 or study 
objectives must be based on referenced research and good field judgment, and be quality assured and 
documented. 

Recommended (recommend, recommended, recommendation) pertains to USGS protocols and 
indicates that USGS Office of Water Quality policy recognizes that one or several alternatives to a given 
equipment selection or procedure are acceptable on the basis of research and (or) consensus. Specific 
data-quality~equirements, study objectives, or other constraints might affect the choice of recommended 
equipment or procedures. Selection from among the recommended alternatives must be based on 
referenced research and good field judgment. Reasons for the selection should be documented. 
Departure from or modifications to recommended procedures must be quality assured and documented. 

FIELD MANUAL REVIEW AND REVISION 

Chapters of the National Field Manual will be reviewed, revised, and reissued periodically to correct 
any errors, incorporate technical advances, and address additional topics. Comments or corrections can 
be sent to NFM-QW, USGS, 412 National Center, Reston, VA 20192 (or direct electronic mail to 
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INTRODUCTION 
I 

As part of its mission, the U.S. Geological Survey (USGS) collects the data needed to assess the quality 
of our Nation's water resources. The National Field Manual for the Collection of Water-Quality Data 
(National Field Manual) describes protocols (required and recommended procedures) and provides 
guidelines for USGS personnel who collect those data on surface-water and ground-water resources. 
Chapter A5 describes methods to be used in processing water samples to be analyzed for inorganic and 
organic chemical substances, including the bottling of composite, pumped, and bailed samples and 
subs,amples; sample filtration; solid-phase extraction; sample preservation; and sample handling and 
shipping. Formal training and field apprenticeship are necessary in order to implement correctly 
the procedures described in this manual. 

The National Field Manual is Section A of Book 9 of the USGS publication series "Techniques of 
Water-Resources Investigations" (TWRI) and consists of individually published chapters designed to be 
used in conjunction with each other. A list of TWRI publications is included at the end of this report. 
Chapter numbers are preceded by an "A" to indicate that the report is part of the National Field Manual. 
Other chapters of the National Field Manual are referred to in the text by the abbreviation "NFM" and 
the specific chapter number (or chapter and section number). For example,'NFM 6 refers to chapter A6 
on "Fi'eld Measurements" and NFM 6.4 refers to the section in Chapter A6 on field measurement of pH. 
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The procedures described in this chapter represent protocols that are applicable to most USGS studies < ~j- $7 
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hlfill study objectives or to enhance data quality must be documented and published along with the data 
and data interpretation. , 7 
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The National Field ~ a n u a l  is targeted specifically toward field personnel in order to (1) establish and 
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, L .  communicate scientifically sound methods and procedures, (2) encourage'consistency in the use of field 
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methods for the purpose of producing nationally comparable data, (3) provide methods that minimize '(6 -::.i, 
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data bias and, when properly applied, result in data that are reproducible within acceptable limits of - . . : . , , P  ., ..; .:. ..- I _. 
variability, and (4) provide citable documentation ,for USGS water-quality data-collection protocols. , , .: .;.,-..: _.?,_ . . 
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The purpose of this chapter on processing water samples is to provide field personnel and other 
interested parties with a description of the required and recommended procedures routinely used in 
USGS studies to composite, subsample, filter, preserve, and ship surface-water and ground-water 
samples to the USGS National Water Quality Laboratory (NWQL) for analysis. The sample processing 
procedures presented can be applied to the majority of samples that are analyzed routinely by NWQL for 
inorganic constituents and organic compounds. Samples that require special analysis or samples that are 
to be sent to other laboratories for analysis might require different processing procedures, the protocols 
for which are beyond the scope of this chapter. 
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As used in the Natibnal Field Manual, the terms required and recommended have ~ ~ ~ s - s ~ e c i f i c  ,.;;-:: . -i i i, C!. 
meanings. 
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Required (require, required, or requirements) pertains to USGS protocols and indicates that USGS ,$ .<; ,: 
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Office of Water Quality policy has been established on the basis of research and (or) consensus of the 4 ; p:,:;, o,,, 
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technical staff and have been reviewedtby water-quality specialists and selected District' or other 
professional personnel, as appropriate. Technical memorandums or other internal documents that define 
the policy pertinent to such requirements are referenced in this chapter. Personnel are instructed to use 
required equipment or procedures as described herein. Departure from or modifications to the stipulated 
requirements that might be necessary to accomplishing specific data-quality requirementsi or study 
objectives must be based on referenced research and good field judgment, and be qualify assured and 
documented. 

Recommended (recommend, recommended, recommendation) pertains to USGS protocols and 
indicates that USGS Office of Water Quality policy recognizes that one or several alternatives to a given 
equipment selection or procedure are acceptable on the basis of research and (or) consensus. Specific 
data-quality requirements, study objectives, or other constraints might affect the choice of recommended 
equipment or procedures. Selection from among the recommended alternatives must be based on 
referenced research and good field judgment. Reasons for the selection should be documented. 
Departure from or modifications to recommended procedures must be quality assured and documented. 
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i:; ' 1 .' ABSTRACT , ..I . .... , , 8'. . . . .. . . . .  
p:, ,  . .. .,. t . 3  , 

The National ~ i e l d  Manual for the Collqction of w a t e r - ~ u a l i t ~  Data (National Field Manual) describes 
protocols and provides guidelines for U.S. Geological Survey (USGS) personnel who collect data used 
to assess the quality of the Nation's surface-water and ground-water resources. This chapter addresses 
methods to be used in processing water samples to be analyzed for inorganic and organic chemical 
substances, including the bottling of composite, pumped, and bailedqsamples and subsamples; sample 
filtration; solid-phase extraction for pesticide analyses; sample preservation; and sample+handling and 
shipping. 

Each chapter of the National Fie'ld Manual is published separately and revised periodically. Newly 
published and revised chapters will be announced on the USGS Home Page on the World Wide Web 
under "New Publications of the U.S. Geological Survey." The URL for this page is 
http://water.usgs._~ov/lookup/Pet?newp~. 

I I 
! 

As part of its mission, the U.S. Geological Survey (USGS) collects the data needed to assess the quality 
of our Nation's water resources. The National Field Manual for the Collection of Water-Quality Data 
(National Field Manual) describes protocols (iequired and recommended procedures) and provides 
guidelines for USGS personnel who collect those data on surface-water and ground-water resources. 
Chapter A5 describes methods to be used in processing water samples to be analyzed for inorganic and 
organic chemical substances, including the bottling of composite, pumped, and bailed samples and 

, subsamples; sample filtration; solid-phase extraction; sample preservation; and sample handling and 
shipping. Formal training and field apprenticeship are necessary in order to implement correctly 
the procedures described in this manual. 

I 
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The National ~ i e l d  Manual is Section A O ~ B O O ~  9 of the USGS publication series "Techniques of 
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?'.',!, ,!,I 't water-kesources Investigations'' (TWRI) and consists o f  individually publ'ished chapters designed to be 
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used inconjunctibn with each other. A list of TWRI publications is included at the end of this report. ' I 

i.),. . , i . . ' . a .  
; . -.: : . chapter numbers are preceded by an "'A" to indicate that the report is part 6f the National Field Manual. 
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the specific chapter number (or chapter and section number). For example, NFM 6 refers to chapter A6 
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on "Field Measurements" and NFM 6.4 refers to the section in Chapter A6 on field measurement of pH. 
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The procedures described in this chapter represent protocols that are applicable to most USGS studies ;. ,.: ':. 
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involving the collection of water-quality data. Modification of required and recommended procedures to , . 
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fulfill study objectives or to enhance data quality must be documented and published along with the data ... , , c .., 

'and data interpretation. . I  ... .. - . , .  , . . .. 
,' ' .):. 

PURPOSE AND SCOPE 

The National Field Manucil is'targeted specifically toward field personnel in order to (1) establish and 
, communicate scientifically sound methods and procedures, (2) encourage consistency in the use of field 

methods for the purpose of producing nationally comparable data, (3) provide methods that minimize 
data bias and, when properly applied, result in data that are reproducible within acceptable limits of 
variability, and (4) provide citable documentation for USGS water-quality data-collection protocols. 

The purpose of this chapter on processing water samples is to provide field personnel and other 
)interested parties with a description of the required and recommended procedures routinely used in 
USGS studies to composite, subsample, filter, preserve, and ship surface-water and ground-water 
samples to the USGS National Water Quality Laboratory (NWQL) for analysis. The sample processing 
procedures presented can be applied to the majority of samples that are analyzed routinely by NWQL for 
inorganic constituents and organic compounds. Samples that require special analysis or samples that are 
to be sent to other laboratories for analysis might require.different processing procedures, the protocols 
for which are beyond the scope of this chapter. 

' i  
REQUIREMENTS AND RECOMMENDATIONS 

, .I.. .,I,' 
,,:.,.;.;' 

As used in the National Field Manual, the terms required and recommended have USGS-specific . . . ,-., . .,, ,.,,*.:. ~ 

meanings. ' a  ..* 
I . I' - .~ : .. :.,;. 

Required (require, required, or requirements) pertains to USGS~protocols and indicates that USGS , . . 1. ._. ..I 

, ,* :.. :, 
Office of Water Quality policy has been established on the basis of research and (or) consensus of the , , ' 

. /  . 1 . .  r,, . .. 
*<: f . :;, 

technical staff and have been reviewed by water-quality specialists and selected District' or other 
professional personnel, as appropriate. Technical memorandums or other,intemal documents that define 
the policy pertinent to such requirements are referenced in this chapter. Personnel are instructed to use 
required equipment or procedures as described herein. Departure from or modifications to the stipulated 
requirements that might be necessary to accomplishing specific data-quality requirements5r study 
objectives must be based on referenced research and good field judgment, and be quality assured and 
documented. 
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: I . ' .  h i  . Recommended (recommend, recommended, recommendation) pertains to USGS protocols and . *,,: . . . -. - * '  

indicates that USGS Office of Water Quality policy recognizes that one or several alternatives to a given ~ ~ ~ : : ~ . , ~ :  
equipment selection or procedure are acceptable on the basis of research and (or) consensus. Specific , 

( . '  , 
, :' . 
, I .  .. .* . 

data-quality requirements, study objectives, or other constraints might affect the choice of recommended ..::a:p:,ae ,. ,, 

equipment or procedures. Selection from among the recommended alternatives must be based on , / I ' l /  , *  . . . .  . . .  .. J- : 

referenced research and good field judgment. Reasons for the selection should be documented. ., f', . . ., , ' 
f. '? .. 
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t i  i 

Departure from or modifications to recominended proqedures must be quality assured and documented. . . A : . ~ : . ,  . . : . .  , : ,..' 
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ABSTRACT 

The National Field Manual for the Collection of Water-Quality Data (National Field Manual) describes 
protocols and provides guidelines for U.S. Geological Survey (USGS) personnel who collect data used 
to assess the quality of the Nation's surface-water and ground-water resources. This chapter addresses 
methods to be used in processing water samples to be analyzed for inorganic and organic chemical 
substances, including the bottling of composite, pumped, and bailed samples and subsamples; sample 
filtration; solid-phase extraction for pesticide analyses; sample preservation; and sample handling and 
shipping. 
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Each chapter of the National Field Manual is separately and re~ised periodically. Newly 
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published and revised chapters will be announced on the USGS Home'Page on the World Wide Web 
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. .  ., , + , under "New Publications of the U.S. Geological Survey." The URL for this page is 
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As part of its mission, the U.S. Geological Survey (USGS) collects the data needed to assess the quality 
of our Nation's water resources. The National Field Manual for the Collection of Water-Quality Data 
(National Field Manual) describes protocols (required and recommended p~cedures)  and provides 
guidelines for USGS personnel who collect those data on surface-water and ground-water resources. 
Chapter A5 describes methods to be used in processing water samples to be analyzed for inorganic and 
organic chemical substances, including the bottling of composite, pumped, and bailed samples and 
subsamples; sample filtration; solid-phase extraction; sample preservation; and sample handling and 
shipping. Formal training and field apprenticeship are necessary in order to implement correctly 
the procedures described in this manual. , 
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., ,, .; , $ql  . The ~at ional  ~ i e l d  ~ a n u a l  is Section A of Book.9 of the USGS publication series "Techniques of , ' 
I ',!:, . ., , *  Water-Resources Investigations" (TWRI) and consists of individually published chapters designed to be . 
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.; :! (;,. 
.,, ; I\ :.' used in conjunction with each other. A list of TWRI publications is included at the end of this report. 
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: a ,  , Chapter numbers are preceded by an "A" to indicate that the report is part;of,the National Field Manual. 
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other chapters of the National Field Mhnual are referred to in the text b$ the abbreviation "NFM" and 

. . I.,.; the specific chapter number (or chapter, and section number). For example, NFM 6 refers to chapter A6 r .: ', ' ' . , :. 4::; 1 on "Field Measurements" and NFM 6.4 refers to the sectionin Chapter A6 on field measurement of pH. 
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The National Field ~ a n u b i  is targeted specifically toward field personnel in order to (1) establish and .$.,,,.A. :. 
!; 4 . r :  ' ->,, , ;: # !: \ 

communicate scientifically sound methods and procedures, (2) encourage consistency in the use of field ;,i-,, . : .  :>; 
..,,,;.c 

methods for the purpose of producing nationally comparable data, (3) provide methods that minimize , .  . 
: ; 2 '  ' ,  .. . ,. 

data bias and,,when properly applied, result in data that are reproducible within acceptable limits of ..<# ::, 
, .  . . , .  . .; . ' 

variability, and (4) provide citable documentation for USGS water-quality data-collection protocols. ,!. , 
. ( . .  
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The purpose of this chapter on processing water samples is to provide field personnel and other .; ;: .:.& . ;p ; <:; 
interested parties with a description of the required and recommended procedures routinely used in ... .. <...- ., ,,. . . , . a 

USGS studies to composite, subsample, filter, preserve, and ship surface-water and ground-water .::;;; j:: , 
8 .  . . . . : * .  

samples to the USGS National Water Quality Laboratory (NWQL) for analysis. The sample processing ..:., j i  -,; . ..I, 
,:, i b  :. 

. .: C .. ',.!?. . i  procedures presented can be applied to the majority of samples that are analyzed routinely by NWQL for :,., ,,. I.. ;:.,..,...,I ., 

inorganic constituents and organic compounds. Samples that require special analysis or samples that are . ,,; - .< . I '  
% . .,t; : . ,.... : 

to be sent to other laboratories for analysis might require different processing procedures, the protocols ,, . , , , ,; .',: . ..r. ;. *.:< ,. 
. . I , . .  

for which are beyond the scope of this chapter. , ,::<, : 
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REQUIREMENTS AND RECOMMENDATIONS ..' :,, 
<, ' , -2 , .?  ... ; 
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As useiin the National Field Manual, the terms required and recommended have USGS-specific 
meanings. 

Required (require, required, or requirements) pertains to USGS protocols and indicates that USGS 
Office of Water Quality policy has been established on the basis of research and (or) consensus of the 
technical staff and have been reviewed by water-quality specialists and selected District' or other - 

professional personnel, as appropriate. Technical memorandums or other internal documents that define 
the policy pertinent to such requirements are referenced in this chapter. Personnel are instructed to use 
required equipment or procedures as described herein. Departure from or modifications to the stipulated 
requirements that might be necessary to accomplishing specific data-quality requirements2 or study 
objectives must be based on referenced research and good field judgment, and be quality assured and 
documented. 

I 

Recommended (recommend, recommended, recommen'dation)pertains to USGS protocols and 
indicates that USGS Office of Water Quality policy recognizes that one or several alternatives to a given 
equipment selection or procedure are acceptable on the basis of.research and (or) consensus. Specific 
data-quality requirements, study objectives, or other constraints might affect the choice of recommended 
equipment or procedures. 'Selection from among the recommended alterna'tives must be based on 
referenced research and good field judgment. Reasons for the selection should be documented. 
Departure .from or modifications to recommended procedures must be quality assured and documented. 
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FIELD MANUAL REVIEW AND REVISION ti!, 
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i <.,;...>:. . . .  i Chapters of the National Field Manual will be reviewed, revised, and reissued periodically to correct :A: .. , . . , 
, .: ... .:., !' any errors, incorporate technical advances, and address additional topics. Comments or corrections can , , ,., .,. ,.. . ., 

be sent to NFM-QW, USGS, 412 National Center, Reston, VA 20192 (or direct electronic mail to a , ,  .. ., . . . , 
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nhowq@usgb.gov). Information regarding the status and any errata of this or other chapters can be 
found at the beginning of the electronic version of each chapter, located in the Publications section of 
'the following Web site: http://water.usgs.~ov/lookup/~et?owq. 

Newly published and revised chapters dill be announced on the USGS Home Page on the World Wide 
Web under "New Publications of the U. S. Geological Survey," at http://water.us~s.~ov/lookup/_~et? 
newpubs. 
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detection level for concelltratioi~s of target analytes and the allowable variability that fillfill study objectives. 
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I,, .;:i; 5 ,  ', 
j: ., .. . . . .:5,; .. .,, r , Sample processing forms a continuum with sample collection (NFM 4) &d involves the compositing, ,(:,&;! I ' ,' I.." , , I  1. 

c .  ' . . >  I / '  . ,.., < 
subsampling (splitting), filtration, solid-phase extraction, preservation, and' shipment of samples: 

. , , , : .. ..-I . 
' Sahples are most vulnerable to sampling artifacts, contamination, incorrect chemical treatment, and 

v .  

, ,  . mislabeling during sample processing. Samples must be processed as soon as possible after collection.' 
" ! I  

Sample processing: the measures taken to prepare and preserve a 
water sample as or after it is collected and shipped for laboratory 

analysis. 
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Consult NFM 4 for collectioll of water samples, and ui addition, NFM 1 for field preparations, NFM 2 tilr equipment 
t ' - r 

selection, NFM 3 for equipment cleaning, NFM 6 for field measurements. NFM 7 thr b~ological ~ndicators, NFM 8 for 
I bottonl-material sanlples, and NFM 9 for ficld safety. 
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Use of the procedures described in this section will help to avoid mistakes and preserve sample integrity. 
Protocols that are applicable to most sampling efforts for surface water are described in detail in 
Horowitz and others (1994). Koterba and others (1995) describe the protocols for ground-water 
sampling that were designed for the National Water-Quality Assessment (NAWQA) Program; these 
protocols are generally applicable to the routine collection of ground-water samples. Field personnel are 
responsible for being familiar with any specific sampling protocols that might be required for their 
studies and programs, especially those that differ from the routine procedures covered by this field 
manual. For example, field procedures, bottle type, and sample preservation requirements differ for 
samples collected as part of the USEPA Drinking Water Program (National Water Quality Laboratory 
~echnical ~emorandum 97.05~). 

I . .  , 
;,.:;<,I .;' : 

?,, ,.(""iR, 
, ,i,!,qf:9..: * 
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. To minimize delays in sample processing, calibrate field instruments (NFM 6) ,  and set up 
:*,. ,, :JL 

I... I .:. 
.processing equipment and supplies in the work area before collecting the sample. 

. . 
I"' 4.; a. 
y, ; ,,* i:il,l.i 
-,:,,bF". . ., . Clean-sampling procedures are rkcornmended as a general practice when proces~ing raw samples, 
p,,:! : .?? '- 

4 i,.:.,: 
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particularly those for analysis of trace levels of inorganic and organic analytes. 
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Clean-sampling procedures such as Clean HandsIDirty Hands techniques (NFM 4) are 
required when collecting samples to be filtered for analysis of tiace elements (Office'of Wate 
Quality Technical Memorandum 94.09; Horowitz and others, 1994; Koterba and others, 1995). 
When using Clean HandsIDirty Hands techniques: , 
-- Designate the Clean Hands (CH) person and the Dirty Hands (DH) person before field work 

+ begins (table 4-2 in NFM 4);. 
-- CH duties: Has the only contact with the sample bottle; transfers sample from sampler to 

splitter; filters, extracts, and preserves sample. 
-- DH duties: Operates sampli'ng equipment and manages any contact with potential sources of 

contamination (for example, the churn carrier and pumps). 
-- CH and DH: Both must wear appropriate disposable, powderless gloves (vinyl, latex, or 

nitrile for inorganic work; latex or nitrile for organic work). 

Check sample-designation codes and processing requirements for each sample. Requirement! 
depend on program and laboratory protocols, study objectives, and data-quality requirements. 
Laboratory codes and processing requirements are summarized in Appendixes A5-A, B, and C. 
-- Organic analytes. ~dentify the bottle requirement by checking 'the sample designation code 

(see in-text table below and Appendix A5-A). Use only containers that arrive clean, baked, 
and capped. Discard any bottles that arrive uncapped. 

-- 
Inorganic and radiochemical analytes. Identify the bottle requirement by checking the 
sample designation code (see in-text table lielow and Appendixes A5-B and A5-C). For 
example, samples to be acidified must be collected in bottles that arrive from the laboratory 
acid rinsed and capped; discard any acid-rinsed bottles that arrive uncapped. Prerinse 
all bottles used for nutrients, major-ion, and trace-element samples with deionized water 
(DIW) before sampling. Field rinse bottles with the water to be sampled, if a field rinse is 
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common organic-compound samp'le-deslgnatlon codes for 
the National Water Quality Laboratory of the U.S. 
~eologlcal Survey 

[Refer also to Appendix AS-A. ml, milliliters; "c, degrees Celsius] 

Sample 
designation 

code 

VOC 

GCC 

TOC, DOC 

Common inorganic-constttuent sample-designation codes of 
the NatJonal Water Quality Laboratory of the U.S. 
deolog ical Survey 

[Refer also to Appendix A5-0 and AS-C. mL, milliliter; <, less than; OC, degrees Celsius; 
L, liter] 

Bottle description and sample preservation 

40-mL amber glass vials, laboratory cleaned and baked, for analysis 
of volatile organic compound sample (VOC or VOA); sample 
chilled to or below 4OC without freezing. Some programs 
require chemical treatment. 

1 -L amber, glass bottle, laboratory cleaned and baked, for various 
types of pesticides and organic-compound samples other than 
\/OCs: sample chilled to or below 4°C without f~ezing.  

125-mL amber glass bottle, laboratory cleaned and baked, for total 
QOC) or dissolved (DOC) organic carbon; sample chilled to 4*C 
or below without freezing. 

Sample 
desdgnatbn 

code , 

RA, FA 

RU, I:U 

FCC 

WCA, FCA 

RAM, FAM 

FAR 

I 
Bottle description and sample preservetton 

250-, 500; or 1,000-rnL polyethylene bottles, acid-rinsed, capped, 
to be filled with raw IRA) or filtered (FA) samples and acidified 
with nitric acid to pH Q. 

250-, 500,  or 1,000-rnL polyethylene bottles, uncapped, to be 
filled with untreated raw (RU) and filtered (FU) samples. 

125-mL polyethylene bottles, uncapped, to be filled with filtered 
(FCC, brown bottle) sample for nutrient analysis and chilled to or 
below 4 ' ~  without freezing. 

125-mL polyethylene bottles, uncapped; to be filled with raw 
(WCA, uncolored bottle) or filtered (FCA, brown bottle) sample 
for'nutrient analysis, treated with sulfuric acid, and chilled to or 
below 4OC without freezing. 

250-mL glass bottles, acid-rinsed, capped, to be filled with raw 
(RAIW) or filtered (FAM) sample for mercury analysis, andtreated 
with nitric acid/potassium dichromate solution. 

1-1 polyethylene bottles, acid rinsed, capped, to be filled with 
filtered (FAR) samples for radiochemical analysis and treated with 
nitric acid to pH €2. 
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I f  Clean equipment and supplies as directed in NFM 3. 
# ' ' I *  
I *  #I , -- Organic analytes. All containers arrive ~recleaned and baked from the laboratory. Do not 
,. U~ 1 prerinse or field rinse these glass bottles'or vials. Samples to be analyzed for organic 

e l  
'compounds are hereafter referred to as organic-compound samples. 

' " . I$.; :. . , 1 , I  

i , , - , , , ~ ~ ; d ~ ; ~  
-- Inorganic analytes. Prerinse bottles with DIW and store half filled with DIW. This 

, , ! !)k) ; 
I .  

r ., . 
, I 

I 
, . procedure is required for all FA samples with target analytes at pai-ts-per-billion (ppb) 

. ,I,' 

a , i r .  . G ' s ,  ' concentrations, and is redohended for all samples to be analyzed for inorganic 
..: ..I' 
.c7 :A ,' t :! , constituents (hereafter referred to as inorganic-constituent samples) , , that also require field- 

, ...h..:.i.!:: . ... , rirised.bottles. , I  , 
, t %  . ,; 

> 
Set up a clean work area at the field site for sample processing. (An appropriate area includes, 

2 
I ,c, ' 4 

4, f ?,,, 4 
for example, a mobile laboratory, a water-quality field vehicle (NFM 2), or clean space in a 
building near the sampling site.) 1 ' 1 

I 
' ' I : . .  , 
'I , 

,, '.c'.' 
b.. ,,a. 

:- Protect the area from airborne sources of contamination such as dust, vehicle emissions, 
, 1,. . 1.. 

,;.%:.. and vapors from inorganic chemic,als and organic solvents. 
, . - * , A ;  , ' 8  

J ' . ~ ;  ,; .+,. j 
,: . , , s  ,*:.; 

..% I , 
-- ' Spread sheeting over the irka where sampleb are to be prociked. For inorganic-constituent 

' 

< .  : samples, use plastic sheeting. For organic-compound samples, use aluminum foil. . 

i *.' 
, $7 ->I! Prevent direct contact with potential source(s) of contamination. 

..:; . . ,  
:, ": , :, 
i j _ .  . ,( 

- .1. I . . . *  . .L. .: . 
-- Exclude airborne particulates by processing samples onsite in processing , . and preservation 

chambers. ,i,.*' i. ,' 
'....;? 

, ;,.: ,@ f , 

;? , ;: ,..,I . . . .t .. -- Handle .anoxic samples rapidly asid under an inert. gas atmosphere , . (NFM 4.0.3). , ., -- Keep hands gloved and away from potential sources of contamination while processing 
.* ? <; 
1 %  , J 

samples. While filling the sample bottle, the sample must not come in contact with gloved 
'5 o '  hands. I 1 I 

I 

. .\ .,, I 

? . ' & .  'a . . 4 .  . , Keep sample-processing equipment covered with a clean, nonco~itaminating material when not 
. . , 
~i,~! ' , : f , i .  , 

in use; keep' sample bottles capped and covered I , '  or bagged. 
, "(.,.$:J!i , . I ,  ' I 

. I, ' I  . , , ,, . . 
,, 7 ,,a,,. 

..;:, ,$.;+ ~ . 

I 4 
2 t. , The technical memora~idums referenced in this manual are available on the Word Wide Web; see "Selected References and 

c 8 ,  - v , Intc~nal Documents" for memoraodum t~tlcs, dates, and the Wcb S ~ t c  address. 
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.',$:;. . ,, 
, . SEQUENCE FOR PROCESSING SAMPLES 5.0.2 

,,, ,.. ~ "s,, : 
x,*,!!."i~ . ' 
:i; >!" 3; ; 
;t, ' , ,,I#! I 

-1;'; 1 . 4 

. .. I (  , . The order of sample collection, processing, and preservation for specific analytes should be determined 
..< , $ , I ,  

,.?;. ., . .,before beginning field work and adhered to consistently. The recommended sequence for sample 
7 ,v; j:! !:,I!; 

.:,. , . I . I  . . I . collection and processing is based on logistics for maintaining sample integrity and differs for ground- 
1 1 . ,  . ., ,. 'n" v 

,, , v ,-, 1 i water and surface-water sampling. The recommended sequence can be modified, depending on the types 
?,<.,(l!>. 
l..,i, 1, . ofisamples to  be collected and on data objectives. In general, process samples in the.order indicated on 
, , : . . 
, . . table 5i1. . .. 

For ground-water sampling, the amount of well purging might affect concentrations of VOCs 
measured in the ground-water samples (Gibs and Imbrigiotta, 1990). Therefore, VOC samples are 
collected first. 
When sampling either surface wher or ground water for inorganic analyses, 
-- Filter trace-element samples first, as prescribed and explained in section 5.2 and in Horowit; 

and others (1994). 
-- Next, filter nutrient, major ion, and other inorganic-constituent samples having 

concentrations that will not be appreciably affected as nominal pore size of the filter media 
decreases. 

I 

-- Filter the alkalinity sample (NFM 6) with the other anions. 

When composite samples of surface water are processed, samples foi analysis of organic 
compounds usually are processed first and are taken from a noncontaminating compositing device 
separate from that for inorganic-constituent samples, unless a cone 'splitter is used (section 5.1). 

1 Table 5.1. Recommended sequence for processing sampler , , h 
1. Orgirnic c;acnpotrrd&w (wtiak~wirtc?r or ulifilttirr:cfi ralr~pkic fin(, loltmvac~ Ily tilti!rerl 

~arnn1e.t. Do not  field rinse bottles. Ctrill ir~ir~ic:diatt!lv I 1 
a. vblirtilo orqariic co~~~pctrrrrrlr {VOG). 
b. ~mticicJes,-lrwt~ici~Jes, ~mtyctrlutir~tetl tli~Jictliyl$ (PCBs) arid otltera$~ritcrlt~~ritl irrld irrd~atrial 

urtprirc carlipaur~ds. 
2; Totill uryrrric carbm~ (T(31:), cli~solvt!tJ urqariic cilrbort (DOC).' and ur~y~rrrrlcl~tir~~rr,ic ti~rt)nn 

ISOC). Clrill irr~niedialeli. 

3. Ino~janic ronstit~~ent~, ~irltrieri@, ridiache~~~iwls, iaolo~w: For ground water, filtered 
samples fint, fallaweti by mw ~arrtples. F o r  surface water, raw ssrrrples firhi, flollowd ky 
fih!md siirrrples. Fit?ld rin%$ ccr;lzh kroltle, a$ wquired.) I 1 

1 arrd ~ltloraflrmrohrt,ar~ arid rhost isotaln: w l n p b  am: t~l ls~tal  oirlside af till: lrrncessirlg 
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Foreword 
The mission of the Water Resources Division of the U.S. Geological Survey 
(USGS) is to provide the information and understanding needed for wise 
management of the Nation's water resources. Inherent in this mission is the 
responsibility to collect data that accurately describe the physical, chemical, 
and biological attributes of water systems. These data are used for 
environmental and rksource assessments by the USGS, othergovernment and 
scientific agencies, and the general public. Reliable and objkdtive data are 
essential to the credibility and impartiality of the water-resources appraisals 
carried out by the USGS. 

I ! 
The development and use of a National Field Manual is neckssary to achieve 
consistency in the scientific methods and procedures used, to document those 
methods and procedures, and to maintain technical expertise. USGS field + personnel use this manual to ensure that data collected are of the quality 
required to fulfill our mission. 

Robert M. Hirsch 
Chief Hydrologist 
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Foreword 
I 

The mission of the Water Resources Division of the U.S. Geo,logical Survey 
(USGS) is to provide the information and'understanding'needed for wise 
management of the Ifation's water resources. Inherent in this1 mission is the 
responsibility to collect data that accurately describe the physical, chemical, 
and biological attfibutes of water 'systems. These data are used for 
environmental and resource assessments by the USGS, other government and 
scientific agencies, and the general public. Reliable and objective data are 
essential to the credibility and impartiality of the water-resources appraisals 
carried out by the USGS. 

The development and use of a National Field Manual is necessary to achieve 
consistency in the scientific methods and procedures used, to document those 
methods and procedures, and to maintain technical expertise. USGS field + personnel use this manual to ensure that data collected are of the quality 
required to fulfill our mission. 

Robert M. Hirsch 
Chief Hydrologist 
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! The National Field, Manual for the Collection of ~ a t e ) . ; ~ u a l i t ~  Data 
(National Field Manual) describes protocols and provides' guidelines for 
U.S. Geological Survey (USGS) personnel who collect data rsed to assess 
the quality of the Nation's surface-water and ground-water resources. This 
chapter addresses methods to be used in processing water samples to be 
analyzed for inorganic and organic chemical substances, [including the 

: + bottling df compositk, pumped, and bailed samples and subsamples; sample ' 
I ' I  filtration; solid-phase extraction for pesticide analyses; sample preservation; 

and sample handling and shipping. 
1 1 

I 

I 
I 

I 
! PROCESSING OF WATER SAMPLES. 

I 
I I 

I I I l l  I 

I 

Each chapter of the National Field Manual is published separately and 
I revised periodicall'y. Newly published and revised chapters will be 

announced on the USGS Home Page bn the World Wide d e b  under "New 
Publications of the U.S. Geological Survey." The URL for thisipage is <http:/ 
/water.usgs.gov/look~~/get?newpubs~. 

-7 

As part of its mission, the U.S. Geological Survey (USGS) collects the data 
needed to assess the! quality of our Nation's water resources: The National 
Field Manual for the Collection of Water-Quality Data 1(~ational Field 
Manual) describes protocols (required and recommended p!o'cedures) and" 
provides guidelines for USGS personnel who collect those data on surface- 
water and ground-water resources. Chapter A5 describes metdo'ds to be used 
in processing water samples to be analyzed for inorganic /and organic 
chemical substances, including the bottling of coinposite, pumped, and 

I 
1 

I 

I 

I 

I A 1 I 

I + ~ d a ~ t e r  AS. 
I 1 

I PROCESS IN^ OF 
I 

I WATER SAMPLES. 
I 
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I I Edited by Franceska D. Wilde, Dein Bi Radtke, 
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Jacob Gibs, and Rick T. Iwatsubo 
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4 ROCESSING OF WATER SAMPLES 

bailed samples and subsamples; sample filtration; solid-phase extraction; 
sample preservation; and sample handling and shipping. Formal training 
and field apprenticeship are necessary in order to implement correctly + 
the procedures described in this manual. 

1 

The National Field Manual is Section A of Book 9 of the USGSbpublication 
series "Techniques of Water-Resources Investigations" (TWRI) and consists 
of individually published chapters designed to be used in conjunction with 
each other. A list of TWRI publications is included at the end of, this report. 
Chapter numbers are preceded by an "A" to indicate that the report is part of 
the National Field Manual. Other chapteis of the National Field Manual are 
referred to in the text by the abbreviation "NFM" and the specific chapter 
number (or chapter and section number). For example, NFM 6 refers to 
chapter A6 on "Field Measurements" and NFM 6.4 refers to the section in 
Chapter A6 on field measurement of pH. 

The procedures described in this chapter represent protocols that are 
applicable to most USGS studies involving the collection of water-quality 
data. Modification of required and recommended procedures to fulfill study 
objectives or to enhance data quality must be documented and published 
along with the data and data interpretation. 

I PURPOSE AND SCOPE -t 

The National Field Manual is targeted specifically toward field personnel in 
order to (1) establish and communicate scientifically sound methods and 
procedures, (2) encourage consistency in the use of field methods for the 
purpose of producing nationally comparable data, (3) provide methods that 
minimize data bias and, when properly applied, result in data that are 
reproducible within acceptable limits of variability, and (4) provide citable 

+ 
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PROCESSING OF WATER SAMPLES I 
The purpose of this chapter on processing water samples is to provide field 
personnel and other interested parties with a description of the required and 
recommended procedures routinely used in USGS studies to  composite, 
subsample, filter, pireserve. and ship surface-water and ground-water 
samples to the USGS National Water Quality Laboratory (NWQL) for 
analysis. The sample processing procedures presented can be applied to the 
majority of samples, that are analyzed routinely by NWQL for inorganic 
constituents and organic compounds. ~aniples that require spkdiAl analysis or 
samples that are to be sent to other laboratories for analysis might require 
different processing procedures, the protocols for which are beyond the 
scope of this chapter. 

REQUIREMENTS AND RECOMMENDATIONS I 
A s  used in the N p t i o n a l  F i e l d  M a n u a l ,  the terms required and 
recommended have USGS-specific meanings. I 

I .  
/ .  ..,. , 
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Required (require, required, or requirements) pertains to USGS, protocols 
i: , ,  ~ 

', , ;: . . and indicates that USGS Office of watkr Quality pdlicy tia'sbdek established .* . . . , t '  
; .'. 

~ s 

on the basis of research and (or) con'sensus of theitechnical staff and have 
, . ; . ,  
,:,,; 

been reviewed by water-quality specialists and selected ~ i g r i c t '  or other 
, , , f 'h3 ., . 
,;. '; e !  
: , , .  , .  , 

professional personriel, as appropriate. Technical memoran~dms or other 
. c. . 
s .  , ,:, ,< , + internal documents that define the policy pertinent to such iekuirements are 

, . ,  . 1 ,,: .*; 
;,,I, ';:. 

referenced in this chapter.'personnel are instructed to use required equipment 
.i..:.;. .. r ' ; E  
.$..' " . 
-, . .. I,,.3 , - . ' 

' or procedures as described herein. Departure from or modifications to the 
, - . i:i. stipulated requiremdnts that might be necessary to accomplishing specific 

.,I . % .  ., data-quality requirements2 or study objectives must be based on referenced 
, , ~ ' , ~ . / . : , d , ,  , . ,. ,; 
c,.:, ; .?I; ;: research and good field judgment; and be quality assured and documented. 

',:, . , 

. ,!, . . . *': 

'~ i s tr ic t  refers to an offiye of the USGS. Water Resources Division, located in any of the States 
or territories of the Un~ted States. . , -  , . 

, .  ., 
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I -:. , < . I I ,  
'AS used in this report, data-quality requirements are that subset of data-quality objectives 

, 1 (,,;[:, : ; 
' +  

pertaining to the analytical detection level for concentrations of targe; analytes and the 
'y y !  allowable variability that fulfill study objectives. ' . . ' I .  ' , 
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PROCESSING OF WATER SAMPLES 

~ecomme'nded (recommend, recommended, recommendation) pertains to 
USGS protocols and indicates, that USGS Office of Water Quality p.olicy 
recognizes that one or several alternatives to a given equipment selection or 
procedure are acceptable on the basis of research and (or) consensus. 
Specific data-quality requirements, siudy objectives, or other constraints 
might affect the choice of recommended ecjuipment or p'rocedures. Selection 
from among the recommended alternatives .must be based on referenced 
research and good field judgment. Reasons for the selection should be 
documented. Departure from or modifications to recommended procedures 
must be quality assured and documented. 

FIELD MANUAL REVIEW AND REVISION 

Chapters of the National Field ~ a n ' u a l  will be reviewed, revised, and 
reissued periodically to correct any errors, incorporate technical advances, 
and address additional topics. Comments or corrections can be sent to NFM- 
QW, USGS, 412 National Center, Reston, VA 20192 (or direct electronic 
mail to nfm-owq@usgs.gov). Information regarding the status and any errata 
of this or other chapters can be found at the beginning of the electronic 
version of each chapter, located in the Publications section of the following 
Web site: http:Nwater.usgs.gov/lookup/get?owq. 

Newly published and revised chapters will be announced on the USGS Home + 
Page on the World Wide Web under "New Publications of the U.S. 
Geological Survey," at http://water.usgs.gov/lookup/get?newpubs. 
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A + PROCESSING OF AS. 
WATER SAMPLES rn 

Edited by Franceska D. Wilde, Dean B. Radtke, 
Jacob Gibs, and Rick T. Iwatsubo 

Sample processing forms a continuum with 
sample collection (NFM 4) and involves the 
cornpositing, subsampling (split 'ting), 
filtration, solid-phase extraction, preservation, 
and shipment of samples. Samples'are most 
vu lne rab l e  to  s amp l ing  a r t i f ac t s ,  
contamination, incorrect chemical treatment, 
and mislabeling during sample processing. 
Samples must be processed as soon as possible 
after c~ l lec t ion .~  

Sample) processing: the 
measures taken to prepare 

and preserve a water 
sample as or after 

it is collected 
and shipped for laboratory 

analysis. 
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+ .GENERAL INFORMATION 5.0 
By D.B. Radtke and F.D. Wilde ' 

How samples are processed depends on the targeted aAalytes and the 
1 1  intended use of the data. Processing procedures for some analytes might 

require modification of standard processing procedures, as described in 
section 5.6. ~ ~ u i ~ m e n t  components must be made of materials that (1) 
will not contribute or sorb target analytes to or from the water sample, 
and (2) can withstand cleaning solutions. 

I 

' I  I 
3~ons"lt  NFM 4 for collettio" of whter samples;!nd in addition. NFM 1,'for held preparations: 
NFM 2 for equipment selection. NFM 3 for equipment cleaning, NFM 6 for field measurements, 
NFM 7 for biological 'indicators, NFM 8 for bottom-material samples, and NFM 9 for field 
Safety. 
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Use of the prokedures described in this section will help to avoid mistakes 
and preserve sample integrity. Protocols that are applicable to most sampling 
efforts for surface water are described in detail in Horowitz and others 
(1994). Koterba and others (1995) describe the protocols for ground-water 
sampling that were designed for the National Water-Quality Assessment 
(NAWQA) Program; these protocols are generally applicable to the routine 
collection of ground-water samples. Field personnel are responsible for 

I 

being familiar with any specific sampling protocols that dight be required 
for their studies and programs, especially those that differ from the routine 
procedures covered by this field manual. For example, field procedures, 
bottle type, and sample preservation requirements differ for samples 
collected as part of the USEPA Drinking Water Program (National Water 
Quality Laboratory Technical Memorandum 97.05~). 

\ 
b To minimize delays in sample processing, calibrate field instruments 

(NFM 6), and set up processing equipment and supplies in the work area 
before collecting {he sample. 

b Clean-sampling procedures are recommended as a general practice when 

+ processing raw samples, particularly those for analjlsis of trace levels of 
inorganic and organic analytes. 

b Clean-sampling procedures such as Clean Hands1 Dirty Hands tech- 
niques (NFM 4) are required when collecting samples to be filtered 
for analysis of trace elements (Office of Water Quality Technical Memo- 
randum 94.09; ~orowi tz  and others, 1994; Koterba and others, 1995). 

I 

. .  . 

4 ~ h e  technical memorandums referenced in this manual are available on the World Wide Web, 
see "Selected Referencesland Internal Documents" for memorandum titles, dates, and the Web 
Site address. I 
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-PROCESSING OF WATER SAMPLES 

b When using clean HandsDirty Hands techniques: 
- Designate thk Clean Hands (CH) person and the Dirty Hands (DH) 

person,before field work begins (table 4-2 in NFM 4). 

- CH duties: Has the only contact with the sample bottle; transfers 
sample from sampler to splitter; filters, extracts, and preserves 
sample. 

- DH duties: Operates sampling equipment and manages any c.ontact 
with potential sources of contamination (for example, the churn 
carrier and pumps). 

- CH and DH: Both must wear appropriate disposable, powderless 
gloves (vinyl, latex, or nitrile for inorganic work; latex or nitrile for 
organic work). 

b Check sample-designation codes and.processing requirements for 
each sample. Requirements depend on program and laboratory protocols, 
study objectives, and data-quality requirements. Laboratory codes and 
processing requirements are summarized in Appendixes AS-A, B, and C. 

- Organic analytes. Identify the bottle requirement by checking the 
sample designation code (sek in-text table below and Appendix A5- 
A). Use only containers that arrive clean, baked, and capped. 
Discard any bottles that arrive uncapped. 

, , 

. - Inorganic and radiochemical analytes. Identify the bottle 
requirement by checking the sample designation code (see in-text + 
table below and Appendixes A5-B and A5-C). For example, 
samples to be acidified must be collected in bottles that arrive from 
the laboratory acid rinsed and capped; discard any acid-rinsed 
bottles that arrive uncapped. Prerinse all bottles used. for 
nutrients, major-ion, and trace-element samples with deionized 
water (DIW) before sampling. Field rinse bottles with the water to 
be sampled, if a field rinse is specified (section 5.0.3 and 
~ ~ ~ e n d i ' x e s  A5-B and A5-C). 
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. RA,FA 

FCC 125-mL polyethylene bottles, uncapped, to be filled with filtered (FCC. 
brown bottle) sample for nutrient analysis and chilled to or below 4OC 
without freezing. 

125-mL polyethylene bottles, uncapped; to be filled with raw (WCA, 
uncolored bottle) or filtered (FCA, brown bottle) sample for nutrient 
analysis, treated withsulfuric acid, and chilled to or below 4OC without 

RAM. FAM 250-mL glass bottles, acid-rinsed, capped, to be filled with raw (RAM) or 
filtered (FAM) sample for mercury analysis, and treated with nitric 
acid/potassium dichromate solution. 

Common organic-compound sample-designation codes for the National 
Water Quality Laboratory of the U.S. Geological Survey 

[Refer also to Appendix AS-A. ml, milliliters; OC, degrees Celsius] 

Sample 
designation Bottle description and samile preservation . 

code 

VOC 40-mL 'amber glass vials, laboratory cleaned and baked, for analysis of 
volatile organic compound sample (VOC or VOA); sample chilled to or 
below 4OC without freezing. Some programs require chemical 
treatment. 

GCC I-L amber, glass bottle, laboratory cleaned and baked, fo'r various types of 
pesticides and organic-compound,samples other than VOCs; sample 
chilled to or below 4OC without freezing. 

TOC, DOC 125-mL amber glass bottle, laboratory cleaned and baked, for total (TOC) 
or dissolved (DOC) organic carbon; sample chilled to 4PC or below 
without freezing. , I 



-PROCESSING OF WATER SAMPLES 

b Clean equipment and supplies as directed in NFM 3. 
- Organic analytes. All containers arrive precleaned and baked from 

the laboratory. Do not prerinse or field rinse these glass bottles 
or vials. Samples to be analyzed for organic compounds are 
hereafter referred to as organic-compound samples. 

- Inorganic analytes. Prerinse bottles with DIW and store half filled 
with DIW. This procedure is required for all FA samples with target 
analytes  a t  parts-per-bil l ion (ppb)  concentrations,  and is 
recommended for all samples to be analyzed for inorganic 
constituents (hereafter referred to as inorganic-constituent samples) 
that also require field-rinsed bottles. 

b Set up a clean work.area at the field site for sample processing. (An 
appropriate area includes, for example, a mobile laboratory, a water-qual- 
ity field vehicle (NFM 2), or clean space in a,building near the sampling 
site.) 

- Protect the area from airborne sources of contamination such as 
dust, vehicle emissions, and vapors from inorganic chemicals and 
organic solvents. 

- Spread sheeting over the area where samples are to be processed: 
For inorganic-constituent samples, use plastic sheeting. For 
organic-compound samples, use aluminum foil. 

b Prevent direct contact with potential source(s) of contamination. 
- Exclude airborne particulates by processing samples onsite in 

processing and preservation chambers. 

- Handle anoxic samples rapidly and under an inert gas atmosphere 
(NFM 4.0,3). 

- Keep .hands gloved and away from potential sources of 
contamination while processing samples. While filling the sample 
bottle, the sample must not come in contact with gloved hands. 

b .Keep sample-processing equipment covered with a clean, noncontami- 
nating material when not in use; keep sample bottles capped and covered 
or bagged. 
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SEQUEN'CE FOR PROCESSING SAMPLES 

f a .  

,', L !  
i I I !  

1 * I ; '  , PROCESSING OF WATER SAMPLES- 
I 

I 1 I 

The order of sample collection, procdssing, and preservation for specific 
analytes should be determined before beginning field work and adhered to 
consistentli. The recommended sequence for sample collection and 

19 

, . 
, ,  , ' I '  . . processing is based on logistics for maintaining sample integrity and differs 

I:, .. ,, ,.,*.;.,, . i . 
.;f:;;pb, !,;; , for gro.und-water and surface-water sampling. The recommended sequence 

. > .  . .  
, . ., , can bk'modified.,dedending on. the types of samples to be collected and o n ' ,  

.'.:. y."..: data objectives. In general, process samples in the order indicated on table 5- 

$4 1. l 

, 4, . I  
, , -;$,I 1 b For ground-water sampling, the amount of well purging might affect con- 
- n i<4p centrations of VOCs measured in the ground-water samples (Gibs and 

1,. Imbrigiotta, 1990). Therefore, VOC samples are collected first. 

b When sampling either surface water or ground water for inorganic analy- 
ses, 

- Filter trace-element samples first, as prescribed and explained in 
section 5.2 and in Horowitz.and others (1994). 

- Next, filter nutrient, major ion, and other inorganic-constituent 
samples having concentrations that will not be appreciably affected 

+ *  , as nomina~'~ore size of the filter media decreases. 

- Filter the alkalinity sample (NFM 6) with the other anions. 
I , . 

b When composite samples of surface water are processed, samples for --- 

analysis of~organic compounds usually are processed first Bnd are taken 
from a noncontaminating compositing device separate from that for inor-' 
ganic-constituent samples, unless a cone splitter is used (section 5.1). 
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5.0.3 FIELD RINSING OF BOTTLES USED TO 
CONTAIN SAMPLES FOR ANALYSIS OF 
INORGANIC CONSTITUENTS ' 

Most polyethylene sample bottles and only those glass sample bottles that are 
designated for analysis of inorganic constituents (inorganics bottles) are field 
rinsed as described in table 5-2. Check Horowitz and others (1994). and the 
laboratory requirements (summarized in Appendixes A5-B and A5-C) for 
more detailed discussions of field rinsing. The field-rinse water normally 
isthe same as the water that will.fill the sample bottle: use wholewater 
sample for raw (unfiltered) samples and filtrate for filtered samples. 

+ 
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PROCESSING OF WATER SAMPLES 

b If the volume of sample obtained for processing is limited, DIW of the 
appropriate quality may be substituted as the rinse solution for the first 

, + two of the three required rinses. 
b Wear disposable, powderless gloves while processing samples. 

If bottles were previously rinsed and half-filled with DIW'. discard DIW and rinse once only with the 
water to be sampled. Use filtrate for filtered samples and wholewater for raw samples. 

If bottles were not prerinsed with DIW, rinse twice with DIW onsite, followed by one field rinse with the 
water to be sampled (use only 25-mL filtrate for bottle rinse for the filtered ~ample ' .~) .  

I 

11 1 ( ' 1  -1 , c i  I Field-Rinfe Technique 

- 

II I 1. Put on disposable, powderless gloves. I I 

2. Fill samole bottle about 1/10 full of rinse water. Cao bottle. 

Table 5-2. Directions for field rinse of bottles used to contain samples for inorganic-constituent 
analysis 

[DIW, deionized water; mL. m~lliliters) 

I 1 Bottle P,reparation 
1 1 

/ I 1 /  , 

II 

Processing of Water Samples (Version 2,4102) ' General Information . 

3. Shake the bottle vigorously to rinse all interior surfaces. 

4. Discard rinse water by swirling the solution out of the bottle. 

I 15. Shake off adhering droplets, 

'Required for filtered trace-element samples (Horpwitz and others, 1994). 
+ , ; ; 

'Refer to section 5.2.1.A for detailed guidance relating to surface-water and grou'nd-water samples. ' . 
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PROCESSING OF WATER 

RAW SAMPLES 5.1 
+ 

By D.B. Radtke, A.J. Horowitz, 
Jacob Gibs, and F.D. Wilde 

Raw samples, commonly referred to as wholewater or unfiltered samples, are 
collected directly into the appropriate type of sample bottle from the 
sampling device (such as a submersible pump, sample-compositing device, 
peristaltic pump, or cone splitter). It is recommended that this sample 
collection take place within a processing chamber, especially if analyte 
concentrations are expected to be near the detection limit, to prevent 
contamination from airborne sources. 

b Equipment must be clean before samples are collected and processed. 

b Disposable, powderless gloves must be worn throughout sample collec- 
tion and processing. In order to withstand the solvents or chemicals that 
could be contacted, vinyl gloves are adequate for inorganic, work, but use 
of organic solvents for organic work requires latex or nitrile gloves. 

+ COMPOSITES AND SUBSAMPLES 5.1.1 

Surface-water samples normally are composited and processed through 
sample splitting (subsampling) devices (NFM 2). Ground-water samples are 
not composited but ire pumped either directly through a splitter or through a 
filtration assembly (filter assembly) into sample bottles, unless a bailer or 
other thief-type sampler is used to collect the sample. Inorganic-constituent 

- samples usually are composited in the churn splitter, and organic-compound 
samples commonly either are composited in a 20-L glass, fluorocarbon 
polymer, or metal container, or are processed through a cone splitter. 

, 
I 

+ 
1 

I 
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If hand contact'is made with a potential contaminant, remove the outer 
1 I 

(contaminated); gloves before continuing with sample processing. 
For CH/DH techniques: Remove churn splitter and inner 1 1 1  bag from 
churn carrier. Leave the chum carrier and outer bag outside the pro- 
cessing area (vehicle or building).' I '  I 

' i 
Place all prelabeled wholewater or suspended-material bbjtles within 
easy reach of the; churn spigot. 

1 

Churn the composite sample at a uniform rate by raisingland lowering ' 

the disk inside the churn splitter with smooth, even strokes. 
/ 1 

When churnin;, the disk should touch bottom on every strbke, 1 I and the 
stroke length should (be as long as possible without breaking water sur- 
face. Do not bkeak the surface of the water. 

I (  
I 

The churningaate should be about 9 inches per secondi(in/s). If the 
churning rate is significantly greater than 9 inls, or if the diqk breaks the 
surface of the water, excessive air is introduced into the Sample and 
could affect dissolved gases, bicarbonate, pH, and other characteristics 
of the sample. j I 

*- Inadequate churning can result in withdrawal of nonredrksentative 
wholewater or su$pended-material'samples. 

Pre-mix the cordPosite sample by Churning for about 10 ktkokes to uni- 
formly disperse suspended material before subsampling. 
Raw subsampld. Withdraw the raw subsamples for wholewater or sus- 

' I 

Withdraw an 
I I 

Withdraw the first 
the churn should be 

Do not interrupt the churninglsubsampling 
interruption occurs, 
by churning ten strokes before 

As the volume! of composite sample in the chum decreases, adjust the 
stroke length to maintain a churning rate of about 9 inls and avoid 
breaking the surface of the water being sampled. 

I 
I 



4 2 PROCESSING OF WATER SAMPLES 

6 .  ~ h i c ' k  requirements for sample preservation. For raw samples that 
require chemical treatment 4 Go to section 5.4. 

For raw samples that require chilling without chemical treatment(s)- 
Pack samples in ice or refrigerate as quickly as possible. Maintain at or 
below 4oC without freezing (section 5.4). 
For raw samples that do not require chilling or chemical treatment-Set 
samples aside in a clean area for shipping to the laboratory (section 
5.5). 

7. Filtered samples r3 Go to section 5.2. After wholewater or sus- 
pended-material subsampling is complete, use the remainder of the com- 
posite sample in the chum for filtered samples. 

8. Empty the churn after the required number of samples has'been pro- 
cessed. 

If the churn will be reused during the field trip, disassemble and field 
clean onsite while still wet, as described in NFM 3. 
If the churn will not be reused during that trip, rinse with,DIW before it 
dries out, place it in a plastic bag and in the chum carrier to be trans- 
ported back to the office laboratory for cleaning. 

9. Document on field forms and in field notes the types of samples col- 
lected and the splitting procedures used. 

I 
TECHNICAL NOTES: Subsamples totaling 10 L and 5 L can'be 
withdrawn from the 14-L and 10-L churn, respectively, for 
samples for wholewater analysis. The sample volume remaining 
in either chum may be used for filtered samples. 

The churn splitter is used to split samples with particle sizes 1250  
pm and suspended-sediment concentrations 51,000 mglL. 
Splitting accuracy becomes unacceptable at particle sizes > 250 
pm and concentrations > 1,000 mgL.  

I 

I 
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,.. a . , + Cone-Splitter Procedure 5.1.1.B 
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Inorganic-constituent and organic-compound samples can be split using a 
fluorocarbon polymer (TeflonTM) cone splitter. Although the cone splitter is 
used primarily for simultaneous distribution of surface-water samples into 
bottles, the cone also can be used similarly for a bailed dr composited 
ground-water sample. The sample is poured into the splitter from the 
sampling device or transferred from a noncontaminating compositing 
container. If used for splitting pumped ground-water samples, the sample is 
pumped directly into the cone splitter. 

, , ,  

1. Put on appiropria!te, dispasable,pdhderless gloJes (glovdsj: Remove 
cone splitter from protective covering. ' ', 

2. Prepare a processing area that is protected from dust and fumes. Prefera- 
bly, the cone splitter is installed in a processing chamberhr covered with 
a large plastic bag. 

** 3. Install cone splitter (see NFM 2, fig. 2-10, for a labeled diagram). The 
cone splitter is built to close tolerances to achieve accurate and reli- 
able operation and requires the following: 

Use a bull's-eye level to level the cone splitter: this is pitical for 
accurate performance. 

., - > .. , . 
;t  n s ;  7::; All tubes exiting the cone splitter must be the same length, as short as 

:,$,,I{> 
I , . a  (2. i . 0 

possible, and precleaned. organic-compound samples require fluoro- 
. : > . .  

. '  .. I carbon polymer tubing. Carry a septu-ate set of tubes for'each site, and 
' . , I  . 

: , . :I].: clean all sets on return to the office laboratory. If extra tubes are not 
, ,. ( ! 

4 *;, <..,!"' 
$, 

available, do qot reuse tubes for multiple sites witho~t~first cleaning 
., J ..;.:, them. 8 '  

Push tubes as far as possible into the fittings on the splitter. 

, t 

r! \';{, , 
,,? , ,; ,I:; ,',!" -;, 
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-PROCESSING OF WATER SAMPLES 

4. Field rinse cone splitter and the appropriate sample bottles with,the water 
to be sampled. Do not field rinse laboratory-cleaned and baked glass 
bottles. 
a. Open cover to access cone-splitter reservoir. (Flap or access slots for 

hands can be cut into the plastic bag covering the splitter.) 

b. Transfer 2 to 4 L of the sample into the cone-splitter reservoir. Some 
splitter reservoirs may be retrofitted with a funnel to ease pouring. 

c. Close cover and lightly tap splitting system.to dislodge adhering 
water drops. Discard rinse water. 

d. Field rinse bottles for raw samples (R.A, RU, and so on)'with 
wholewater sample. Do not use the water sample previously 
processed through the cone splitter; follow directions in table 5-2. 

5 .  Place bottles for raw samples under outlet tubes. Complete splitting pro- 
cedure first with bottles for organic-compound samples, next with bottles 
for inorganic-constituent samples. 

Place outlet tubes into sample bottles to prevent spilling. outlet tubes 
should not extend beyond the neck of the sample bottle. Do not sub- 
merge the ends of outlet tubes in the sample. 
Outlet tubes can be combined to collect various combinations of vol- 
umes of the original sample. Make sure no back pressure results from 
restrictions of water and air flow if combining outlet tubes into a single 

, bottle. 

Direct sample discharge from unused outlet tubes to waste. 

6 .  Pour (or pump) sample into cone splitter. If hand contact is made with a 
potential contaminant while using C H D H  techniques, remove outer con- 
taminated glove(s) or put on a new pair of gloves before transferring 
sample to cone splitter. 
a. Gently shake or agitate sample for at least 10-15 seconds to 

resuspend any particulate matter present in sampler bottle or 
discrete sampler (such as a bailer). 

I U.S. Geological Survey TWRI Book 9 Chapter A5 (Version 2.4102) 
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12. If multiple passes through the cone are required, randomize the ports 
selected. This minimizes bias from differences in ports caused. by manu- 
facturing processes. 

13. Check requirements for sample preservation. For samples that require 
chemical treatment c3 Go to section'5.4. 

I For raw samples that require chilling without chemical treatment(s)- 
Pack samples in ice or refrigerate.as quickly as possible. Maintain sam- 
ples at or below 40C without freezing (section 5.4). 

For raw samples that do not require chilling.or chemical'tre$ment-set 
samples aside in a clean'area for shipping to the laboratory (section 
5.5). 

14. Filtered samples C3 Go to section 5.2. Remember to use only sample 
filtrate for the bottle field rinse. 

15. Clean cone splitter, following instructions in NFM 3. 

I Disassemble and clean in the field before reusing. Field cleaning 
between sites must be done onsite while the cone splitter is still wet. 

.If the cone splitter will not be reused immediately, rinse with DIW and 
place in a bag for transporting back to the office laboratory for 
cleaning. 

16. Document on field forms and in field notes the types of samples col- 
lected and the splitting procedures used. 

U.S. Geological Survey TWRl Book 9 Chapter A5 (Version 2,4102) 



Steps for filling bottles with raw sample pumped from water-supply wells 
and monitoring wells are described in this section (refer also to section 5.6 
and Appendixes A5-A, A5-B, and A5-C). The equipment needed and the 
procedures required to purge a well and, withdraw the sample are described 
in NFM 2 and NFM 4, respectively, and are only briefly described below. 

I 

PROCESSING OF WATER SAMPLES- 31 
, 

GROUND WATER: PUMPED AND 5.1.2 
: BAILED SAMPLES ' , ' I 

I 

The recommended method for withdrawing ground-water samples from 
conventional supply or monitoring wells is to use a submersible or peristaltic 
pump and to pump the sample directly to a processing chamber (or to a glove 
box filled with inert<gas).6 Ground-water samples collected using a bailer or 
other discrete sampling device can be processed either as described under 
5.1.1 (composites and subsamples) or within a processing chamber (or glove 
box), as described later in this section. 

Collect/process equipment blanks, field blanks, replicates, and other types of 
quality-control (QC) samples periodically (NFM 4.3 and Appendix A4-B of 
NFM 4). The frequency, number, types, and distribution of QC samples are 
determined ahead of time according to the study workplan. Nevertheless, in 
the event of unforeseeable field conditions (for example, dust storms, new 
point source(s) of contamination, or application of agricultural or other 
chemicals), field personnel must judge whether to process additional QC 
samples. 

b Replicates of eniironmental samplks-Fill bottles one after the other 
(NFM 4.3). 

b Field blanks-Process according to the study quality-assurance plan or as 
needed (NFM 4.9). I I ,  

< 1 

' 6 ~ e l l s  or devices constructed to obtain samples under "atural flow gradient ipassive) conditions 
are not addressed in this report. 



'ROCESSING OF WATER SAMPLES 

Processing of samples 

The steps listed below for processing raw ground-water samples are based on . 
.+ 

the assumption that both organic-compound and inorganic-constituent 
samples will be collected.~Before,proceeding, check section 5.6 for analyte 
requirements. 

b Prelabel bottles with site identification, sample designation, date, and 
time (section 5.5 and NFM 1). 

b Process samples in the order recommended for sample collection listed on 
table 5-1. This helps to limit overpurging of volatile compounds, reduce 
airborne contamination and cross contamination among samples and sites, 
and minimize disc;epancies in the ionic mass balance. 

b When pumping the sample, do not stop the pump or interrupt flow to the 
processing chamber during sampling. The rate of flow during sampling 
should remain constant throughout processing and be the same as the rate 
of flow while making final field measurements at the end of purging 
(NFM 4, NFM 6). 

To process ground-water samples for organic-compound analyses: 

1 .  Put on appropriate (latex or nitrile), disposable, powderless gloves 
(gloves). Cover bench or table with a sheet of aluminum foil to make a 
clean work surface. 

2. Assemble necessary equipment and supplies on the clean work surface, 
and remove aluminum foil wrapping from precleaned equipment. Attach 
processing chamber cover. (Processing of organic-compound samples 
within a chamber is not mandatory but is recommended.) 

3. Check requirements for treatment of the sample(s) collected. 

If collecting a VOC sample that will be acidified-Test for the number 
of drops of HCI needed to lower sample pH to S 2 using 40 mL of the 
final purge water. Dispense the'HC1 from a dropper bottle. 
All samples processed for organic-compound analysis are to be chilled 
to 40C or below without freezing. 

4. Place bottles and other equipment needed for processing raw samples 
into processing chamber. If collecting samples for VOCs, place only 
VOC vials and VOC equipment in the chamber. 

U.S. Geological Survey TWRI Book 9 Chapter AS (Version 2,4102) 
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5. Withdraw samples from the well. 

If using a pump- 
, .. + 

, ~ i l , -  a. Purge wells first, preferably with the same pump to be used for 
I":/ I withdrawing the samples. Consult NFM 4.2 for purging procedures. . 1 

a ' .:i i 
4, , r I b. Check that the discharge end of sample line from the pump or 

" I , , :  W.t manifold is secured in the processing chamber. 
s; ., ' :, , ,:!:;$ 
-.:.. ,, 

.-. , 
(,. , ., . . . .  
' I', . 

c. Direct sample flow through the Sample line into the processing 
chamber (NFM 4.2). 

. . I  

' ' C...' 
' ., 

' i  4 c . P  
Waste initial sample through chamber drain'for the sample-line 

. ., 
.':'.i". ( rinse; do not let sample spray onto chamber cov'er-change 

3 , 'C ., I,$!,; 
.. ...:;',$.,.: 

chamber cover if this happens. 
; :\, ,f,,+i,', .: 

,:.?;{!.(; 
check fqr air bubbles in the sample line; tap the lin,e or make 

~. . , 
1 ..'I ' adjustments,to remove any air from the line: 1 

. .t , 

Flow should appear smooth and uniform (with no splashing) and 
should not exceed 150 mL/min when filling 40-mL VOC vials or 
500 mllmin for larger bottles. 

If using a bailer- 

a. Purge wells first, using a pump (NFM 4.2). Do not purge wells with 
a bailer unless absolutely necessary. 

I 

. b. Set up holding stand, as appropriate. 

c. Lower the sampler (after field rinse) smoothly into the well; cause 
as little disturbance to the water column as possible. Follow 
analogous directions as those for sampler field.rinsing (NFM 

', . 1,. *;: .. . . 
,%. :  .: 1 ? , k t /  . ' 4.0.2:A). 

, i i  .4 i?;i,! :.,.: ': .,,, d. After reaching the sampling depth within the screened or open 
.>,, ?t,  '!" I , ,  

$ ; ,,$i 
;... . ..:! interval, collect sample by raising the sampler smdothly 

.,; , :?!.:, 

., ,. ?!: .., . . 
(minimizing disturbance to water column). Keep the'deployment 

. - ,, ..I/ . . )  

:. ' I ..,-. line clean a'nd untangled as sampler is lowered and raised. 
. . 
1 ' .  

' % ,': :, 
,< ;.i.-: 

e. Place sanipler into holding stand and insert sample-delivery 
'.'+ -83 . * tubeldevice. 

, * ',:,:+I., ' <J.;. : . 
' . ' " . b , ,  , ,,,; 
: .F..:' TECHNICAL NOTE: Sampling from wells with a 

'tE':;".fjbj; . ' 

\ ,". .. ,It . . baiter or other discrete sampling device , i s  not:" 
,..: ..I, , , . .*c; .:t:, ' recdmmended if target analytes (such as trace . .. , , - .  

2 ,;,:.I, , 
' -> , . ,  , *  ele*ents and hydrophobic organic compounds) are 

? ,,#', ; if;, . those that typically associate or partition to 
, , .,.: t.) 

. . ,:$,!,: particulates because deployment of bailers or other 
L.:'):, , point-source samplers usually stirs up or otherwise ::,::j.: 

. . .,. . mobilizes particulates. Fine-grained and colloidal- . .  . .: ., ,gL' 
:::~.,,,< , r  . sized particulates can persist in the water column, 

.,;*;:.: . ;: 1 
' , 

( t .  . (  I causing a potential for bias. , , O ' . .  . , , , 
!. . . ) . P I \  

I 

c . f  ,*,i'.' ' I  
, .. ...: ;.j ' + , L .. L. 

.< k ,. . , a,. . . 

t,...,,: * ,: '. 
k ; ;  
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6. Collect all raw organic-compound samples into designated bottles. 
a. Fill VOC vial from bottom of vial to overflowing without entraining 

air bubbles. Leave a convex meniscus. If sample will not be 
acidified, cap vial securely, invert, and check for air bubbles. Follow 
directions in section 5.6.1.A. 

b. If acidification of the sample is required, 

The preservative can be added to VOC samples while samples 
are inside the processing chamber as long as the chemical 
treatment will not affect any subsequent samples to be collected 
fo; analysis of organic compounds. Otherwise, acidify VOC 
samples in a preservation chamber. 
Add 1 to 5 drops of HCI to the sample (sections 5.4 and 5.6). 
Usually two drops of HCI are sufficient to. lower the pH of the 
VOC sample to 1 2 .  Cap vial securely, invert, and check for air 
bubbles. If air bubbles are present, discard the vial and start 
again. 
Change cover of processing chamber and change gloves. 

c. Place remaining raw organic-compound sample bottles into 
processing chamber. Fill bottles directly from the sample line to the 
shoulder of each bottle (section 5.6.1.B). 

7: For filtered organic-compound samples: 
a. Place aluminum plate-filter assembly into chamber for 

and other filtered organic-compound samples. Change gloves. 

. b. Load the filter, connect the plate-filter assembly, and, field rinse the 
filter as directed in section 5.2.2.A. 

c. After following filtration directions in section 5.2.2.A, pass bottles 
out of chamber for DH handling. 

8. After processing raw and filtered organic-compound samples: . 

a. Fill sample bottle with DIW and label "temperature-check sample" 
to accompany chilled organic-compound samples. 

b. Remove the equipment used to process the samples and pass to DH. 

c. Discard chamber cover. 

d. Remove aluminum foil covering from work bench. 

9. Sample preservation 4 Go to section 5.4. 
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'::. . .  . PROCESSING OF WATER SAMPLES- 

. .  , I , , .  . t 
* . I  !? . .  , . , ; . .  Process ground-water samples for inorganic-constituent and remaining 

analyses: 

Direct flow of pumped sample away from the processing chamber. 
Change to vinyl or latex, disposable, powderless gloves (gloves). 
Cover bench or table with a plastic sheet to make a clean work surface. 
Change processing chamber cover. Assemble equipment and supplies 
needed on the clean work surface. Remove plastic wrapping from pre- 
cleaned equipment. Change gloves. 
For filtered ino&anic-constituent, nutrient, radiochemical, and iso- 
tope samples: 
a. Place filtration equipment, sample bottles (prelabeled), and other 

supplies and equipment for filtered inorganic-constituent samples 
into processing chamber. Change gloves. 

b. Connect filtration equipment as directed in section '5!2.1. 

c. Resume sample flow to the chamber. 

Check for air bubbles in the sample line; tap line or make 
adjustments to remove air from the line. 
Flow should be smooth and uniform-about 500 mL/min to fill 
sample bottles without splashing. I 

d. Collect all filtered inorganic-constituent samples first, as directed in 
section 5.2.1. 

+ 4. Disconnect the filter assembly. Change gloves. 

5 .  Raw inorganic-constituent, nutrient, radiochemical, and isotope 
samples: , 
a. Place prelabeled bottles for raw samples into the processing 

chamber. Change gloves. 
1 ,. , 
3 , , , I ,  v . b. Field rinse bottles with raw sample (section 5.1, table 5-1). 

c. Collect samples into designated bottles. 

d. Place bottlqs outside of chamber. Change gloves. 
t.. <. I 

#,. ,*"  pa! 
: (' ;. +,, ? 6. ' Remove equipment, discarding chamber cover appropriatkl~. 

. - ..:;: ',. 7. Sample preservation d Go to.section 5.4. 
.'''.,{ ,$ ,, 

8. Radon and CFC samples 4 Go to section 5.6. :;. ; { .., :; . .  
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PROCESSING OF WATER SAMPLES 

FILTERED SAMPLES 
I 

By D.B. ~ a d t k e ,  A.J. ~orowi tz ,  
and M.W. Sandstroin 

' Filtration is the physical process used to separate th'e particulaie and aqueous 
fractions of a water sample. Samples are filtered for several purposes; for 
example, to remove microorganisms in order to help preserve ambient 
analyte concentrations, to remove suspended materials that interfere with 
specified analytical procedures, and to determine chemical speciation and 
fractionation of trace elements for geochemical studies. 

Study objectives and the analytes targeted for study dictate the filtration 
method and equipment to be used. Ambient concentrations of filtered 
analytes typically can be near the limit of detection; therefore, field 
personnel must pay strict attention to possible sources of contamination from 
sampling and processing equipment, construction material of the chamber 
frame and of the filtration equipment, and the way the equip'ment is handled. 
(Equipment and supplies used to filter water samples are described in detail 
in NFM 2.) 

1 

b Check the composition and pore size of the filter mediud and the effec- 
tive filtration area of the filter; these can affect the quality and accuracy of 
the data and can compromise data-quality requirements. 

b To minimize airborne contamination, 

- Filter samdles within a procbssing chamber. 

- Add chemical treatments to iamples within a separate preservation 
chamber. 

1 
I I 

I 
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5.2.1 INORGANIC CONSTITUENTS 

38- 

Most filtration systems currently used by the USGS are appropriate for 
filtering wholewater samples, if the limitations of each system are taken into 
account. Standard USGS procedure is to filter inorganic-constituent 
wholewater samples through a 0.45-micrometer (pm)  pore-size 
disposable capsule filter. Filtration through media with pore sizes other than 
0.45 pm or with other equipment (such as tangential-flow devices) depends 
on the use and interpretation of the data and can yield substantially different 
results for trace-element concentrations. 

-PROCESSING OF WATER SAMPLES 

Data-quality requirements for interpretive studies of ground-water and 
surface-water chemistry can dictate filtering the sample through a nominal 
pore size of 1 0.2 p m  The quality-assurance procedures used for samples 
filtered through the 0.45-pm nominal-pore-size capsule, plate, or other 
filtration equipment also are required for the 1 0 . 2 - p m  filters. If 
concentrations of target analytes are analyzed at sub-parts-per-billion levels, 
more stringent QAIQC measures are needed. Such samples can be filtered 
through a plate filter or other filtration equipment (for example, a 47-mm- 

\ 

diameter vacuum-filter unit) as long as the equipment used is approved by the 
study or program, data-quality requirements are met, and additional quality- 
control samples are collected. For additional information on filtration + 
artifacts, procedures, and equipment, see Kennedy and others (1976), 
Salonen (1979), McCarthy (1988), McCarthy and Zachara (1989), Puls and 
Barcelona (1989), Ward and Harr (1990), Horowitz and others (1 992, 1994), 
Williams and others (1993), Robards and others (1994), and Koterba and 
others (1995). 

Cleaning and conditioning of various filter media used for inorganic 
constituents are summarized in table 5-3. Contamination during sample 
filtration' can be reduced by following the instructions given for cleaning, 
conditioning, and handling of the filter media. 
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Table 5-3. Field cleaning and conditioning procedures for media used to filter samples for 
~norganic-constituent analysis I 

PROCESSING 0 k  WATER SAMPLES- 

[pm, micrometer; mL, millilitei; sample, the water to be sampldd; pgL, microgram per liter; 
mm, millimeter; HN03, 1 molar solution of ultrapure-grade nitric acid; HCI. 1 molar solution of ultrapure- 1 

39 

grade hydrochloric acid; nutrients, nitrogen and phosphorus species; DIW, District- or laboratory-produced 
deionized water of known quality. ASTM v p e - 1  grade or better; IBW, laboratory-produced inorganic-grade 
blank water; N, normal; >, greater than] 

Description 

Disposable capsule filter' 
(Polypropylene) 

Plate filter - 
142 mm 

(Polycarbonate or 
acrylic) 

Polysulfone, pleated 
membrane, 
0.45-~~m or 
0.2-pm pore size 

Cellulose nitrate, 
,tortuous path 
/ (0.45 and 0.1 pm are 
1 most commonly used 
pore sizes) ' .  

nutrients; trace 
residual D I W ~  elements with 

Condition with > I pglL; radio- 
25 mL sample , ,, chemicals and 

, isotopes 

Clean with 
1 500 mL DIW and 

extract residual DIW, 

I00 mL sample 

11 about I00 pgR I I 
Cartridge or .hand- 

pressure filter 
a s s e m b l y 4 7  mm 

(Polypropylene or, 
fluorocarbon 
polymer) 

Cartridge or hand- 
pressure filter 
a s s e m b l y 4 7  mm 

(Fluorocarbon 
polymer) 

I 

' ~ x a m ~ l e :  Gelman Scienc 
sule filters are available th 

I 

Cellulose nitrate, 
tortuous path 

'(0.45, 0.2, and 
0.1 pm are most 
commonly used pore 

' sizes) 

Polycarbonate (such as 
Nuclepore), direct 
path (0.40 and 0.1 pm 
are most commonly 
used pore sizes) 

s 12175 (0.45 pm); 600 s 
have different effective 

Clean with 100 mL DIW ~ a j o r  ions and htrients; 
and remove residual ' trace elements with 
DI W , concentrations at about 

, 1 pg/L or greater 
Condition with 

20 mL IBW or 
10 mL sample 

Soak in HN03 rinse with Major ions and nutrients; 
IBW? Remove resid- trace elements with 
ual IBW concentrations at about 

1 pglL or greater 
Condition with 

20 mL IBW or 
10 mL sample 

 are-centimeter filtration area. Other disposable cap- 
tration area, media type, and media pore size. 

 or trace-metal analyses at nanogram-per-liter concentration levels, first acid rinse with 500 mL of I-N HCI 
(polysulfone membranes cannot withstand HN03). 

3~ubstitute HCI for HNO-,'~~ sampling includes nutrients. I 

' I 

I 

+ 
I 

I 

! 
I 
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I PROCESSING OF WATER SAMPLES- 

To prepare the work space, sample bottles, and capsule filter: 

+ 1. CHIDH: Put on one or several layers of gloves. 
2. CH: Assemble processing chamber, attach chamber cover, and change 

gloves. Place capsule filter and sample bottles into chamber, and run dis- 
charge end of peristaltic pump tubing into the chamber. Open D I W ~  con- 

, tainer and cover it with a plastic bag to prevent contamination from 
airborne particulates. 

3. CHIDH: (CH) Insert intake end of peristaltic pump tubing through the 
plastic covering and into a I-L container of DIW. 
a. (DH): Attach tubing to peristaltic pump head and pump DIW to'fill 

tubing. 

b. Discharge waste rinse water through a sink funnel or a toss'(waste) 
bottle. 

4. Discard DIW stored in DIW-prerinsed sample bottles. If sample bottles 
were not DIW-prerinsed by field personnel: 
a. Wearing gloves, rinse off exterior of each bottle. 

b. Pour DIW into bottle until about one-tenth full. 

c. Cap bottle and.shake vigorously about five times. 

d. Uncap and empty bottle. 

e. Repeat b-d of siep 4 twice (for a total of three times). 

+ f. Recap bottles until ready to field rinse. 

'office of Water Quality Technical Memorandum 92.01 describes the quality required of the 

+ deionized water. 

Processing of Water Samples (Version 2.4102) F~ltered Samples 



-PROCESSING OF WATER SAMPLES 

5 .  Clean the capsule filter. If the capsule filter was precleaned, go to the 
sections thit follow on "To filter a composite sample" or "To filter a 
pumped sample," as appropriate. The steps below comprise sufficient 
precleaning of the filter for inorganic analytes at the parts-peribillion 
(ppb) concentration level. More rigorous precleaning procedures that 
include rinsing with trace-metal-grade hydrochloric acid are required for 
samples containing ppb concentrations of target analytes (table 5-3). 
Only CH touches those portions of tubing that will be in direct con- 
tact with the DIW or capsule filter. 
a. CH: In the processing chamber, remove capsule filter from 

protective bags. 

Attach pump tubing to inlet connector of capsule filter, keeping 
tubing as short as possible. Make sure direction of flow 
through capsule filter matches the direction-of-flow arrow 
on the side of the capsule. 
To help minimize aeration of the sample (usually for ground- 
water samples), secure a short length of clean fluorocarbon 
polymer tubing onto capsule filter outlet to extend into the 
sample bottle so the bottle can be filled from the bottom up. 

b. CH/DH: Pump 1 L of DIW through capsule filter; discharge waste 
rinse water through a sink funnel or to a toss bottle. 

DH operates the pump at a low speed. 

CH inverts the capsule filter so the arrow on the housing is 
pointing up. (This expels trapped air from the capsule during 
initial filling; do not allow water to spray onto the chamber 
walls.) 

c. DH: Remove tubing from DIW reservoir and continue to operate 
pump in forward mid-range speed position to drain as much of the 
DIW that remains in the capsule filter as possible. While pump is 
operating, shake capsule filter to help remove any entrained DIW. 

d. CH: Detach capsule filter from peristaltic pump tubing, put it into a 
clean, sealable plastic bag, and place in a corner of the processing 
chamber until ready for use. 

Filtration procedures differ somewhat, depending on how the sample is 
collected. If the sample is collected using discrete collection equipment, such . 
as the surface-water bag or bottle sampler or ground-water bailer, use the 
procedures described below in "To filter a composite sample." If the sample 
is collected by pumping it directly from the source, use the procedures 
described below in "To filter a pumped sample." Ground-water samples 
usually are not collected as a composite. If samples are to be withdrawn from 

I 
- -- 
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a well using a bailer, consider using a bailer to which the capsule filter or 
other filtration device can be connected inline to the bailer bottom-emptying 
device. Pouring a sample from the top of the bailer into another receptacle 
aerates the sample and therefore is not a generally recommended procedure 
for processing ground-water samples. 

To filter a composite sample (generally for surface water): 

1. Field rinse peristaltic pump tubing with the water to be sampled. 
a. CH: Rinse the outside of each end of the peristaltic pump tubing. 

b. CH: Transfer intakk end of peristaltic pump tubing into composite 
sample. If a churn splitter is used, transfer intake end of peristaltic 
pump tubing through churn funnel and reseal plastic bag around the - 

tubing. 

c. DH: Start peri'staltic pump to bliwly pump sufficient sample to 
completely fill pump tubing. 

d. CH: Discard rinse water through the sink funnel or into a toss bottle 
or other receptacle and dispose of appropriately. Prevent water from 
ponding in the processing chamber. . ' 

e. DH: Stop peristaltic pump after tubing is field rinsed. 

2. Field rinse capsule filter: 
a. CH: Remove cleaned capsule filter from plastic bag and attach 

discharge end of the peristaltic pump tubing to the inlet connector 
on the capsule filter. 

A clean, small plasti'c hose clamp may be used to'secure the 
discharge end of the tubing to the capsule filter inlet connector. 
Check that the direction of sample flow through the capsule filter 
matches'the direction of the arrow on the capsule. 

b. DH: Operating the pump at low speed, pump sample through the 
I 

tubing to the capsule filter. 
1 I , /  I 

c. CH: Turn capsule filter so that the outlet is pointing up (arrow on 
capsule housing is pointing up)' and flow of the sample forces 

I ' 
trapped air out of the cap~ule~filter while it is filling.'Do not let 
sample spray onto chambericover. 

The chamber cover must be thanged if sample ha$ sprayed onto 
it. . I 

If some water that sprayed onto the chamber cover has dripped 
into the samplebottle, discard the bottle, change the cover, and 
collect a new sample. 

Processing of Water Samples (Version 2,4102) Filtered Samples , 



-PROCESSING OF WATER SAMPLES 

d. DH: Stop the peristaltic pump as soon as the capsule filter is full of 
sample and all air in the capsule filter has been expelled. 

TECHNICAL NOTE: The goal is to minimize clogging 
the filter medium with suspended materials by 
minimizing the volume of sample that will be used to 
field-rinse the filter. 

1. Collect sample filtrate,. 
a. CH: Check that there is a tight connection between the pump tubing 

and the capsule filter. 

DH: Check that the intake tube is properly inserted in the sample 
and start the pump. 

CH: Collect a maximum of 25 mL of the water to be sampled as it 
discharges jthrough the filter. Do not exceed 25 mL. 

CH: Field rinse a precleaned 250-mL FA bottle for trace-element 
sample only with sample filtrate. 

DH: Stop the pump in time to prevent losing filtrate to waste. 

CH: Cap bottle, shake vigorously, and then discard rinse water into 
appropriate receptacle. 

b. DH: Start pump and resume flow from pump to the filter. 

CH: Filter only the next 200 mL of the sample into the trace- 
element FA bottle (fill to top of upper lip of standard 250-mL 
polyethylene bottle).'Cap bottle securely and set aside for chemical 
treatment: 

c. DH: Stop the pump after the trace-element FA bottle is filled. 

d. If a filtered mercury sample is required, restart pump and repeat 
steps 3a-c, substituting a FAM bottle for the FA bottle. 

e. CH: Field rinse any remaining sample bottles for inorganic 
analyses. Use no more than a total of 100 mL of filtrate per 
capsule filter to field rinse any remaining bottles for .filtered 
sample. 

f. Fill remaining bottles in the following order: (1) major cations, (2) 
nutrients and major anions (including alkalinity), (3) 
radiochemicals (Appendix A5-A), and (4) stable isotopes. Cap each 
bottle immediately after filling. 
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PROCESSING OF WATER SAMPLES -I 
To filter a pumped sample (usually ground water): 

+ 
Ground-water samples usually are withdrawn from a well by means of a 
submersible pump. Note that this method might be appropriate for some 
surface-water samples:.The capsule filter or other filter assembly is 
connected inline with the Sample tubing in order io collect samples directly 

' from the well. 

b When sampling ground water, DH should check that the turbidity values 
recorded at the end of purging have remained stable. Equipment changes 
or adjustments that disrupt sample flow can affect sample turbidity and 
should be avoided. If sample flow is disrupted, pump for several minutes 
until ambient turbidity values are reestablished. 

b Maintain a smooth, uniform flow. Do not stop pump or divert flow from 
capsule filter or other filter assembly during bottle field rinse or filtration, 
if possible. 

TECHNICAL NOTE: If using a three-way valve, changing the 
setting to divdrt the flow of sample being pumped to the filtek with 
a submersible pump can cause air bubbles to form, can air-block ' 
the filtration equipment, and can cause changes in pumpink rate 
that could result in increased turbidity. These effects should be 
avoided to preserve sample integrity; therefore, flow to the filter 
should not be stopped unt~l all filtration is complete. , 

1. Field rinse the capsule filter with sample water: 
a. CH: Ensure'that the sample line is full of sample and free of . 

bubbles; then attach the discharge end of the sample line to the inlet 
connector on the capsule filter. 

Practice your technique for-attaching the capsule filter to the 
tubing carrying flowing water so that water does not spray onto 
chamber walls. 
Check that the direction of flow matches the direction of the 
arrow on the capsule. 

b. DH: Adjust the sample flow through the sample line to the capsule 
filter, keeping a slow rate of flow. 

c. CH: Turn the capsule filter so the outlet is pointing up (arrow on 
capsule housing is pointing up) and the flow of sample forces 
trapped air out while the capsule filter is filling. 

Do not allow water to spray Ionto chamber walls. 

The capsule filter should be full of sample. No airshould be left 
in the capsule filter. 

1 

I 

I 
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-PROCESS~N'G OF WATER SAMPLES 

d. Field rinse bottles for inorganic-constituent filtered samples with 
sample filtrate (section 5.0.3). Use bottles that were already rinsed 
three times with DIW. Determine whether the potential clogging of 
pores in the filter medium is of concern for your samples (see 
TECHNICAL NOTE below). 

C H :  Fill a 250-mL FA bottle for trace elements with 25 mL of 
sample filtrate; cap, shake vigorously, and discard rinse water into 
appropriate receptacle. 

C H :  Fill a FA bottle for trace elements with about 200 mL of sample 
filtrate (to top of upper lip of 250 mL bottle). Cap bottle and set 
aside for chemical treatment. 

C H :  If a mercury sample is required, field rinse and fill a FAM 
bottle using the same procedure as for the 250-mL FA bottle. 

CH: Field rinse remainingbottles, trying to use no more than an 
additional 100 mL' of sample filtrate. 

TECHNICAL NOTE: Depending on sample turbidity and 
composition, the nominal pore size of filter media tends 
to decrease as the volume of sample passed through the 
filter increases because pores are clogged by sediment 
loading or mineral precipitation on the filter (Horowitz 
and others, 1994). Ground water with turbidity 55 NTU 
should not affect filter pore size appreciably. To minimize 
the chance of filter clogging, limit the volume of sample 
passed through the filter by eliminating the field rinse- 
be sure that you use clean bottles and fill them one after 
the other. For ground-water sampling, do not stop the 
pump during the field-rinse and sampling process. 

e. C H :  Collect sample filtrate immediately into any remaining bottles 
in the following sequence (flow rate should be slow enough to avoid 
splashing sample out of the bottle): (1) major cations, (2) major 
anions and nutrients (including alkalinity sample for field titration), 
(3) radiochemicals (check Appendix A5-A for bottle-rinse and 
filtration requirements), (4) stable isotopes. 

f. C H :  Cap each bottle immediately. 
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. PROCESSING OF WATER SAMPLES 
I -r7 

After collecting filteqed samples: 
I I 

+ 1. CH: If samples require chemical treatment, place FA bottles in the pres- 
ervation chamber and go to section 5.4. I 

2. For filtered samples that do not require chemical treatment: 
a. CH: Set samples outside processing chamber. 

I 

b. DH: Check that information on the bottle label is coriect and 
complete. 

c. DH: Pack samples that require chilling in ice or refrigerate 
immediately. 

d. DH: Pack remaining samples for shipping (section 5.h). 

3. Rinse all reusable equipment with DIW immediately-before equipment 
dries. 

, CH: If equipment will be reused at another site before returning 
to the office, rinse immediately with DIW and field clean tubing 
and other sample-wetted parts of the equipment using the 
prescribed cleaning procedures (NFM 3). 
CH: If equipment or tubing will not be reused before returning 
to the office, rinse immediately with DIW and store rinsed tubing 
and equipment in plastic bags for office or laboratory cleaning. 

4. Discard the capku'le filter after filtering each sample-40 not reuse. 
5 .  Document the filtration procedures used on field forms and in field notes. 

Processing of Water samples' (Version 2.4/02) Filtered Samples I 



! 48 PROCESSING OF WATER SAMPLES 

5.2.1.B Plate-Filter Procedure 

I 
The filtering procedure using a 142-mm-diameter plastic plate-filter 
assembly is described below. The procedure remains basically the same for 
plate-filter assemblies of different diameters. 

I Prepare and precondition plate-filter assembly: 

The following instructions pertain to either a 142-mm-diameter or a 47-mm- ' diameter plastic plate-filter assembly and require that the assembly 
components have been rigorously cleaned (NFM 3). To avoid recleaning in 
the field, prepare a set of filtration ,equipment for each well or surface-water 
sampling station. (Ignore Step 3 below if plate-filter assembly has been 
rinsed in the office.) 

CH: Put on gloves. In a processing chamber, open a clean plate-filter 
assembly and load with the filter. 
a. Using nonmetallic forceps, place the bottom retaining screen on the 

base of the filter assembly. Do not interchange bottom and top 
retaining screens. 

b. Place the filter on top of bottom retaining screen using clean, blunt 
plastic or ceramic forceps. Do not touch the filter with hands 
(gloved or ungloved). 

Be sure that only one filter is transferred from its original 
container directly to the plate of the filter assembly. Take care 
not to transfer the paper liner that separates each filter. 
The filter should never be removed from the original container 
until each is transferred to the plate-filter assembly for use. 
(Exception: polycarbonate (Nuclepore) filter medium is 
precleaned with acid solution. If transferring one of these, hold 
the filter with forceps and rinse off acid with inorganic blank 
water (IBW) dispensed from wash bottle.) 

c. Using forceps, place the top retaining screen on top of the filter. 

TECHNICAL NOTE: If filtering sediment-laden water, a 
prefilter can. be placed between the filter and the top 
retaining screen. 

I d. Dispense 10 to 20 mI; of DIW from a wash bottle onto the filter. 
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c .  CH: Remove peristaltic pump tubing from the inlet connector of the 
plate-filter assembly and hold the end of the tubing over the sink 
funnel or toss bottle. 

d. DH/CH: Start the peristaltic pump in the forward position at slow 
speed and pump sufficient sample to fill and rinse all pump tubing. 
Stop the pump after the tubing is rinsed. 

5 .  CH: Attach the discharge end of the peristaltic-pump or submersible 
pump tubing to the inlet connecto! o_f the plate-filter assembly. 

Keep tubing as short as practical. 

A clean, small, plastic hose clamp can be used to secure the discharge 
tubing to the inlet connector. 

6. DH: Start sample flow to the plate-filter assembly. 

7. CH: Vent trapped air and rinse plate-filter assembly as instructed in steps 
3 b-d above. 

If using a peristaltic pump, turn pump on low speed. 
If using a submersible pump, maintain a slow and steady flow rate. 

8. CH: Rinse appropriate sample bottles once with filtrate. Filter no more 
than 100 mL of sample for the final rinse of all sample bottles that 
require rinsing. 

9. Filter samples, filling bottles in the following order, as applicable to 
study objectives and sample designation: 
a. Trace elements 

TECHNICAL NOTE: Study objectives and data-quality 
requirements govern procedures to be used if the filtered 
trace-element sample is to reflect concentrations of 
analytes in true solution (the dissolved 'fraction). Such 
interpretive studies of ground-water or surface-water 
chemistry commonly use 50.1-pm filter media and plate- 
filter assembly or a tangential flow method of phase 
separation. Note that any deviation from the standard 
procedure for collecting filtered trace-element samples 
through the 0 . 4 5 - ~ m  capsule filter must. be documented 
and reported with the analytical results. 

b. Major cations 

c. Nutrients, major anions, and alkalinity sample . . 

d. Radiochemicals 

e. Isotopes 
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PROCESSING OF WATER SAMPLES- 

10. CH: If the filter medium clogs before the needed volume of water is fil- 
tered, carefully remove the filter and replace with a new filter. Repeat 

+ steps 1 through 7. Cap each bottle immediately after filling. 
11. If samples require chemical treatment +GO to section 5.4. 
12. DH: After filtration, 

a. Check that information on the bottle label is complete and set the 
samples aside for shipping (section 5.5). Samples that must be 
chilled need to be refrigerated or packed in ice as quickly as possible 
and maintained at 4OC without freezing. 

b. Disconnect and disassemble the plate-filter assembly. Discard the 
used filter. 

c. Rinse all equipment with DIW immediately after use and before it 
dries. Equipment that has dried after sampling without being rinsed 
or cleaned needs to be cleaned vigorously with a detergent and 
rinsed with DIW before the next use. Nonmetallic equipment must 
also be acid rinsed. 

d. Put rinsed tubing in a plastic bag for cleaning at the office 
laboratory. 

e. If equipment is to be used at the next site, field clean all the 
equipment using the procedures described in NFM 3. Field cleaning 
between sampling sites is carried out while still at the sampling site. 

+ , 13. Document on field forms and in field notes any modifications to the fil- 
tration procedures used. 

I 

I 

51 

ORGANIC COMPOUNDS 5.2.2 
I 

1 I 
Standard procedure for phase separation of general trace-organic compounds 
involves the use of a stainless steel or aluminum 142- (or 293-) mm-diameter 
plate-filter assembly with glass-fiber filter media and a valveless piston or 
fluorocarbon polymer diaphragm-head metering pump (settion 5.2.2.A). 
Equipment and procedures differ when filtering samples for dissolved and 
suspended organic carbon (section 5.2.2.C) and optionally for  
organonitrogen herbicide analyses (section 5.2.2.B). Required conditioning 
for filter media is discussed below and summarized in table 5-4. 

+ 
I 

I 
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4 52 PROCESSING OF WATER SAMPLES 

Table 5-4. Field conditioning requirements for media used to filter samples for organic- 
compound analysis, ' 

'DO not reuse filters. 
2 ~ s e  only glass-fiber filters that have been adequately baked. . 

The procedures for filtering samples for analysis of trace-organic 
compounds, including volatile organic compounds, pesticides, and base- 
neutral compounds, are summarized from Sandstrom (1995). CHIDH 
techniques and associated QA procedures for inorganic analytes with parts- 
per-billion concentrations are not required for organic analytes but are 
recommended as good field practices to maintain the integrity of sample 
chemistry. Field personnel must wear disposable, powderless gloves 
(gloves). These gloves must be able to withstand any solvents or other 
chemicals that will be used during sample processing and equipment 
cleaning. Equipment and supplies used to filter different types of organic 
compounds are described in NFM 2. Additional information about organic- 
compound filtration can be found in Ward and Harr (1990), Manning and 
others (1994), Shelton (1994), and Koterba and others (1995). 
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PROCESSING OF WATER SAMPLES 3 ' $5  
Plate-Filter Procedure 5.2.2.A 

I 

Read through the procedures described in Sandstrom (1995) and presented 
in tables 5-4 and 5-5 and in figure 5- 1.  Obtain the equipment needed (table 
5-5), test equipment operation, and collect an equipment blank if needed. 
Filtering samples for organic-compound analysis inside a processing 
chamber and using Clean Hands (CH)/Dirty Hands (DH) techniques is not 
mandatory but is recommended. 

d Table 5-5. Equipment for filtration of water-sediment samples for determination of organic 

[Modified from Sandstrom (1995); FEP, fluorinated ethylene-propylene; mm, millimeter; mllmin, milliliter 
per minute; L, liter; pm, micrometer; OC, degree Celsius] 

~escr ip t lon  of equipment i . 

111 1 Container for unfiltered sample. Clean, laboratory-grade glass bottles with fluorocarbon 
polymer-FEP-lined lids. I 

Fluorocarbon polymer-FEP tubing, 6.35-mm outside diameter. 

Union. 6.35-mm tube (Swagelok Company, Solon, Ohio, No. SS-400-6 or equivalent). 

Fluorocarbon polymer-FEP convoluted tubing;6.35-mm outside diameter (Cole-Parmer 
instrument Company. Chicago. Ill.. No. L-06486-02 or equivalent). 

Tube fitting, 6.35-mm diameter tube to 6.35-mm dipmeter pipe thread (Swagelok Company. 
Solon, Ohio, No. SS-400-1-4 or equivalent). 

Pump, ceramic-piston, valveless, with 12-volt direct current motor, ~apable  of pumping from 
0 to 500 mumin (Fluid Metering, Inc,, Oyster B;~, N.Y., Model QB-I CSC or equivalent). 

Battery, 12-volt direct current. I 

# I  I Tube fitting, 6.35-mm diameter tube to 9.53-mm diameter pipe'thrend (Swagelok Company, 
Solon, Ohio. No. SS-400-1-6 or equivalent). I 

Ill I I 
In-line plate-filter assembly, aluminum (or stainless steel), 142-mm diameter (Geotech 

Environmental Equipment Inc., Denver, Colo., No. 0860 or equivhlent). I 
Glass-microfiber filter media, binder-free, 142-mm diameter. 0.7-pm nominal pore size 

(Whatman Inc., Clifton, N.J., GFIF grade, No. 1825C142 or equivalent). 
Note: The filters must be baked at 400°C for at least 2 hours and kept wrapped in aluminum 
foil before use. 

Bottle for filtered samples, amber borosilicate glass, 1 L with fluorocarbon polymer-FEP- 
lined cap. , I 

Fluorocarbon polymer-FEP squeeze (;ash) bottle for organic-grade blank water. 

I~tainless-steel forceps for handling the filters. , I 

Pmcessing of Water Samples (Version 2. 4/02) Filtered Samples I 



TEFLON-FEP 
CONVOLUTED 

TUBING 

54- 

CERAMIC-PISTON, 
VALVELESS 

METERING PUMP 

-PROCESSING OF WATER SAMPLES 

GLASS-FIBER 

I I 

UNFILTERED (0.7-micrometer pore FILTERED 
SAMPLE size, 142-millimeter SAMPLE 

diameter) 

filtering samples for analysis 

ORGANIC-GRADE 
FORCEPS /- WATER I N  TEFLON-FEP 

SQUEEZE BOTTLE 

I TO filter sample for analysis of general trace-organic compounds in 
solution: 

I 
1. CH/DH: Wear appropriate (latex or nitrile) gloves throughout sample 

processing. Change gloves after setting up equipment. (Wearing several 
layers of gloves can save time.) 

2. CH: Load the filter onto the plate-filter assembly within the processing 
chamber. 
a. Open precleaned plate-filter assembly. 

I b. Place one stainless steel support screen on the base of the plate-filter 
assembly-Use stainless steel forceps. 

c. Place one clean 0.7-pm pore-size glass microfiber filter on top of 
the screen. Do not touch the filter with fingers; use stainless steel 
forceps. 

d. Wet the filter with a few drops of pesticide-grade blank water 
(PBW) from a fluorocarbon polymer wash bottle to help keep the + 
filter in place as the unit is assembled. 
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PROCESSING OF WATER SAMPLES. 
I 

, , 

e. Close pl'ate-filter assembly-~li~n top and bottom plates. Lightly 
tighten the locking bolts or locking iing. Attach short length of 
fluorocarbon polymer tubing to the outlet of the plate-filter 
assembly to channel filtrate to a toss bottle, sink funnel, or drain. 

f. Add 10 to 20 mL of PBW rinse water through the inlet in the upper 
plate to wet the filter completely before tightening the clamps. (This 
rinse also helps prevent damage to the filter: a dry filter might 
rupture when the plate-filter assembly is tightened.) 

g. Tighten ,the locking boltsor r i ~ g  by hpnd. 0vertigqt{ning tin 
cause the plate-filter assembly'to warp and leak a'nd the filter to 
rupture. i , . 

CH/DH: Rinse the pump tubing (from a metering pump) or the sample 
tubing (from a submersible ground-water pump) with the 'water to be 
sampled. Discard rinse water into a sink funnel or toss bottle. 
Set up the pump 'for filtration. 

CH: If using a metering pump, place intake end of tubing into the con- 
tainer holding the sample. Attach-discharge end of pumpltubing to the 
inlet connectoriof the plate-filter assembly. Use a stainleis steel com- 
pression fitting of the appropriate size to secure the disch,arge hose to 
the inlet connector. 

CH:,If using a submersible pump, attach discharge end of the Sample 
tubing from the pump to the plate-filter assembly, keeping tubing as 
short as practical. Use a stainless steel compression fitting of the appro- 
priate sibe to secure'the discharge hose to the inlet connector. 

CH: Rinse and condition the filter. The total volume of samlile passed 
I 

through the filter: including rinse water, needs to be accurately deter- 
mined to f 1 mL and recorded in tde field notes. 
a. Turn on the metering pump at low speed or open the sample tubing 

from the submersible pump and operate at a low flow rate. 

b. Open the air-vent valve located on top of the plate-filter assembly. 
Tilt the assembly slightly to the side to allow all trapped air to 
escape (vent). 

c. Close the air-vent valve when,water discharges through the valve. 
I 

I 

J 
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-PROCESSING OF WATER SAMPLES 

d. Pass 100 mL of sample through the filter to remove any residual 
liquids from the cleaning or prewetting procedures. If concentration 
of organic compounds in suspended-material phase is to be 
determined: 

i. Capture the rinse water in a dry, clean, graduated cylinder. 

ii. Measure and record the actual volume of sample passed 
through the filter. 

e. Discard rinse water to a sink funnel or toss bottle. 

6 .  DH: Tare the weight of a clean, baked, glass sample bottle. (First check 
to see if this is required for the analytical procedures to be used.) 
a. Set up, level, zero, and check the accuracy of the balance with a 

reference weight. Record accuracy in field notes. 

b. Tare the weight of a dry, clean, capped 1-L amber bottle, and record 
the weight. Remove the bottle cap. , 

7. Filter and weigh each'sample. (Do not field rinse baked, glass sample 
bottles.) 
a. CH: Resume the flow of sample through the plate-filter assembly. ' , 

b. CH: Place the appropriate sample bottle under the outlet of the 
plate-filter assembly. 

c; CH: Collect approximately 1 L of filtered sample for each analytical 
schedule, but leave headspace in each bottle. If the filter medium 
becomes too clogged to proceed, go to step 13 below. 

d. DH: Cap the bottle(s) and pass sample(s) out of chamber. Wipe the 
bottle dry with a lint-free laboratory tissue, such as ~ i m w i ~ e ~ ~ ,  to 
remove any condensation from the outside of the sample bottle. 

e. DH: Weigh and record the amount of sample filtered (total weight 
minus tare weight of bottle). 

f. Chill samples immediately and maintain.at or below 4OC without 

freezing for shipment to the laboratory (section 5.5)'. 

+ 
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8. CH: Remove as much water as possible from the inside of tihe plate-filter 
assembly by usi'ng the metering pump to pump air through the sample 

+ tubing, or by pulling water out through the outlet nozzle with a peristaltic 
pump, or by using a syringe to apply positive air pressure to the inlet con- 
nector. This removes any residual sample and prevents spilling the water- 
sediment slurry when the plate-filter assembly is disassembled. 

9. CH: If sediment collected on the filter is to be analyzed for organic com- 
pounds: I 

a. Carefully disassemble the top of the plate-filter assembly. 

b. Using metal forceps, carefully fold the filter in halP and then in half 
again (quarters). 

c. Transfer the filter to a baked, wide-mouth glass jar with a 
fluorocarbon-polymer-lined cap. I 

I 

d. Record on the jar label and on field forms the total volume of sample 
that passed through the filter. 

I 

e. Chill and maintain the sediment sample at or below 401C for 

shipment to'the laboratory (sickon 5.5) 

10. DH/CH: Ifkediment on the filter will not be analyzed, disassemble the 
top of the plate-filter assembly and remove the filter with fokceps. Dis- 
card the filter appropriately. Rinse the plate-filter assembly components 
and tubing immediately after the filter has been removed. 

+ 1 1 .  DH/CH: If the equipment is to be used at a subsequent site, field 
, clean all equipment while equipment is still wet and before going to 

the next site. Clean with detergent solution, rinse with DIW, and final 
rinse with methanol--do not use methanol on equipment used for TOC, 
DOC, or SOC samples (NFM 3). If the plate-filter assembly! will not be 
reused before returning to the office, rinse all components with DIW. Put 
rinsed components and tubing in a resealable bag for cleaning at the 
office laboratory. 

12. Document on field forms and in field notes the filtration procedures used. 

I 

+ i 

I 

1 
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-PROCESSING OF WATER SAMPLES 

13. If the filtel,medium'becomes clogged before the required volume of 
sample has been collected, stop the metering pump or divert the sample 
flow from the submersible pump (see TECHNICAL NOTE below) and 
replace the blter with a new filter as indicated in steps a through f below. 

TECHNICAL NOTE: Diverting the flow of sample  being 
pumped with a submersible pump by use of a three-way valve can 
result in a temporary increase in turbidity (NFM 4). Allow 
turbidity to clear after reestablishing flow through the sample 
tubing and to the plate-filter assembly. 

a. Remove as much water as possible from inside the plate-filter 
assembly. The stainless-steel or aluminum plate-filter assembly 
does not have an upper support screen, so the filter cannot be 
backflushed. Remove the inlet tubing to the metering pump from the 
sample and either attach tubing from a peristaltic pump to the outlet 
and pull residual water out, or use a syringe to apply positive air 
pressure to the inlet connector. 

b. Remove the clogged filter with forceps. If sediment collected on a 
filter is to be analyzed for organic compounds, follow directions 
in step 9. 

c. Load the plate-filter assembly with a new filter and reassemble the 
unit as described in step 2. 

d. Prepare the filter as described in steps 2f and 5a-d, allowing the first 
125 mL of sample to remove any sediment particles that may have 
moved below the filter during the replacement procedure. Use a 
graduated cylinder to measure volume. 

e. Record the volume of sample rinsed through the plate-filter 
assembly if sediment collected on the filter is to be analyzed for 
organic compounds. Volume accuracy should'be It 1 mL. 

f.  Place a tared sample bottle under the plate-filter assembly outlet, 
resume the flow of sample through the filter, and continue to collect 
the sample filtrate. 
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Capsule-Filter Procedure for Processing 5.2.2.B 
Samples for Analysis of 0rganonibogen 

Herbicides (Optional) I 
The capsule-filter procedure for filtering samples for organonitrogen- 
herbicide analysis described below is provided if the option to process these 
samples onsite is selected. The steps'that follow are taken from Sandstrom 
(1995), which includes more detailed instructions and description of the 
equipment, including the 25-mm-diameter disposable nylon-media filter 
capsule (nylon filter): 

1. Before leaving for the field site, clean the nylon filter. I 

a. Put on appropriate, disposable, powderless gloves (gloves). 

b. Place intake end of the metering pump tubing into the methanol. 

c. Pump about 10 mL through the nylon filter to a used-methanol 
disposal container. 

Processing of Water ~ a m ~ l : e s  (Version 2,4102) Filtered Snmples 



2. At the field'site, cover the field bench or table with a sheet of aluminum 
foil or Teflonm to prepare a clean work surface. 

3. Place equipment and supplies on the clean work surface. Remove foil or 
other wrapping from precleaned equipment. Change gloves. 

4. Remove the nylon filter from the plastic bag. Rinse the discharge end of 
the pump tubing with methanol. Discard used methanol to a proper waste 
container. Attach the metering-pump tubing to the capsule inlet; keep 
tubing as short as possible. 

5 .  If filtering with a metering pump; transfer the intake end of the pump 
tubing to the sample. If using a submersible pump to collect the ground- 
water sample, redirect the sample flow to and from the nylon filter as 
needed, using a manifold flow-valve system. 

6. Purge air from the sample tubing. Before connecting the nylon filter, 
allow ground-water sample to flow through the tubing at a very low rate. 
This will require just a few milliliters of sample if a metering pump is 
used. With sample flowing, connect tubing to the nylon filter.,(Use a 
LuerTM connector of appropriate size to secure the discharge hose to the 
inlet connector.) 

7. Collect at least 100 mL of filtrate in a 125-mL baked amber glass sample 
bottle. Do not completely fill the bottle. Allow 2-3 cm of headspace. The 
headspace leaves space for matrix spike standards to be added (if 
required) and prevents sample loss if the sample freezes. 

8. If the nylon filter medium becomes clogged before a sufficient amount of 
sample has been filtered, replace it with a new nylon filter and repeat 
steps 6 and 7 until at least 100 mL have been collected. 

9. When filtering is complete, cap the bottle firmly. Chill and maintain the 
sample at or below 4OC without freezing during storage and shipment to 
the laboratory (section 5.5). 

10. Discard the-nylon filter. Field clean the pump and tubing as described in 
NFM 3 before using the equipment at the next site. 

1 1 .  ~ocument 'on field forms and in field notes the filtration procedures used. 
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7 

+ Procedures for Processing S,amples 5.2.2.C 
for Carbon Analysis . , 

Standard methods are described in this section for processing a sample for 
analysis of (1) total particulate carbon (TPC), particulate inorganic carbon 
(PIC), and particulate organic carbon (POC)'; and (2) dissolved organic 
carbon (DOC). The specific method to be used depends on the target analyte 
and the choice of filter type and filtration equipment, which are to be 
documented on field forms and in field notes. 

b TPC (Total Particulate Carbon), PIC (Particulate Inorganic 
Carbon), a n d i p O c  (Particulate Organic Carbon). Filtration of the 
sample requires a 25-mm glass-microfiber filter (see UPDATE below). 
Particulate organic carbon is determined by subtracting the laboratory- 
analyzed concentrations of particulate inorganic carbon from total 
particulate carbon; that is, POC = TPC - PIC. 

b DOC (Dissolved Organic Carbon). Filtration of the sample requires 
either a disposable capsule unit with a polysulfone pleated filter or a 
25-mm glass-microfiber filter (GFIF) (see UPDATE tielow). 

UPDATE: The NFM-5/99 version of this section (5.2.2.C) 
entitled "Gas-Pressurized Filter Procedures for processing 
Samples for Analysis of ,Dissolved and Suspended Organic 

' 

Carbon." which was based on a field method using silver filters, 
has been mo;ved to Appendix A'5-D. That method i,s no lo~nger 
used in USGS studies as a standard. procedu're. because 'of the 
decreasing availability of the silver filters (Office of Water 
Quality Technical Memoraridum 2000.08). 

'POC, determined by a calculation, is distinguished from the suspended organic carbon (SOC) 
analysis, which is determined by direct analysis of organic carbon residuelon a silver filter. 
USEPA method 440.0 is used for laboratory analysis of the TPC and PIC Aayples and also 

+ provides direct determination of total particulate nitrogen ( F N )  concentration. 

- 

Processing of Water Samples (Version 2. 4/02) 
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-PROCESSING OF WATER SAMPLES REPLACEMENT SECTION 

Equipment an$ equipment-cleaning procedures 

The equipment Aekded to process samples for analysis of TPC and PIC 
depends on whether the pressure-filtration method (table 5-6a) or the 
vacuum-filtration method (table 5-6b) will be used. The equipment options 
for processing samples for analysis of DOC are given in table 5-6c. (Refer to 
Appendix AS-D if the silver-filter method will be used to process samples for 
analysis o'f TOC, SOC (suspended organic carbon), or DOC.) 

Equipment should be cleaned while still wet from sampling, preferably 
before leaving the field site. Immediately after each use, rinse the carbon- 

equipment at least three times with DIW and store it in a plastic 
bag until sampling is complete and there is time to clean the equipment using 
USGS standard procedures. 

b Clean the carbon-collection and carbon-processing equipment 
according to the standard procedures described in NFM 3.3.4.C. Do 
not use methanol or any other organic solvent to clean this 
equipment (see TECHNICAL NOTE). 

b If it is necessary to return to the office before cleaning the equipment, 
be sure to field rinse the equipment onsite immediately after use and 
then place it in a clean plastic bag for transport. 

b After the equipment has been cleaned, double-wrap all apertures and + 
the filter apparatus with aluminum foil and store them inside a sealable 
plastic bag for transport to the next site or storage in the office. 

TECHNICAL NOTE: Periodically check the NFM 
Comments  and Errata page (h t tp : / /water .  
usgs.gov/owq/FieldManual/mastererrata.html)under 
Chapters A3 and A5 for an update or any changes in 
equipment-cleaning procedures. If a circumstance arises 
in which methanol-cleaned equipment must be used to 
collect samples for DOC analysis, it is necessary to (1) 
record and report the total volume of water that has 
passed through the equipment before the DOC sample is 
collected, (2) collect a field blank sample for laboratory 
analysis by passing organic-grade blank water through 
the equipment, (3) collect a source-water blank for 
laboratory analysis, and (4) compare the laboratory 
results of carbon concentrations for the environmental 
and quality-control samples and document the results in  
field notes and in any report in which the DOC data are 
presented. 
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REPLACEMENT SECTION PROCESSING O$ WATER SAMPLES 

+ . Table 5-6a. Equipment and supplies used to process samples'for analysis of 
total particulate carbon and particulate inorganic carbon using the pressure- , 

filtration method 
[FEP, fluorinated ethylene-propylene; DOC, dissolved organic carbon; mm, millimeter; Fm, 
micrometer; OC, degrees Celsius; mL, milliliter; in, inch; oz, ounce; 1bs1&~, pounds per square 
inch; m a ,  milligrams per liter; VOC, volatile organic compound] 

Item 

FEP pressure-filtra- 
tion apparatus 
(DOC-25) 

, supplier lor USGS 
One Stop Shopping 

, 1 1  Item I  umber' 
Holds a 25-mm filter Q444FLD 

I ~ i n ~  stand and clamp I ~ o l d s  the DOC-25 filtration unit 1 open market I 
Filter, in-line vent, 

50 mm 

Peristaltic pump 

I I 

Precombusted (baked) 125 mm. 0.7-um pore size. laboratorv-baked at 1 ~ 4 4 1 ~ ~ ~  1 

. . I - I - 

glass-microfiber 

0 . 2 - ~ m  pore size; pre-filter to remove 
airborne particulates' 

Adiustable flow rate 

Q445FLD 

Ope'n market 

Q432FLD or Open 
market 

C-Flex tubing 

Glass cylinder 

Aluminum foil squares 

Whirl-Pak bags 

Whirl-Pak bags 

For use with pump 

. . , 4oO0C 
I 

(3 filters are required) 

Standard metal forceps for handling filter 
media 

Q347BACT 

100-mL graduated cylinder, cleaned 

6 in x 6 in 

6 oz 

18 oz 

Open market 

Q443FLD 

Q22FLD 

Q2lFLD 

Aluminum foil 

Cooler and ice .* 

Pressure gage 
(optional) 

Replacement filter- 
support screen 

Organic grade water 
(if using this method 

for DOC process- r- 

Heavy duty 

Standard; check with shipper for size and 
I weiaht restrictions 

ing) 

Open market 

Open market 
- 

25 mm, either stainless steel or polysulfone 

i 

Pall Gelman Laboratory 
Part nos. 79791 or 
87265 

Glycerin-filled. 0-30 lb/in2, io be inverted 
into side of a plastic! tee that is positioned 
in-line between the peristaltic pump and 
the DOC-25 filtration unit. 

 h he equipment designated by the letters Q or N preceding a unique number is supplied exclu- 
sively for USGS studiesithrough the USGS internal One Stop Shopping. The USGS performs 
quality-control checks for such equipment. Such equipment can be obtained for non-USGS 
studies on the open market or other source specified by the user. "Open market" designates 
equipment to be obtained from a retail or other vendor. 

Cole Parmercatalog no. 
: P-07370-70 or 
kquivalent 

==ory analysis of the water must certify 
a concentration of organic carbon that is 
less than the long-term laboratory report- 
ing limit for DOC (currently ~ 0 . 1 6  mg/L). 
Check the laboratory analysis for the lot 
number to confirm that it can be used. 

Pmcess~ng of Wnter Samples (Version 2.4102) Filtered Samples I 

N 1590 (Pesticide-grade 
blank water) or 

N 1580 (VOC-grade 
blank water) 



Filter funnel Polysulfone, 25 mm with 200-mL reservoi? 

hand pump 

For use with pump 

. . . , . . 
Table 5-6b. ~ b u i ~ m e n t  and supplies used to process samples for analysis bf 
total particulate carbon and particulate inorganic carbon using the vacuum- 
filtration method 
[mL, milliliter; mm, millimeter; pm, micrometer; OC, degrees Celsius; in, inch; oz, ounce; 
FEP, florinated ethylene-propylene] , . 

filters (GFIF) 40O0C (3 filters are required) 

Q432FLD or Open 

Supplier o r  USGS 
One Stop Shopping 
. Item   umber' 

Open market 

Item . 

Filtration flask 

' ~De$cription/Comments, . , 

Polypropylene, 500 or 1,000 mL 

I Whirl-Pak bags 11802 I ~2 1 FLD I 

Glass cylinder 

Aluminum foil squares 

Whirl-Pak bags 

h e  equipment designated by the letters Q or N preceding a unique number is supplied exclu- 
sively for USGS studies through the USGS internal One Stop Shopping. The USGS performs 
quality-control checks for such equipment. Such equipment can be obtained for 'non-USGS 
studies on the open market or other source specified by the user. "Opeli market" designates 
equipment to be obtained from a retail or other vendor. 

2 ~ h e  filter-support screen can be replaced with a stainless-steel screen like the one used in the 
FEP pressure-filtration apparatus. Contact Pall Gelman Laboratory. 600 Wagner Road, Ann 
Arbor, MI, 481 03-901 9; phone (734) 665-065 1. 

100-mL graduated cylinder 

6 in x 6 in 

6 oz 

Aluminum foil . 

Cooler and ice 
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Heavy duty 
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weight restrictions 1 
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REPLACEMENT SECTION PROCESSING OF WATER SAMPLES- 

Table 5-6c. Equipment and supplies used to ~jrocess samples for analysis of 
dissolved organic carbon , 

I + 
[pm, micrometer; GFF, glass dicrofiber filter; mm, m~llimeter; OC, degrees ~ e l s i u s ;  FEP, flori- 
nated ethylene-propylene; oz, ounce; mL, milliliter; DOC, dissolved organic carbon; <, less than; 
mgL, milligrams per liter; N, normal; VOC, volatile organic compound] 

I $  1 I ~ u p p l i d r ~ o r ~ ~ ~ ~  I 
I Description and Comments I One stdp ~ h ; p p i n ~  

l tem  umber' I 

N1590 (Pesticide-grade 
blank water) or , , I 

Gelman Sciences 
Supor capsule filter 

i 

------------or-------------- 
Precombusted (baked) 

glass microfiber fil- 
ters (GFIF) 

4-ozamber glass bottle. 
baked 

Sulfuric acid (H2SO4) 
preservative 

Organic-grade water 

N 1580 kvoc-grade 
blank water) 

Pleated polysulfone filter medium, in dispos- 
able polypropylene casing, 0.45-pm pore 
size 

----------------------------or-------------------------. 
25-mm diameter, 0.7ym nominal pore size, 

laboratory baked at 400°C 

FEP pressure-filtration apparatus or filtration 
flask with funnel and associated equipment 
is required, as indicated In table 5-6a and 
table 5-6b, respectively 

Bottles (125 mL) supplied for DOC samples 
have been pre-cleaned and baked at 400°C 
and qual~ty-controlled to meet a detection 
limit criterion for organlc carbon of ~ 0 . 1  
mglL 

4.5N-H2S04, supplied in I-mL vials 

Laboratory analysis of the water must certify a 
cohcentration of organic carbon that is less 
than the long-term laboratory reporting limit 
for DOC (currently cO.16'mgL). Check the 
laboratory analysis for the lot number to 
confirm that it can be used. 

1 Aluminum foil 1 Heavj duty . lopen make1 ' 1 
Open. market I Cooler and ice Standard; check with shipper for size and 

weight restrictions 

Processing of Water Samplks (Veision 2.4102) , , , 
, , 

Foam bottle sleeve 

, . 
, ; ,'Filtered Samples 

, ~ I 

?he equipment designated by the letters Q or N preceding a unique number is supplied exclu- 
sively for USGS studies through the USGS internal One Stop Shopping. The USGS performs 
quality-control checks for such equipment. Such equipment can be obtained for non-USGS stud- 
ies on the open market or other source specified by the user. "Open market" designates equipment 
to be obtained from a retall or other vendor. 1 1  

Individual bottles are slipped into foam sleeves 
to protect from breakage. 

Q137FLD 



-PROCESSING OF WATER SAMPLES REPLACEMENT SECTION 

TPC, PIC, ,and . POC . sample processing 

The sample-&ockssing options described below involve use of either the 
pressure-filtration or vacuum-filtration method. The equipment and supplies 
needed are listed in tables 5-6a and 5-6b, respectively. Particulate analytes 
(TPC, PIC, POC, SOC) are reported in units of mass per volume (milligrams 
per liter), and therefore the volume of sample passed through each filter 
must be measured accurately and recorded on the field form and the 
Analytical Services Request (ASR) form. 

b The amount of water to be filtered to obtain a sufficient quantity of 
material for the analysis depends on the suspended-sediment 
concentration and/or on the concentration of humic and other 
substances (such as organic and inorganic colloids). 

b A graph of the historical stream stage plotted against suspended- 
materials concentration can aid in estimating concentrations of 
suspended materials. Suspended-material concentrations can be used 
to help select the volume of sample to be filtered for a POC 
determination (table 5-6d). 

b Record the filtrate volume. passed through each filter used for 
particulate analysis. This is critical for calculation of POC 
concentrations. 

Table 5-6d. Guidelines for selecting the volume needed for filtration of 
samples for analysis of suspended and particulate organic carbon 
[Guidelines are based on sand-sized materials; other physical property factors and 
chemical composition were not taken into account; mgL,  milligrams per liter; mL, 

. . milliliters; >, greater than] 
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Approximate concentration of 
suspended materials (mg/L) 
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REPLACEMENT SECTION PROCESSING OF WATERSAMPLES- 

To process samples for analysis of TPC and PIC: 
' . '  

8 <: ,,., - c  '1  
, : + 1. Sampling location and collection: Study objectives and site 

8 ;.,;!.! i 
.., ,,,..,,> 

,,.'i ,l;1.q,i.8. 
characteristics determine where the.sample will be collected. Follow 

,.. , ,  , , 

1 .  
, , ' I  guidelines for (1) preventing sample contamination 'as de' scribed in 

, , .>,;,-!? ' 
.:. -..;.:.: i 
,. , . .. . NFM 4.0, (2) using the appropriate isokinetic or nonisolijnetjc method 

.i . 
,, . ., 

, .. . . ,.:,' as described in NFM 4.1, and (3) preparing composites and subsamples 
f <;*:;*I 

,.:i L , , 
or discrete samples as described in NFM 5.0 through. 5.1.1 .2 Avoid the 

,; <f: :i 1. use of methanol-rinsed equipmeni. , . . , ;.<.!;.;,; -1, 
2. Select one of the following three options. (Note that th'e actllal volume 

of'sample needed is determined by the concentration of particulates for 
the specific site and not by the bottle volume.) 

Collect a discrete sample with a weighted bottie sampler a t  
centroid of flow (see NFM 4, section 4.1.1 .A, VCF method)-Load 
the sampler with baked 125-mL DOC bottles or a 1-L baked 
pesticide bottle, depending on the type ofisampler being used. Cap 
all bottles securely after they are filled with sample. 

, , . :; , , ,"- . , , .' Collect, composite, and process the sample through a cone 
' ,  , ~ ,  

. ,.$! : ' , splitter-using procedures described in 5.1.1 .B, collect the 
,:,; ' ' ' '. .,it:, ,$['? I. TPCIPIC subsample from the methanol-free cone splitter into a 
" '".'I ,{ ,,:. v; 
t ; :,,. .'.*? I 

, ' ,3:3':.. baked, l-L pesticide bottle or 'into three to four baked 125-mL D.OC 
! '.: .!., ,' bottles. Cap all bottles securely. 

Collect, composite, and process the sample through a churn 
splitter-Using procedures described in 5.1.1 .A, collect the 
TPCIPIC subsample from the churn splitter into1 a baked, l-L 
pesticide bottle or into three to four baked 125-mL DOC bottles. 
Cap all bottles securely. 

TECHNICAL NOTE: An experiment to test the effect of sand in 
the polyethylene churn spl i t ter  on part iculate  c'arbon 
concentrations showed that, under most sampling conditions, the 
abrasion of material from the chum by sand particles will result 
in negligible bias in the analytical results.  Caution is 
recommended in situations where very large concentrations of 
sand particles coincide with carbon concentrations that are close 
to the analytical minimum reporting limit (MRL). 

, ,s . , .. . .?L : 
.I .,. , 

,,. ,; .:):::: r 
.,:,.i;t'.c, : 

$,,:{I:. $1 k,. . ' , a r , > . ,  , ,  
i.<,! ,21;,'d t 

 he guidelines described were designed for syam sampling. These procedures can be adapted 
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#, , . ,%, . '  , 
for the collection of TPC, PIC, and TPN in ground-water samples, if nece'ssary. 
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68 PROCESSING OF WATER SAMPLES I REPLACEMENT SECTION 

I 3. Cover the bench or table with a sheet of aluminum foil to make a clean 
work surface. Put on disposable, powderless g loves . ' ~ s semble  
necessary equipment and supplies on the clean work surface. 

a. Fold into thirds the aluminum foil squaie(s) into which the filters 
will be placed. 

b. To remove airborne particulates, attach an in-line, 0.2-pin pore-size 
filter to the inlet side of a dry pump hose between the filtration 
apparatus and the peristaltic or-hand pump. 

c. Attach pump tubing to pump. 

d. Remove the aluminum foil wrapping from the equipment. 

e. Change gloves. , 

4. Prepare the filtration apparatus. 

Pressure-filtration method: 

a. Open the bottom of the DOC-25 filtration unit. 

b. Using metal forceps, place a 25-mm, 0.7-pm pore size, GFIF 
onto the support screen in the base of the DOC-25 apparatus. 

c. Push the bottom white ring that holds the filter base up against 
the filter unit and screw it onto the base of the filtration- 
apparatus barrel by screwing the blue top ring down onto the 
bottom white ring. 
- Finger-tighten only. Turning the bottom white ring 

will cause the outer edge of the filter to be cut off, 
making removal of,the filter difficult. 

- Take care not to wrinkle or tear the GFIE 

d. Place the DOC-25 app.aratus into the ring-stand clamp. Place a 
bottle or beaker under the DOC-25 filtration unit. 

e. Shake the sample vigorously to suspend all particulate matter 
and immediately pour an aliquot of the sample into the barrel of 
the DOC-25 apparatus. While pouring, ensure that the 
particulates remain suspended. 

f. Screw the top part of the DOC-25 apparatus onto the barrel and 
attach the peristaltic pump tubing. 

I U.S. Geological Survey TWRl Book 9 Chapter A5 (Version 2,4102) 
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Vacuum-filtration method: 

a. Place the filter funnel on the filter flask. + '  ' 
b. Lift the top part of the filter funnel. 

c. Using metal forceps, place the GFIF onto the base of the filter 
funnel; Make sure the filter is not wrinkled'or torn. 

d. Place the top part of the filter funnel back on the base. 
I e. Shake'the sample vigorously to suspend all particulate matter 

and immediately pour an aliquot of the sample into the filter 
funnel. While pouring, swirl sample to ensure that the 
particulates remain suspended (top of filter' flask can be 
covered with aluminum foil while swirling sample). 

f. Attach the pump tubing from thk perista~tid pump or hand 
pump to the vacuum flask. 

5. Apply pressure, (pressure filtfation) or suction (vacuum filtration) to 
start the flow of sample water through the filtration appar'atus. 

' 

If using a peristaltic pump to iressurize the DOC-25, install a 
pressure gage in the line. 

a. Do not exceed about 15 Ibs. of pressure. 

b. During pumping, a drop in pressure will signal when the last 
of the sample water has passed through the filter. 

After an aliquot of sample has been filtered, tap the bottom of the filter 
apparatus and increase the pressure slightly to*dislodde the remaining 
drops of sample water. When no more filtrate comes out: 

a. Depressurize the filtration apparatus carefully. 1 
- Pressure-filtration method: Remove the tubing to 

release the pressure and then remove the top of the DOC- 
25 apparatus. ~ h e b k  that there is no water on the filter 
and that the filter is covered with particulates. The 
particulate cake should not be extremely thick. 

- Vacuum~filtration method: Remove the foil cover and 
look into the top of the filter funnel. Check that,there is 
water on the filter and that the filter is covered with I 
particulates. . , 

; I 
1 

b. If the filter is dry but not covered with particulates, add another 
aliquot of sample by repeating steps 4e-f, 5, and 6a until the filter is 
loaded to capacity. It is important that all the water in the barrel 
be passed through the GFIF, leaving the filter "dry." 

+ c. After the filter is dry and covered with particulates,!go to step 7. , 

I 

/ 
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REPLACEMENT SECTION 

7. Po;ir the filtrate into a graduated cylinder and measure and'record the 
volume on the field f&m and on the "Comments to NWQL" line of the 
ASR form. ' 

8. Using organic-grade water, rinse any remaining particles from the sides 
of the DOC-25.sbarrel or the sides of the filtration funnel. Do not 
include the rinse water in the measured volume. 

9. Discard filtrate. Do not send this filtrate to the laboratory for 
analysis of DOC. 

10. After all the organic-grade water filtrate has passed through the DOC- 
25 filtration unit: 

a. Remove the DOC-25 apparatus from the ring stand. 

b. Continue pumping, rotating the DOC-25 apparatus at a slight angle 
while tapping the side of the filtration unit to evacuate any 
remaining water droplets that are clinging to the sides of the 
filtration unit. This procedure moves droplets toward the center of 
the filter surface for final passage through the filter. , 

c. The procedure is complete when filtrate droplets are entirely 
evacuated and have passed through the filter-holder funnel. 

11. After completing the rinse, depressurize the filtration apparatus. 
Change gloves. 

12. Lift the top off the filter funnel to check that the filter is dry before 
proceeding to carefully remove the bottom of the DOC-25 apparatus. 

a. Open the previously folded aluminum foil square and place it on the 
clean work surface. 

b. Gently remove the filter from the filter holder with metal forceps. 
Do not touch the filter with your fingers. Using two metal forceps: 

i. Place the filter so that it is centered on one of the 
creases in the aluminum foil square; start the fold , 
with the forceps, then press the foil down on top 
of the filter to complete the fold. 

ii. Fold it in half with suspended material on the ' 

inside. Do not lose any suspended material. 

I U.S. Geological Survey TWRl Book 9 Chapter AS,(Version 2.4102) 
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REPLACEMENT SECTION ; 
! 

PROCESSING. OE; ,WATER SAMPLES 4 
13. Repeat steps 4-12 two more times unt i l  a total.of three filters (two for 

TPC and one for PIC) have been processed. . I 
If the same volume of sample water was filtered through all 
three filters, place them all, side by side, into one aluminum-foil 
envelope. 

If different lvolumes have been filtered, use either three separate, 
properly labeled aluminum foil envelopes or use a single packet and 
write the volume for each filter on the outside of the foil in which 
each of the filters is located. 

. , .. . . , !  . 
, . : ..I,' .),i : a 14. Close the other flap of the aluminim foil. turning the ends up carefully. I 

i. Label the aluminum foil envelope(s) with site 
identification, date and time, total filtered 
vo lume of sample ,  l abora tory  samp1,e- 
designation code, and the laboratory schedule 
requested. 

ii. Do not use tape and, if a preprinted label is used, 
do not let it wrap around the ends of the envelope. 
'(The envelope will be opened and used at the 
laboratory when drying the filters.) I 

15. Place labeled aluminum foil envelope(s) into small (6 oz) Whirl-Pak 
bag(s) and seal the bag(s). 

16. Place the 6-02 Whirl-Pak bag(s) inside a large (18 oz) Whirl-Pak bag 
and seal the large bag. 

17. Place the la-& Whirl-Pak package into an ice-filled cooler and 
maintain the samples at or below 4OC during storage and shipment to 
the laboratory. , I  
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72 PROCESSING OF WATER SAMPLES I REPLACEMENT SECTION 

DOC sample processing 

The sample-pr'ocessing options described below involve filtering the sample 
either through a GFIF and pressure-filtration apparatus (the pressure- 
filtration method), or through a capsule filter (the capsule-filter method) 
(Office of Water Quality Technical Memorandum 2000.08). The pressure- 
filtration and capsule-filter methdds are described below and the equipment 
needed for each method is listed in tables 5-6a and 5-6c, respectively. The 
silver-filter method and equipment are described in Appendix A5-D. 

b Use organic-grade water when collecting an equipment blank or field 
blank for quality control. Organic-grade water is deionized water that 
has been certified by laboratory analysis of the lot to have an organic- 
carbon concentration that is less than the laboratory reporting limit 
(currently at 0.16 mgL for DOC). 

I b Each equipment or field blank designated for carbon analysis should 
be accompanied by a source blank collected from the same lot of 
organic-grade water as is used for the equipment and fieldblanks. 

TECHNICAL NOTE: A laboratory study to compare the 
results of the DOC analysis in same-source water that was 
filtered through 0.45-pm pore-size silver-filter media, the 
Gelman 0.45-pm SuporTM capsule filter, and 0.7-pm 
GFlF determined no statistically significant differences in 
DOC concentrations (Charles Patton and George Aiken, 
U.S. Geological Survey, written commun., 2001). 

b USGS designations and preservation treatment for various filtered 

I 
samples are listed below. The general order of preservation is to 
acidify all samples requiring HCl treatment first, followed by those for 
H2S04 treatment if nutrient samples are to be acidified, and then those 
for HN03 treatment. Wholewater samples are preserved along with 
their filtered counterparts. The chamber cover is changed with each 
change in the acid treatment. 

I FAM: filtered, acidified with HCI, for mercury analysis. 
FCC: filtered and chilled to 5 4 "C for nitrogen and phosphorus 
nutrient analysis. 
FCA: filtered, acidified with H2SO4, and chilled to 2 4 "C for 
nitrogen and phosphorus nutrient analysis. 
DOC: filtered, acidified with H2SO4, for dissolved organic 
carbon analysis. 
FA: filtered, acidified with HN03, for trace-element and 
major-cation analysis. 
FAR: filtered, acidified with HN03, for radiochemical 
analysis. 
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REPLACEMENT SECTION PROCESSING 0 8  WATER SAMPLES- 

Capsule-filter method: 

1. Collect samples. Set up a clean capsule filter and sample bottle(s) within 
a protective chamber using the Clean Hands method (NFM 4.0.1). 

/ 

a. Surface Water: Follow guidelines for (1) preventing sample 
contamination as described in NFM 4.0, (2) using the appropriate 
isokinetic or nonisokinetic method as described in ,NFM 4.1, (3) 
preparing composites and (or) subsamples or discrete samples as 
described in NFM 5.0 through 5.1.1, and (4) equipment selection 
and quality control as described in the TECHNICALGNOTE below. 

b. Ground water: Follow ~tandard'~uide1ines for (1); well purging 
(NFM 4.2),! (2) sampling (NFM 4.0, 4.2, 5.0, and 5.1.2), and (3) 
equipment iselection and qurility control as described in the 
TECHNICAL NOTE below. Use a clean bailer that has not contacted 
methanol if, other sampling equipment has beeri methanol-rinsed. 
Sample collection and filtration can be conducted in the same 
protective chamber. d- > 

TECHNICAL NOTE: Process the DOC sample after 
other filtered samples have been processed To prevent 
methanol contamination of the sample, do not use 
methanol-rinsed collection and processing equipment, 
and use a new capsule filter. Collection and analysis of 
field-blank and source-blank samples is recommended. If 
methanol-rinsed equipment must be used, collect~on of 
these blanks to correlate with each DOC sample is, 
required, regardless of the volume of water passed 
through the system before DOC sample collection. 
Taking these quality-control measures does not remove 
the possibility of methanol contamination of the sample. 
however. , 

2. Change gloves! Place a 125-mL baked glass amber bottle under the 
capsule filter outlet. 

I 
. , I  ' 

Do not field rinse the DOC bottle. , 

@ Do not splash sample water. 

Pass 1 L of organic-grade water (certified for, organic- 
carbon concentration of less than the laboratory reporting 
limit through the capsule filter). If collecting a quality- 
control sample, go to step 3. 
Pass at least 1 L of sample water through the capsule .. 

filter before collecting the DOC sample. 

3. Fill the bottle to its shoulder. . . 

4. Cap the bottle and transfer it to the preservation chamber. 

Processing of Wnter.Samples (Version 2,4102) 
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OF WATER SAMPLES REPLACEMENT SECTION. 

I 5. Change gloves. Open the DOC bottle in the preservation chamber. Add 
the contents of a I-mL H2SO4 vial to the DOC sample. 

I 6. Cap the DOC bottle securely. Shake the sample bottle vigorously to mix 
the sample and &So4. 

1 7.  Remove the DOC bottle from the preservation chamber. 

I 
8. Check that the bottle is labeled correctly and completely. Place the 

bottle in a foani-sleeve and then into an ice-filled shipping container. 

9. Maintain the sample at or below 4OC without freezing (NFM 5.5). 

I pressure-filtration method: 

1 .  Collect sample(s). 

a. Surface Water: Follow guidelines for (1) preventing sample 
contamination as described in NFM 4.0, (2) using the appropriate 
isokinetic or nonisokinetic method as described in NFM 4.1, (3)  
preparing composites and (or) subsamples or discrete samples as 
described in NFM 5.0 through 5.1.1, and (4) equipment selection 
and quality control as described in the TECHNICAL NOTE below. 

b. Ground Water: Follow standard guidelines for (1) well purging 
(NFM 4.2), (2) sampling (NFM 4.0, 5.0, and 5.1.2), and ( 3 )  
equipment selection and quality control as described in the + 
TECHNICAL NOTE below. 

TECHNICAL NOTE: To prevent methanol contamination of the 
sample, avoid using methanol-rinsed collection and processing 
equipment. If methanol residue is a concern, process the DOC 
sample either before introduction of any methanol-rinsed 
equipment or well after the work area has been cleared of 
methanol-rinsed equipment and methanol fumes. Collection and 
analysis of field-blank and source-blank samples is 
recommended. If methanol-rinsed equipment must be used, 
collection of these blanks to correlate with each DOC sample is 
required, recording the volume of water passed through the 
system before DOC sample collection. Taking these quality- 
control measures does not remove the possibility, of methanol 
contamination of the sample, however. 
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REPLACEMENT SECTION, PROCESSING OF WATER SAMPLES. 

' 2. Cover the bench or table with a sheet of aluminum foil to make a clean 
work surface. Assemble the necessary equipment on; the' clean work 
surface, wearing disposable powderless g!oves. 

a. When using the DOC-25 filtration apparatus, remove airborne 
particulates as follows: attach an in-line, 0.2-pm pore-size filter 
(table 5-6a) to the inlet side of a dry pump hose or to the outlet 
between the peristaltic pump and the DOC-25 unit. If attaching the 
DOC-25 on the inlet side, bersure to dedicate a piece of tubing for 
the sole purpose of channeling air flow. 

b. Remove the aluminum foil wrapping from the precleaned 
equipment. 

c. Change gloves. 

3. Prepare the filtration apparatus: 

a. Remove the'bottom barrel of thk filtration apparatus. 

b. With metal forceps, place a clean GFIF filter onto the support screen 
in the base of the filtration apparatus. Make sure that the filter 
medium is not wrinkled or torn. 

c. Push the bottom white ring that holds the filter base:up against the 
filter unit and screw it onto the base of the filtration-apparatus barrel 
by screwing the blue top ring down onto the bottom white ring. 

- Finger-tighten only. Turning the bottom white ring 
will cause the outer edge of the filter to be cut off, 
making removal of the filter difficult. 

- Take care not to wrinkle or tear the GFIF. 
d. Open the top of the filtration-apparatus barrel and fill with 

approximately 100 mL of wholewater sample. 

- For water with high concentrations of 
suspended materials (usually in surface water), . 
collect the sample into a clean baked glass bottle, 
cap it securely, place it on ice, and allow the 
suspended materials to settle; then, pour 100 mL 
of the clear supernatant into the filter barrel. 

- For surface water, the 100-mL wholewater 
sample can be either a subsample collected from 
the churn or cone splitter or the supernatant from 
the bottle(s) used in the weighted-bottle sampler. 

- For ground water, the 100-mL wholewater 
sample is collected directly from the pump 
discharge unless turbidity is high. For turbid 
samples, follow the procedure described above for 
water with high concentrations of suspended 
materials. I 1 1  

- For a quality-control sample, use organic-grade 
blank water. 

Processing of Wnter Samples (Version 2, 4/02) F~ltered Samples I 



-PROCESSING OF WATER SAMPLES REPLACEMENTSECTION 

e. Screw the top part of the filter apparatus onto the barrel and attach 
the pump tubing. 

f. Apply pressure, regulated to less'than 15 1b/in2, to start the flow of 
+ 

sample water through the filter apparatus. 

g. Place a 125-mL clean, baked glass bottle under the discharge tube 
of the filtration apparatus. Do not field rinse the DOC bottle. 

h. Fill the DOC bottle to the shoulder ,with sample filtrate. 
- If the filter clogs before 100 mL of sample for 

DOC analysis can be filtered, depressurize the 
filtration unit, empty the remaining volume of 
wholewater sample from the barrel, and 
remove the clogged GF/F filter. 

- Using clean metal forceps, replace the old 
filter with a new GFIF filter, following the 
directions from steps 3b-g above for a 
pressure-filtered DOC sample. 

4. After the DOC sample bottle has been filled to thk shoulder, cap the 
bottle and transfer it to the preservation chamber. 

5. Depressurize and dismantle the filtration apparatus, discarding the used 
GF/F filter(s). Clean the apparatus immediately (while still wet), 
following the USGS procedures prescribed in NFM 3.3.4.C. If the 
apparatus cannot be field-cleaned immediately, it must be cleaned the + 
same day it is used and before being reused-rinse it copiously with 
DIW and place it into a plastic bag so that it will not dry before being 
cleaned. 

6. Change gloves before working in the preservation chamber.' 
\ I 

7. In the preservation chamber, open the DOC bottle. Add the contents of 
a 1-mL vial containing 4.5N H2S04 preservative. 

8. Cap the DOC bottle securely and shake vigorously to mix the sample. 
Remove the DOC sample bottle from the preservatidn chamber. 

9. Check that the bottle .is labeled correctly and completelyi Place the 
bottle into a foam sleeve and into an ice-filled shipping container (see 
NFM 5.5 for correct shipping procedures). 

10. Maintain the sample at or below 4OC without freezing (NFM 5.5). 

I U.S. Geological Survey TWRI Book 9 Chapter A5 (Version 2,4102) 
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11. To collect a QC sample: 
1 , a  

+ a. Use the same carbon-processing equipment after i t  has been cleaned 
. . 

(see step 5, above). 
t b. ~ a b e l  bottles. 

c. Change gloves. 

d. Working in a clean processing chamber, process a sample of 
organic-grade water through the cleaned carbon-sampling and 
carbon-processing equipment, following the steps prescribed in 
steps 2-4 above. Cap securely and pass the bottle to the preservation 
chamber. 

e. Follow steps 6-10 above for sample preservation, handling, and 
shipping. 

f. Depressurize and dismantle the filtration apparatus, discarding the 
used filter(s). Allow the apparatus components to air dry in a clean 
chamber. Cover the apertures of the dry apparatus ,with aluminum 
foil and place in a clean, sealable plastic bag for storage. 

1 I 

* ,./ . 1, 
,! ,';! , , 

I . : {  ; . , i:; 
. . a * . , , :  ' ,,. ,,: 
I ':I . ... . . - +.I  ..' ,,, 

8 ,  
( 

' . ' ,  
< .. . 
, ,\ ,.is'!, 
. ,>,, , $.!', 

, * 1 r;'f,;,:a 

;,, .., t' ,t,, ,('. i, , 
' ,'L"!'ll . t i#;" 

1 
,,, , 

;;;,+. 
' :. 3 yt;', 
. I '  I '  . . , I . I  .. , + ..I ; 

<. :, :;; i ,  
, ' . '  ;;.;> 

l?, <,,,,' 
;$'( . *.;,, , ' , , . I 

8 ., ibi..17t 1 
,IL. , , 

* '  i s  

,'I.";,;! 

1, ,, ,I  :I 
Processing of Water sample$ (version 2,4102) . Filtered Samples 

I ,, ', 4 ti: 8 

, . , , . . . , I ! ! ,  . . ' . ,  
)-:,;,!b;;! 

, r 3 , ,  , ' ! , : l l . t ,  
( . . I !  ! 

,!'?,'I.,' I 
'_ .. 
. . ii..:l . ,. ., 

I. +I ' ' : !.,! 
, ,:,., ,$! 



PROCESSING OF WATER SAMPLES 5 4 
SOLID-PHASE EXTRACTION 5.3 

OF PESTICIDES 

By M.W. Sandstrom 

Samples collected for analysis of dissolved pesticides can be 'processed at the 
laboratory or onsite through a column containing pesticide-specific sorbents. 
Onsite solid-phase extraction (SPE) is useful, especially at remote sites, 
because pesticides isolated on the sorbent are less susceptible to degradation 
than when in water. Also, the SPE cartridges are less expensive to ship than 
water samples. However, onsite SPE is not required, and in some situations, 
laboratory SPE might be preferred. 

All SPE methods require that the water sample be filtered (section 5.2.2.A) 
as soon as possible after collection. General equipment and supply needs for 
SPE for a broad-spectrum analysis of pesticides are listed in table 5-7 and 
general instructions are given in sections 5.3.1 and 5.3.2. More detailed 
information on SPE methods and I;rocedures can be found in Sandstrom and 
others (1992), Sandstrom (1995), Zaugg and others (1995), Lindley and 
others (1996), and Werner and others (1996). 

b Filter the environmental sample (section 5.2.2.A): this is necessary to pre- 
vent blockage of the SPE column by particulate material. 

b Process the pesticide sample through an SPE column within 4 days of col- 
lection. 

b Determine the reagents needed for the SPE method to be used (for exam- 
ple, conditioning solution, surrogate solution, and field-matrix spike solu- 
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Table 5-7. Checklist of gene'ral equipmerit and supplies required for broad-spectrum pesticide 
analysis by onsite solid-phase extraction 

[SPE. solid-phase bxtraction; Em, millimeter; pL, microliter; pm, micrometer; mL, millilit~r; NWQL. 
National Water Quality Laboratory] 

1 1  General equipment 
Description ' I Number 111 J and supplies1 required 

' Aluminum foil Heavy duty 

Blank wate? Pes'ticide grade (NWQL) 

Filter media Glass.microfiber, 147-mm diameter, 1 per 
0.7-pn pore diameter, precleaned3 4 I :sample 

Detergent, nonphosphate laboratory 0.2-percent solution 4 L 

Glass bores Disposable, for 100-pL micropipet ample I 
1 I t supply 

I Gloves, disposable I Powderless, latex or nitrile, assorted ' 1 ample 
sizes 

Graduated cylinder or beaker 50 mL, glass I '  2 

Luerm connecto12. TefzelTM male P-625 1 or suppy  more I 
Metering pump, valveless, piston-type FMI Model RHB OCKC I 

Methanol I Pesticide grade (NWQL) 8 L 

Micropipet Fixed volume (100 pL) I or more 

Nut and union2, TefzelTM P-623 1 or more 

Plastic beaker 1 L, for collecting extracted water 1 or more 

Plate-filter assembly 147-mm diameter, aluminum or stain- I 
less steel 

Portable balance (Check method for weight require- 1 
ments.) 

Sample bottles3 and 1 Amber glass, precleaned 1 per 
vials (40 m ~ ) ~  sample I 

SPE column adapte? (Check method requirements) I or more 

SPE columns, precleaned2 C-18: Analyticum'M C-18.500 mg; 1 I or more of 
Carbopak-BIM, 500 mg; each, as 
Other: as required required 

SPE solutions2 (Check method requirements for con-,I as required by 
ditioning, surrogate, and spike solu- method 
tions) 

Stopwatch I Standard 1 

Wash bottle, fluorocarbon polymer 250 mL, for methanol 1 

Wash bottle, fluorocarbon polymer 250 mL, for pesticide-grade water 1 I 
'~iltration equipment and supplies are described in section 5.2.2.A, table 5-5, and figure 5-1. 

2~upplies are ordered by USGS personnel through E-mail to NWQL-DENSUPPL. 

3~upplies are ordered by USGS personnel from the Ocala Water-Quality Research Laboratory in Ocala. Fla. I 
I U.S. Geologtcnl Survey TWRl Book 9 Chapter A5 (Versron 2,4102) 

I 
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SOLID-PHASE EXTRACTION BY 5.3.1 
C-18 COLUMN 

The C-18 SPE column is used for samples that will be analyzed by capillary 
column gas chromatography/mass spectrophotometry with selected ion 
monitoring using NWQL schedule 2010 for a broad spectrum of pesticides.8 
Detailed descriptions of the method and laboratory and field extraction 
procedures are found in Zaugg and others (1995). For C- 18 SPE processing, 
obtain a precleaned AnalytichemTM SPE column (500 mg) and the other 
supplies and equipment described in the spike kit available from the NWQL 
(table 5-7). 

Quality-control samples are required as an integral part of the 
sampling program. 

b Process an initial field blank and then after about every 10 to 20 samples. 

- Use pesticide-grade blank water (PBW, obtained from the 
laboratory). 

- Process the blank in the same manner as you process the 
environmental water sample. 

I 

b Process a field matrix spike about every 20 samples. When processing a 
field matrix spike: 

- Collect duplicate samples. 

- Use a 100-pL micropipet to add the spike solution (mixture) to one 
of the duplicate samples. The concentration of spike solution can 
vary, depending on availability and the needs of the study (1 ng/pL 
concentration is commonly used at  this  time). Follow the 
instructions provided b i th  the spike kit. 

- Add the surrogate to every spiked sample and an associated 
unspiked sample. 

- Record lot number and concentration of spike mixture on the 
NWQL Schedule 2010 Reporting Form (worksheet) (fig. 5-2). 

'c-1 8 sol~d-phase extraction method 1s used for isolation and concentration of 41 pesticides and 
pest~cide metabol~tes with concentrations of 4 m g L  or less in natural water samples (atrazine, 
alachlor, cyanazine, and metolachlor have upper concentration limits of 20 mgL)  (Zaugg and 
others, 1995). + 

I 

Process~ng of Water Samples (Vers~on 2,4102) Sol~d-Phase Extract~on of Pest~c~des 
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I 

U.S. Geological Survey TWRl Book 9 Chapter ,AS,(Version 2,4102) 
I 

rn 

Schedule 2010 Field ~ i t r a k t i o n  Checklist and Reporting Form 
.. U.S. Geological Survey/National Water Quality Laboratory 

Solid-Phase Extrtiction and GC/MS Analysis Filtered Water 

Station,lD or Unique Number: Station Name 
Date: Time: Collector: 
Telephone Number of Collector: 
Comments: 

' NWQL,INFORMATION 
q SPEColumn Brand or Type: 

Lot #: 
Dry weight (wt.): grams (g) ,. 

I 

, ON-SITE INFORMATION 
O Filter Snmple (0.7-pm glass fiber filter) 

Prior to filtration record bottle tare wt.: g 
Q SPE column Conditioning , , 

Methanol(2 mL): . milliliters (mL) 
.Pesticide-grade water (2 mL): mL 

(DO NOT LET COLUMN GO DRY ONCE CONDITIONING STARTED) , ' 

O Snmple Sample +bottle wt: - 6 
-Bottle tare wt: 
= Sample wt: 6 

Add methanol conditioner (1% of sample wt.): Id ' ;  , , ,  

Sample +bottle +methanol: ! 6 '  
O Surrogate Solution ID: 

Volume added (100 vL): )IL 
O QA Samples - Spike Mixture 

, . ,  
I 1 

Solution ID: 
Volume added (100 pL): VL 

O Sample through column ' B 
I ,,. Sample + plastic beaker 6 i 

Plastic benker : 6 
O Flow Rate (= Sample wt. extrnctedfhie) B 

:, + 

+ 

Dry SPE column wt.: : , . 

+ 
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priPare to process samples onsite using the (2-18 SPE column: 

1. Cover a bench or table with a sheet of aluminum foil to make a clean 
work surface. Put on appropriate disposable, powderless gloves. 

2.  Collect and split samples using the appropriate procedures (NFM 4; 
NFM 5.1; Sandstrom and others, 1995). Filter the samples as instructed 
in section 5.2.2. Wear gloves (usually latex or nitrile) during sample col- 
lection and processing. 

3. Set up the necessary equipment and supplies and assemble them on the 
clean work surface. Remove the aluminum foil wrapping from the pre- 
cleaned equipment. 

4. Record the sampling site information, the lot number and dry weight of 
the C-18 SPE column, and the surrogate solution identification number 
on the Schedule 2010 worksheet (fig. 5-2). 

5. Change gloves. 
6. Tare the weight of a clean amber glass I-L sample bottle and a I-L plas- 

tic beaker to the nearest gram using an analytical balance and record the 
weights on the Schedule 2010 worksheet. 

Extract the sample: 

Use the appropriate surrogate solution mixture supplied by the NWQL for 
the C-18 SPE method with each environmental sample. 

, 

1: condition the SPE column: 
a. Pipet 2 mL of pesticide-grade methanol into the C-18.SPE column 

and allow it to flow through the column by gravity. Collect the 
methanol rinse in a proper container for disposal. 

b. Remove any ,excess methanol by rinsing' approximately 2 mL of 
PBW, by gravity, through the column. The rinse water/ methanol 
mixture must be disposed of according to local, State, or Federal 
regulations. 

Processing of Water Samples (Version 2. 4/02) Solid-Phnse Extraction of Pesticides 
- -  1 



I PROCESSING OF WATER SAMPLES 

c. Do not allow the SPE column to go dry once the conditioning has 
started. 

If the column goes dry, repeat the conditioning process. + 
To keep the column from drying out once the conditioning has 
started, maintain water in the C-18 SPE column by replacing 
water that drained through the column. Alternatively, attach an 
on/off valve-to-column outlet to prevent complete draining 
before the sample is extracted. 

2. Following the filtration instructions for general organic compounds 
(5.2.2.A or Sandstrom, 1995). pass about 1 L of sample through the a 
glass microfiber filter into the tared bottle, leaving about 2 cm of head- 
space. 

3. Weigh the filled bottle and record the weight on the worksheet (fig. 5-2). 
4. Add about 10 mL of methanol to the filtered sample using the bottle-top 

dispenser or a volumetric pipet. Weigh and record the sample-plus-meth- 
an01 weight on the worksheet. 

5.  Add the surrogate solution contained in the 2-mL amber screw-cap vial 
to the filtered sample; as follows (refer to Spike Kit Instruction Manual 
for detailed information and instructions on use of a micropipit): 
a. Withdraw the surrogate solution from the 2-mL amber screw-cap 

vial using a clean 100-pL micropipet and a clean glass bore. 
I 

b. Insert the tip of the glass bore into the sample bottle below the 
surface of the sample, and depress the plunger to deliver,the 
surrogate to thelsample. (Tip the bottle on its side, if necessary, to 
reach below the surface of the sample with the glass bore.) 

c. Keeping the plunger depressed, swirl pipetor in water seJera~ times 
and then withdraw the micropipet from the bottle. Release the 
plunger, then remove the used glass bore from the micropipet and 
discard properly. 

d. Rinse the fluorocarbon polymer tip of.\he micropipet with 
methanol. 

I 

e. Add the field-matrix spike as dictated by the study's quality- 
assurance plan,'as required. 

f. Cap and swirl the sample to mix the sample + surrogate. (For spiked 
samples, mix sample + surrogate'+ spike solution.) 

g. If a duplicate will be submitted for analysis, repeat steps 5a-f on the 
duplicate sample. 

I 

chapter A5 (Version 2,4102) , ' U.S. ~ e o l o ~ i c a i  Survey TWRl Book 9 



. PROCESSING 0k WATER SAMPLES- 

6.'  . Extract the sample through the SPE column using a metering pump fitted 
' with 3.18 mm (118 in.) fluorocarbon polymer tubing with appropriate 

connectors (Sandstrom, 1995; NFM 2). 
a. Insert clean tubing from the inlet side of the pump into the sample 

bottle. 

b. Turn on the pump, flush air from the tubing (be careful to minimize 
any sample discharge from the end of the tubing), and then attach 
the outlet side of the tubing to the small end of the SPE column. 

c. Invert the SPE column to drain any remaining conditioning water 
left in the SPE column reservoir. 

d. Begin extraction by pumping the sample through the column at a 
rate,of 20 to 25 m ~ l m i n  and collect the extracted water into the tared 
I -L plastic beaker. 

7. After the sample has been pumped'through the SPE column, turn the. 
pump off and disconnect the column. 

8. Remove excess sample from the SPE column using a syringe with 10 to 
20 mL of air to push excess sample into a plastic beaker. 

9. Weigh the beaker containing the volume of sample extracted through the 
SPE column. Subtract the tare weight of the beaker from the weight of 
the beaker plus the extracted sample and record this weight on the work- 
sheet. 

10. Write the sample identification number and the sampling date'and time 
on the side of.the SPE column. Place the SPE column into a 40-mL glass 

o r  plastic shipping ampoule and wrap it in.aluminum foil. 
1 1. Finish filling out the worksheet (fig. 5-2). Wrap the completed worksheet 

around the shipping ampoule and secure it with a rubber band or tape. 
Place in a sealable plastic bag. ' . 

12. Chill the SPE column immediately and maintain between 4OC and 25OC 
duringstorage and shipping. 

13. Keep a copy of the worksheet for the field folder. 

+ 

Processing of Water Samples (Version 2. 4/02) Solid-Phase Extraction of Pesticides 



14. Field clean all equipment, including the,pump and tubing, immediately 
after use and before going to the next site (NFM 3). 
a. Rinse thoroughly 'with about 50 mL of a 0.2-percent solution'of a 

phosphate-free laboratory detergent, followed by about 50 mL of 
tap water (or DIW) to remove the detergent. 

I b. Final rinse with about 30 to 50 mL of methanol. Collect used 
methanol into an appropriate container for disposal. 

15. After cleaning, wrap all the equipment apertures with aluminum foil; 

5.3:2 SOLID-PHASE EXTRACTION BY 
CARBOPAK-BTM COLUMN 

The Carbopak-BTM method currently (November 1998) is used fdr NWQL 
schedule 2051, which is for analysis of a broad spectrum of field-extracted 
pesticides.g Detailed descriptions of the method and the laboratory and field- 
extraction procedures can be found in Werner and others (1996). General 
equipment needs for solid-phase extraction are listed in table 5-7. For 
Carbopak-BTM SPE processing, obtain the SPE column, Carbopak-BTM, 500 
mg, precleaned; surrogate mixture and field-matrix spike-solution mixture 
for Carbopak-BTM SPE and PBW; ascorbic acid solution, 10 g/L; and 
reagent-grade sodium chloride (NaCI) 10 g/sample. 

 he Carbopak-BTM method is graphitized carbon-based solid-phase extraction used with a 
high-performance liquid chromatographic analytical method for determining 41 pesticides and 
pesticide metabolites that are not readily amenable to gas chromatography or other high- 
temperature analytical techniques (Werner and others, 1996). 
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PROCESSING OF WATER SAMPLES- 

euality-control samples are required as an integral part of the 
sampling program. 

b'' Process a field blank with the first sample. Process additional field blanks 
about every 10 to 20 samples: 

- Use pesticide-grade blank water (PBW). 

- Process the blank in the same manner as the environmental water 
sample. - 

b Process field-matrix spikes about every 20 samples. When processing a 
field-matrix spike: 

- Use a 100-pL micropipet to add the field-matrix-spike solution to 
two of the triplicate samples. Follow the instructions provided in 
the spike kit. 

- Add the surrogate to every matrix-spiked sample and associated un- 
spiked sample. 

- Record lot number and concentration of spike-solution mixture on 
the NWQL Schedule 205'1 worksheet (fig. 5-3). 

Before beginningfield work, prepare an ascorbic acid solution in the office 
laboratory: I 
Each Carbopak-BTM requires 15 mL of ascorbic acid solu'tion. Check that 

+ '  you have the volume needed before leaving for the field site(s). I 
The ascorbic acid solution must remain capped and chilled unless in use. The 
shelf life of the solution is 28 days-discard if shelf life has been exceeded 
or if the solution has been left uncapped or unchilled. 

1. Place a tared, I -L amber glass pesticide bottle (cleaned at the NWQL) on 
an analytical balance and fill to 500 g with PBW (pesticide-grade 
organic-free water purchased from NWQL DENSUPPL). 

2. Empty a 5-g vial of ascorbic acid into the 500 g of PBW to obtain a 10- 
g/L ascorbic acid solution. Cap immediately and shake to dissolve. 

3. Label the bottle with the date and preparer's name, contents of the solu- 
tion, and the concentration of ascorbic acid. 

4. Refrigerate the solution immediately and keep chilled until ready for 
field use. Transport to the field on ice in a foam sleeve. 
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PROCESSING OF WATER SAMPLES 5 4 
k 

Prepare to process samples onsite using the Carbopak-BTM column: I 
Put on disposable, powderless gloves during sample collection and pro- 
cessing. Cover a bench or table with a sheet of aluminum foil to make a 
clean work surface. 
Collect and split samples using the procedures described in NFM 4 and 
NFM 5.1 (refer also Sandstrom and others, 1995; Werner and others, 
1996). 
Set up the equipment and assemble supplies on the clean work surface. 
Remove the aluminum foil wrapping from equipment. 
Begin to fill out the NWQL Schedule 2051 worksheet (fig. 5-3). record- 
ing the type, lot number, and dry weight of the Carbopak-BTM SPE col- 
umn. 
Put on a new pair of gloves. 
Tare the weight of a clean amber glass, I-L sample bottle and a 1-L plas- 
tic beaker to the nearest gram using an analytical balance. Record the 
weight on the worksheet provided with each column. 
Following the filtering instructions for general organic comp'ounds (sec- 
tion 5.2.2.A.or Sandstrom, 1995), filter about 1 L of sample through a 
glass microfiber filter into the tared bottle, leaving about 2 cm of head- 
space. 
Weigh the filled bottle and record the weight on the woiksheet (fig. 5-3). 
Calculate and record the sample weight. 

Extract the sample: I 
When extracting the sample, be sure to use the appropriate surrogate solution 
mixture supplied by the NWQL for the Carbopak-BTM SPE method. Add 
surrogate solution to all samples including field blanks, replicates, and field- I 
matrix spikes. 
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-PROCESSING OF WATER SAMPLES 

1. Withdraw surrogate mixture using a clean 100-pL micropipet and glass 
bore (detailed instructions on the use of a micropipet are included in the 
NWQL spike kit). . I 

2. Insert the tip of the glass bore below the surface of the sample in the sam- 
ple bottle and depress the plunger to deliver the surrogate mixtu3e. (Tip 
the bottle, if necessary, to reach below the surface of the sample with the 
micropipet tip.) Keeping the plunger depressed, swirl sample with the 
pipetor several times and then withdraw the micropipet. Release plunger, 
then remove and discard the used glass bore. 

3. Leave approximately 2 cm of headspace for the addition of NaCI. 
4. Rinse the tip of the mibropipet with rnehanol. 
5 .  Add 10 g of NaCl to each sample. Cap and swirl the sample. 
6 .  Process field-matrix spikes, if dictated by the study's quality-assurance 

plan. To process spikes, set aside three subsamples and spike two of the 
three subsamples with spike-solution mixture obtained from the NWQL 
spike kit. Follow the instructions provided with the kit. 

7. Fill a clean glass graduated cylinder or beaker with 15 mL of ascorbic 
acid solution. 

8. Using a metering pump fitted with 118-in. fluorocarbon polymer tubing 
and appropriate conn&ctors: 
a. Turn on the pump. 

Adjust the pump flow rate to deliver about 20 to 25 mllmin (1 
drop per second). 

'Test the flow rate by pumping the cleaning solution into a 
graduated cylinder or beaker and timing with a stopwitch. 

b. Attach the outlet end of the pump tubing to the SPE-column adapter. 

c. Remove the SPE column from the shipping container and attach to 
the adapter. (The open end of the SPE column should fit tightly over 
the adapter; make sure the column is sealed completely against the 
lip of the adapter to create a leak-proof seal.) 

d. Place the inlet end of the pump tubing into 15 mL of ascorbic acid 
and pump the ascorbic acid solution through the columnat a rate of 
20 to 25 mLImin. 

9. After all ascorbic acid solution has been pumped through the column, 
continue to pump air through the column for 1 minu/e. The conditioned 
column is now ready for sample extraction. Extract sample bnto the 
column within 8 hours of conditioning with ascorbic acid.! 
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PROCESSING OF WATER SAMPLES 

SAMPLE PRESERVATION 

By D.B. Radtke 

Sample preservation is the measure or measures taken to prevent reduction 
or loss of target analytes. Analyte loss can occur between sample collection 
and laboratory analysis because of physical, chemical, and biological 
processes that result in chemical precipitation, adsorption, oxidation, 
reduction, ion exchange, degassing, or degradation. Preservation stabilizes 
analyte concentrations for a limited period of time. Some samples have a 
very short holding time. Verify that time-dependent samples were 
received in proper condition, at the correct temperature, and that 
holding times were not exceeded by contacting the laboratory. 

Some samples must be preserved by filtration (section 5.3) and (or) chilling 
and (or) chemical treatment (Appendixes A5-A through A5-C). The 
preservation required for a given sample is described by the analyzing 
laboratory; for the NWQL, consult the laboratory for sample-preservation 
instructions. 

b Before going to the field site and again at the field site: 

- Check the sample-designition code rkquired for each Sample. 

- Check sample requirements for chilling and chemical treatment. 

- Check with the laboratory and make note of holding time 
restrictions. 

,'.,;.:.i : 
CHILLING 5.4.1 : '! :,, ,.. 

E .-r 

;,,<,;., ;>: . ,*.<. ,,. ,, 

Immediately following sample collection and processing, samples that 
require chilling must be packed in ice or placed in a refrigerator and 
maintained at 4OC or less, without freezing, until analyzed. 

b Check that there is sufficient headspace in the sample bottle to allow for 
sample expansion. 

b Put foam sleeves around samples in glass bottles before packing them in 
ice. 

Processing of Water Samples (Version 2. 4/02) Sample Preservation I 



. . 
.; . ;? . , , c ~ J  
: 8,: ;, !?, 1' 
t , ,,,!' 'J ;:: , <;;,:$ 

1,;' !,: , i: .  ' ?.. ,. . c.1 
, , (L3: 
'.,, , ! ' , ' I  
; . , .' ; 
; ', .b! 
L . ,,!': , . I,.; 
l$i,;:,+j,'< 
,, ~ . s ~ ~ ~ , l ~ . ~ i  
.. '1 , ' I  

i I. L.. 

, '  I .  ..I , ,: 
.! . t .. .' 
, . ... *, ',' 

..) ., ' . 
( 1 . -  

i"": ' .  1 .,"$:i'),i' i :  
I:$;, , . ,  ' 
, , *.: '.! 
4; :, . 9, ; 
! .,: ., ., * .? ,,. J I' 
, ...,, A 

I ,:. ,' 
, . /  ' 
,.-',(* :, , 
I r 

:4 ;-,,>; , 

' ; ' .  ; .' 
,, , . . .  , ,' 8,. .. 
;!,# i;.f.,r : 

1 ' I ,  .. I ., ,: 
1;Ji,';;f" : 

% ? .*,,/'. '. I.'. 
'! :<? 

1 . ' .  ,. I . .. I.,,,.. ' ' 

,, ,.:,. 
;,'t$;{:,J;;:, 

' . .1. ,* '? 
';t'.,,j;',. ;, .I: 

I.? < : ~ , ; l ~ ' . ; '  
, , ,o (  , I  

"1 ,.,I . : 9. . 
.I ,;;Y :' . ; , .. , 
:*' 
'"I' , . 

.,. .. . . ,' 
;, . .  

8 .  . ,  
, .. - ::, 
, ;: .b, ., 

*."$to;.; .l ' 

:r;,;,;y~~+' 
$;!;Jl! '3 

s,. 
: I , .  .F - :! . 
.<!,'!&, ,it *. ,, ,, , .Iti: 

, . L.,,{!!, ': ,. , :.;- , ,, , .., ! ' 
i . .  :a; 

, ,i.t,:,' > ,  . . , Ju' . , 
,,( ' i2 : j ;  
!'?;;,i:Eii?;.*, 

!* ,.,, ;,$,:,*; ', 
, . ,  .., 

' .. -J ,, , 
. ' 2 ,". ,.,, 
'. .>  .,,' . .  . . . .  
, , , ,  I T i  

..:, f '  ., 
I <  1 , , V ? % %  L , , ,  

'.k'::. .,:$ 
1 , : ',;,,,A ,;; ,' 
!.. ,:., :.;pj;, 
; .., :>.: 
,..;.:!"'": 
.,!. :. .-:, 
. . .I:, 
:l ' 2  

,, . , : , +.I!, . . . .  

4 , , 

PROCESSING OF WATER SAMPLES . . 

b Include a temperature check sample in the shipping container. 

- Fill a polyethylene bottle with tap water, cap it securely, and label 
it "Temperature Check Sample," along with the site iidelntification 
and the date(s) and time(s) of sampling and shipping. 

- Prepare a self-addressed, stamped postcard that is labeled 
"Temperature Check Sample report." The postcard should include 
th'e site information, date(s) and time(s) of sampling and shipping, 
and a space for the laboratory to record the arrival temperature of 
the check sample. 

I '  - Put the postcard into the sealable plastic bag with the ASR form. 
The laboratory will record the temperature of the check sample 
upon arrival and will complete the card and return it to the sender. 

I - Use this information to document that samples were maintained at 
4OC or less. 

Chilled Samples 

[This list of samples that requlre chilling is not comprehensive--check with the analyzing labo- 
ratory. These samples must be refrigerated or placed on ice immediately and maintkibed at or 

, . 
below 4 degrees.Celsius without freezing.] 

Chemical classification , USGS sample-designation codes1 : 
Organic compounds VOC. GCC, TOC, DOC, SOC. RCB, LC0052. 

SH 2010, SH 2051, SH 2001, SH 2050 

1 Nutrients WCA, FCA, FCC ' I 
1 I ,  I 

I chemical Oiygen Demand (COD) LC 2144 I 1 

1 ' s ~ 1 ' 4 ~  RUS; LC 1717. LC 1718 1 
RUR/RUS; LC 1199 

' ~ h e s e  sample-designation codes are unique to the USGS and are subject to change. 

I 
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PROCESSING OF WATER SAMPLES 1 4 
CHEMICAL TREATMENT 5.4.2 

Chemicals used for sample preservation depend on the target analyte 
(Appendixes A5-A, A5-B, and A5-C). The most frequently used chemical 
preservatives by the USGS are provided in indjvidual ampoules and contain 
one of the following: ultrapure nitric acid (HN03), hydrochloric acid (HCl), 
sulfuric acid (H2S04), sodium hydroxide (NaOH),, or phosphoric 
acidlcopper sulfate (H3P04/CuS04). The National Water Quality Laboratory 
can provide a complete list of saniple treatments, along with sample 
designations and container requirements. The preservatives are procured 
from QWSU and come with a quality-control certificate of analysis for 
selected constituents. Keep the certificate of analysis in the study data file to 
help with future interpretation of quality-control and environmental data. 

Take steps to minimize sample contamination and maximize safety during 
the preservation process (Horowitz and others, 1994; Shelton, 1994; Koterba 
and others, 1995; Timme, 1995). Note that'a chemical preservative for one 
sample may be a source of contamination for another. To help reduce 
contamination during the preservation process and ensure proper handling of 
chemicals: 

b Work inside a preservation chamber (only the Clean Hands person works 
inside the chamber). Change gloves and the cover of the portable pres- 
ervation chamber each time a different type of chemical treatment is 
used. Clean HandsIDirty Hands techniques must be used for parts-per-bil- 
lion levels of trace elements and are recommended for use in general and 
as appropriate for the study. 

b Use preservatives packaged in individual ampoules for routine preserva- 
tion. Be aware that preservatives dispersed from dropper-type bottles or 
automatic pipets could become contaminated and could result in the con- 
tamination of subsequent samples. 

b Use the grade of preservative appropriate to meet data-quality require- 
ments. (Check the certificate of analysis for the method detection limit 
and the concentration of the target analytes of interest.) 

Processing of Water Samples (Version 2.4102) Sample Preservation 



PR~CESSING OF WATER SAMPLES . , 
1 .  

b Always store preservatives in separate, sealed containers, preferably away 
from each other, and away from environmental and quality-control sam- 
ples. 

b Store spent preservative ampoules, containers, and supplies separ'ately in 
closed and labeled containers (such as screw-cap bottles) until they can be 
disposed of properly. 

- Use a separate ampoule-waste container for each type of chemical 
preservative. , 

- Store used gloves and chamber covers in a closed container, such as 
a pail with a lid, until proper disposal can be arranged. , 

b . Follow a'prescribed order in which samples are to be preserved (the rec- 
ommended order is described in the steps'b'elow). 

For chemical treatment and handling of samples, follow the recommended 
sequence and procedure described in the steps that follow: 

1. Put on appropriate disposable, powderless gloves. 
2. Set up preservation chambers and assemble equipment and solutions in 

the order in which they will be used. If nitric acid is the only chemical 
preservative being used, the processing chamber can be used aq a preser- 
vation chamber after all the filtered samples have been removed from the 
chamber. 

3. Rinse the outside of each preservative ampoule with DIW and dry with a 
laboratory-grade, lint-free paper towel (for example, KimwipeTM). 

4. For organic-compound samples: 
a. Change gloves. 

U.S. Geological Survey TWRl Book 9 I Chapter ~'5'($e'e;sion 2.4102) . . 



PROCESSING OF WATER SAMPLES 

b. Place inside the preservation chamber the required organic- 
compound samples, chemical preservatives (treatments), and 
ampoule-waste containers. Common treatments include 
hydrochloric acid, sulfuric acid, or phosphoric acidlcopper sulfate. 
(VOC samples that are to be chemically treated can have the 
acid preservative added to the sample within the processing 
chamber as long as subsequent samples are not contaminated 
(section 5.1.2 and Appendix AS-A). 

c. Change gloves. 

d. Uncap the sample bottle and dispense the appropriate chemical 
treatment into the sample. Place any spent ampoule into the 

, appropriate ampoule-waste container. 

e. Immediately recap the sample bottle and invert the bottle about five 
times to mix:Vials with septum-lined caps for VOC must have 

. I 

no headspace. 

f. Repeat steps b, c, and d for each type of chemical treatment, if 
necessary, changing gloves and chamber cover each time. Make 
sure there is headspace in all glass bottles except for the vials for 
vqlatile organic compounds (VOC). 

g. Chill all organic samples (treated and untreated) immediately and 
maintain them at 4OC during storage and shipment to the laboratory 

(section 5.5). 

5. For inorganic-constituent samples: 
a. Change gloves. 

b. Change the chamber cover. Set up additional preservation 
chambers, if practical. (For example, one chamber ,for nitric acid 
treatments and a separate one for potassium dichromate treatment.) 

Transfer samples requiring chemical treatment to the 
preservation chamber. 
Place the first preservative and its waste container inside the 
chamber. 

Change gloves. 
c. Add chemical treatments to samples in the following order:, 

i. Major, minor, and trace cation samples: Add contents of the 
vial co'ntaining 2 mL of 6N ultrapure HCI to the sample(s) 
designated RAM or FAM (Appendix AS-B). ,Place the spent 
ampoule 'into the HCI vial waste container. 

ii. Mercury sample(s): Add contents of the HN03/K2Cr207 
- ampoule to the sample(s) designated RAM or FAM (Appendix 

A5-B). Place the spent ampoule into the HNO3IK2Cr20, 
ampoule waste container. . 

Processing of Water Samples (Version 2,4102) Sample Preservation I 



-PROCESSING OF WATER SAMPLES 

iii. Change chamber cover and change gloves. 

iv. Nutrient samples designated WCA or FCA (Water Quality 
Technical Memorandum 99.04): 

Place sample bottles into chamber. 

Add contents of the 1-mLi4.5-normal H2S04 ampoule to 
125-mL samples designated as WCA or FCA (Appendix 
A5-B). Place the spent ampoule into the H2SO4 ampoule 
waste container. 

Chill samples to 4OC or below withbut ,freezing 
immediately after adding the sulfuric acid. 

v. Change chamber cover and gloves. Place bottles requiring 
other acid treatments into the chamber, along with the 
necessary chemicals and chemical-waste containers., Add the 
hydrochloriA or other acid treatments to the samplks. Place 

' spent ampoules in appropriate waste containers. 

vi. Remaining samples (Appendixes A5-B and AS-c)! Change 
the chamber cover and change gloves for each type of 
treatment (for example, zinc acetate, sodium hydroxide, 
copper sulfate). 

d. Tighten the cap on the bottle immediately after'adding the chemical 
treatment and invert about five times to mix. 

Chilled sa'mples must be put on ice and shipped to the 
laboratory immediately. 

Emptied ampoules must be stored in designated waste or 
recycle containers. 

6. Disassemble and clean the chamber frame. I I 

a. Remove the disposable cover frorn the chamber and the work area. 

Collapse the plastic cover while outside of the field vehicle. 
Tie a knot in the cover to close it. 

Dispose of the cover as regulations require. 
! 

b. Clean the chamber frame, if necessary.' 

7. Document in field notes the preservation procedures and chemical treat- 
ments used. 

8. Spent ampoules should be collected and, at the end of each field trip, dis- 
posed of according to Federal, State, and local regulations. (The District 
safety officer and water-quality specialists can be consulted for proper 
ampoule-disposal me'thods.) 

8 

+ 
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PROCESSING OF WATER SAMPLES 5 C ' 

HANDLING AND SHIPPING 3.5 
OF SAMPLES 

By D.B. Radtke 

Samples should be packaged and shipped to the laboratory for analysis as 
soon as possible. Generally, the shorter the t ime between sample 
collection/processing and sample analysis, the more reliable the analytical 
results will be. Before shipping samples to the laboratory: 

b Check that sample bottles are labeled correctly. 

b Complete an Analytical Services Request (ASR) form. 

b Pack samples carefully in the shipping container to prevent bottle break- 
age, shipping container leakage, and sample degradation. Check that the 
bottle caps are securely fastened. * 

Protocols for labeling, documenting, and packaging samples established by 
the receiving laboratory must be followed. Obtain authorization from the 
laboratory before shipping highly contaminated or potentially 
hazardous samples for analysis. A summary of procedures for shipping 
samples to the NWQL is outlined below. Office of Water Quality Technical 
Memorandum 92.06 and National Water Quality Laboratory Technical 
Memorandum 95.04 give detailed instructions on shipping procedures. 

LABELING SAMPLE BOTTLES 5.5.1 

Each sample bottle must be correctly labeled with the station identification 
number, date, time, and sample designation. Sample designation is 
established by the laboratory. Laboratory codes that are added or deleted 
from the analytical schedule requested should be recorded on the ASR forms 
that accompany the samples-not on the sample bottles. 

1. Label each bottle with a permanent, waterproof marker, or use preprinted 
labels that will remain securely attached to the bottles, even if they 
become wet. 

Processing of Water Samples (Version 2,4102) Handling and Shipping of Samples I 



'ROCESSING OF WATER SAMPLES 

2. Write legibly and include as a minimum'the following information: 

Station identification number. 
Date and time of sample collection. 

Sample designation code (Appendixes A5-A through A5-C). 

b Never send a sample to the NWQL without an ASR form (forms are 
available through DENSUPPL). 

' Information recorded on ASR forms must be legible and completed in 
permanent ink or by computer. 

I . , .,::: .; :i,i ~ 

, -:,. ;:c,(4 
, t,t:..?jw: 5.5.2 FILLING OUT AN ANALYTICAL . . 

Fill out the ASR form as follows, including as much information about the 
sample(s) as possible: 

/.4''9? 
fij;.;~i :,:!! 

1' I:$, : " 
,1, .., . *  
9;  >;:" :, 

1 , .  
;..;;i;14 

I .  + , a  ,. .,; ,. ,'!i 
I 2. I. ' .:: . , . .z. .? ,: 
... <;p ..', 
:* 

1. Record manda to j  information: 
Station identification number and (or) unique number 

Telephone number at which field personnel who collected the samples 
can be reached 

Name of study chief and (or) field personnel 

state and District uier codes 

SERVICES REQUEST FORM 
, , , , 

Each set of samples must include an Analytical Services Request' (ASR) 
form. To ensure correct processing of samples, the information recorded on 
the ASR form must correspond to each sample in the shipment. 

Project account'number 

Date and time at beginning of field trip 

Schedules and laboratory codes of the analytical work requested for 
submitted samples 

1 1  
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PROCESSING OF WATER SAMPLES- 

2. ~ e c o r d  the Sample Medium, Analysis Status, Analysis Source, Hydro- 
logic Condition, Sample 'Qpe, and Hydrologic Event information. This 
information is mandatory if the analytical results are to be stored in the 
USGS National Water Infohation sys'tem (NWIS) data base. 

3., Record the field-measurement values of specific electrical conductance 
(conductivity), pH, and field alkalinity (or acid neutralizing capacity). 

4. In the comments section of the form, add information that needs to be 
brought to the laboratory's attention. Be sure to note if the samples are 
potentially hazardous or highly contaminated so that proper precau- 
tions can be taken by laboratory personnel. 

5 .  At the bottom of the ASR form, list the total number of sample bottles 
for each sampIe-designation code. 

6 .  To prevent water damage to paperwork accompanying samples to the 
laboratory (such as the ASR form and the temperature-check postcard), 
place all paperwork inside two sealable plastic bags. In coolers, tape the 
bags containing the paperwork to the underside of the lid. 

7 .  Keep a copy of the completed ASR forms in the study files. 

+ 
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' ,;j;;>;:,,l,L". i;~<!;n$d: 5.513 PACKAGING SAMPLES ' 1  

1 .  .:/ I:. + 
,. ' . 

.When packaging samples for'shipment to the laboratory, remember that all 
bottles must be protected ,from breaking (especially glass bottles) and (or) 
'leaking. The laboratory us;ually will return with the cooler reusable packing 
materials such as mesh bags, foam sleeves, and bubble wrap. Plastic bags and 
cardboard boxes will 'not be returned.. Do not use foam peanuts or 
vermiculite. 

1 When packaging samples: I 
I 

1. Make sure bottle labeis are waterproof and that information is legible. 
2. Tighten all bottle caps to prevent leakage. 
3. Line all shipping containers, including those without ice, with doubled 

heavy-duty bags. 
4. Use adequate packing material to prevent bottle breakage. ' 

Ship all glass bottles in foam sleeves or wrap them with bubble wrap. 

Enclose each sleeved FAM and RAM bottle in two sealable plastic 
bags. I 

Pack bottles so that they do not touch each other. 
I 
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PROCESSING OF WATER SAMPLES 9 4 
5 .  Pack samples designated for chilling in coolers. 

i .  
a. Use insulated ice chests (coolers) (1- to 5-gallon sizes are 

recommended). Larger volumes of chilled samples can be sent in 
coolers as long as the carrier's maximum weight and size 
restrictions are not exceeded. Do not use broken or leaky coolers. 

b. Pack samples designated for chilling with ice. 

The volume of ice should be equal to or greater than the volume 
occupied by samples (twice the volume of ice to samples is 
recommended during warm temperatures). 
The amount of ice necessary will vary depending on the length 
of time in transit and ambient air temperature. Chilling the cooler 
and samples prior to shipment is recommended in hot weather. 
Do not use blue ice or other types of commercial refreezing 
containers that have freezing points b e l o w ' ~ ~ ~ . ' ~ h i s  can 
cause bottles to freeze and result in ruined samples or broken 
bottles. 
Enclose ice and samples in doubled plastic bags. Do not mix ice 
with water-absorbent packing materials. 

c. Seal 'cooler spouts or drains, preferably with silicone or epoxy. , 

6 .  Samples not requiring chilling can be shipped in heavy-duty cardboard 
boxes but may also be shipped in coolers. 

7. When shipping multiple sets of samples in the same container, label each 
set of sample bottles with a different letter of the alphabet (A, B, C) so 
that bottles of each sample set will have the same letter;' 

Print the letter in the upper right-hand corner of the ASR form for that 
particular sample set. 
Place all bottles from a sample set into a separate bag (such as plastic or 
mesh) or bind with a rubber band to keep them together. 

Processing of Water Samples (Version 2,4102) Handling and Shipping of Samples I 



I 8. All bottles for a particular schedule should be sent in the same shipping 
container, with some exceptions. Samples that do not need to be chilled 
can be packed and shipped in the cooler with chilled samples, provided + 
the following exceptions do not apply. The ASR form must list only 
those samples that are being shipped with that form. On the ASR form, 
delete laboratory codes of any sample bottles not included in the same 
shipping container. 

Exception: Do not ship nutrient samples with samples that were 
treated with HN03. I 

I 

Exception: Do not ship FAM and RAM samples in the samb container 
as FA or RA samples whBn requesting sample analysis for potassium 
and (or) chromium concentrations. 

' 9. .After samples and ice (if required) are placed in doubled plastic bags, 
close each bag separately with a knot. , , , , , I  I 

' ,  , 
10. hiside coolers:. 

Include a return address shipping label with the ASR form. This label 
must include a street address (not a post office box number), an account 
number, and the USGS District User Code (to bill return-shipping 
charges). 

, , Label the inside of each cooler and cooler lid with a curreni reth;n 
address and telephdne number, using a permanent waterproof marker. 

11. Include the ASR form for each sample set shipped in each cooler or box. + 
Remember to place the ASR form and temperature-check postcard into 
two sealable plastic bags to prevent water'damage. 

I I ,  

Tape the plastic bag containing the ASR form(s) and temperature-check 
card to the underside of the cooler lid, or place the sealed paperwork on 
top of samples packed in a cardboard box. 

U.S. Geological Survey TWRI ~ b o k  9 Chapter A5 (yrsion 2,4102) 
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PROCESSING OF WATER SAMPLES- 1 1. 
+ SHIPPING SAMPLES 5.5.4 

Whenever possible, ship samples to the laboratory on the day of collection. 
Check laboratory hours of operation-keep in mind that the laboratory might 
not receive samples on Saturdays, Sundays, or holidays. The integrity of 
chilled samples sent late on a Thursday or on a Friday could be compromised 
if not received by the laboratory in time to be unpacked and refrigerated. 
Check planned arrival time before selecting the carrier service. 

b No carrier service will accept or deliver leaky boxes or coolers. Securely 
tape the outside of shipping containers to prevent 1eaking.and to maintain 
container integrity. 

b Do not exceed maximum weight and size restrictions set by the carrier 
service. . . 

b When shipping a single set of samples in multiple containers, mark the 
outside shipping label with the number of containers being shipped (such 
as 1 of 2 , 2  of 2). 

b . Comply with the carrier service's requirements for meeting U.S. Depart- 
ment of Transportation regulations for transporting hazardous substances. 

b Identify samples that require special shipping procedures: 
- Send chilled samples to the laboratory by the fastest means 

possible. 

- Some samples require special handling and shipping (such as radon 
and CFC samples). Contact the laboratory for specific instructions. I 

- Obtain authorization from the laboratory before sending any highly 
contaminated or potentially hazardous samples to the laboratory for I 
analysis. 

I 
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+ SUMMARY OF SAMPLE- 5.6 
COLLECTION AND SAMPLE- 
PROCESSING PROCEDURES 

! FOR SPECIFIC ANALYTES 

By F.D. Wilde and jacob Gibs 

Collection methods, equipment needs, and preservation requirements for 
specific analytes can change over time, owing to advancements in knowledge 
and 'technology. Any major changes to sample collection and processing 
procedures will be announced on the USGS Office of Water'Quality Web site 
(http://water.usgs.gov/lookup/get?owq/) or as a technical. memorandum 
(http://water.usgs.go.v/lookup/get?techmemo/). Consult NWQL or  the 
District water-quality specialist for.instructions related t d  the collection, 
processing, or analysis of solid materials, gases, biota, and any other analytes 
not described in this 'manual. Chemical formulas used in this section are 
spelled out in "Conversion Factors, Selected Terms, Abbreviations, and 
Chemical Formulas." 

C O M M O N  ORGANIC COMPOUNDS 5.6.1 

Sample bottles for organic-compound analyses are precleaned and baked at 
the laboratory and should be received capped. Collect and process samples 
within processing and preservation chambers, as appropriate: and while 
wearing disposable, powderless latex or nitrile gloves. In general, change 
gloves between each collection and processing step and with each new 
sample type. After collection and processing, check that the information is 
correct on the bottle label. Place the filled glass sample bottle in a foam 
sleeve and chill sample to 40C or below without freezing. 

b Most samples for organic-compound analysis are collected in 1-L amber 
glass bottles, leaving headspace in case of sample expansion (Appendix 
A5-A). 

- - 
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b Samples for glyphosphate analysis are collected in 40-mL vials, leaving 
headspace in case of sample expansion. 

b Volatile organic compounds are collected in 40 mL baked glass vials + 
without headspace. 

5 . 6 . i . ~  Volatile Organic Compounds (VOCs) 

I 
Label baked 40-mL ambkr gla'ss vials as "VOC." Collect three vials per 
sample for ground water and four vials per sample for surface water. 

I I 

b Do not use tape on the vials. Tape causes the autosampler to jam! 

b Do not aerate the sample. Samples with air bubbles must be discarded. 

TECHNICAL NOTE: Some programs, such as NPDES and 
NAWQA, require treatment of VOC samples by adding HCI. 
To determine the number of HCI drops needed to lower sample 
pH to 52 before collecting the sample, collect a test sample 
toward the end of purging and pour 40 mL of the sample into a 
beaker or spare VOC vial. Check the pH (use narrow-range pH 
indicator strips such as pHydrionm) after each addition of 2, 3, 
and 4 drops:Do not use pH indicator strips that are old or expired. 

I To collect VOC samples: 

1. Insert the fluorocarbon polymer discharge line from the pump or the 
bailer emptying device to the bottom of the vial; flow should be smooth 
and uniform (between 100 and 150 mumin). 

If the vial was supplied with chemical treatment, do not fill vial to over- 
flowing. 

If no chemical treatment will be added or if the treatment will be added 
after the vial is filled, allow sample to overflow the vial in order to help 
purge air from the sample. 1 . q  

,TI 3 

2. Slowly withdraw the discharge line fro& the bottle; slide the discharge 
line to the side of the vial as the line isf{bout to clear the vial s i  as to 
avoid breaking the water surface. Leave a convex meniscus. 
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3. . Add chemical treatment (HCI) to sample if required by the program and 
' if the HCI is not already in the vial. Add 2 to 5 drops (see TECHNICAL 
NOTE above) of 1 : 1 HCI:H20, drop by drop, to the filled vial to lower 
the pH to 1 2 .  Dispense the HCl from a fluorocarbon polymer dropper 
bottle. Do not add more than 5 drops of HCI. 

4. If residual chlorine is present, add 25 mg of ascorbic acid to the vial in 
addition to the HCI. I 

5 .  Replace the vial cap immediately. Do not allow the samples to degas. 
The fluorocarbon polymer (white) side of the septum in the cap should 
contact the sample. 

6 .  Invert the vial and tap the vial to release any bubbles. Check carefully for 
gas bubbles in the sample. If gas bubbles are present, discard the sample 
vial and resample. If degassing of the samples makes excluding bubbles 
impossible, record this on the field forms and the laboratory ASR form 
and report an estimate of the relative volume of bubble(s) in the sample. 

7. Protect the sample from sunlight. Chill and maintain at 40C or below 
without freezing. 

. I" 

Semivolatile Organic Compounds 5.6.1.B t.d:#l ,:w*, ; ., 
4 ..* 

(Base-Neutral Acids), Pesticides, t :v< ' 
n ..*" % 

Organonitrogen Herbicides, 
Polychlorinated Biphenyls (PCBs) 

Label I-L baked 'glass bottles as "GCC." Add the laboratory code, if 
required. Certain analytical schedules require a filtered sample (check with 
the laboratory for processing and bottle requirements). 

1. Fill to the shoulder. of the bottle directly from the sampling, splitting, or 
filtering device. 

2. Be sure to leave headspace in the bottle. 
3. Chill and maintain at 40C or below without freezing. 
Instructions for field solid-phase extraction (SPE) of pesticides are provided 
in section 5.3. Field SPE is an alternative method for processing samples for 
pesticide analysis and should be considered in situations where transporting 
glass bottles, shipping weight, or'holdinglshipping times pose a problem. 
Field SPE samples usually are extracted after most other onsite activities are 
completed or by a third team member because equipment setup, sample 
extraction, and equipment cleaning can be quite time consuming. 

Processing of Water Samples (Version 2. 4/02) Summary of Collection and Processing Procedures I 
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PROCESSING OF WATER SAMPLES 
I 

REPLACEMENT PAGE 

5.6.1.C Phenols I 
' I  

I 
Label 1-L baked amber glass phenol bottleas "LC0052,." 

' 
1. Fill the bottle with raw sample directly from the sampling or splitting 

device. 
2. Leave a small headspace in the bottle: 
3. Add 2 mL of 8.5 percent H3P04 to a '1-Lsample to achieve pH 4, and 10 

mL of CuS04 to a 1-L sample,(100 gL). , . .  

4. Chill and:maintain at or 'below 4OC without freezing. 

' 5.6.1 .D Carbon 

Particulate organic and inorganic carbon ' y :  
1. Label the samples for Total Particulate Carbon (TPC) as " ~ ~ 2 6 0 6 "  and 

for Particulate Inorganic Carbon (PIC) as "LC2608." Note that the con- 
centration of Particulate Organic Carbon (POC, LC261 1) is calculated as 
the difference between TPC and PIC. 

2. ~ e f e r t o  the detailed ihstructions given in section 5.2.2.C for prbcessing 
the TPC and PIC samples. 

Raw ( ~ 0 ~ ) ' s a r n ~ l ' e :  

1. Use 125-mL baked gliss bottles. Label the sample for total organic car- 
bon "LC1 14." 

2. Pour, discharge. or pump the raw sample directly into the sample bottle, 
up to the shoulder of the bottle (leave headspace). 

'O~he  analysis for total particulate nitrogen (TPN), LC2607, is peif9rmed on 
the TPC sample upon request. ' I 

I 
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PROCESSING OF WATER SAMPLES- IO7 
~ i l t e r e d  (DOC) and suspended (SOC) samples: I 
1. Label the DOC sample as follows: (a) "LC2612" if processed through a + Supor capsule filter; (b) "LC2613" is processed through a GFF; and (c) 

I 

"LC1 13" if processed through a silver filter. 

2. Refer to the detailed instructions given in section 5.2.2.C for processing 
DOC using either the capsule or GF/F filtration procedures. Fill the 125- 
mL baked glass bottle to the shoulder-allow enough heasdspace for the 
addition of 4.5N H2S04 and the expansion of the chilled sample. Refer to 
the instructions given in Appendix A5-D if using the silver-filter proce- 
dure. , 

3. Label the soc sample as "LC305.".Refer to the detailed instructions 
given in Appendix A5-D for the silver-filter procedure. LC305 is avail- 
able only as a custom analysis. - 

Methylene Blue Active Substances (MBAS) 5.6.?.E 
and Oi l  arid Grease 

MBAS: 

1. Label a 250-mL polyethylene bottle as "RCB." 

2. Field rinse the bottle and fill with raw sample. 
3. Chill and'maintain at 4OC or below without freezing. 

Oil and grease: 

1 .  Label a I-L baked amber glass bottle as "LC01 27." 
2. Do not field rinse; fill with raw sample, leaving a small headspace. 

3. Add approximately 2 mL of sulfuric acid to reach a pH c2. 

4. Chill and maintain at 4OC or below, without freezing. 
I 

MAJOR IONS AND TRACE ELEMENTS 58.2 

Bottles (including acid-rinsed polyethylene and glass bottles) used to collect 
samples for analysis of major ions and trace elements should be rinsed and 
partially filled with DIW before they are used at the field site, as instructed 
in NFM 3. Exceptions apply when collecting samples for analysis of isotopes 
or radiochemicals-consult the isotope laboratory. Collect and process 
samples within processing and preservation chambers, as 'appropriate, and 
while wearing appropriate (for example, vinyl) disposable, powderless 
gloves. In general, change gloves between each collection and processing 
step. After collection and processing, check the bottle label for correct 
information and place glass bottles into foam sleeves. 

Processing of Water Samples (Version 2,4102) Summary of Collection and Processing Procedures I 



. PROCESSING OF WATER SAMPLES 

b Use acid-rinsed bottles (for cations) only if they arrive capped with color- 
less translucent caps. Do not use any acid-rinsed bottles that are received 

I uncapped. 

b Before going to the field, first rinse and then half fill each bottle with DIW 
as described in NFM 3. 

b Discard DIW from bottles at the field site before field rinsing and (or) 
sampling. 

I S  

b Field rinse the inside bf sample bottles and bottle caps with sample 
(table 5-2; Appendix A5-B). Use filtrate to rinse the bottles that will con- 
tain filtered sample. 

i e f '  
4:.,3~i.~ ,,$ , 5.6.2.A Major and Minor Cations and Trace Elements 
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Use of Clean HandsIDirty ~ a n d s  techniques and good field drabtices are 
required for samples with parts-per-billion concentrations of trace'elements 

, . and are recommended for all sa'mples. 

Raw samples: 

1. Label acid-rinsed polyethylene bottles as "RAM for major and minor cat- 
ions and most trace-element samples. Label bottles with the laboratory 
schedule, as appropriate. 

Arsenic, antimony, and selenium analyses-Label bottles as "RAH." 
(Some samples are designated "USEPA"--check with the laboratory.) 
Mercury samples-Label glass bottles as "RAM." 

USEPA drinking water samples-Label bottles as described in NWQL 
Technical ~emorandum 97.05 or as directed. 

2. Field rinse and fill sample bottles directly from the sample-collection or 
processing device. 

3. Add chemical treatment, as specified by the analyzing laboratory. 
Major and minor cations and trace elements: Add HN03 to lower sam- 
ple pH to <2. 
Mercury: Add contents of vial containing 2 mL of 6N ultrapure HC1. 

I I 

Filtered samples: 

1. Label acid-rinsed polyethylene bottles as "FA" for most trace-element 
samples, including arsenic, antimony, and selenium. Check NWQL Tech- 
nical Memorandum 97.05 for requirements for USEPA drinking water 
samples. 
Exception: Mercury-Label the acid-rinsed 250-mL glass boyles as 
"FAM." 

I 

2. Field rinse and fill sample bottles directly from the filter assembly. Refer 
to section 5.2 for filtration instructions. 

\ 
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REPLACEMENT PAGE PROCESSING OF WATER SAMPLES- 

3. Add chemical treatment, if specified by the analyzing laboratory. 
Major and minor cations and trace elements: Add HN03 to lower sam- 
ple pH to <2. 

. Mercury: Add contents of vial containing 2 mL of 6N ultrapure HCI. 

Nutrients (Nitrogen and Phosphorus) 5.6.2 

Refer to Office of Water Quality Technical Memorandums 94.16, 99.04 and 
2000.08 for the most recent changes to collecting and processing nutrient 
samples. See 5.6.1.D and 5.2.2.C for processing of a Total Particulate 
Nitrogen (TPN) sample, LC2607. 

Raw samples: 

1. Label bottles as follows: 

"WCA" for raw samples to be treated with H2SO4 (125-mL translucent 
bottles are preferable). 
"ERC" for raw samples collected for the USEPA Drinking Water Pro- 
gram (refer to National Water Quality Laboratory Technical Memoran- 
dum 97.05 or contact the laboratory for instructions). 

A clean, graduated cylinder may be used when the volume of sample to 
be filtered is less than 64 mL. 

2. Field rinse and fill the sample bottles directly from the sampler or sample 
splitting device. 

3. Add a chemical treatment to WCA and ERC samples, as appropriate. 
4. Chill WCA and ERC samples immediately and maintain at 40C or below 

without freezing. 

Filtered samples: 

1. Label bottles as follows: 

FCC" for filtered samples (125-mL brown bottles). 

FCA" for filtered samples to be treated with H2S04 (125-mL brown 
bottles). , 

2. Field rinse and fill sample bottles directly from the capsule filter or other 
filter assembly. 

Processing of Water Samples (Version 2,4102) Summary of Collection and Processing Procedures I 
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-PROCESSING OF WATER SAMPLES 

I 

REPLACEMENT PAGE 

Use of 0.45-pm pore-size filter media is the standard to date,for 
State or Federal prbgrams that regulate drinking water and for 
routine water-quality studies for which consistency with' historical 
nutrient data is necessary. 
Use of 0.2-pm pore-size filter media is recommended for studies for 
which exclusion of bacteria from the sample is desirable, and inconsis- 
tency with historicai data is not an issue. Prefilter sediment-laden sam- 
ples through 0.45-p/n filter media. Record the filter pore size used, if 
other than 0.45 pm, under the comments section on the field form and 
ASR forms. 

3. Add chemical treatment to FCA samples. (FCC samples do not require 
chemical treatment.) 

4. Chill FCC and FCA samples immediately and maintain at 4OC or below 
without freezing. 

'Label polyethylene bottles as "FUN (cltered untreated). Process alkalinity 
samples for field titration using the same steps as for other anions (with the 
exception of ANC samples) (NFM 6) .  

I 
I / , ,  ' 

1. Refer to section 5.2 for filtration instructions. 
2. Field rinse and fill sample bottles directly from the capsule filter (or filter 

assembly). 

3. Do not add chemical ,treatment. 1 I 

Exceptions: 

Cyanide-Label the 250-mL polyethylene bottle as "LC0880" 
for filtered sample and as "LC0023" for raw sample. Cyanide 
requires addition of NaOH to raise the pH to >121 1 

ANC (acid neutralizing capacity)-Do not filter the ANC 
sample. Label sample bottle as "RUM (NFM 6 ) .  



PROCESSING OF WATER SAMPLES-'11 

+ TABLE ISOTOPES AND RADIOCHEMICALS 5.6.3 

Isotopes and radiochemicals generally are not processed in a processing or 
preservation chamber, unless samples are being handled in a glove box. Wear 
appropriate, disposable, powderless gloves when collecting and processing 
samples. 

Leave enough air space'(at least 2 cubic centimeters) if glass bottles are used 
and the sample will be chilled to allow for the expansion of water samples 
unless instructed otherwise (Appendix A5-C). Close the polyseal cap tightly 
and seal with wax or plastic tape, or as directed below for the specific isotope 
or radiochemical. 

13 12 Carbon ( CI C and 14c) 5.6.3.A 

Do not let the sample contact air. Filter the sample along with other 
inorganic-constituent samples if particulates are visible. Samples 'without 
particulates do not require filtration or chemical treatment (NWQL 
Technical Meinorandum 96.05). If I3c will be collected by direct 
precipitation in the field using ammoniacal SrCI2, then the precipitates must 
be submitted as washed, dried, homogenized powders. The laboratory will 
not accept bottles with ammoniacal SrCI2 in solution. 

Samples for 13c/12c analjsis: 

1 .  Label a 1-L glass bottle as " 1 3 ~ / 1 2 ~ ,  RUS," and the laboratory code or 
schedule number (as requested by the laboratory). 

2. Filter the sample if particulates are visible. Establish a closed path from 
the sample source through the filter and to the bottle to exclude air from 

, the collection system. 
3. When filling the bottle, fill from the bottom of the bottle and allow an 

ovefflow of two to three bottle volumes. Cap the sample immediately. 

Processing of Water Samples (Version 2. 4/02) Summary of Collection and Processing Procedures I 
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Samples for '*c analysis: '1 I 

The sample'must provide's minimum of 5 mg dissolved inorganic carbon 
(DIC) per sample container. 

1. Label bottles as "I4c,  RUS/RUR,".and the appropriate laboratory sched- 
ule number. Check with the laboratory and refer to NWQL Technical 
Memorandum 96.05 for bottling and other fieldrequirements for samples 

- '  to be analyzed for I4c.  
2. . . Collect sample in duplicate. Filter the sample if particulates are visible. 

Establish a closed path from the sample source, through the fjlter, to the 
bottle to ensure that air is excluded from the collection system. 

3. Fill sample container. . 

For samples with 14c content greater than or equal to 5-percent modern 
carbon, fill the bottle from the bottom of the bottle, allowing an over- 
flow of 2 to 3 bottle volumes. This helps to purge air from the sample. 
Cap the bottle immediately. For potentially low I4c concentrations, 
(< lo  percent modern carbon) or if relatively long filtration time is 
required, flush the headspace above the water sample with.nitrogen 
while filling the bottle. 

1 1 1  
For samples with I4c content less than 5-percent mod'ern carbon, use a 
stainless steel collection vessel, such as a WhiteyTM Sample cylinder 
No. 304L-HDF4, with stainless steel valves on each end. Flush with 
several liters of filtrate from the bottom of the cylinder up and close 
the cylinder, leaving no headspace. 

4. Archive a duplicate sample and store in the dark, chilled to 4OC or below 
without freezing. 

Secure container caps with electrical tape. 

Record the sample pH and alkalinity on the sample bottle. 
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2 1 18 16 Hydrogen ( HI H) and Oxygen ( 0 1  0 )  5.6.3.B 
/ 

Hydrogen and oxygen isotope samples can be collected together in one 
bottle. Use either a 60-mL clean glass bottle or a 250-mL polyethylene 
bottle. Label the bottles as "RUS, SH 1142." Use caps with polyseal conical 
inserts. To request bottles with appropriate caps, send E-mail to 
isotopes @usgs.gov. 

Do not field rinse bottles. 

Do not add chemical treatment. 

Samples may be either raw or ,filtered. 

1. Fill bottle to overflowing directly from the sampler or sample splitting 
device (raw sample) or from the capsule filter or other filter assembly 
(filtered sample). 

2. If filling a glass bottle, fill to overflowing and then decant the sample 
until the water level is at the bottle shoulder. Cap the bottle immediately 

3. If filling a polyethylene bottle, fill to overflowing and cap the bottle 
immediately, leaving no headspace. Do not use polyethylene bottles if the 
sample will be held or archived. 

Processing of Water Samples (Version 2.4102) Summary of Collection and Processing Procedures 
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-PROCESSING OF WATER SAMPLES 

.C Nitrogen ( 1 5 ~ / 1 4 ~ )  

Collect filtered, untreated; sample (do not use mercuric chloride) in a 1-L 
amber or foil-wrapped glass or high-density polyethylene bottie. Use a 
polyseal bottle cap. Refer to National Water Quality Technical ~kmorandum 
95.05.' 

1 Label the bottles as "RUS" and with the appropriate laboratory code (LC 
17 17, for "N/'~N as ammonia; LC 17 18, for I 5 N / l 4 ~  as nitrate; or LC 
1921, for I 5 ~ / l 4 ~  as nitrate plus ammonia). 

2. Fill the bottle to the shoulder directly from the capsule filter or other fil- 
ter assembly. 

3. Put the glass sample bottle into a foam sleeve and keep it chilled at or 
below 4OC without freezing. Ship overnight, per shipping instructions in 
NWQL Technical Memorandum 95.04. 

Sulfur ( 3 4 ~ / 3 2 ~ ) ,  

I Dissolved sulfide and sulfate are collected and processed separately, 
. according to the  direction,^ given in Carmody and others (1998). , 

I 1 I 

1. Label the bottles as "RUS" and with the appropriate laboratory code or 
schedule number. 

2. Send questions to the following E-mail address: <isotopes@usgs.gov>. 
Special equipment, chemical reagents, and training are needed in order to 
collect these samples properly. 
Sulfate: Procedures and equipment differ for processing the sulfate sam- 
ple, depending on wtiether sulfate concentrations are less than 20 mg/L 
or equal to or greater than 20 mg/L. Onsite estimation of sulfate concen- 
tration is described in Carmody and others (1998). 

When a water sample from which dissolved sulfate will be collected for 
isotopic analysis also contains dissolved sulfide (greater than 0.01 
mg/L), the sulfide should be removed] by nitrogen stripping td avoid 
contamination of the sulfate sulfur by oxidized sulfide sulfur'with very 
different isotopic composition. 

I 

+ 
, 

I 
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PROCESSING OF WATER SAMPLES- 

Sulfate in water with concentrations of greater than 20 mg/L sulfate is 
collected by precipitating BaS04 from an acidified sample (up to 2-L 
volume). BaS04 can be precipitated and filtered in the laboratory or in 
the field. 
Anion exchange resin can be used to collect sulfate from samples in 
which sulfate concentrations are less than 20 mgL.  

Sulfide: Determine if dissolved sulfide (H2S) is present by its distinctive rot- 
ten-egg odor. Measure H2S concentration with a field spectrophotometer. 

Measurement of dissolved sulfide concentrations greater than 0.6 mg/L 
with a field spectrophotometer has been problematic. 

An alternative method for samples with dissolved sulfide concentration 
greater than about 0.5 mg/L is to collect the dissolved sulfide by direct 
precipitation of Ag2S by adding AgN03 to the sample. Care must be 
taken to add sufficient AgN03 to precipitate all the sulfide present, or 
the sulfide sample will be fractionated. 
A method for collection of dissolved sulfide by nitrogen stripping and 
precipitation of Ag2S in an AgN03 trap has been tested and found to 
cause a small fractionation of the isotopic composition of the sulfide. 
Two approaches are recommended to minimize this fractionation: (1) 
collect sulfide by nitrogen stripping for 3 hours or more to minimize 
the amount of sulfide left in the carboy and, thus, the fractionation pro- 
duced; and (2) determine the kinetic fractionation factor (a) for the col- 
lection apparatus and use this a to calculate the original sulfur isotopic 
composition of the dissolved sulfide in the ground water from Ag2S 
collected for a short time (about 30 minutes). 

Processing of Water Samples (Version 2.4102) Summary of Collection and Processing Procedures I 
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PROCESSING OF WATER SAMPLES 

Radium 226 and Radium 228 I 

I + 
Label acid-rinsed polyethylene bottle(s) as "FAR" and add the appropriate 
laboratory code ("LC 794" for radon-226 and "LC 1364" for radon-228). 
Bottle-size requirements depend on analytical method or schedule. 

< I 

1. Filter the sample using the procedures for inorganic-constituent samples, 
and fill the sample bottle to the shoulder directly from the capsule filter 
or other filter assembly. 

2. Add reagent-grade HN03 to preserve sample to pH <2. Do not substi- 
tute HCl for HN03. 

5.6.3.F Ura,n ium (U-234, U-235, U-238) 

Label 1-L acid-rinsed polyethylene bottle(s) as "FAR, SH 1130." Check with 
the laboratory for bottle requirements for the analysis requested. 

1. Filter the sample and fi l l  the sample bottle to the shoulder directly from 
the capsule filter or other filter assembly. 

2. Add reagent-grade HN03 to preserve the sample to pH <2. Do not sub- 
stitute HCl for HN03. + 

5.6.3.6 Gross Radioactivity 

Label 1 -L acid-rinsed polyethylene bottle@) as "FAR" (filtered sample) for 
the gross alpha and the gross beta analyses and with the appropriate 
laboratory schedule number. The laboratory schedule requested depends on 
the concentration of totalldissolved solids in the sample. I I I 

1. Filter the'sample. 

2. Fill the sample bottle to the shoulder directly from the capsule filter or 
other filter assembly. 

3. Add reagent-grade HN03 to preserve the sample to pH c2. Do not sub- 
stitute HCI for HN03. 1 

I 

I 

I 

+ 

I 

I 
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PROCESSING OF WATER SAMPLES-: 17 

Label a 1-L bottle as "RUR" and add the appropriate laboratory code. (High 
density polyethylene bottles are preferred; a glass bottle with a polyseal cap 
may be used. Refer to National Water Quality Technical Memorandum 
92.04.) 

Do not place tritium samples near watches or other devices with 
luminescent dials. Do not store sample near tritium sources (for 
example, glowing clocks, watches, signs). 
Do not field rinse sample bottles. 

1. Fill bottle with raw, untreated sample. The bottle should be dry before 
being filled. It might be desirable to flush the bottle with a filtered, inert 
gas such as argon or nitrogen before leaving for the field--consult with 
the laboratory. 

2. Do not allow the bottle to overflow when filling with sample. 

3. Leave a slight headspace in the bottle to allow for expansion of the sam- 
ple. 

4. Cap the bottle securely and tape the cap to prevent it from working loose 
during shipping. 

5 .  Record the date and time of sampling on the bottle label and ASR form. 

Processing of Water Samples (Version 2.4/02) Summary of Collection and Processing Procedures I 
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PROCESSING OF WATER SAMPLES- 

Wirh$raw the needle, invert the syringe (needle up), and eject thy sample 
slowly until 10 mL remain in the syringe. 
Tip the syringe needle downward, and insert the needle tip into the min- 
eral oil and down to the bottom of the radon sample vial. 
Inject the entire sample slowly. Remove the syringe and hap the vial 
firmly. Record the date and the exact time of sample collection on the top 
of the cap (do not write on or put a label on the vial). 
Shake the vial for 30 seconds after injectinithe sample. Repack it in the 
shipping tube and cap the tube. Complete the ASR form, wrap it around 
the tube, secure with a rubber band, and place the tube into a sealable 
plastic bag. Ship to the NWQL immediately by overnight delivery. Do 
not ship samples on a Friday. Do not ship radon-222 samples in cool- 
ers. 

I 

3 3 I Tritiurn/Helium-3 ( HI He) 5.6.3. J 

Refer to NWQL Technical Memorandum 97.04s for detailed information 
and instructions. 

Water samples for the helium determination are collected, in duplicate, in 
special pinch-off copper tubes that hold approximately 40 mL of water. 
These tubes are supplied through the NWQL but are the property of the 
analyzing laboratory (Lamont-Doherty Earth Observatory). Unused tubes 
must be returned to Lamont-Doherty. Notify NWQL of the number of tubes I 
returned. ' 

Processing of Water Samples (Version 2, 4/02) Summary of Collection and Proce?sing Procedures I 
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-PROCESSING OF WATER SAMPLES I 

1. Set up the sampling apparatus. Collect the sample in duplicate. These 
samples must also be accompanied by 500 mL of sample in a glass or 
high-density polyethylene bottle for tritium analysis. In addition, archive + 
a duplicate 500-mL sample. 
a. Remove plastic caps covering the ends of the copper tube. Handle , 

the copper tube with care-damage to the ends from scratches 
\ 

and bends can drevent a good vacuum connection and thus 
compromise sample integrity. ' 

b. Connect the copper tube to the submersible pump discharge tubing. 

Do not exceed 5 ft between the pump discharge and the sampling 
< 

, apparatus. 
The connector to the pump-discharge tubing can be plastic, 
rubber, or metal, but it must be airtight. , I 

Clear plastic &bing is preferred to allow visual inspection for 
possible air bubbles. 
Airtight connections must not come loose when back pressure is 
applied during closing of copper tubes. Secure the connections I 

with stainless steel hose clamps, placing clamps approximately 
1 in. from the end of the copper tube. (Do not damage ends of 
copper tube.) 
Attach a small valve to the discharge end of the copper,tube and 
insert clear plastic (5gonTM) tubing to allow the operators to 
check for air bubbles (NWQL Technical Memorandum 97.043 + 
provides photographs and diagrams). 

2. Begin flow of the sample to the copper tube, checking for bubbles. 
a. Hold the copper tube at a 45-degree angle, discharge up, while 

flushing bubblesi from the system. 
I I 

b. Forcibly tap the entire sample tubing and aluminum track that holds 
the copper tube with a socket wrench or other blunt object to 
dislodge gas bubbles. This typically takes about 1 minute. 

3. Any backpressure to prevent formation of gas bubbles. Close valve until 
flow is reduced, tap channel, then close completely. 

4. Seal the sample container. 
a. Position the copper tube in approximate center of the pinch-off 

clamp. 

-- 
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PROCESSING OF WATER SAMPLES- 

b. Use a socket wrench to close the bolts on the pinch-off clamps, 
starting at the.discharge end. . 

c. Turn the bolts in successive order (back and forth approximately 
four times until firmly closed) so that the blades of the pinch-off 
clamp close approximately evenly. 

d. Center the copper tube between the blades again, and close the 
pinch-off clamp on the inflow end as described in step c above. 

e. Double check to ensure that all bolts are tight. 

5 .  Repeat procedure above (1-4) to collect a duplicate sample. 

6.  Disconnect the copper tube from the pump discharge tubing and remove 
the backpressure valve from the discharge end of the copper tube, taking 
care not to scratch or otherwise damage the ends. 
a. If the sample is saline, acidic, or otherwise corrosive, wash the ends 

of the copper tube with DIW. 

b. Take care not to bend the ends of the sealed copper tube. 

c. Do not replace the plastic caps on the ends of the copper tube. 

d. Place label onto the aluminum track of each sample-do not write 
on, the tube. Include station identification, date, and time of 

( sampling on the label. 

7.. Prepare the sample(s) for shipment. Fill out a form or submit a letter to 
the analyzing laboratory with the following information:' 

Unique site identification number(s). 

i Date and time of sample~collection. 
Ground-water temperature at time of collection and recharge 
temperature, if known. 

Estimated or.known tritium concentration. 
Estimated or known elevation of the recharge area for the 
sample. 
General description of the hydrogeologic environment, location, 
and well-construction information. 

Information regarding possible tritium contamination of the 
sample. 
Name, fax number, E-mail address, and phone number of the 
person responsible for the sample(s). 

Processing of Water Samples (Version 2,4102) Summary of Collection and Processing Procedures 
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Chlorofluorocarbons (CFCs) can be analyzed in samples bf ground water. 
surface water, or air. The  information that follows is summarized ,from the 
Office of Water QualityIOffice of Ground ,Water Technical Memorandum 
95.02 and, while generally applicable to all media, is focused toward 
collection of ground water for CFC analysis. Before collecting CFC samples, 
review this memorandum for more detailed information on field sampling, 
site selection, analysis requests, and applications of CFC analyses in 
environmental investigations. Important information for collecting CFC 
samples is also provided in Busenberg and Plummer (1992) and Plummer 
and others (1 993). 

b The collection, transport, and storage of water samples without con- 
tamination is critical in order to reliably age-date waters containing 
CFCs. I I 

b Contact the CFC laboratory (USGS, Reston, Va.) to arrange for training 
and to plan for CFC sampling. Remain in contact with the CFC laboratory 
throughout the planning, sampling, and analysis phases. 

1. Schedule CFC sampling several months in advance, using the CFC 
request form (fig. 5-4), in order to 

Reserve the sampling equipment. Special sampling apparatus is 
loaned to USGS study personnel who will collect water samples 
'for CFC analyses and who have had the training required for 
CFC sampling. 
Obtain the required number of borosilicate-glass ampoules (five 

-ampoules per ground-water sample). The borosilicate-glass 
ampoules are supplied by the USGS CFC laboratory and are 
included in the price of analysis. 
Obtain cylind'ers of compressed ultra-pure nitrogen gas and 
welding-grade oxygen. 

I 
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PROCESSING OF WATER SAMPLES- 

2. ~ s ~ e m b l e  additional tools, materials, and equipment needed (table 5-8; 
Office of Water QualityIOffice of Ground Water Technical Memorandum 
95.02). 

Discuss the type and modification of pumping equipment with 
the CFC laboratory. USGS personnel should contact the 
laboratory in Reston, Va., by phone (703-648-5847), fax (703- 
648-5832), or E-mail (cfc@usgs.gov). The CFC laboratory will 
provide the guidance needed to prevent cross-contamination of 
samples collected contemporaneously for CFCs and trace 
elements. 
Replace the sample discharge tubing with the appropriate tubing 
(table 5-8): refrigeration-grade copper or aluminum tubing are 
recommended; nylon tubing can be used but should be analyzed 
by the CFC laboratory before use; chromatographic-grade 304 
stainless steel tubing also can be used. Do not use fluorocarbon 
polymer tubing. 

3. Collect an equipment blank and submit for CFC analysis at least 1 week 
before collecting environmental samples. 

For CFC sampling only, the matrix of the blank typically is water 
collected from a relatively deep well tapping an aquifer 
recharged only with pre- 1940 water. 
Ship the sample by overnight delivery to the USGS CFC 
Laboratory in  Reston, Va. 
Review QC-data results and make equipment changes 
accordingly. Proceed with sampling only if the equipment blanks 
are clean. 

4. Collect preliminary samples for radiochemicals and VOC analyses at the 
well(s) selected (steps 5a through c below) and review the results before 
collecting or submitting the samples for CFC analyses. Select wells that 
are open hole or have metal or threaded (not glued) PVC casing. Do not 
submit samples for CFC analyses that contain the following: 

Hazardous radioactive substances. 
More than 0.5 mg/L of any CFC or other halocarbon (vinyl 
chloride, methyl chloride, methyl chloroform, methyl bromide, 
methylene chloride, chloroform, trichloroethylene, carbon 
trichloride, and tetrachloroethylene). 

Processing of Water Samples (Version 2.4102) Summary of Collection and Processing Procedures 
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C PROCESSING OF WATER SAMPLES 

5. Sample collection. 
a. Review sampling plans. 

I [  . 

.. b. Measure the water level and prepare to purge the well. 

c. Purge the well, recording field measurements for specific electrical 
conductance, pH, temperature, and dissolved oxygen at 
approximately 5-minute intervals (NFM 4.2; NFM 6). 

The measurehent of dissolved-oxygen concentrations is 
particularly important. 
Record on field forms whether or not a hydrogen sulfide odor 
is detected. Collect the samples needed for other organic and 
inorganic analyses. Collection of samples for analysisiof VOCs 
and tritium is strongly recommended when collecting 
samples for CFC analysis. 

d. Set up the CFC sampling equipment. Replace the sample tubing, if 
necessary, or make adjustments to direct the sample flow through 
copper lines or other appropriate tubing. 

CFC samples must not come in contact with air. Use only the 
CFC apparatus specifically designed for this purpose that is 
supplied by the CFC Laboratory. 
Review the precautions listed for radon sampling (section 
5.6.3.1) to prevent sample degassing and air contact., , 

e. Collect ground 'water into a borosilicate-glass ampoule-you + 
' will need five ampoules per well. Flame-seal the ampoule. Repeat 

for each of the remaining ampoules. (It takes about 5 minutes to 
collect sample into an ampoule.) 

Follow the instructions given in training for site evaluation and 
use of the CFC sampling apparatus. 
After the last ampoule is filled and sealed, measure specific 
electrical conductance, pH, temperature, and dissolved oxygen 
and record the measurements on the field form. 

I U.S. Geological Survey TWRI ~ b o k  9 Chapter A5 (~eision 2,4102) 



PROCESSING OF WATER SAMPLES- 

6. Determine, if feasible, concentrations of hydrogen sulfide and methane, 
tritium/helium-3, and dissolved nitrogen and argon gases. 
a. 'Measure hydrogen sulfide concentrations (Baedecker and 

Cozzarelli, 1992) if there is a hydrogen sulfide odor. 

b. Collect sample for tritiumlhelium-3 age dating. 

c. Collect sample for analysis of dissolved nitrogen and argon gases 
(to determine temperature of recharge water) and arrange for 
dissolv&l gas analyses. USGS personnel should contact the 
  or the astern Region Common Use Laboratory at (703) 648-6234. 

7. Label the sample ampoules as directed by the CFC Laboratory. Pack the 
ampoules in the boxes supplied by the CFC Laboratory (place padding 
on top of the ampoules). Be sure to pack the field form (fig. 5-4) in the 
box with the ampoules. 

8. Ship the CFC samples to arrive the next day, from Monday through 
Thursday. Do not ship on a Friday; there must be no weekend overlay of 
samples. 

Processing of Water Samples (Version 2. 4/02) Summary of Collection and Processing Procedures 
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PROCESSING OF WATER SAMPLES- 7 b 
I 

REQUEST FOR CFC SAMPLING EQUIPMENT 

I AND ANALYSIS, Continued I 
Material of discharge tubing of pump: 

Equipment normally provided by laboratory includes CFC sampler, 

spare parts, CFC trap, ampoules, ampoule holder. 

Do you also need: 

Garden-hose connector to well? - 

Other? 

Are dissolved gases to be sampled? - Contact 703-648-6234 or 

E-mail cfc@usgs.gov). 

Which gases? 

How many? 

Will surface water be collected for CFC analysis? - 
' 

How many samples and (or) stations? 

Will air samples be collected for CFC analysis? - 
How many samples and (or) stations? 

Do you need training on CFC.sampling procedures? y e s ;  -no 

Do you need the CFC laboratory to send personnel to help with training or 

sampling? -yes; - no 

Contacts and address for Reston CFC laboratory: 

U.S. ~ e o l o ~ i c a l  Survey E-Mail: cfc@usgs.gov 
432 National Center Phone: 703-648-5838 
12201 Sunrise Valley Drive FAX: 703-648-5832 
Reston, VA 20192 

Figure 5-4. Request form for equipment, instructions, and analysis of 
chlorofluorocarbon samples-Continued. ' 1  

Processing of Water Samples (Version 2,4102) Summary of Collection and Processing Procedures 

.!.'.";-,.;. :. 
<!.,$ 

,:I , -:>>: A . . .  ..' . .7 ]  ' ;',, :v'r, I .  , . .. ., ;,, + &> "\!,< 
;';: .. '+. .. 
.! !$.'j 

' !.,d>-. 
",?+;:b!,. 

.;, !." . ,, v ., *$* 
L . :.; .*. < 

,a,:: $x';d: 
a : ,  

.;.*' 
, ' . , .  

, .. ',4 
,, ; , ,&. ,; .$?q<;; 
.I. I , L . ' , '.dt. ! ;<;;-. t. 

>.::; l . 
>.:;?$ -., ., 

" ;':,,:,,?'+, 
. ., tAl :I,' .. : .; . k  
~::'y)~: 
' . C :., 

, , . :!::)i. - *.. ,I  ;': 
";;:p:"::j 
" ,, .<!, 

, . ,  :-' 
) . " i ,  .. .. 

. , .$ psi).>: i" 
i ,..$ "".*. 
, ; ~ ~ : . , 5 ' :  
\,!> .::. ,<;:,. ~>. 
.?$g: -. ' , 

4 ,, :'? (* %,<.+? .,,., 
, {A', 

..? 1 . ', ' &,...., $, 7: 
a;:y.,4.i .'; 
1. I,,' ,,i. 

:,;..;: .'. . < :.., , " 
.X;ic;<:.r, 

, ., ,$y ., . . ,+* ri, . < ~ ,  . . .... ._ , l 
.,,::, * ., 
'+.,i.ii 

<.!','!:L ; , .:,.,p.. . :<+. .' ' . , ,P - .. 
..;i':i'., ,; . 
",'fP$ ; 
: ,;,3 + , *.df& ::t 
;'.; ,q4 ; 

t ' p .  
; .. 

I ,-, *I  : . &!k. .. 
, ,jd%&? 

- .. . ' ;$, '. "',, 2 ,i: 
,3.:7 * ., ,...,L,:.: ,,! 

* . ,> $, * ,  .. , . .  a;. . 
, ;; .<:;yc*.> 

I... 

z .  !,:,;*.;-..' $ 

, ... +.:. ,.., -. ' 

- 4  ..: ' '?;, ... , . , :.: i 
,~<'..~,?,:.'. 
,.5!*.11 

+ ,. ...:.+;.; 
,,.A. .. , . 'V.. . ~' 

.,=,, * + v  ! ., <<.;+;::: 
%,. .. +.,& 

,,,~,<,'"L! 
,I . I , :  .. r;, :.: 

.' ,< ,, . 1' .. <, b U ?  . ,,: 'U : . . ,, ::. 
,:>,;: f 

, I  ( . '  

., ;:---; ,! ., 
. .;:;; &? : 

.*,;>*- :. 
, . ,J . '. 

:. ,; -.;.- 
.t, , : . . - 
;! <Z$,, 

d > 7 . , > . t A : .  , ,. , .. I . . ,  
! '>. . 
:,," * " ' 

. ,$, '.; .'. T.' ? 
.I. ::.n -,.a . .:., 

I $? C ;;$.?' 

. .  ' . , /  , " .  . L >; .' ,~ . . . 
., .'. : 

a 

+;..$:;, 
, 8 .PL 

., ,;I ',..a 

: 
UP(:. , ' 

, . ii;r .... ., & .. .' . 
'.V* ; . 7 : .  $ 

.", ' f*.: *I. L , '. 

' y; $., , 
', , ::..,:*+.- 

I ,r . . I  1% , ,.*..a., , , ,. ...Ii 
'. f:<{? 

z .A. . . . 
, I '  

..$ , - I  

. . 
, .,-. 
) , , "  - . . ,>,:...,-< 
, ,$ 2 .' . 

/ L 
.,I . . . ,... . 

~!!?.!.;,:z 
;, .J$;":.: 
,,, .$i:$< ..,, , , .:'<. .* :,. , . .,A 
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' . Hardware or plumbing 
Ultra-pure nitrogen 

. . .  better; one tank is used for backup. ' 

Welding-grade One C-size or two D-size tanks; or. 
oxygen cannisters for welding kit. . 

Sample, tubing, fittings1 
Copper, aluminum, or 

stainless steel 

Compression fittings , , 

(such'as Swagelok) 

~ ~ l o n '  (copper or alpmi- 
num are preferred) 114-inch tubing; preclean as described for 

inorganic'/constituent samples inNFM 3. + 

assembled, by a weld- 
ing eqbipment store. 

Needle-nose and standard. 
Phillips and standard. 
For 118-inch and 114-inch tubing. 
Fluorocarbon polymer (PTFE) and electrical. 

4- 
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CONVERSION FACTORS, SELECTED 
TERMS, ABBREVIATIONS, AND 

- .  CHEMICAL FORMULAS 

CONVERSION FACTORS 
Multiply BY 

micrometer (pm) 0.00003937 

millimeter (mm) 0.03937 

centimeter (cm) 0.3937 

microliter (pL) 0.0000338 

milliliter (mL) 0.0338 
0.000264 

liter (L) 0.2642 

To obtain 
inch 

inch 

inch 

ounce, fluid 

ounce, fluid 
gallon 

gallon 

nanogram (ng) 3.53 x lo-" ounce 

microgram (pg) 3.53 x los8 ounce 

milligram (mg) 0.0000353 ounce 

gram (g) 0.03527 ounce, avoirdupois 

kilopascal 0.1450 pound per square inch 

,picocurie (pCi) 0.037 Becquerle, (Bq) 

Temperature: Water and air temperature are given in degrees Celsius (OC), 
which can be converted to degrees Fahrenheit (OF) by use o'f the following 
equation: 

Selected Terms 
Editors and authors of the National Field Manual have attempted to use terms 
common in the water-quality community. Some of the terms used have 
restricted meanings within the context of this report. The following terms 
either are used in a context familiar primarily to USGS personnel, or in a 
format that is more succinct, or that is considered to be more specific than a 
common usage: 

Accuracy: The' degree of agreement of a measured value with the true or 
expected value (from Taylor, 1987). 

Analyte (target analyte): "Substances being determined in an analysis" (from 
Bennett, 1986). The term target analyte is used in this report to refer to any 
chemical or biological substance for which concentrations in a sample will be 
determined. The definition for target analyte does not include field-measured 
parameters such as temperature, specific electrical conductance, pH, dissolved 
oxygen, Eh, alkalinity, color, or turbidity. 

Processing of water Samples (Version 2,4102) Conversion Factors and Abbreviations 
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Bias: Systematic error inherent in a method or caused by some artifact or 
idiosyncrasy of the sample measurement, 'collection, or processing system. 
The error can be positive (indicating contamination) or negative (indicating + 
loss of analyte concentration) (from ~ G l o r ,  1987). 

1 Contaminant: Biological or chemical substances, added to the medium of 
concern, commonly through human activity. 

Contamination (of water): Change of ambient water composition by the 
addition of biological or chemical substances as a result of human activity or 
natural processes. Addition of such substances can be detiimental to the 
quality of the water resource. 

I 

I Data-quality requirements: The subset of data-quality objectives pertaining 
specifically to the analytical detection level for concentration's lof target 
analytes and the variability allowable to fulfill the scientific objectives of the 

Quality Assurance (QA): The systematic management of data-collection 
systems by using 'prescribed guidelines and criteria for implementing 
technically approved methods and policies. Quality assurance incorporates a 
comprehensive plan that outlines the overall process for providing,a product 
or service that will satisfy the given requirements for quality. 

I 

+ 
Quality Control (QC): The specific operational techniques and activities 
used to obtain the required quality of data. Quality control consists of the 
application of technical procedures to achieve prescribed standards of 
performance and to document the quality of collected data. ~ualit3-control 
data are used to identify and evaluate any corrective actions necessary to 
improve performance or data interpretation to acceptable levels. 

Trace element(s): For the purpose of this report and to maintain consistency 
1 1 1 1  with common usage, the,term trace element(s) is used to refer to metal and 

nonmetal inorganic elements such as arsenic, antimony, selenium, and 
tellurium that usually are present in natural surface-water and ground-water 
systems in concentrations less than 1 mg/L (modified from Hem, 1985). 
Common usage of this term, as defined above, is inexact and not rigorous with 

I ' 
respect to'aqueous chemi'stry. 

Abbreviations 
I 

cc cubic centimeter , 

lb/in2 pounds per square inch 

min minute 

mglL milligram per liter 
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MIL 

mLlmin 

n g k  

ng/PL 

pCi 

P P ~  

ANC 

ASR 

BNA 

CFC 

CH 

DH 

DIC 

DIW 

DOC 

FA 

FAM 

FAR 

FCA 

FCC 

FEP 

FU 

GCC 

GC/MS 

IB W 

MBAS 

NAWQA ' 

NFM 

NPDES 

microgramper liter (equivalent to parts per billion (ppb)) 

milliliters per minute . 

nanogram per liter . 
nanogram per microliter 

picocuries 

parts per billion (see pglL) 

acid neutralizing capacity 

Analytical Services Request 

base-neutral acids 

chlorofluorocarbon 

Clean Hands 

Dirty Hands 

dissolved inorganic carbon 

distilledldeionized water 

dissolved organic carbon 

filtered, acidified sample 

filtered, acidified sample for analysis of mercury 

filtered, acidified sample for analyses of selected radiochemicals 

filtered, chilled, acidified sample 

filtered,chilled sample 

fluorinated ethylene-propylene 

filtered, untreated sample 

glass, chilled sample for analysis of nonvolatile organic compounds 

gas chromatograph/mass.spectrophotometer 

inorganic-grade blank water (water with certified analysis of 
trace elements and other inorganic constituents and used for 
blank QC samples for analysis of inorganic constituents) 

methylene blue active substances 

National Water-Quality Assessment Program 

National Field Manrial for the Collection of Water-Quality Data 

National Pollutant Discharge Elimination System 

NWQL National Water Quality Laboratory of the 
U.S. Geological Survey (Denver. Colo.) 

OWQ Office of Water Quality of the U.S. Geological Survey 
(Reston, Va.) 

PB W pesticide-grade blank water (water certified free of pesticide compounds) 

PCB polychlorinated biphenyl 
\ 

Q A q;a~ity assurance 

Qc quality control 
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Q w quality of water 

QWSU Quality of Water Service Unit of the U.S. Geological Survey (Ocala. Fla.) 

R A raw, acidified sample 

RAH raw, acidified sample for analysis of antimony, a'rseni.~. and (or) selenium 

RAM raw, acidified sample for analysis of mercury 

RCB raw, chilled sample . 
R U raw, untreated sample 

RUR raw, untreated sample for analysis of selected radiochemicals 

RUS . raw, untreated sample for analysis of stable isotopes . . 

SOC suspended organic'carbon 

SPE . solid-phase extraction 

TOC total organic carbon 

URL Uniform Resource Locator 

USEPA U.S. Environmental Protection Agency 

USGS U.S. Geological Survey 

VBW , ' volatile-organic-compounds-grade blank water(water certified free of 
VOCs) . 

VOC volatile organic compounds , . .  

WCA raw, chilled, acidified nutrient sample 

. . + 
,, 8 

Cheinical Formulas 
b 2 S .  silver sulfide . . 

, . 
AgN03 , silver nitrate , , , , 

BaS04 barium sulfate 

' 3 ~ 1 1 2 ~  carbon- 13lcarbon-12 isotope ratlo 

I4c carbon- 14 . 
CuS04 copper sulfate 

2 ~ ~ ' ~  deuteriumlprotium isotope ratio 

3 ~ / 3 ~ e  tritiumlhelium-3 isotope ratio 

HCI hydrochloric acid 
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Hz0 

H2S 

H3PO4 

HNO, 

HNO3IK2Cr2O7 

NaCl 

NaOH 

' 5 ~ / ' 4 ~  

"301'~o 

34sP2~ 
SrCI2 

water 

hydrogen sulfide 

sulfuric acid 

phosphoric acid 

nitric acid 

nitric acidlpotassium dichromate 

sodium chloride 

sodiuin hydroxide 

nitrogen-l5lnitrogen- 14 isotope ratio 

oxygen-Illoxygen-16 isotope ratio 

sulfur-34lsulfur-32 isotope ratio 

strontium chloride 
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Internal ~ocum'ents 

Office of Water Quality and National Water Quality ~aboratory  technical 
memorandums are available through the USGS Home Page on the World 
Wide Web. The site address (URL) is 
http:/lwater.usgs.gov/lookup/get?techmemo. 

Memo I Title 
No. 

I Date 

Water Quality 
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, . 
Distilled/Deionized Water for District 
Operations 

FIELD TECHNIQUES--Field Preparation of 
Containers for Aqueous Samples 

Report of Committee on Sample Shipping 
Integrity and Cost ' 

FIELD TECHNIQUES--Return of Spent 
Mercury and Dichromate Ampoules to the 
National Water Quality Laboratory 

Revision of New Division Protocol for 
Collecting and Processing Surface-Water , 

Samples for Low-Level Inorganic Analyses 

New Preservation Techniques for Nutrient 
Samples 

Establishment of U.S. Geological Survey 
(USGS) Laboratory for Determination of 
Chlorofluorocarbons (CFCs) in Air and 
Water samples 

Protocols for Cleaning a Teflon Cone Splitter 
to Produce Contaminant-Free Subsamples 
for Subsequent Determinations of Trace 
~lernents 

Comparison of the Suspended-Sediment 
Splitting Capabilities of the Churn and Cone 
Splitters 

Changes in Field Treatment Protocols and 
Bottle Types for Whole-Water Samples 
Collected for Total Ammonium Plus Organic 
Nitrogen and Total Phosphorus 
Determinations 

December 20, 199 1 

December 20, 199 1 

March 20. 1992 

July 16, 1992 

January 28, 1994 

August 5, 1994 

December 29, 1994 

February 7,'1997 

May 5, 1997 

November 25, 1998 

'95.02 was prepared jointly by the Office of Water Quality and the Office of 
Ground Water. 
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. . ; ::. ~ational Water Quality Laboratory . ' . 
.;,:.,, i:.,,: ; . ,  . 
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' , .  

, ,_< '.I)' 

92.01 Technology Transfer. Availability of March 25, 1992 
..I , . - ' . I .  . $ ~ . ,  

; .'( ,C,] Equipment Blank Water for Inorganic & 
i r,:$:. , ; Organic Analyses , , 
./ . IS. 

I .  

' V  . k, 

, I 92.04 Bottles for Tritium Analyses August 12, 1992 
. . 

93.01 rdentification of Low Levels of Sodium Octotier 5. 1992 
Contamination in Nitric Acid samples 

93.09 Radon-?iscontinuance of Duplicate August 24, 1,993 
Samples for ~adoniln-water , .  

95.04 Shipping Samples to the National Water ~ecember  2. 1994 
Quality Laboratory 

95.05 Nitrogen Isotope Sample Preservation for March 8, 1995 
Water Samples 

. . '.:: . .: 
% ,.,I.' -: 96.05 Collection. processing, and Analysis of April 5, 1996 
, I . .  , .  . L :  Carbon Isotope Samples , . " I  ,. . . 

, . <  
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, .  / , ... 
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97.045: Collection, Processing, and Analysis of April 7, 1997 
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TWRI I 
PUBLICATIONS ON TECHNIQUES 0 k  WATER- 

RESOURCES INVESTIGATIONS I 
The U.S. Geologicall Survey publishes a series of manuals describing 
procedures for planning and conducting specialized work in water-resources 
investigations. The niaterial is grouped under major subject headings called 
books and is further divided into sections and chapters. For example, Section 
A of Book 9 (Handbooks for Water-Resources Investigations) pertains to 
collection of water-quality data. The chapter, which is the unit of publication, 
is limited to a narrow field of subject matter. This format permits flexibility 
in revision and publication as the need arises. 

I The Techniques of Water-Resources Investigations (TWRI) reports listed 
below are for sale by the U.S. Geological Survey, Branch of Information 
Services, Box 25286, Federal Center, Denver, CO 80225 (authorized agent 
of the Superintendent of Documents, Government Printing Office). 
Prepayment is required. Remittance should be sent by check or money order 
payable to the U.S. Geological Survey. Prices are not included because they 
are subject to change. Current prices can be obtained by writing to the above 
address. When ordering or inquiring about prices for any of these 
publications, please give the title, book number, chapternumber, and "U.S. 
Geological Survey Techniques of Water-Resources Investigations." An 
updated list of TWRI reports can be found by accessing the World Wide Web 
url: http://water.usgs.gov/lookup/get?TWRI. 

Book 1. Collection of Water Data by Direct Measurement I 
Section D. Water Quality 

1-D1.Water temperature-influential factors, field measurement, and data presentation, 
by H.H.PStevens, Jr.,i.J.F. Ficke, and G.F. Smoot: USGS-T-WRI 'Book 1, Chapter Dl .  
1975.65ppages. 

I-D2.Guidelines for collection and field analysis of ground-water samples for selected 
unstable constituents, by W.W. Wood: USGS-TWRI Book 1, Chapter D2. 1976. 24 
pages. 

Book 2. Collection of ;Environmental Data 

Section D. Surface Geophysical Methods 

2-D1.Application of surface geophysics to ground-water investigations, by A.A.R. 
Zohdy, G.P. Eaton, ahd D.R. Mabey: USGS-TWRI Book 2, chapder D l .  1974. 116 
pages. 

2-D2.Application of seismic-refraction techniques to hydrologic studies, by F.P. Haeni: 
USGS-TWRI Book 2, Chapter D2. 1988. 86 pages. I 

Section E. Subsurface Geophysical Methods 

2-El .Application of borehole geophysics to water-resources investigati~n~s, by W.S. Keys 
and L.M.PMacCary: USGS-TWRI Book 2, Chapter E l .  1971. 126 pages. 

2-E2.Borehole geoph;sics applied to ground-water investigations, by W.S. Keys: 
USGS-TWRI Book 2, Chapter E2. 1990. 150 pages. 

I 
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Section F. Drilling and Sampling Methods 

2-F1.Application of drilling, coring, and sampling techniques to test holes and wells, by 
Eugene Shuter and W.E. Teasdale: USGS-TWRI Book 2, Chapter F l .  1989.97 pages. 

Book 3. Applications of Hydraulics 

Section A.  Surface- Water Techniques 

3-A1 .General field and office procedures for indirect discharge measurements, by M.A. 
Benson and Tate Dalrymple' USGS-TWRI Book 3, Chapter Al .  1967.30 pages. 

3-A2.Measurement of peak discharge by the slope-area method, by Tate Dalrymple and 
M.A. Benson: USGS-TWRI Book 3, Chapter A2. 1967. 12 pages. 

3-A3.Measurement of peak discharge at culverts by indirect methods, by G.L. Bodhaine: 
USGS-TWRI Book 3, Chapter A3. 1968.60 pages. 

3-A4.Measurement of peak discharge at width contractions by indirect methods, by H.F. 
Matthai: USGS-TWRI Book 3, Chapter A4. 1967. 44 pages. 

I 3-A5.Measurement of peak discharge at dams by indirect methods, by Harry Hulsing: 
USGS-TWRI Book 3, Chapter AS. 1967.29 pages. 

3-A6.General procedure for gaging streams, by R.W. Carter and Jacob Davidian: USGS- 
TWRl Book 3, Chapter A6. 1968. 13 pages. 

3-A7.Stage measurement at gaging stations, by T.J. Buchanan and W.P. Somers: USGS- 
TWRI Book 3, Chapter A7. 1968.28 pages. 

3-A8.Discharge measurements at gaging stations, by T.J. Buchanan and W.P. Somers: 
USGS-TWRI Book 3, Chapter A8. 1969.65 pages. 

3-A9.Measurement of time of travel in streams by dye tracing, by F.A. Kilpatrick and J.F. 
Wilson. Jr. USGS-TWRI Book 3, Chapter A9. 1989. 27 pages. 

3-A1O.Discharge ratings at gaging stations, by E.J. Kennedy: USGS-TWRI Book 3, 
Chapter A 10. 1984.59 pages. 

3-All.Measurement of discharge by the moving-boat method, by G.F. Smoot and C.E. 
Novak USGS-TWRI Book 3, Chapter Al I .  1969.22 pages. 

3-A I2.Fluorometric procedures for dye tracing, Revised, by J.F. Wilson, Jr., E.D. Cobb, 
and F.A. Kilpatrick USGS-TWRI Book 3, Chapter A12. 1986. 34 pages. 

3-A13.Computation of continuous records of streamflow, by E.J. Kennedy: USGS- 
TWRl Book 3, Chapter A13. 1983.53 pages. 

3-A14.Use of flumes in measuring discharge, by F.A. Kilpatrick and V.R. Schneider: 
USGS-TWRI Book 3, Chapter A14. 1983.46 pages. 

3-A15.Computation of water-surface profiles in open channels, by Jacob Davidian: 
USGS-TWRI Book 3, Chapter A15. 1984.48 pages. 

3-A16.Measurement of discharge using tracers, by F.A. Kilpatrick and E.D. Cobb: 
USGS-TWRI Book 3, Chapter A16. 1985.52 pages. 

3-A17.Acoustic velocity meter systems, by Antonius Laenen: USGS-TWRI Book 3, 
Chapter A17. 1985.38 pages. 

3-A18.Determination of stream reaeration coefficients by use of tracers, by F.A. 
Kilpatrick, R.E.PRathbun, Nobuhiro Yotsukura, G.W.PParker, and L.L. DeLong. 
USGS-TWRI Book 3, Chapter A18. 1989.52 pages. 

3-A19.Levels at streamflow gaging stations, by E.J. Kennedy: USGS-TWRI Book 3, 
Chapter A 19. 1990. 3 1 pages. 

3-A20.Simulation of soluble waste transport and buildup in surface waters using tracers, 
by F.A. Kilpatrick. USGS-TWRI Book 3, Chapter A20. 1993.38 pages. 

3-A21 .Stream-gaging cableways, by C. Russell Wagner: USGS-TWRI Book 3, Chapter 
A21. 1995.56 pages. 
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. . .  ' 
Section B. Ground- Water Techniques 

3-BI. Aquifer-test design, observation, and data analysis, by R.W. Staflman: USGS- 
TWRI Book 3, Chapter B 1. 1971.26 pages: I 

, ' 

3-B2.Introduction to ground-water hydraulics, a:programed text for self-instruction, by 
G.D; Bennett: USGS-TWRI Book 3, Chapter B2. 1976. 172 pages.: I ' , 

3-B3.Type curves for selected problems of flow to wells in confined aquifers, by J.E. 
Reed: USGS-TWRI  book 3, Chapter B3. 1980. 106 pages. 

. '  

, I , 

3-B4.Regression m o d e ~ i h ~  of ground-water flow, by R.L. Cooley and R.L. Naff: USGS- 
TWRI Book 3, Chapter B4. 1990.232 pagqs. , , 

3-B4.Supplement I. Regression mqdeling of ground-water flow-~odifications to the 
computer code for nonlinear regression solution of steady-state ground-water flow 
problems, by R.L. Cooley: USGS-TWRI,BOO~ 3, Chapter B4. 1993.! 8 pages. 

3-B5.Definition of boundary and initial conditions in the analysis of saturatdd ground- 
water flow systems-An introduction, by O.bL.bFranke, T.E. Reilly, and,G.D. Bennett: 

,USGS-TWRI Book 3, Chapter B5. 1987. 15 pages. ! . ' I  ' 

3-B6.The principle of superposition and its application in ground-w>ter hydraulics, by 
T.E. Reilly, O.L.PFrarike, and GD.bBennett: USGS-TWRIBook 3.;0hapterf~6. 1987. 3 

. . , , 28 pages. 

3-B7.Analytical solutions for one-, two-, and three-dimensional solute transport in 
ground-water systems with uniform flow, by E.J. Wexler: USGS-TWRI Book 3. 
Chapter 87.  1992. 190 pages. 

1 '  

'Section C. Sedirnentatio'n and Erosion Techniques 

3-C1.Fluvial sediment concepts, by H. P. Guy: USGS-TWRI Book 3, Chapter C l .  1970. 
55 pages. . ,  , 

3 - ~ 2 , ~ i k l d  methods for measurement of fluvial sediment, by T.K. Edwards and G.D. 
I Glysson: USGS-TWRI Book 3, Chapter C2. 1998.80 pages. . . , , 

, I 1  
. . 

3 - ~ 3 . ~ 0 m ~ u t a t i o n  df flkvial-sediment discharge, by George Porterfield: USGS-TWRI 
Book 3, ChapterbC3. 1972.66 pages. 

1 ,  

Book 4. Hydrologic Analysis and ~nterpretation 
. ,  , 

section A. Statistical Analysis , , 

4-Al.$ome statistical toold in hydrolbgy, byH.C. Riggs: USGS-TWRI Book 4, Chapter 
Al .  1968. 39bpages.: ' ,  I \ 

4-A2.Frequency curves, by H.C. Riggs: USGS-TWRI ~ o o k . 4 ,  chapter A2. 1968. 15 
pages. , , I  ; ' 1 

Section ~ . ' ~ u r f a c e  'water I 

4-B 1.Low-flow investigations, by H.C. Riggs: USGS-TWRI Book 4, Chapter B 1. 1972.. 
, , 

18 pages. 

4-B2.Storage analyses for water supply, by H.C. Riggs and C.H. ~a rd i son :  USGS-TWRI 
Book 4, Chapter B2.1973. 20 pages. , : I 

4-B3,Regional analyse's of streamflow characteristics, by H.C. Riggs: USGS-TWRI 
Book 4, ChapterbB3;. 1973. 15 pages. , I ,, 

Section D. Interrelated Phases of the Hydrologic Cycle 

4-D1.Computation of rate and volume of stream, depletion by wells,; by C.T. Jenkins: 
USGS-TWRI Bookb4. Chapter D l .  1970. 17 pages. 1 

Book 5. Laboratory Analysis I 
, . 

Section A. Water Analysis . + i ' 
5-A1.Methods for determination of inorga& sub8tances in water a"d fluvial sediments;. 

by M.J.bFishman and L.C. Friedman, .editors: USGS-TWRI B'ook 5, Chapter Al .  
1989. ,545 pages. . . . , ' ,  I 

I 
I I 
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5-A2.Determination of minor elements in water by emission spectroscopy, by P.R. Barnett 
and E.C.bMallory, Jr.: USGS-TWRl Book 5, Chapter A2. 197 1. 3 1 pages. 

SA3.Methods for the determination of organic substances in water and fluvial sediments, 
edited by R.L. Wershaw, M.J.bFishman, R.R. Grabbe, and L.E. Lowe: USGS-TWRI 
Book 5, Chapter A3. 1987. 80 pages. 

5-A4.Methods for collection and analysis of aquatic biological and microbiological 
samples, by L.J.bBritton and P.E. Greeson, editors: USGS-TWRI Book 5, Chapter 
A4. 1989.363 pages. 

5-A5.Methods for determination of radioactive substances in water and fluvial sediments, 
by L.L.bThatcher, V.J. Janzer, and K.W.bEdwards: USGS-TWRI Book 5, Chapter A5. 
1977.95bpages. 

5-A6.Quality assurance practices for the chemical and biological analyses of water and 
fluvial sediments, by L.C. Friedman and D.E. Erdmann: USGS-TWRI Book 5, 
Chapter A6. 1982. I8 lbpages. 

Section C. Sediment Analysis 

5-C1.Laboratory theory and methods for sediment analysis, by H. P. Guy: USGS-TWRI 
Book 5, ChapterbC 1. 1969.58 pages. 

Book 6. Modeling Techniques 

Section A. Ground Water 

6-A1.A modular three-dimensional finite-difference ground-water flow model, by M.G. 
McDonald and A.W. Harbaugh: USGS-TWRI Book 6, Chapter Al .  1988.586 pages. 

6-A2.Documentation of a computer program io simulate aquifer-system compaction using 
the modular finite-difference ground-water flow model, by S.A. Leake and D.E. Prudic: 
USGS-TWRI Book 6, Chapter A2. 1991.68 pages. 

6-A3.A modular finite-element model (MODFE) for areal and axisymmetric ground- 
water-flow problems, Part 1: Model Description and User's Manual, by L.J. Torak: 
USGS-TWRI Book 6, Chapter A3. 1993..136 pages. 

6-A4.A modular finite-element model (MODFE) for areal and axisymmetric ground- 
water-flow problems, Part 2: Derivation of finite-element equations and comparisons 
with analytical solutions, by R.L. Cooley: USGS-TWRI Book 6, Chapter A4. 1992. 
108 pages. 

6-A5.A modular finite-element model (MODFE) for areal and axisymmetric ground- 
water-flow problems, Part 3: Design philosophy and programming details, by L.J. 
Torak: USGS-TWRI Book 6; Chapter A5, 1993: 243 pages. 

6-A6.A coupled surface-water and ground-water flow model (MODBRANCH) for 
simulation of stream-aquifer interaction by E.D. Swain and Eliezer J. Wexler: USGS- 
TWRI Book 6, Chapter A6, 1996. 125 pages. 

1 Book 7. Automated Data Processing and Computations 

Section C. Computer Programs 

7-C1.Finite difference model for aquifer simlilation in two dimensions with results of 
, numerical experiments, by P.C. Trescott, G.F.bPinder, and S.P. Larson: USGS-TWRI 

Book 7, Chapter Cl  . 1976. 116 pages. 
7-C2.Computer model of two-dimensional solute transport and dispersion in ground 

water, by L.F.bKonikow and J.D.bBredehoeft: USGS-TWRI Book 7, Chapter C2. 
1978.90 pages. 

7-C3.A model for simulation of flow in singular and interconnected channels, by R.W. 
Schaffranek, R.A.bBaltzer, and D.E.bGoldtierg: USGS-TWRI Book 7. Chapter C3. 
1981. 110 pages. 
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,4 fk ,,. Book 8. Instrumentation 

I 
Section A. instruments jbr Measurement of Water Level + . , 

8-A1.Methods of meaiuring water levels in deep wells, by M.S. Garber and F.C. 
Koopman: USGS-TWRI Book 8, Chapter A l .  1968.23 pages. 

. . ... 
. / I  ...; . . ,. ,.,: 8-A2.Installation and service manual for ~ . ~ . ; ~ e o l o ~ i c a l  Survey manometers, by J.D. 
., , *, .. , . , , I .  

.r, , ' ', 
Craig: 'USGS-TWRI Book 8, Chapter A2. 1983.57 pages. 

Section B. Instruments for Measurement of Discharge 
, , 

. , 8-~2.c;libration and miintenance of vertical-axis type current meters,: b) G.F. Smoot and 
C.E. Novak: USGS-TWRI B'ook 8, Chapter B2. 1968. 15 pages. 

Book 9. Handbooks for Water-Resources Investigations 

Sectio~i A. National ~ i e l d  Manual for the Collection of Water-Quality Data 

9-A1.Preparations for water sampling, by ED. :Wilde, D.B. Radtke, JacobGibs, and R.T. 
Iwatsubo: USGS-TWRI Book 9, Chapter A l .  1998. variously paged. 

9-A2.Selection of equiphent for water sampling, by ED. Wilde, ~ . ~ . , ~ a b t k e ,  Jacob Gibs, 
and R.T. Iwatsubo, editors: USGS-TWRI Book 9. Chapter A2. 1998. Variously paged. 

9-A3. Cleaning of equipment fpr water sampling, by ED. Wilde. D.B., Radke, ~ a c o b  Gibs, 
and R.T. Iwatsubo, editors: USGS-TWRI Book 9, Chapter A3. 1998. Variously paged. 

9-A4.Collection of water simples, by F.D. Wilde, Q.B. Radtke, Jacob Gibs,  and'^.^. 
Iwatsubo,.editors: USGS-TWRI Book 9, Chapter A4. 1999. Variously paged. 

9-A5.Processing of water samples; by ED. Wilde, D.B. Radtke, Jacob Gibs, and R.T. 
, Iwatsubo, editors: USGS-TWRI Book 9, Chapter A5. 1999. Variously.paged.. 

9-A6.Field measurements, by ED. Wilde and D.B. Radtke, editors: USGS-TWRI Book 
9, Chapter A6. 1998. Variously paged. 

1 + 9-A7.Biological indicators, by D.N. Myers and F.D. Wilde, editors: USGS-TWRI Book 
9, Chapter A7.1997.~~ariousIy paged.' . , 

I ' .  

9-A8.Bottom-material $amples, by D.B. Radtke: USGS-TWRI ~ d o k ' 9 ,  Chapter A8. 
1998. Variously paged. - . 

9-A9.Safety in field activities, by S.L. Lane and R.G. Fay: USGS-TWRI Book 9, 
Chapter A9. 1998. Variously paged. I 
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APP 

Appendix AS-A. Sample-designation codes and a summary of field- 
processing requirements for analyses of organic compounds in water 

+ 
[NWQL. Natlonal Water Quality Laboratory of the U.S. Geolog~cal Survey; mL, mill~l~ters, OC, 
degrees Celsius; HCI, hydrochloric a c ~ d ,  mg, milligram. L, I~ter; LC, laboratory code; %. 
percent, H3PO4. phosphoric acid. CuSO,, copper sulfate; g/L, grams per I~ter, pm, micrometer. 
GFIF, baked glass fiber filter med~a; SH, schedule number; mm, m~ll~meter; SPE, sol~d-phase 
extraction; <, less than; oz, ounce; In, ~nch] 

Sample- I I 

Organic Size and type desig- 
1 

, i  
I I of sample ,i = nation 

Treatmen! and 1 

compound1 , 1 coniain:2 1 c d e ?  of I v prese~Jjaitioh3 u 

1 .  N W Q L ~  
, ' * I 1 1 1 1 ~ 1  ; 

1 I ( ,  
Volatile or 40-mL baked glass VOC Raw sample. Do not let sample degas. 

purgeable septum vial. Chilllma~ntain at 40C. 
organic Replicates are For treated sample4: Add two drops of 
compounds required and 1:l HCI from ~ e f l o n ? ~  dropper bottle 
(VOCs or numbered in the If residual chlorlne is present, add 25 
POCs) order filled. Fill 3 mL ascorbic a c ~ d  tojv~al before 

v~als  for ground fill~ng. 
water. 4 v~als for 
surface water. No 
field rinse. 

Methylene- 500-mL baked glass GCC 
chloride- bottle. No field 
extractable rinse. 
compounds I 

(BNAs) I - 
Phenols I-L baked amber LC0052 

glass bottle. No 
field rinse. 

Polychlorinated I-L baked glass GCC 
biphenyls bottle. No field 
(PCBs) rinse. 

Pesticides (raw) 1-L baked amber GCC 
glass bottle. No 
field rinse. 

Organo-nitrogen I-L baked amber GCC 
herbicides I I glass bottle. No 

field rinse. I 
Pesticides 

(filtered) glass bottle. No 
field rinse. 

herbicides 
bottle. No field 
rinse. 

Fill bottle to shoulder. Add 1 mL 
concentrated sulfuric acid to adjust to 
pH <2. If chlorine is suspected in the 
sample, add 100 hg ferrous sulfate. 
Mix, chill, and miintain at 40C. 

Raw sample. Add 2 ;L of 8.5% H3P0, 
to I L sample to pH 4. Add 10 mL 
CuS04 (100 dL). Fill to shoulder. 
Chilllmaintain at 40C. 

Raw, untreated sampld. Chilllmaintain 
at 40C. I 

Raw, 'untreated sample. 
Chillfmaintain at 40C. 

Raw sample, untreated. 
Chilllmaintain at 40C: 

, , 

Filtered sample (0.7-dm GFIF). 
Chilllmaintain at 40C1 

Filtered sample, untreated. Optional: use 
25-mm nylon filter capsule. Chill1 
maintain at 40C. 
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Appendix AS-A. sahple-designation codes and a summary of field- 
processing requirements for analyses of organic compounds in water- 
continued 
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Treatment and 
preservation3 

Filtered sample (0.7-pm GFIF), pass 
through SPE column and treat as 
described in text. Chilllmaintain at 
4% 

Filtered sample (0.7-pm GFIF), pass 
through SPE column and treat as 
described in text. Chilllmaintain at 
4 o c  

Retain particulate material on 25-mm 
baked glass microfiber filters (GFIF). 
Fold filters into 6-in x 6-in aluminum 
foil squares, as described in the text. 
label, and place into 6-02 bag and 
then into 18-oz bag. Chilllmaintain at 
4 o c .  

Raw sample, untreated. Fill to shoulder. 
Chilllmaintain at 40C. 

Filtered sample (silver filter media) , 
untreated. Fill to shoulder. Chill1 
maintain at 40C. 

Retain suspended materials on silver 
. filter, untreated. Chilllmaintain at 

4 o c .  

Raw sample, untreated. Fill to shoulder. 
Chilllmaintain at 4OC. 

Raw sample. Leave small headspace. 
Add about 2 mL H2S04 to lower pH 
to c2. Chilllmaintain at 40C. 

Sample- 
desig-, 
nation 

, codes of 
NWQL' 

SH2010 

SH2051 

TPC 
(LC2606) 

TOC 
(LC0114) 

DOC 
(LC0113) . 

SOC 
(LC0305) 

RCB. 

GCC 
(LC2125) 

Organic 
compound1 

Broad spectrum 
pesticides by 
C-18 SPE 

Broad spectrum 
pesticides by . 
Carbopak-BTM 
S PE 

Total particulate 
carbon (TPC)' 

Total organic 
carbon 
( T O O  

Dissolved 
(filtered) 

,organic carbon 
(DOC) 

Suspendedorganic 
carbon (SOC) 

Methylene blue 
active 
substances 
(MBAS) 

Oil and grease 

' 

Size and type of 
sample container2 

C-18 SPE column. 

Carbopak-BTM SPE 
C O I U ~ ~ .  

6-oz and 18-oz 
Whirl-Pak bags 

125-mL baked 
glass bottle. No 
field rinse. 

125-mL baked 
glass bottle. No 
field rinse. 

Petri dish. plastic. 
No field rinse. 

250-mL 
polyethylene 
bottle. Field 
rinse. 

I-L baked glass 
bottle. No field 
rinse. 



Appendix AS-A. Sample-designation codes and a summary of field- 
processing requirements for analyses of organic compounds in water- 
Continued . 1 , ' 

Explosives 

Total petroleum 
hydrocarbons 

Ultraviolet- 
absorbing. 
substances 

Filtered sample (0.7 p n  GFIF), 

field rinse. 
Raw sample. Leave small headspace. 

rinse. to Q. ChilVmaintain at 40C. 

 h his table is not complete or comprehensive. Check with NWQL for the most current informa- 
tion on analytical schedules, laboratory codes, parameter codes, sample requirements, prices, and 
associated information. 
2~ontainer size is subject to sample-volume and analytical-method requirements. Glass bottles 
must be received,from the laboratory baked, capped, and ready for use. Do not use glass bottles 
that arrive uncapped. 
3~rocedures for sample treatment and preservation are also described in Shelton and others 
(1994). Koterba and others (1995), Timme (1995), Sandstrom (1995). Zaugg and others (1995). 
and Werner and others (1 996). 
4~cidification of VOC samples is mandatory for NPDES and NAWQA programs, but normally 
is optional (unless study objectives dictate acidified samples). 
  he summary for particulate inorganic carbon (PIC), sample desigiation code LC2608, is iden- 
tical for that of TPC. 

-- 
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Appendix AS-B. Sample-designation codes-and a summary of field- 
processing requirements for analyses of inorganic constituents in water 

[NWQL, National Water Quality Laboratqry of the U.S. Geological Survey; mL, milliliters; OC, 
degrees Celsius; HzS04, sulfuric acid; HN03, nitric acid; <, less than; K2Cr2O7. potassium 
dichromate; NaOH, sodium hydroxide; >, greater than] 

' ~ i s t  of constituents and sample-designation codes is not complete or comprehensive. Some 
notable omissions include chemical oxygen demand and sulfide. Check with VWQL for a com- 
prehensive list of analyses and sample designations and instructions. Check National Water Qual- 
ity Technical Memorandum 97.05 for requirements of the USEPA Drinking Water Program. 
'container size is subject to sample-volume and analytical-method requirements. Acid-rinsed 
bottles must be received from the laboratory capped. Do not use acid-rinsed bottles that arrive 

' uncapped. 

Processing of Water Samples (Version 2,4102) Appendix B 

, 

. 
Treatment'and 

, preservation , ' . 

Raw sample, treated: Add 1 mL 
of H2s(?4: 

Chilllrna~nta~n at 4oC. 

Filtered sample, untreated. 
Chilllmaintain,at 40C. 

Filtered sample: Add 1 mL of 
H2SO4. . 

Chilllmaintain at 40C. 

Raw sample, untreated. 

Filtered sample, untreated. 

Raw sample. ~ c i d i f ~  with HN03 
to pH<2. 

Filtered sample. Acidify with 
HN03 to p H 4  

Raw sample. Acidify with 
HNO31K2Cr2O,. 

.Filtered sample. Acidify with 
HNO31K2Cr2O7. . 

Raw sample. . 
Acidify with HN03 to pH<2. 

Raw sample. Add NaOH to pH 
>12. ChilVmaintain at 40C. 

Filtered sample. Add NaOH to 
pH >12. Chilllmaintain at 
4oc .  

Sample- 
desig- . 
nation 

codes of 
NWQL' 

WCA 

FCC 

FC A 

RU 

FU 

RA 

FA 
- 

RAM 
FAM 

RAH 

LC0023 . 

LC0880 

Inorganic 
constituent' .' 

Nutrients: 
Nitrogen and 

phosphorus (raw) 

Nitrogen and~phos-' 
phorus (filtered) 

Anions 

Cations 
(major cations, 

trace elements) 

Mercury 

Antimony 
Arsenic 
Selenium 

Cyanide 

Size and type of sample 
containe? ' 

125-mL translucent 
polyethylene bottle. 
Field rinse. 

125-mL brown poly- 
ethylene bottle. 
Field rinse. 

250-mL poiyethylene 
bottle. Field rinse. 

250-mL polyethylene 
bottle, acid rinsed. 
Field rinse. 

250-mL glass bottle, 
(clear), acid rinsed. 
Field rinse. 

250-mL polyethylene 
bottle, acid rinsed. 
Field rinse. 

250-mL polyethylene 
bottle. Field rinse. 
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Stable Sample- 
isotopes and Size and type of deslg-nation Treatment and 

radio- sample container2 codes of preservation3 
chemicals' NWQL' 

' 3 ~ 1 ' 2 ~  I -L glass bottle, narrow neck, w ~ t h  RUS Raw sample, untreated. 
TeflonTMlsilicon septum. Field LC440 Contact laboratory for 
rinse. ' 3 ~ / ' 2 ~  and 

'801'60 combined 
/ sample (LC 1243). 

F~ll  bottle to overflow- 
ing. 

I4c Safety-coated or glass bottles with RUSIRUR Raw or filtered sample- 
TeflonTMlsilicon septum. Field Filter samples with vis- 
rinse. ible particulates; 

Secure cap with electrical tape. Bot- untreated. Fill bottle to 
tle size depends on sample pH overflowing. Exclude 
and concentration of DIC per vol- air and (or) flush head- 
ume of sample. space with nitrogen 

gas. Store chilled and in 
the dark. Contact 
NWQL. 

2 ~ ~ ' ~  60 mL clear glass bottle. RUS, Raw or filtered sample, 
Leave small headspace. LC1574 or untreated. Fill bottle to 
Option: 250 mL polyethylene, no SHI 142 if overflowing; then 

headspace. analyzing decant to leave a slight 
Use caps with polyseal conical together headspace. 

inserts. Do not use plastic bottles with 
if sample will be held or archived. '801160. (Can be collected with 
No field rinse. I 6 ~ . )  

' 8 0 / ' 6 ~  Same as 2 ~ 1 '  H (LC 1574) RUS, Flltered or unfiltered 
No field rinse. LC0489 or sample, untreated. 

SHI 142 if Fill bottle to overflowing. 
analyzing 
together 
with 
2 ~ ~ ' ~ .  



. , ,  
Stable 

@topes and ' Sire /nd typfof 
, , 

radio- ; 
' 

sample containe? , 
NwQLl 

chemicals1 

"N/ '~N I-L amber glass bottle or high- RUS. Filtered sample. 
density polyethylene (HDP) LC 17 17 untreated. Fill bottle to 
bottle. Use caps with polyseal : (ammonii), shoulder. wrap HDP 
conical insehs. No field rinse. LC1718 (L bottli in aluminum foil. 

nitrate), or (Do not add HgCI2.) 
LC1921 (as ChilUmaint+n at 4 oC. 
nitrate plus Send overnight to 
ammonia) NWQL., , 

I I ' 

3 4 ~ ? 2 ~  [Refer to Carhody and others RUS, [Refer tocarinody:and 
(1998) or E-mail Add appro- . others ( 1998) or 
isotopes@usgs.gov.] priate labora- E-mail 

tory code. isotopes@usgs.gov.] 

I I 

Radium 226 2-L polyethylkne bonle. acid . FAR. Filtered sample. Fill bot- 
rinsed. (Check with laboratory.) LC794 tle to shoulder. Add 
No field ririse. , . HN03 to pH <2. 

Radium 228 2-L or 7-L polyethylene bottle FAR, . Filtered sample. Fill bot- 
(check laboratory require- ' LC1364 . tle to shoulder.'Add 
men?), acid rinsed. No field 

, ', H N O ~  toipk <2. 
, rinse. 

Uriinium W o  1-L polyethylene bottles, FAR, Filtered sample. Fill bot- 
U-234 acid rinsed. No field rinse. SH 11 30 tle to shoulder. Add 
U-235 HN03 to pH ,<2. 
U-238 

Gross 1-L polyethylene bottle(s), acid FAR. Filtered sample. Fill bot- 
radio- rinsed. No field rinse. SH456 tle to shoulder. Add 
activity or SH458, HN03 to pH <2. 
(Gross alpha dependingon . I 

and gross TDS , , 

beta) 
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Appendix A5-C. Sample-designation codes and a summary of field- , , 

processing requirements for analyses of stable isotopes and radiochemicals in 
water -Continued 

~ r i t i u m '  High-density, nonbreakable, poly- 
ethylene (HDPE) or I-L glass 
GCC bottle. No field rinse. 

Radon-222 Glass vial containing liquid-scintil- 
lation solution. No field rinse: 

Stable 
isotopes and 

radio- 
chemicals1 

 h his table is not complete or comprehensive. Check 

Sample- 
desig-nation 

codes of 
NWQL' 

'Size and type of . 
sample container2 

Raw sample, untreated. 
Leave slight headspace. 
Do not store sample 
near radium (for exam- 
ple, glowing clocks, 

Treatment and  
Preservation3 

mL of sample 
below liquid-scintilla- 
tion solution. 

mith NWQL for the most current informa- 
tion on analytical schedules, laboratory codes, parameter codes, sample requirements, prices, and 
associated information. "G" indicates glass container; "CC" indicates chilled sample; "LC,  labo- - 
ratory code; "SH," laboratory schedule; "R" designates a raw or wholewater sample. For tritium1 
helium-3 and chlorofluorocarbon sampling requirements, see sections 5.6.3.J and 5.6.3.K. 
respectively. 
2 ~ f  glass bottles are used, leave enough air space in bottles to accommodate expansion of chilled 
samples unless instructed otherwise. Seal cap with wax or plastic tape, or as directed by labora- 
tory. Send electronic mail requests to isotopes@usgs.gov. Container size is subject to sample-vol- 
ume and analytical-method requirements. Acid-rinsed bottles must be received from the 
laboratory capped. Do not use acid-rinsed bottles that arrive uncapped. 
3~rocedures for collection and processing of isotope and radiochemical samples are also 
described in Shelton and others (1994). Koterba and others (1995). and Timme (1995). 
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Appendix AS-D. Procedures for Processing Samples for Analysis of 
Dissolved and Suspended Organic Carbon Using a Silver Filter and 
Gas-Pressurized Filtration Apparatus. 

This appendix describes the original procedure ("Gas-Pressurized Filter 
Procedures for Processing Samples for Analysis of Dissolved and Suspended 
Organic Carbon," NFM 5.2.2.C Version 5/99) for processing samples for 
analysis of dissolved organic carbon (DOC) and suspended organic chbon 
(soc).' This prqcedure may be used as an alternative to those described in 
section 5.2.2.C. The laboratory analysis of SOC samples requires a different 
method from that of POC or TPC samples. The field team needs to ensure 
that the correct method code has been entered onto the laboratory analytical 
request form. 

SOC and DOC can be processed through a 47-mm-diameter, 0.45-pm pore- 
size, silver-metal filter medium. A gas-pressurized filter assembly 
(SOCIDOC filter apparatus) constructed of either stainless steel or 
fluorocarbon polymer is required for this procedure (fig. A5-D.l). In 
addition, either a peristaltic pump, a manual air pump, or compressed gas 
(usually organic-free nitrogen gas)'is used to pressurize the filtration 
apparatus and force the sample through the silver filter. Filtration procedures 
are identical for ground-water and surface-water samples. 

A .  S! ; r r~ l~xsr  $feel f i l l t ~  asrenbty 8. FLuorwarbm pdyrno 
lilter assembly 

Figure AS-D.1 . Apparatus for filtering samples for analysis of dissolved/ 
suscended o m a n t  carbon: (A) stainless steel pressure-filter nssemblv 
a d  IB) flwrocarbon wlymer pressure-filter assembly. (Published with 
permiaeion: A, Gelrmn Soiencea; 8, Savillex Corpontwn.) 

' ~ e f e r  to Office of Water Quality Technical Memorandums 2000.05. 2000.07,'and 2000.08 for 
an explanation of changes to the field procedures for collecting and processing samples for 
organic carbon analysis. 
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A different set of procedures and separate silver filters are used to ,process the 
SOC and the DOC samples, unless suspended-material concentrations are 
low (up to about 30 mg/L). This section describes methods for (1) filtration 
of SOC samples only, (2) combined SOC and DOC sample filtration, and (3) 
filtration of DOC samples only. 

r 

b If sample contains' a large amount of suspended materials, at least 
two filtrations must be performed: one for SOC and one for DOC. 

b If sample contains low concentratibns of suspended,. materials, I - filtration procedures can'be combined using the same silver filter. 

Unless-the study plan dictates an additional sample for quality control, 
only one silver filter should be needed for the SDC filtration. 

- The SOC filtration requires a minimum of 0.5 mg of suspended 
material in the 125-mL sample. 

- If filter clogging is a problem, or if it is difficult to obtain the 125- 
mL volume of sample needed for the SOC analysis, 64 mL of 
sample or multiple 64-mL samples can be substituted. 

Immediately after each use, rinse the filter apparatus several times with 
organic-grade DIW. 

- Field clean the filter apparatus while still wet if it is to be used at 
the next site. Otherwise, rinse, bag, and return the apparatus to the 

' 

office laboratory for cleaning. 

- Thoroughly rinse the white (fluorocarbon polymer) O-ring and any 
other fluorocarbon polymer parts. 

- After cleaning, double-wrap all apertures and the filter apparatus 
with aluminum foil and place filter apparatus inside a sealable 
plastic bag. 

Blank water (VBW or PBW) from a freshly opened bottle should be 
used for quality-control samples for the DOC analysis. This blank 
water can also be used for prerinsing the filter media, if necessary. 
Once the bottle has been opened, the VBW or PBW must not be used 
for collection of future quality-contjol samples., 

b Document on field,forms and in field notes, the filtration, procedures 
used. 

I U.S. Geological Survey TWRI Book 9, Chapter A5 (Version 2. 4/02) . 
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TECHNICAL'NOTE: Use of 64 mL or 125 mL baked glass 
bottles (aviilible from OWQRL) is recommended instead of a 
graduated cyl'inder to measure sample volume for the DOC or 
combined SOClDOC analysis. The advantage of using the baked 
glass bottles. to measure volume is that they are certified as clean, 
whereas graduated cylinders can be difficult to clean adequately, 
especially under field conditions (Burkhardt and others, 1997), 
and cannot be baked because calibration will be lost. 

Bottles for DOC samples must have been baked at 
400°C and meet a detection limit criterion for organic 
carbon of c0.1 mg/L. ' 

Volumetric accuracy of the 125-mL and 64-mL baked 
glass bottles is about f l mL. 

SOC sample processing: 

SOC analysis of the suspended material left on the silver filter requires that 
the volume of sample passed through the silver filter be measured and 
recorded. Determination of the volume of sample to be filtered for SOC 
analysis can depend on the concentrations of suspended materials; however, 
the concentration of humic and other substances that cause colored water, 
such as organic and inorganic colloids, will affect the volume that can pass 
through the silver filter. The sample volume that can pass through the silver 
filter decreases as the concentration of suspended materials increases. A 
graph of the historical stream stage compared to a graph of the suspended- 
material  concentration will aid in est imating suspended-material  
concentrations at a given surface-water site. Guidelines for selecting the 
volume of sample to be filtered for SOC analysis, based on suspended- 
material concentrations, are shown in table 5-6d. 

1. Collect the SOC sample(s) in a baked glass bbttle, either at the centroid 
of the streamflow (NFM 4) or as a subsample from the churn or cone 
spli t ter .  T h e  data-quali ty requirements of the study and s i te  
characteristics determine where to withdraw the sample. If collecting 
sample at the centroid of flow with a weighted-bottle sampler, f i l l  the 
bottle to the top; this is not necessary 'if subsampling from the churn or 
cone splitter. Cap the bottle securely. 

Use a 125-mL baked glass bottle for water with relatively small 
concentrations of suspended materials (concentrations 
approximately less than 250 to 300 mg/L) (table 5-6d). 

64-mL baked glass bottles are recommended for samples that are 
colored or particulate laden. 

A clean, graduated cylinder may be used when the volume of sample 
to be filtered is less than 64 mL. 

Processing of Water Samples (Version 2, 4/02) 
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1, , ::' . 
,.I ,. I . .- , I Table 5-6d. Guidelines for selecting the volume needed for filtration of 

samples for analysis of suspended and particulate organic carbon , 

[Guideliries ire based on sadd-sized materials; other pliysical property factors and 
chemical composition were [lot taken into account; mg/L, milligrams per liter; mL, 
milliliters; >, greater than] 

Approximate concentration of 
suspended materials (m$) Volume of sample to be filtered (mL) I 

' I 
2. Cover the bench or table with a sheet of aluminum foil to  d a t e  a clean 

work surface. Put on appropriate disposable, powderless gloves. 
Assemble necessary equipment on the clean work surface. 

a. To remove airborne particulates, attach an in-line, 0.2-pm pore-size 
filter (Acrodisc SOTM) to the inlet side of a dry pump hose that goes 
to the filter apparatus when using peristaltic or hand pumps to 
pressurize the apparatus. 

b. Change gloves. I 

c. Remove the aluininum foil wrapping from equipment. 

3. Disassemble the clean filter apparatus. 

4. Using metal forceps, place a silver filter on the base of the filter 
apparatus between the support screen and the fluorocarbon polymer 
gasket, and screw the barrel onto the filter base. (There is no gasket in 
the fluorocarbon polymer apparatus.) 

' I 

5. Pour a minimum ofl100 mL of ASTM Type I1 reagent water (Burkhardt 
and others, 1997) or VBW or PBW into the barrel. Analysis of the water 
used must indicate less than 0.1 mg/L of organic carbon. 

6. Screw the top partiof the filter apparatus onto the barrel and attach a 
clean, dry hose, either from a peristaltic pump, hand pump, or 
compressed gas cylinder (use a clean metal hose clamp to secure the 
discharge hose to the inlet connector). Set the filter apparatus into a 
stand. 



7. Apply pressure .to start the flow of rinse water through the filter 
apparatus, using either a peristaltic pump or hand pump, or by 
regulating the flow of compressed gas (usually nitrogen). 

a. The pump piessure must be regulated to. less than 15 1b/in2. 

b. If compressed gas (for example, organic-free nitrogen) is used, 
ensure that the gas is clean by way of gas-purveyor certification or 
by attaching an in-line 0.2-mm Gelman AcroTM 50 hydrophobic 
membrane filter disk. Do not use any other type of filter. Proceed 
as follows: 

i. ~ a k e  sure that the pressure regulator valve is closed. Turn 
the handle on the pressure regulator counterclockwise for 
several turns until the pressure-regulator valve is closed. 

ii. Open the valve to the nitrogen cylin,der. 

iii. Open the pressure-regulator valve by turning the handle 

clockwise until up to 15 lb/in2 registers on the pressure gage. 

Do not exceed 15 lb/in2 of pressure. 

c. ~ i s ' ca rd  rinse water. 

.8 .  Depressurize the filter apparatus. Always point the apparatus away 
from your body, face, and other people. When using compressed gas, 

a. Close the valve to the pressure regulator after the pressure gage 
shows no pressure. 

b. Close the valve to the gas cylinder. 

c. Change gloves. 

9. Remove the top of the filter apparatus carefully. 

10. Shake the, sample vigorously (swirl if using a graduated cylinder) to 
suspend all particulate matter. (This is possible even ifthe bottle is filled 
to the top.) 

11. Pour an aliquot of the sample immediately into the bake1 of the filter 
apparatus, keeping particulates suspended. 

Processing of Water Samples (Version 2.4102) 
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I 

I 

12. Screw the top part of the filter apparatus onto the barrel and pressurize 
to filter the sample. Follow the instructions in step 7 (above) for 
pressurizing thesfilter apparatus. I 

13. After an aliquot of sample has been filtered or filtrate is being collected 
at less than one h o p  per minute: I 
a. Depressurize apparatus (step 8). 

b. Remove the 'top of the filtertapparatus. 

c. Check if there is water on the-silver filter and if it is covered with 
particulates. I 

If the silver filter is dry but not covered with particulates, add 
another aliquot of sample by repeating steps 10-12. 
After the silver filter is dry and covered with particulates, 
continue to step 14. 

TECHNICAL NOTES: 

It is important that all the water in the barrelibe 
passed through the silver filter, leaving the filter "$ry." 
To accomplish this, it might be necessary to filter the 
sample as separate aliquots, repeating steps 10-13 until 
the filter is loaded to capacity. 

+ Shake the sample to resuspend particulates before 
pouring,each aliquot into the barrel. 

If using a 125-mL or 64-mL bottle, it is not necessary to 
empty the entire sample volume. Use of a clean, 
graduated cylinder also is acceptable. 

It is recommended (but not required) that the sides of the 
barrel of the filter apparatus be rinsed with organic-grade 
DIW. 

I 

14. Collect the filtrate in a 50-mL or other appropriately sized graduated 
cylinder. 

If additional aliquots will be filtered through the same silver filter, 
collect all the filtrate in the graduated cylinder. 

When the entire filtration is complete, record the volume of 
filtrate on field forms and on the ~ n a l y t i c r l  ~ e r v i c e \ ! ~ k ~ u e s t  (ASR) . 
form. I !  

Discard filtrate in the graduated cylinder-Do not send to 
. laboratory,for analysis. 
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7. Apply pressure to start the flow of rinse water through the filter 

apparatus, using either a peristaltic pump or hand pump, or by 
regulating the flbw of compressedigas (usually nitrogen). I 

,,.. , ,  . ' 

:a?! . a. The pump pressure must be regulated to less than 15 1b/in2. 
: ;I; 3,, 

4 . r;;k. 4 l . $ ,  

'!:.: , ,, 'o' ., .I. .;,: 
b. If compressed gas, (for example, organic-free nitrogen) is used,, 

. .  i proceed as follows: . '  ," >, , . 
1,. 3 . 4 :  ri., 

, q ;  .I;.,, . I . . ,  i. Make sure that the pressure regulator valve' is closed. Turn 
, ,,,;..,,;\<,: . .', ,.".+ ,.I: the handle on the press,uie regulator counterclockwise for 
. ' 51: );'.*'I. , 1 .  , ' .I 1 

.., , . " i  . ,  
11.. 

'severall turns until the pressure-regulator valve 1s closed. 
8 L . .+. , .a ii. Open the valve to the nitrogen cylinder. 

iii. To pressurize the filter apparatus, open the preslsere-regulator 

valve by turning the handle clockwise until lup'to 15 lb/in2 
registers on the pressure gage. 

c. Discard rinse water. 

, ;,:,.>y, ; 
: ,  . j i  , . ,', . 

' . 
.t" j, I v ~ ; ~ '  L 

8. Depressurize the filter apparatus. Always point the apparatus away 
:';*!!3. .!,I. > 

- <  ,*, i 11' 
., , . f '  ' I  

frdm your bod;, face, and other pkople. When using cohiprkssed gas, 
<::$):* , 

3 I 
, '. a: Close the valve to the pressure regulator after the gage 

, .":I,'! 
,'b.p::,:';, ;, , shows no pl;essure. 

& , , ,  P '<.' I I 

. <,. ,, : b. Close the valve'to the gas cylinder. . I  ! 
. ,  , 

c. Change gloves. + ' '. 
" ',:,' : 

lyrUj(*~ 
9. Remove the top, of the filter apparatus carefully. 

, * A,. . 
. I , -  _ 

(1  . .  . . I  .. , , ,.t'.l>{(! . , 
10. Condition the silver'filter for the SOCtDOC sample: 

' 

... 
, I <l ' , , ,.'I" 

: h,,-.:.2!iit, , , a. Select the volume of wholewater (either 64 mL or '125 mL) to be 
. . ; ... 1,;: 

. , .fi, 12 
filtered baskd on the estimatkd suspended-materids honcentration 

, c ., 
, . ., , . 

,r. . of the sample, and record the volume on the ASR and the field 
; i,,,' , 

:;J" , 
forms.  he volume to be filtered can be based. on the table 5-6 

' , , - I< 7,; 1, + guidelines and on previous experience of filtering samples from the 
' ;', :,$, )! , , , 
:'.; , .. site. 
. '( < 

,< \,:, ;:;.l; 
.I' ,;,. :;!,, .. 

* ;;; @.f I ,  

.' ;y !: ' ; 
/ .  :. ' h  : ,  . 
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b. Shake the sample vigorously to resuspend settled .particles and 
nieasure the sample volume using a clean, baked 64-mL or 125-mL 
bottle filled to the very top. Do'not field rinse baked glass bottles. 
Immediately transfer the entire volume of the sample container to 
the barrel of the filter apparatus. 

, c. Screw the top part of the filter apparatus onto the barrel and 
pressurize to filter the sample. Follow the instructions in step 7 
(above) for pressurizing the filter apparatus.' 

d. Condition ;he silver filter by passing 15 to 25 m~ of sample water 
through the filter to waste. (Pass 15 mL of sample water through the 
silver filter if using a 64-mL volume of sample; 15 mL is the 
minimum volume of sample that should be used.) Record the total 
volume of water that was passed through the silver filter. 

1 1. Place a 125-mL baked glass bottle under the discharge tube of the filter 
apparatus and collect the sample filtrate for the DOC analysis (100 mL 
is recommended; a minimum of 50 mL is required). If the silver filter 
clogs before sufficient volume for the SOC analysis can be filtered, start 
the process over and filter a smaller volume of water; the 64-mL bottles 
are useful for such conditions. If the silver filter clogs'before the 
entire volume of the 64-mL bottle can be filtered, this combined 
SOCIDOC method cannot be used. Start over and filter SOC and 
DOC samples separately. 

If the volume needed for the SOC analysis is insufficient for a 
DOC analysis (less than 50 mL), two or more filtrations through 
separate silver filters can be combined into one DOC bottle. 
(Retain two of the filters if a duplicate SOC analysis is planned 
and record the total volume of sample that passed through each 
of the retained filters.) 
Each time a new silver filter is used, repeat steps 3-10, rinsing 
and conditioning the silver filter as described. Discard the first 
15 or 25 mL of sample filtrate to waste. Reposition the DOC 
bottle under the discharge tube and collect the sample filtrate. 
Record the total volume of sample that was passed through each 
silver filter. 
If the volume needed for SOC analysis is greater than the 100 mL 
of sample to be used foqDOC analysis, remove DOC bottle after 
filling with 100 mL of filtrate, but continue filtering until the 
entire volume needed for SOC analysis has been filtered. 
(Record total volume filtered and discard extra filtrate.) 

Processing of Water Samples (Version 2. 4/02) I 
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12. After the DOC sample has been collected and the volume for SOC 
analysis has been hltered, cap t h e ' ~ 0 ~  bottle securely a'ndtheck that 
the bottle is labeled correctly and completely. Place the'bottle in a foam 
sleeve before in an ice-filled shipping container. 

13. Depressurize the filter apparatus.(step 8), then disconnect the hose from 
the filter apparatus cylinder and remove the top. When depressurizing 
the compressed-gas-operated apparatus: 

a. Close the valve to the pressure regulator only after the gage 
indicates no pressure. 

b. Close the valve to the nitrogen cylinder. 

14. Using no more than a total of 20 mL of organic grade DIW: 
, 

Rinse residual suspended matter from the bottle that was used to 
measure sample volume and pour into the filter barrel. 

Rinse any residual suspended matter from the sides of the filter 
barrel. 

15. Reconnect the top of the filter apparatus. Attach the pressure hose and 
pressurize (step 7), passing the organic-grade DIW rinse water through 
the silver filter. Discard rinse water to waste. Depressurize the filter 
apparatus (step 8). , 

- 
16. Disassemble the bottom of the filter apparatus and remove the silver + filter. 

a. Use a pair of metal forceps when removing the silvei filter. 

b. Fold the filter in half with suspended material on the inside, taking 
care not to lose any suspended material. Do not wrap the silver 
filter in aluminum foil. 

c. Place the folded filter in a petri dish for SOC ana1Jsis. 

d. Close the petri dish and label dish with site identific'ation, date and 
time, total filtered volume of sample, and the laboratory sample 
designation code. (Include the volume used to precondition the 
silver filter@) in the total volume of filtrate.) 

I 

e. Place the labeled petri dish in a sealable plastic bag.' 
. . 

f. Chill DOCand SOC samples and maintain at or below 4 ' ~  without 
freezing (s'ection 5.5). For' SOC samples submitted to NWQL', 
record the total volume of fi'lJrate on the.comment;line of the ASR 
form. 

Processing of Water ~ a m ~ l k s  (Version 2.4102) 



g. If more than one silver filter was needed for the SOC sample, place 
each silver filter into a separate petri dish that is labeled as described 
in step 16d. Place all the petri dishes for a single sample into one 
sealable plastic bag labeled with the site identification and the date 
and time of sample collection. This is submitted as a single sample. 

Package the silver filter(s) for duplicate SOC analysis separately. 

Ship samples for SOC analysis to the laboratory with a note on 
the ASR form stating the number of silver filters used. 

DOC sample processing: 

Procedures for filtering a DOC-only sample are listed below. Additional 
information can be found in Burkhardt and others (1997). 

1. Collect the sample for D'OC analysis (NFM 4). 

2. Cover a bench or table with a sheet of aluminum foil to make a clean 
work surface. Put on appropriate disposable, powderless gloves. 
Assemble necessary equipment on the clean work surface. 

a. To remove airborne particles, attach an in-line filter, 0.2-pm pore 
size, (Acrodisc 50TM) to a dry pump hose in front of the filter 
apparatus when using peristaltic or hand pumps to pressurize the 
apparatus. 

b. Change gloves. 

c. Remove the aluminum foil wrapping from equipment. 

3.  Disassemble the clean filter apparatus. 
' 

4. Using metal forceps, place a silver filter on the base of the filter 
apparatus between the support screen and the fluorocarbon polymer 
gasket, and.screw the barrel onto the filter base. (There is no gasket in 
the fluorocarb.on polymer pressure-filter apparatus.) 

5. Pour a minimum of 100 mL of ASTM Q p e  I1 reagent water (Burkhardt 
and others, 1997) or VBW or PBW into the barrel. Analysis of the water 
used must indicate less than 0.1 m g L  of organic carbon. 

6. Screw the top part of the filter apparatus onto the barrel and attach a 
clean, dry hose, either from a peristaltic pump, hand pump, o r  
compressed gas cylinder (use a clean metal hose clamp to secure the 
discharge hose to the inlet connector). Set the filter apparatus into a 
stand. 

Process~ng of Water Samples (Version 2,4102) 1 



, 7. Apply pressure ,to start the flow of rinse water through the filter 
apparatus, usin'g either a peristaltic pump or hand ptimp, or by 

+ regulating the flow of compressed gas (usually nitrogen). I 
a. The pump pressure'must be regulated to less than 15 lb/in2. I 

'b. If compressed gas (for example, organic-free nitrogen) is used, 
1 'proceed as follows: I 

\ 

i. Make sure that the pressure regulator valve is closed. Turn 
the handle on the pressure regulator counterclockwise for 
several turns until the pressure-regulator valve is closed. I 

ii. Open the valve to the nitrogen cylinder. I . . . 
111. Open the pressure-regulator valve by turning the handle 

clockdise until>up to 15 lb/in2 registers on the pressure gage. 

Do not exceed 15 lb/in2 of pressure. 

c. Discard rinse water. -. 
8. Depressurize the filter apparatus. Always point the apparatus away 

from your body, face, and other people. When using compressed gas, 

a. Close the {alve to the pressure regulator after the Ipressure gage 
shows no pressure. 

b. Close the valve to the gas cylinder. 

c. Change gio~es.  

9. Remove the top of the filter apparatus carefully. .' 

10. Condition the prerinsed silver filter: I I I ~  I ! 

a. Open the barrel of the filter apparatus and pour about 125 mL of 
wholewater sample into the barrel (or about 64 mL if silver fil!er 

I I I  I 
media is expected to clog). For water with large concent'rations of 
suspended materials, collect the sample first into a baked glass 
bottle, allow suspended materials to settle, and pour! 125 mL of the 
clear supernatant into the filter barrel. I 

b: Screw the top part of the filter apparatus onto the barrel. . I 
1 I .  Apply pressure to start the flow of sample through the filter apparatus 

(step 7). , I 
/ 8 

+ Do not exceed 15 lbs/in2. I 
If using co'mpressed gas, open the pressure-regulator, valve first, 
then the valve to release gas from the cylinder (tank). I 

I 1 
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12. Condition the silver filter media by passing about 25 mL of sample 
through the silver filter to waste. 

I 

13. Filter the sample: 

a. Place a 125-mL organic-free amber glass bottle under the discharge 
tube of the filter apparatus. Do not prerinse the DOC bottle. 

b. If the silver filter media clogs, depressurize the filter apparatus and 
replace the 'silver filter. 

i. Rinse the new filter with blank water as described in steps 5-9. 

ii. Fill a clean DOC bottle with the water to be sampled and let 
the suspended materials settle before decanting the sample 
into the barrel of the filter apparatus. 

iii. condition the new silver filter by passing about 25 mL of 
sample through the filter to waste. 

iv. Reposition the DOC bottle under the discharge tube and 
continue to collect the filtrate. 

c. Fill the bottle until sufficient volume for DOC analysis has been 
collected (50 mL is the minimum requirement; 100 mL is 
recommended). Cap the bottle securely and check that the bottle is 
labeled correctly. Place the bottle in a foam sleeve before placing in 
an ice-filled shipping container. 

14. Depressurize the filter apparatus (step 8). 

15. Chill and maintain the DOC sample at or below 4OC without freezing 
t (section 5.5). 

16. Disassemble the bottom of the filter apparatus. ~e rnove  the silver filter 
with metal forceps and place the filter in a plastic bag for disposal or 
recycling. Do not reuse silver filters. 

. . 
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5.6.1.C Phenols 
. - 

Label 1-L baked amber glass phenol bottle as "LC0052." 

1. Fill the bottle with raw sample directly from the sampling or 
splitting device. 

2. Leave a small headspace in the bottle. 

3. Add 2 mL of 8.5 percent H3PO4 to a 1 -L sample to achieve pH 4, 

l 
and 10 mL of CuS04 to a 1 -C sample (1 00 g/L). 

1 4. Chill and maintain at or below 4'C without freezing. 
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AND ANTIBIOTIC COMPOUNDS 

The USGS differentiates between samples collected for analysis 
of wastewater compounds and those collected for analysis of 
pharmaceutical and antibiotic compounds, based on the analyti- 
cal schedule for the laboratory method.' Currently, only the 
wastewater laboratory method for field-filtered samples 
(SH1433) is an approved, routine (production) method. (The 
unfiltered wastewater method LC 8033 also is a~ailably~but 
requires a proposal for custom analysis.) At this timed analysis of 
samples for pharmaceutical and antibiotic compoundsiis con- 
fined to research studies and is available only on a custom basis. 

To collect and process surface-water and ground-water samples 
that will be analyzed for concentrations of wastewater, pharma- 
ceutical, and antibiotic compounds, the standard USGS proce- 
dures for collecting and filtering organic compounds are used 

+ (see NFM 4,5.1,5.2.2). However, special considerations related 
to personal safety and to sample contamination are :eq;ired. , 

Samples collected for analysis of these compounds rhy be col- 
lected directly from sources of raw or treated wastewater. 
Sources of wastewater include treated and untreated domestic 
sewage, leaking septic systems or sewer lines, sanitary sewer 
overflows, and runoff from animal feeding operations. Handling 
of such samples can expose personnel to pathogenic microor- 
ganisms, and therefore requires strict adherence to safety 
protocols. 
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j ROCESSING OF WATER SAMPLES , 

Samples collected for analysis of wastewater, pharmaceutical, 
and antibiotic compounds are susceptible to contamination 
because they are ubiquitous in daily use. To ensure sample + 
integrity, field personnel should avoid contact with or con- 
sumption of products that contain the compounds targeted 
for analysis, and must adhere scrupulously to equipment- 
cleaning, equipment-handling, sample-processing, and sam- 
ple-handling protocols. 

' b Adhere to safety protocols. The following precautions 
must be followed by field personnel when collecting, 
processing, or handling raw or treated wastewater samples 
for analysis of wastewater, pharmaceutical, or antibiotic , + 
compounds: 

- Be familiar with the basic procedures to minimize 
exposure to and effects from contaminated water, as 
described in NFM 9.7. 

- Receive proper immunizations before engaging in 
field activities and consult with your safety officer on 
this issue. ~ - Avoid direct contact with sewage and other types of 
wastewater and with equipment still contaminated 
through contact with the sample or source water. 

- Avoid breathing in sewage and wastewater fumes or 
mist. 

- Do not use workspace surfaces or equipment that have 
come into contact with polluted water until they have 
been decontaminated. Use only those decontamina- + 
tion procedures that are described below under "Pre- 
vent sample contamination." 

U.S. Geologicnl Survey TWRI Book 9 Chnpter AS. (Version 1.1.4/03) 
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?I ROCESSING OF WATER SAMPLES 

- Thoroughly field rinse and seal in a plastic bag all 
reusable equipment that comes in contact with sewage 
until the equipment can be properly decontaminated 
and disinfected (NFM 3.2.2). 

- Clean scrupulously a11 workspace surfaces that come 
into contact with sewag-se a non-antibacterial 

soap2 and water, followed by wiping all potentially 
contaminated sufaces with a clean, disposable isopro- 
pyl alcohol (70-90 percent) pad. 

- Avoid any actions at the field site that result in the dis- 
posal or release of wastewater and pharmaceutical 
substances. 

b Implement quality control. Quality-control samples are 
a required, integral part of water-quality investigations. 
As previously noted, samples for analysis of wastewater, 
pharmaceutical, and antibiotic compounds are vulnerable 
to contamination. 

- Check your quality-control plan for instructions on 
the collection of field blanks and replicates for these 
sample types. Although the specific type, number, 
and distribution of quality-control samples are deter- 
mined by the design and data-quality requirements of 
the study (NFM 4.3), field blankg are processed more 
frequently for these samples than for most other sam- 
ple types. 

- When using a a custom analysis, consult with the lab; 
oratory analysts for quality-control recommendations. 

- Process an initial field blank to evaluate the potential 
for contamination associated with the field methods, 
materials used, and sampling environment. Distribute 
subsequent field blanks areally and temporally to 
meet data-quality requirements-of the project: 
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1 toothpastes, mouthwashes, skin creams, lotions, laundry detergents, and dish soaps. . . 
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PROCESSING OF WATER SAMPLE 

- The analytical methods used for pharmaceuticals and 
antibiotics are currently unapproved and are available 
only on a cutsom basis for research projects. It is rea- 
sonable to assume that blank water tested and certi- 
fied contaminant free for approved organic 
constituent methods is an appropirate source solution 
for field blanks for these unapproved methods; how- 
ever, a more rigorous approach would be to include a 
source solution blank as an integral part of the'project 
quality-control plan. 

- Process the field blanks in the same manner and under 
the same environmental conditions as the environ- 
mental sample (NFM 4.3.1 .B). 

b When planning, sampling activities that will .result in a 
8 1 %  

request for'a custom analysis:' 
, .,. . ' . i:,f;i:,ry 
> ,  ,yr$ , ' ' I  ; 

, s 
I :' 

(1,: , ,,+:: 
- Contact the NWQL in ~akewood,~olorado ,  

, <f,<<i ~ l . y i  

I,. I : ,<..r,t . ,i.:y 
(http:/lnwql.usgs.gov/) before collecting any samples 

1,::: a 
for unfiltered wastewater-compound analysis' or 

'#!, ,J,t,.',!:2j ... ! n, &: 
. , i: :,?, ~ . 

pharmaceutical-compound analysis. . . 

- Contact the OWQRL in Ocala, Florida, 
(http:Nowqrl.er.usgs.gov/) before collecting any sam- 
ples-for antibiotics that will be analyzed using this 
laboratory's methods. 

. . , , * , I  .3, ', 
' r &  

, : : .: ,!; {,.: -- Contact the Organic Geochemistry Laboratory 
'. > :*,$!; 

' , %  :f!T 
in Lawrence, Kansas, 

I *  ..'b ' + 
' ' ...(. 

. . .,,, c.. I..+., 4 .!.. (http:l/ks.water,usgs.gov/~ansaslreslab~ before 
,; :,;;'J?.: 

. ..., s l i : , .  . collecting any samples for antibiotics that will be 
,., ,+,, $j,; analyzed using this laboratory's methods. 
, . ."j.,'n*3 : 
, '<  , b 

, . 

, . ; . : I ,  < 
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To collect and process samples: 

1. Order and assemble all equipment. Select sampling and 
processing equipment made of fluorocarbon polymers, 
glass, aluminum, or stainless steel. Avoid equipment made 
of TygonB, polyethylene, or other plastics. 

2. Clean equipment thoroughly before use, following the 'gen- 
eral protocols for organic-compound samples described in 
NFM 3.2.2, but with the following caveats: 

Use non-antibacterial detergents. 

Take extra care to ensure that equipment is copiously 
rinsed with deionized water (DIW) after the detergent 
wash-detergents are a source of interference in the 
analysis of pharmaceutical compounds and may include 
a target analyte (triclosan) of the wastewater analytical 
method. 

Follow the DIW rinse with a methanol rinse. Collect the 
used methanol solution into an appropriate container for 
disposal. 

Do not clean or field-rinse the baked-glass sample bot- 
tles obtained from OWQRL or another laboratory. 

3. Collect and process the samples using methods appropriate 
for organic dompounds, as described in NFM 4 and 5.2.2. 
Use laboratory-baked, brown (amber) glass sample bottles. 

For wastewater and pharmaceuticals being shipped to 
the NWQL for analysis, use 1-L GCC bottles. 

For antibiotic samples being shipped to the OWQRL for 
analysis, use 1-L GCC bottles. 

, For antibiotic samples being shipped to the Lawrence 
Organic Geochemistry Laboratory for analysis, use two 
125-mL baked-glass bottles with TeflonB caps per sam- 
ple. 
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PROCESSING OF WATER SAMPL 
8 , ,  I . . 

Label bottles with site ID (identifier), date, time, sample 
type ("filtered" or "unfiltered"), and laboratory code or 
schedule number. 

a. For samples being shipped to the NWQL: 

Wastewater, field-filtered - Label sample bottle 
"GCC-SH 1433" 

Wastewater, raw - Label sample bottle "GCC-LC 
- 8033" (add this laboratory code to the Analytical Ser- 

vices Request (ASR) form: currently this f s  a cus- 
tom analysis) 

Pharmaceuticals - Label sample bottle "LC9003" 
I 

b. For antibiotic-analysis samples being shipped to the 
OWQRL - Label sample bottle "Antibiotics" 

c. For antibiotic-analysis samples being shippkd to 
Lawrence, Kansas - Label sample bottles "LC-AN" 

5 .  If collecti,ng wholewater samples for custom waktewater + analysis - Fill the 1 -L GCC bottle to the shoulder. 
I 

6. When collecting filtered samples for wastewater, pharma- 
ceutical, or antibiotic analyses - Filter the samples at the 
field site. 

I 
1 1  Pass samples through a 0.7-pm nominal pore-size glass 

microfiber plate filter (GFIF grade), following the proce- 
dures for organic compounds described in NFM 5.2.2.A. 

Fill the 1 -L GCC or two 125-rnL baked-glass bottles to 
,. . - 

, .' j:,, it:;; ;. . . the shoulder. 
', ,,,!.;:+.';: . . 8 ' ,  / 5. 

' 1 .  . 
7. For samples collected from polluted water, decontaminate 

the exterior, of bottles: 
I I 

a. Rinse bottles with copious amounts of watei-. 

b. Wipe each bottle with a clean, disposable is,opropyl 
alcohol (70-90 percent) pad. 

I / 

; 'r + 
. c. Rinse off each bottle with water. J., , 

i ' 
3 # ' I , .  

, . 
1 ,  

' ,. . .  . .  ' - ,  
j 1 
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8 .  Kegp the samples chilled to 4OC or less until they are pre- 
pared for shipping. + 

9. After sample collection and processing, use a non-antibac- 
terial soap and water to thoroughly clean any workspace 
surfaces that have come into contact with polluted water. 
Follow the cleaning by decontaminating the workspace 
with isopropyl alcohol. Do not use a bleach solution for 
decontamination of surfaces that come in contact with 
samples, since any bleach residue will degrade target 
analytes. 

To ship thesample(s): 
. .. 

1. For raw or treated wastewater, use the following precau- .;$ !*; ;: 
,, !.ti .. l. ,, :; : .,.,;;.;.: . 

tions when packing and shipping, as these'samples can pose ., _,..,../ . . ? . .  

- i.;, " 

a health'hazard to field and laboratory personnel. , . ,,.,:,L , 1. \I !?. ,', ,, 
, ,.+ - 

+..i,: ,< .&,...i ;; ., 
, ' . . t ~  a. Decontaminate any sample bottles containing raw or .,. .A. .,% , . I: . ! .  . c . . 
,,,, *.: 

treated wastewater as described in step 7 above. - _ .  ,, .,.. . ,;>, ..>:: 
, .;:' ..\ '$'i . . :::: 
.'kV'.'i; 

b. Check bottle cap to ensure a tight closure. :r.? .., ;!: + ti: ,,' :, i. .<: I, . . -. . ;, . ,;;' .. - 
c. Place each bottle inside a foam sleeve and then place \<..,?, 

,.a:'J ,,/' 
9 2,.,,'l ",.": 

bottles into a ziplock bag along with four 3M high- ', .;-- . 
: <.:. . .: . .. 

capacity chemical sorbent pads (pads are available . 1 .dl., ,is.. ! ..' , .,. C.! . . 
from Lab Safety and Supply at www.labsafety.com). , .. ,.,, 

:'.::I <:..a .. . . , 
, . 

Seal the bag. . . -.., a .,$- 
. . :. ;.<it ' *=": .;. 

b . I  

d. Place the sealed bag inside two additional ziplock bags 
(a total of three bags) and seal each bag. 

,... , -  .cj;.x:..': 
e. Clearly note in the "Login Comments" section of the : ,, ...,., +,. . ,.!. w1 .. .. ., .I  .I.- 

ASR form "SAMPLE CONTAINS RAW OR + \., 

! ;;fl': ,,:. 

TREATED SEWAGE. HANDLE WITH CARE." Sam- 
, >'>.. , : $  . .. 

I - .  

, , . ,  <: .,. 
pling 'staff or shipping staff Should notify the laborat.ory :< . ,. J,, t .  

<- ~;,,<.a,$; :: 
4 ~ i ,  I 

login staff by telephone or e-mail of the expected deliv- - , . ,.,La . . ,..,.:. .>: , , . 

ery of these samples, in advance of their arrival at the 
lab. 

. . .:I,.': ',*. 
) , 8  ,+:2.',/. :.:< : ." 
, a:!., I. '.- 

I..,:,::: 
j . 8  . ,  !. . ..l 'I- . .  . : o>.. '. . , : 
: .':!;:.~!, 

$ 1  - I  . . 
4 
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PROCESSING OF WATER SAMPLE! 
. . 

:,a '33<.. . : .% ' $ j i *  2. For all other samples, 
:". :;, , .5; y 

, ,. . . 
, , f,. t,q ,, : . . 
,'.:,,$ . ..L, .. + a. Check that sample bottles are securely capped. 
:,,,?', , . I  
.:. :,A?:.; 

-\ ' , . .. .. , ' .' b. Check that sample bottles are correctly labeled and 
..(. : ( .. . .! ;{ 

.+ I . . ,  

match the information.shown on the ASR form.' 
<. .,( . 
., .... 
,:,.. . ' ., , .,y?*., 

.,. . b 

ci Pack all samples in ice to maintain a temperature of or '  
' , ?: A+, .  
,, . 8 ,,. below 4 ' ~  without freezing, using standardprocedures 
",.;!p.2< . .. , . 
, >, ,,. . 

- .c;,!i 
5 . 1  , 

(NFM 5.5.3 - 5.5.4). Check that the ASR form ha's been 
' .! ,>.(.,. ? 

L :; :,.$; .,<. . 
.,*. '%-b,.;: 

properly sealed in doubled plastic bags and, included 
: ,, .. ,\!PC: with the samples. I <  

. *:, > $!,. $1': 
j<>,~?; : ' 

*,,! ;~;,.*::?"f,, 
I ,$it; 2; +, 

3. Ship all samples to the 1aboratory.via overnight delivery. ;;. r ,.::. 
5, .;, ;: 0 :: I 
:>>+; : 

, 
!;?, , ,bj't.%' 4 I !  ,. . n: :. :u .i 
dqlb <>f,k;; , ,' 

, . 
,, '., ,& 'i.,.f<> &it \ 

. . 
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PROCESSING OF WATER SAMPLE 

ARSENIC SPECIATION 5.6.4.A 

sample-processing methods (field speciation and laboratory 
speciation) used at the USGS National Water Quality, Laboratory 
(NWQL) are specific to sample analysis by inductively coupled 
plasma-mass spectrometry (ICP-MS) for determining ,the con- 
centration of inorganic and organic arsenic species in a water 
sample. The field-speciation method requires NWQL Schedule 
1729. The laboratory-speciation method requires use either of 
NWQL Schedule 1730, 1731, or 1732, as appropriate for study 
objectives. For either the field- or laboratory-speciation method, 
prior knowledge is needed of sample matrix-composition char- 
acteristics (that is, major-ion concentrations in filtered samples). 
Major-ion data are necessary to determine (I)  the volume of eth- 
ylenediaminetetraacetic acid (EDTA) that will be required for 
sample preservation, and (2) if sample dilution is required. 

I I I 

TECHNICAL NOTE: 

The field-speciation method (Schedule 1729) uses an SPE cartridge to 
separate inorganic arsenic species (arsenite and arsenate) in a 
filtered water sample. The eluate (containing arsenite) and the 
cartridge (containing arsenate) are sent to  NWQL and analyzed by 
ICP-MS. 

The laboratory-speciation methods (Schedule 1730 or 1731) use a 
strong anion exchange column and high-performance liquid 
chromatography to  separate inorganic (arsenite and arsenate) and 
organic arsenic species (monomethylarsonate, dimethylarsinate, and 
others) in a filtered water sample. As the species elute from the 
column, the corresponding arsenic concentration is determined using 
ICP-MS. 

 h he necessity for major-ion data is related to the sample preservative (EDTA) that is 
needed when ICP-MS,analytical methods are used. For a discussion of other methods 
for As(III)IAS(V) species analysis, see McCleskey and others (in 6rdss). 



Regardless of the speciation method used, all samples must be 
collected and filtered using standard USGS procedures, as 
described in NFM 4. For most applications, a laboratory specia- 
tion method (for example, Schedule 1730) should be selected 
unless the field method offers distinct advantages for a particular 
water-quality study. The field-speciation method involves rela- 
tively complex sample-processing steps, is applicable only for 
determination of inorganic arsenic species (arsenite and arsen- 
ate), is subject to interferences from other unknown charge.d 
arsenic species, and may require sample dilution due to the lim- 
ited ion-exchange capacity of the SPE cartridge (see footnote + 

below). 

b Field-speciation (separation) method (NWQL Schedule 
1729) 

- This method is used to determine concentrations of,  
arsenite (As (111)) and arsenate (As (V)) by separation 
of the species using a solid-phase-extraction (SPE) 
cartridge in the field. The eluate and cartridge are 
submitted to NWQL for analysis. 

- Sample matrix composition can exceed the ion 
capacity of the SPE cartridge used to separate the 
arsenic species; therefore, the major-anion 
concentration must be known or closely estimated in 
advance to determine if sample dilution is required. 
Sample matrix information also is needed to 
determine the volume of EDTA to be added to 
preserve the sample. 

- As(V) results will be biased positively when . 
monomethylarsonate (MMA), dimethylarsinate 
(DMA), or other anionic species is present in a 
sample. If the presence of MMA and DMA is 
unknown, use the Schedule 1730 laboratory- 
speciation method. 
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Laboratory-speciation methods (NWQL Schedules 1730, 
1731, and 1732) I I 

- Select Schedule 173.0 to determine concentrations of, 
. arsenite (As (111)), arsenate (As (V)), 

monomethylarsonate (MMA), dimkthylars/nate 
(DMA), and other organoarsenic species. 

- Select Schedule 173 1 for a custom analysis; for 
example, for determinatio';i of organoarse&ic species 
in addition to As(III), As (V), MMA, and' DMA . 

- Schedules 1730 and(or) 1731 should be requested 
whenever there are questions about which inorganic 
and organic arsenic species are present in a sample 
and whenever the sample matrix composition 8 I (major- 
ion concentration) is unknown. 

- Sample matrix information (major-ion 
concentrations) is needed to determine the /volume of 
EDTA' to be added to preserve the sample. Samples 
must be collected in an opaque sample bottle. 

- Schedule 1732 is the laboratory-preparation analog of 
the field-speciation method and provides speciation 
only of As(II1) and As(V). If the presence of MMA 
and DMA is unknown, Schedule 1730 should be 
requested. I 

Both field and laboratory arsenic speciation methods can be 
affected by the precipitation of metal oxides. Many suboxic or 
anoxic ground-water samples having arsenic concentrations 
greater than the drinking-water standard of 10 kg/L also can 
contain substantial concentrations of reduced aluminum, iron, or 
manganese. Oxidation of these metal species during sample col- 
lection and processing produces metal-oxide precipitates that 
can sorb arsenic, resulting in negatively biased data. Further- 
more, arsenite can be oxidized to arsenate by photolytically pro- 
duced free radicals; therefore, the exposure of the sample to light 
also should be minimized. 

b Exposure ofthe sample to air and sunlight should be 
minimized to prevent metal-oxide precipitation. 

' 4 '  

,< ' IJ # '  1 

41 i:J!,$, b EDTA must be added immediately after sample filtration. 

T !  . Select~on of Equipment for Wnter Sampl~ng (Vers~on 2 0,312003) 
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;ELECTION OF EQUIPMENT FOR WATER SAMPLING 

1 Quality Control , + .  
Collection and analysis of quality-control samples are required 
as an integral part of all water-quality investigations, and is the 
same whether using the field-separation or laboratory-speciation 
method. The final types, number, and distribution of quality-con- 
trol samples generally are determined according to the design 
and data-quality requirements of the study (NFM 4.3). 

1 The rule of thumb for studies collectihg arsenic speciation data 
is to collect a set of blank, replicate, and spike QC samples with 
every 20 environmental samples, at a minimum, as follows: 

1. Process an initial field blank to evaluate the potential for 
contamination associated with the field methods, materials 
used, and sampling environment. Distribute subsequent field 
blanks to address field-site concerns, the sampling 
timeframe, and data-quality requirements. 

- Use either inorganic- (IBW), pesticide- (PBW), or 
volatile/pesticide- (VPBW) grade blank water as the + ' 

source solution for field blanks (table 5-9 or 5-10). 

- Process field blanks in the same mariner and under the 
same environmental conditions as environmental 
samples (NFM 4.3.1.B). .Take precautions to limit 
exposure of samples to air (NFM 4.0.3). 

2. Collect and process replicate environmental samples to 
evaluate variability of the analytical results. 

- Duplicate or triplicate samples are collected and 
processed one after the other and in the same manner 
as the other environmental samples. 

- An additional replicate sample is collected and 
processed for use as a field spike. 
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, .  PROCESSING OF WATER SAMPLES- 

, . . 4 ,  
' 1 , .  , 

g t  ,,q , 
' 3. Process an initial field-spike sample for an evaluation of 

, .$I,\.,; 

9; -,: '. J i . ,  , .  matrix effects: Distribute subsequent field-spike simples to. 
4'.,7.;,; 

1 , . , . t .  .:, + 
.,; .,:. ;- , 

address field-site concerns, the sampling timefrase, and 
, . ,  

. . I .  , data-quality requirements. Use one of the replicate samples 
..:;-I.; " ., 

:,:d:' .'. 

',, ,:\q::;b;'; 
that has been processed as the spike sample. Always submit 

I 
, . . zja.c ., ..I,. *$ .  , , t he  spike sample for analysis hldng with an unSpiked 
,, : : &:" 

.?,.! (duplicate) sample. 
,'' :%:,. 
, .: 
;: I # 

.';! 4,. : a. Using a 100-pL micropip'et and a clean micropipiit glass 
,:. I . - <  ,, , .  c . . , '  bore or disposable plastic,tip, dispense the sgike solution 
, ','i, .! 
' .  . . . into the replicate sample (table 5-9 or 5-10)!. 

.*,;*: i ~ , ' ~  ; , ' I  

,; ;, .:t '. ; r b. Record spiking information on the worksheet (Gg. 5-5 o'r 
i .,.,I.>. if 
,,, ?'>.,,, ' I  8 , . ,:i.l i, ', 

I . ,. . 5-6 for the field- or labofatbry-speciation dehods ,  
6;: respectively) so that the percentage recovery can be 

,: .*,< ?*;; '., . . .  . , calculated. 
',' 'i.,'??' * 

, 1'1,. ' 1  <.,* I 
j 

, , 
-.l{-.'.,'. , I i ' "." :iF 

' , ,  
1 : .! , r  : ,: , 

,, ,.' :. 
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, ,  , , .  Calculation ofdiluent and EDTA volumes '; 
:,' taA;.;if 
1,; ;..,a*,('' ; ',$.. 3"1 I j ' I  
1. . . 

I "I ,!'& 
, .  . Anions in the saAple represent a potential source of method 

,e ,; ,.' , ,' + 
, .. . 

d .  .. I.; 9 "  . interference because they compete with arsenic for exchange 
.,., - ,.-, ,;'& 
i ,.(. . sites on the strong anion exchange packing in the SPE cartridge. ., a.:r:. 3;r.i ' , ' 
' . ' ( . . L ,  ' 

". :.. ..: !; '. ' , ' . When using the field-speciation method, field personnel may 
. , . .  I . . . . . I  . 
, .. . . . need to dilute the samples with blank water (diluelit) to alleviate 
, ' * ,  , , ,  

1 :  ,.>", !! .. . . this interference; diluent volume depends on' the estimated anion 
,, .!,+ .f.,*>, , , . ;; R:: I, concentration of the sample. The volume of EDTA pgeservative 
, , , ,.*'P ,. , . ."' 

2.. , . . - ..li :. added to the sainple (for either the field or laborato'ry, method) 
- 

..t% ..'., ,, 
: . ' I .  . depends on the, estimated cation concentration of the sample fil- 

: , ,'z,.,, a! ,',i trate. '.,:,,i$i#j. ( 7  '8 8. , I '  I 

< . ,)! : j ,  . ' ! ! ! ' I  
', ,+; :T:.,. 

. # V  
. , 

. $ .  SF:'  
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tion method, calculate the volume of diluent as follows: 
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2. To calculate the anion concentration of the sample: 

where: 
C, = anion concentration in milliequivalents (meq) in IO-mL 

sample 

HC03- = bicarbonate concentration in mg/L as HC03- 

C1- = chloride concentration in mg/L as CI- 

NO3- = nitrate concentration in mg/L as N 

HPO~-' = phosphate concentration in mg/L as 

~ 0 ~ - ~  = sulfate concentration in mg/L as sot2 

a. If the milliequivalents (meq) of total anions calculated 
for the sample exceeds the L C - S A X ~ ~  SPE cartridge 
capacity of 0.1 meq, the sample must be diluted with 
blank water to obtain a sample with 0.1 meq or less total 
anions. 

b. Do not excessively dilute samples because this results 
in diluting the arsenic species concentrations. 

c. Record the diluent volume on the worksheet (fig. 5-5) so 
that a dilution factor can be applied to the sample results. 
If the diluent volume is not provided, it will be assumed 
that the sample was not diluted. 



PROCESSING OF WATER SAMPL 
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( . . <  
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To determine the volume of EDTA needed to preserve samples 

....... 
' , ,,. !* 

, ,. . , 
(NWQL Schedules 1729,1730,1731, and 1732), es'~mate the 

1.: . . ,&,.q~iil ? 
+ cumulative concentration of major cations in the sample, as 

':!,::v.+J,i ' 
,,, ,~ .:q 1,s  I, 

.follows: 
, " , \.7;;li I 
.,#I)+,,'!> ti:,\ . I,?? ' ', , 

;,: ;," ;? f!, : 1. Estimate the Concentration of cations in the sampl'e using 
I :  

,. , ;; ,:!a1 historical data for:the same site or a representative site, if 
I.,., . j . (  . . 
I . , ,  ,.. ,.* , .  available. 
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2. To calculate the volume of 250 mM (millimolar) EDTA 
required for a 10-mL sample: 

VEm z 4.0(lo6) x ((A1 x 3 .7(10*~~) ]  + [Fe x 1.8(lO*~~)] + [Mn x 1.8 110-'~)] + 
[Ca x 2.~(10'~)]  + [Mg x 4.1(10'~)] + [Sr x 1.1(10-~4]) I 

. . . . ,  r-i..; . I., . where: .. . , ., . . . I  . . , ".L:'."' ' . ;.,:, . .d,.,; : 
VEDTA = microliters of 250-mM EDTA required for a 10-mL sample 

i : ,;: ,: ... I. A(" . Al = dissolved aluminum concentration, in pg/L as A1 
:[+? , ,. .I1.I . .<, Fe =dissolved iron concentration, in pg/L as Fe 

, *j, ;;,\j$&l? ,,: 
. ,; 3 T%;$;I,; Mn = dissolvbd manganese concentration, in pg/L as Mn 

',<.:l;.,,4;J, 4 
+ , : 93,*r~4 .., Ca = dissolved calcium concentiation, in mg/L as Ca ' 
; '< .,.:." .? 
:: i, i31~. '. <.,t., Mg = disso!ved magnesium concentration, in mglL a's ~ ' g '  

,:. \ , 4, <' . ., .. , ? : .  + Sr = dissolved strontium concentration, in pglL as Sr 
, . . . , , ? I '  ... .'. 

%,, '(.; .;,, 
f -  h 

3. If VEDTA is less than 100 pL, add 100 pL of EDTA to the 
sample. 

4. If a samhe is diluted for th/ field-speciation niethod, use 
the estimated cation concentration in the diluted sample 
in the equation above. 

5. Record the volume of EDTA added to the sample on the 
worksheet (fig. 5-5 or 5-6). If the EDTA volume is not 
provided, it will be assumed that 100 pL was added. 

1 1 1  

Sample processing 
. . ,  '. i. , . : , .t .: 

.,. * ,'.: . , ,  ;',4 . 
Sample-collection and -processing equipment should'be cleaned 

. 'j.,,.. . 
. ,  , . 4 

,, ,:.* according to USGS protocols for inorganic-constituent sampling 
. '..'p:,' 

,, ? ' >  

.';.; 1,;1.j. 
-(NFM 3.2.1). Ifan acid rinse is used, be sure to follow it with a 

; ,;;?i; :;$. 
,,, ?,,i~!, i' ' . ' 

,,'$ .,,p;: f ]  , thorough deionized-water rinse rinse. Do not acid,rinse a filter 
<! y!;>l< 

+ 
I ,  ., 

membrane through which samples for arsenic analysis will be 
..,, . .. 

'. , ih.;4; <,- passed. 
I . , %  ' 
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< , ;  '8.;' ,:' 
Selection of Equipment for Wnler Sampling (Version 2.0. 312003) 



;ELECTION OF EQUIPMENT FOR WATER SAMPLING 

The field-speciation method of sample processing (N WQL 
Schedule 1729) is as follows: 

1. Before leaving for the field: 

a. Fill out the header information on the worksheet for 
NWQL Schedule 1729 (fig. 5-5). Record the estimated 
anion and cation concentrations, diluent volume, and 
EDTA volume (see instructions in' the . section . above). 
Referring to table 5-9, assemble the equipment needed. 

b. The strong anion exchange cartridge must be pre- 
conditioned before collecting samples. Prepare the 
cartridge-conditioning solutions as follows: 

ii. pH 2 4 (Chloride-form LC-SAX cartridge): use 
methanol (CH30H, CAS 67-56- 1) as received from 
the supplier. This is the most commonly used form 
for surface-water and ground-water matrices with 
pH 2 4. 

ii. pH < 4 (Acetate-form LC-SAX cartridge): prepare 
a 1.7 M acetic acid solution by diluting trace- 
metals-grade acetic acid (CH3COOH, CAS 64-19- 
7) by 1: 10. This form works best to buffer samples 
with pH < 4. The 1.7 M acetic acid solution is stable 
for up to 30 days. 

2. At the field site, continue to fill out the sample worksheet for 
NWQL Schedule 1729 (fig.'5-5). 

3. Assemble and organize on a clean work surface the 
necessary processing equipment and supplies (table 5-9). 

4. Wear appropriate disposable, powder-free gloves. Before 
proceeding, prepare the 0.45-pm capsule filter (NFM 
5.2.1 .A, making sure that the capsule filter has been pre- 

L . . 
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cleaned with DIW and is ready to be used. Study objectives 
may dictate use of a filter membrane with a smaller pore size 
(McCleskey and others, in press); these also should be 
precleaned (NFM 5, table 5-3). Do not rinse the filter with 
acid. 

5. Collect environmental (surface-water and ground-water) 
samples and quality-control samples using the "clean- 
sampling procedures prescribed for trace-element samples at 
low part-per-billion concentrations (NFM 4.0.1). Prevent 
exposure of samples to the atmosphere and light to prevent 
oxidation. 

surface-dater samples should be collected from a 
single vertical or a point and should not be 
composited. If stream mixing conditions are a concern, 
multiple samples from different points in the cross section 
should be individually collected and processed, or a 
sample should be collected from a different cross section 
where mixing is not a concern. Collection of a multiple 
vertical, EWI, or ED1 composite surface-water sample 
can result in substantial aeration of the sample, causing 
the distribution of arsenic species to change. ' 

I 

Ground-water samd~es are particularly suscefitible to 
changes in arsenic species distribution when sampling 
waters with low dissolved-oxygen concentration and 
redox potential (Eh). Appropriate precautions should be 
taken to avoid the aeration or light exposure of ground- 
water samples (NFM table 4.4). 

The remaining steps in the field-speciation method are time 
dependent; therefore, it is important to complete the previ- 
ous steps before continuing. 

6.  Rinse centrifuge tubes A and B and syringe twice with blank 
\ water. Cap the tubes and set aside. I 

.. . 
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7. ~emo;e the L C - S A X ~ ~  ~ ~ ~ ' c a r t r i d ~ e  from the shipping 
.:t , - - ~  
ih .:; J,; 

. '2 ;$- .*,;:,> 
container. Noting the sample pH, condition the cartridge as :::'$ ,::,$ 
follows: '+ .' L ~ . ' V .  

,*:\. ., sl, 
,'a 1, , , . . , 

* Sample pH 2 4:.Using the syringe, push about 2 mL of 
methanol followed by about 10 mL blank water through 
the chloride-form cartridge at a rate of 1 to 2 drops per 
second. Collect the methanol for proper disposal. Use 
the syringe to blow out excess water. Use cartridge . 

immediately after conditioning. 

Sample pH < 4: Using the syringe, push about 5 mL of 
1.7 M acetic acid followed by about 10 mL of blank water 
through the acetate-form cartridge at a rate of 1 to 2 drops 

. , per second. Collect the acetic acid for proper disposal. 
Use thexyringe to blow out excess water. Use cartridge 

1 

immediately after conditioning. 

8. If a sample dilution is required (see "Calculation of diluent 
and EDTA volumes"), add the appropriate volume of blank 
water (diluent) to centrifuge tube A (the centrifuge tube is 
graduated). 

9. Using the micropipet and disposable glass bores or an 
adjustable micropipet and a clean tip, add the appropriate 
volume of EDTA solution to centrifuge tube A (see 
"Calculation of diluent and EDTA volumes"). If processing a 
spike sample, next add the field spike solution using a 100- 
pL micropipet and clean, disposable glass bore or plastic tip. 

a. If more than 100 pL of EDTA is needed, use either an 
adjustable volume micropipet that is capable of delivering 
the calculated volume of EDTA, or use a 100-pL micropi- 
pet and round the calculated volume of EDTA up to the 
nearest 100-pL increment. 

b. Be careful not to add excessive EDTA to the field specia- 
tion sample. An excess of EDTA will compete with 
arsenic species for ion-exchange sites in the SPE car- 
tridge, thus causing positive bias in the As(II1) results. 

+ 
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10. Filter 10.0~0.2 mL (or 10.0 mL minus the diluent volume) 
of sample directly into the centrifuge tube. Cap tube A + tightly, and niix well. The EDTA and the filtered sample 
must be combined in tube A immediately after filtration. 

Filter the environmental samples using in-line procedures 
as described in NFM 5.2. 

Take precautions to prevent oxidation of chemical species 
when filtering ground water; the risk of oxidatibn is of 
lesser concern for aerated surface water. 

1 1. Remove the plunger from the syringe barrel. Connect the 
barrel to the SPE cartridge using the red cartridge adapter, 

12. Pour the contents of tube A into the syringe barrel attached 
to the cartridge. Carefully insert the plunger into the syringe 

I barrel. 

a. Slowly push the plunger to elute the sample though. the 
'cartridge at a rate of 1 to 2,drops per second, collecting 
the eluate in the centrifuge tube, labeled B. , , , , 

, , 8 3  , 

+ b. Pass the entire sample volume through the cartridge. Use 
the syringe to blow out any remaining sample from the 
cartridge. 

c. Tightly cap tube B. Label tube B with station ID, date, 
and time. Discard tube A, , . and the syringe.. 

13. Label the cartridge and the container into whicd th'e 
cartridge will be placed with station ID, date, and time. 
Place the cartridge into its original container, and cap 
tightly. 

14. Complete the NWQL Schedule 1729 worksheet (fig. 5-5). 
Retain the original copy of the worksheet'in station folder. 

15. Place tube B, the SPE cartridge, and a copy of the 
completed worksheet (fig. 5-5) into the original kit bag. 
Label the bag with the station ID, date, and time. Chill and 
maintain at 4OC. The cartridge and eluate are' stable for 
up to 7 weeks; however, both should be shipped to 

+ NWQL to arrive within 14 days of sample collection. 

... , 
t , ,;;. ! 

, "11 ., . , . . , . .  . ,  
r, F,: $,$ , 
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,' 
-SELECTION OF EQUIPMENT FOR WATER SAMPLING 

Laboratory-speciation methods of sample 
processing (NWQL Schedules 1730, 
1731, and 1732): 

1. Before processing samples, begin to fill out the sample 
worksheet (fig. 5-6), indicating the NWQL Schedule.being 
requested (Schedule 1730, 173 1, or 1732). 

2. Assemble and'organize on a clean work surface the 
necessary processing equipment and supplies (table ,510). 

3. Wear appropriate disposable, powder-free gloves. Before 
proceeding, prepare the 0.45-pm capsule filter (NFM 
5.2.1.A), making sure that the capsule filter has been pre- 
cleaned with DIW and is ready to be used. Study objectiLes 
may dictate use of a filter membrane with a smaller pore size 
(McCleskey and others, in press); these also should be 
precleaned (NFM, 5, table 5-3). Do not rinse the filter with 
acid., 

4. Collect environmental (surface-water and (or) ground-water) 
samples and quality-control samples, using the prescribed 
procedures for samples with trace-element concentrations at 
the part-per-billion level. (NFM 4). Prevent exposure of , 

samples to the atmosphere and light to prevent oxidation. 

Surface-water samples should be collected from a 
single vertical or a point and should not be 
composited. If stream mixing conditions are a concern, 
multiple samples from different points in the cross section 
should be individually collected and processed or a 
sample should be collected from a different cross section 
where mixing is not a concern. Collection of a multiple 
vertical, EWI, or ED1 composite surface-water sample 
can result in substantial aeration of the sample, causing 
the distribution of arsenic species to change. 

I , . ._ . 
L . . 
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PROCESSING OF WATER SAMPLES 

Ground-water samples are particularly susceptible to 
changes inarsenic species ldistribution when s$$pling 
waters wit$ low dissolved-oxygen concentration lalid 
redox potential (Eh). Appropriate precautions,should be 
taken to avoid the aeration or light exposure of {ground- 1 

I water samples (NFM table 4-4). I 

5. Rinse an opaqhe polyethylene:sample bottle twice kith blank 
water. I 

6. Using the mickopipet and disiosable glass bores o i  b~astic 
tips or an adjdstable micropipet and a clean tip, add at least 
100 pL of EDTA solution to the sample bottle (see 
"Calculation ?f diluent and EDTA volumes"). If more than 
100 pL of EDTA is needed, use either an adjustable volume 
micropipet that is capable of delivering the calculatkd 
volume of EDTA, or use a 100-pL micropipet add rpund the 
calculat6B voleme of EDTA up to the nearest loo-:@ 
increment. 

I 

7. If processing a spike sample, add the field spike sdlbtion 
(N16 13) usink a 100-pL micropipet and clean, disposable 
glass bore or plastic tip. I t  I 

I 1 I 1  

8. Record the volumes of EDTA solution and spike solution 
used on the laboratory-speciation methods workslieet (fig. 5- 
6). If the EDTA volume is not provided, it will be (assumed 
that 100 pL was added. I I 

I 

9. Filter the samble, filling the opaque sample bottle'to the top. 
I1 I 

Do not fill to overflowing. The opaque sample bottle holds .. 
about 1 1.5f 0,. 1' mL when completely full. The ~ o t t l e  must 
be filled completely to the brimso that the dilutid*ifactor and 
spike recovery can be accurately calculafed. Cap bottle 
tightly. , , 

I ; /  
Filter the environmental samples using in-line pl;ocedures 
as described in NFM 5.2. , I i 1  

I I 
1 i Take precautions to prevent oxidation of chemical species , 

when filtefigg ground water; the risk bf oniddtion is of 
lesser concepl for aerated surface water. I I 

I 1 I 

10. Label bottle with station ID,;date, and time. ' ' I ' 
i 

I I 
I I t /  

I l l  
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11. Complete the worksheet (fig. 5-6). Retain the original copy 
of the worksheet in the station folder and place a copy in a 
sealed bag with the. sample bottle. 

for up to 3 months; however, the sample shduld be shipped 
to the NWQL to arrive within 14 days of sample collection. 

Bednar,. A.J., Garbarino, J.R., Ranville, J.F., Wildeman, T.R., 
2002, Preserving the distribution of inorganic arsenic species 
in groundwater and acid mine drainage samples: 

determinations: an evaluation of the literature and new 

Geochemistry (special volume). 

Nordstrom, D.K., and Archer, D.G., 2002, Arsenic , . 

thermodynamic data and environmental geochemistry, in 
Welch, A.H., and Stollenwerk, K.G., eds., Arsenic in Ground 
Water: ~ e o c h e m i s t r ~  and Occurrence, Boston, ~ l u w e r  
Academic Publishers, p. 1-26. 



PROCESSING OF WATER SAMPLES 

Table 5-9. Checklist of supplies and equipment required for arsenic speciation using 
t h e  field-separation method (NWQL Schedule  1729) 
[mL, milliliter; mg, millighm; pg-Ask,  micrograms-arsenic per liter; <, less thap; SPE, solid- 
phase extraction car t r idge; lm~,  millimoles per liter; M, moles per liter; EDTA, ethylenediamine- 
tetraacetic acid; L, microliter; As(lIl), arsenite; As(V), arsenate] 

. :: , , 
' >,".. !. ', . . ' $ 1  ;. ' TECHNICAL NOTE: Material Safety Data Sheets are supplied with the EDTA and 

j; .! 
, '  ,y2J/:;i,1 arsenic field spike solutions. Persons using these materials should be~ome~familiar with 

' ! :, ;v$; 
the associated wnrnihgs and safety guidelines priorlto using the materials in the field. , ' 

. . '.,:':;;a . ,  Expired EDTA and spike solutions, methanol, and acetic acid must be disposed of 
' r . .  

, . according to Federal, State, and local regulations. The District safety officer and water- ...":,, .'. 
i. - , I, I 

quality specialists can be consulted for proper disposal methods. 
~.,:;*,:-':-:,,,J 8 

; "",:"pi<',!.,: / '  , , 
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[mL, milliliter; pg-AsIL, micrograms-arsenic pkr liter; mM, millimoles per liter; EDTA, ethyl- 

inate; MMA, monomethylarsonate] 

.., :- . 

TECHNICAL NOTE: Material Safety Data Sheets are supplied w i th  the . .  

EDTA and arsenic field spike solutions. Persons using these materials 
should become familiar wi th  the associated warnings and safety 

& .  r̂ , , I .  . 
, . . :I  +.., .:, :r:';'.' '.' 
'. '>,..<,I .' I,. I. ! 

,:* ',? L>. 



! 
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Arsenic Field-Speciation Method Checklist and worksheet 
(Schedule 1729) I 

I Site ID: 
+ 

Date~Time: 
Site Name: Collector: 

- Filter sample ;sing 0.45ipm capsule filter; do not clean media with acid 
- SPE Cartridge Conditioning: 2 mL methanol and 10 mL deionized wa!er - 

or 
- SPE Cartridge Conditioning: 5 mL 1.7 M acetic acid and 10 mL deionized 

water - pH - 
- Estimated anion milliequivalents in 10 ml samp'le: meq 

1 1  I 

C,=, [HCOi x 1.6(10-~)] + [C1. x 2.8(10.~)]  + [ N O i  x 7.1(10-~)) + [ H P O ~ . ~  x 2.1(10-~)] 

I + [ s o i 2  x 2. I ( I w4)1 
where: Ca = anion concentration in rnil~ie~uivalents in 10-mL sample 

HCO j = bicarbonate concentration in mg/L as HCO; 
Cl- = chloride concentration in mg/L as Cf  
NO3'= nitrate concentration in mg/L as N 
HPO;~ = phosphate concentration in mglL as ~ ~ 0 4 . ~  I 

= sulfate doncentration in mglk as ~ 0 4 . 2  
l i 4  

- Diluent (blank water) volume added to tube A to give ~ 0 . 1  anion , ' 
milliequivalents in 10-mL sample mL 

- EDTA preservative added to tube A pL 
(100 pL or the volume calculated below, whichever is greater) 

(Note: if sample is diluted. account for dilution factor when using the following 
equation): . - - 

vEDTA=4.0(106) X ([A1 X 3 .7 (10 - '~ ) ]  + [Fe X 1.8(10-'@)] + [Mn X 1.8 ( I W ' ~ ) ]  + [Ca X ~.s(Io.')] 
+ [ ~ g  x 4.1(10-')1+ [ ~ r  x I .I (IO-'@)I)  , 

where: VEDTq = microliters of 250-mM EDTA required per sample 
Al = d~ssolved aluminum concentration, in pg/L as A1 
Fe = dissolved iron concentration, in pg/L as Fe 
Mn = dissolved manganese concentration, in p g L  as Mn 
Ca = dissolved Ca concentration, in mg/L as Ca 
Mg = dissolved magnesium concentration, in mg/L as Mg 
Sr = dissolved strontium concentration, in kg/L as Sr 

I - Sample volume added to tube A 
(10.0*0.2 or 10.0 mL hinus diluent volume) mL 

- Spike Solution lot number F 
Solution concentration pglL 
Volume added pL 

- Push all the sample through cartridge at 1 to 2 drops per second. 
- Collect eluate in tube B; cap tightly. 
- Write Station ID, date, and time on the cartridge, tube B, and shipping, ' 

container. I 

- Place tube B, cartridge (inside its shipping container), and copy of worksheet 
inside the kit bag. Label bag with station ID, date, and time. 

- Maintain at 4 OC. Ship chilled sample and a copy of the worksheet to the 
NWQL within 14 days of collection. 

COMMENTS: 

I Figure 5-5. ,Worksheet for f ie ld-~~ecia t ionlmethod to determine arsenic 
species in water samples. 

I U.S. Geologicnl Survey TWRI Book 9 Chnpler A2. (Version 2.0, 312'203) 



Arsenic Laboratory-Speciation Methods Checklist and Worksheet 
(Schedule 1730,1731, or 1732) 

Site ID: Dateflime: 
Site Name: Collector: 
Lab schedule requested: 

Laboratory-speciation methods Schedules 1730,1731, or 1732 

- Filter sample using 0.45-pm disposable capsule filter; 
do not clean media with acid 

, .  , 

- EDTA preservative added to opaque bottle pL 
(100 pL or the volume calculated below, whichever is greater) 

~ ~ ~ ~ ~ = 4 . 0 ( 1 0 - ~ )  x ([Al x 3.7(10.'~)] + [Fe x 1.8(10-'~)] + [Mn x 1.8 (l~.")] + [Cax 2.5(10-~)] 
+ [ ~ g  x 4.1(10-~)1+ LSr x 1.1(10-'")1) 

where: VEDTA = microliters of 250-mM EDTA required per sample 
A1 = dissolved aluminum concentration, in p g L  as Al 
Fe = dissolved iron concentration. in u'e/L as Fe 
Mn = dissolved manganese conce"tra't&n, in p g L  as Mn 
Ca = dissolved Ca concentration, in m g L  as Ca 
Mg = dissolved magnesium concentration, in m g L  as Mg 
Sr = dissolved strontium concentration, in p g L  as Sr 

- Spike Solution lot number L o r F .  
(circle one) 

Solution concentration p a  
Volume added . pL $ .  

Spiked or unspiked sample volume completely fill bottle, but do not overflow. 

Note "8-mL" opaque bottle contains 1 1.5 ;t 0.1 mL when completely fu l l : J J .&nL 

- Write Station ID, date, and time on bonle. 
- Maintain at 4 "C. Ship chilled sample and a copy of the worksheet to the 

NWQL within 14 days of collection. 

COMMENTS: 

Figure 5-6. Worksheet for laboratory-speciation methods to determine 
arsenic species in water samples. 
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The National ~ i e l d  ~ a n u a l  for the ~ o ~ k c t i o n  of water-~udlity Data (~ai ibnal  Field Manual) 
-. ;. \.* guidelines and standard procedures for U.S. Geological Survey ( U ~ ~ ~ ) , p ' e r s o n n e l  who.collect data used 
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to assess the quality of the Nation's surface-water and ground-water resources. Chapter A6 presents 
procedures and guidelines for the collection of data on air and water temperature, and on dissolved- 
oxygen concentrations, specific electrical conductance, pH, reduction-oxidation potential, alkalinity, and 
turbidity in water. 

Each chapter of the National Field Manual is published separately and revised periodically. Newly 
, 

published and revised chapters will be announced on the USGS Public Home Page on the World Wide 
Web under "New Publications of the U.S. Geological Survey." The URL for this page is 
http://water.usgs.gov/lookup/~et?newpubs. 

INTRODUCTION 

As part of its mission, the U.S. Geological Survey (USGS) collects data needed to assess the quality of 
our Nation's water resources. A high degree of reliability and standardization of these data are 
paramount to hlfilling this mission. Documentation of nationally accepted methods used by USGS 
personnel serves to maintain consistenci and technicalquality in data-collection activities. The USGS 
publishes Techniques of Water-Resources Investigations (TWRI) reports1 that document scientific 
methods used by USGS personnel. TWRI publications are listed at the end of this report. 

TWRIs are grouped under major subject headings called books. The Book 9 series, Handbooks for 
Water-Resources Investigations, is designed for field use and was developed to summarize, from other 
TWRIs and other references, techniques for planning and conducting specialized work in water- 
resources investigations. The National Field Manual for the Collection of Water-Quality Data (National 
Field Manual) is Section A of Book 9. The National Field Manual is comprised of individually 
published chapters. Chapter numbers are preceded by an "A" to indicate that the report is part of the 
National Field Manual. 

Chapter A6 on field measurements inclpdes procedureb, techniques, and guidelines for planning and 
conducting specialized work in water-resources investigations. Sections Ad other chapters of the 
National Field Manual are referred to in this report by the abbreviation "NFM" and the chapter and (or) 
section number. For example, general information on temperature measurements is covered in section 
6.1 of Chapter A6 "Field Measurements" and is cited here as NFM 6.1. 



Abstract Page 2 of 3 

Purpose and Scope 

The National Field Manual provides guidelines and standard procedures to be used by USGS personnel 
for field activities related to water-quality data collection and analysis. This manual is targeted 
specifically toward data collectors in order to (1) establish and communicate scientifically sound 
methods and procedures, (2) encourage consistent use of field methods for the purpose of producing 
nationally comparable data, and (3) provide methods that minimize biasing the data and, when properly 
applied, that result in data that are reproducible within defined limits of variability. 

Data collectors must have formal training and field apprenticeship in order to correctly 
implement the procedures described in this report. The information provided in Chapter A6 is to be 
used in conjunction with Water Temperature--Influential Factors, Field Measurement, and Data 
Presentation by H.H. Stevens, Jr., J.F. Ficke, and G.F. Smoot (Techniques of Water-Resources 
Investigations of the U.S. Geological Survey, Book 1, Chapter Dl ,  1975), and Guidelines for Collection 
and Field Analysis of Ground- Water Samples for Selected Unstable Constituents by W.W. Wood 
(Techniques of Water-Resources Investigations, Book 1, Chapter D2, 1981). 

It is impractical to provide guidancethat would encompass the entire spectrum of data-collection 
objectives, site characte-stics, environmental conditions, and technological advances related to water- 
quality studies. The fundamental responsibility of field personnel is to select methods that are 
compatible with the scientific objective for the field work and to use procedures that are consistent with 
USGS standard procedures to the extent possible. Under some circumstances, data collectors may have 
.to modify standard procedures. Whenever a standard procedure is modified or an alternative procedure 
is used, a description of the procedure us& and supporting quality-assurance information are to be 
reported with the data. 

Field Manual Review and Revision 

Chapters of the National Field Manual will be reviewed, revised, and reissued periodically to correct any 
errors, incorporate technical advances, and address additional topics. Please send comments or 
corrections to: NFM-QW, USGS, 412 National Center, Reston, YA 20192 (or send electronic mail to: 
nfm-owq@usgs.gov). Newly published and revised chapters will be announced on the USGS Home 
Page on the World Wide Web under "New Publications of the U.S. Geological Survey." The URL for 
this page is http://water.usgslgov/lookup/get?newv~~bs. 
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National Field Manual 
CHAPTER A6. FIELD 'MEASUREMENTS 

ABSTRACT 

I The National Field Manual for the Collection of WaterrQuality Data (Natipnal Field Manual) provides 
guidelines and standard procedures for U.S. Geological Survey (USGS) personnel who collect data used 
to assess the quality of the Nation's surface-water and ground-water resoyces. Chapter A6 presents 
procedures and guidelines for the collection of data on air and water temperature, and on dissolved- 
oxygen concentrations, specific electrical conductance, pH, reduction-oxidation potential, alkalinity, and 
turbidity in water. 

Each chapter of the National Field Manual is published separately and reyised periodically. Newly 
published and revised chapters will be announced on the USGS Public Home Page on the World Wide 
Web under "New Publications of the U.S. Geological Survey." The URL for this page is 
http://water.us~s.~ov/looku~/~et?newpubs. 

. . t i l l '  
4 c I:, ,, : ' > i . i  
. ' . , , . I  I 

I.! I : , ;,*, ,,,;2!;.i: +.: .i INTRODUCTION 

As part of its mission, the U.S. Geological Survey (USGS) collects data heeded to assess the quality of 
our Nation's water resources. A high degree of reliability and standardizatibn of these data are 
paramount to fulfilling this mission. Documentation of nationally accepted methods used by USGS 
personnel sedes 'to maintain consistency and technical quality in data-collection activities. The USGS 
publishes Techniques of Water-Resources Investigations (TWIU) reports that document scientific 
methods used by USGS personnel. TWjU publications are listed at the end of this report. 

I 

TWRIs are grouped under major subject headings called books. The Book 9 series, Handbooks for 
Water-Resources Investigations, is designed for field use and was developed to summarize, from other 
TWRIs and other references, techniques for planning and conducting specialized work in water- 
resources investigations. The National Field Manual for the Collection of Water-Quality Data (National 
Field Manual) is Section A of Book 9. The National Field Manual is comprised of individually 
published chapters. Chapter numbers are preceded by an "A" to indicate %at the report is part of the 
National Field Manual. I I 

, ..('~ :~ ,., 
.. l;!,;: , . . 
f.3. ,, . i- '#., 

'&. .4 ., ! 
,, , . Chapter A6 on field measurements includes procedures, techniques, and guidelines< for planning and 
. . .  , 
' , 1" 

I . ._ conducting specialized work in water-resources investigations. Sections and other chapters of the 
7 "  'q: .',.; 
.$, ,;:! !,.., National Field Manual are referred to in this.report by the abbreviation "NFM" and the chapter and (or) 

. 4 A!:: ( 
section number. For example, general information on temperature measurements is covered, . . in section 

; : *  6.1 of Chapter A6 "Field Measurements" and is cited here as NFM 6.1. , 
: ,;:t ; ;?<I 
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Purpose and Scope 

The National Field Manual provides guidelines and standard procedures to be used by USGS personnel 
for field activities related to water-quality data collection and analysis. This manual is targeted 
specifically toward data collectors in order to (1) establish and communicate scientifically sound 
methods and procedures, (2) encourage consistent use of field methods for the purpose of producing 
nationally comparable data, and (3) provide methods that minimize biasing the data and, when properly 
applied, that result in data that are reproducible within defined limits of variability. 

Data collectors must have formal training and field apprenticeship in order to correctly 
implement the procedures described in this report. The information provided in Chapter A6 is to be 
used in conjunction with Water Temperature--Influential Factors, Field Measurement, and Data 
Presentation by H.H. Stevens, Jr., J.F. Ficke, and G.F. Smoot (Techniques of Water-Resources 
Investigations of the U.S. Geological Survey, Book 1, Chapter Dl ,  .1975), and Guidelines for Collection 
and Field Analysis of Ground- Water Samples for Selected Unstable Constituents by W.W. Wood 
(Techniques of Water-Resources Investigations, Book 1, Chapter D2, 1981). 

It is impractical to provide guidance that would encompass the entire spectrum of data-collection 
objectives, site characteristics, environmental conditions, and technological advances related to water- 
quality studies. The fundamental responsibility of field personnel is to select methods that are 
compatible with the.scientific objective for the field work and to use procedures that are consistent with 
USGS standard procedures to the extent possible. Under some circumstances, data collectors may have 
to modify standard procedures. Whenever a standard procedure is 'modified or an alternative procedure 
is used, a description of the procedure used and supporting quality-assurance information are to be 
reported with the data. 

Field ~ a n u a l  Review and Revision 

Chapters of the National Field Manual will be reviewed, revised, and reissued periodically to correct any 
errors, incorporate technical advances, and address additional topics. Please send comments or 
corrections to: NFM-QW, USGS, 412 National Center, Reston, VA 20192 (or send electronic mail to: 
nfm-owq@u~s.gov). Newly published and revised chapters will be announced on the USGS Home 
Page on the World Wide Web under "New Publications of the U.S. Geological Survey." The URL for 
this page is http://water.usg~ov/lookup/~et?newvubs. 
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CHAPTER A6!. FIELD MEASIUREMENTS 

I ABSTRACT 

The National Field Manual for the Collection of Water-Quality Data ( ~ a f i b n a l  Field Manual) provides 
guidelines and standard procedures for U.S. Geological Survey (USGS) personnel who collect data used 
to assess the quality of the fiation's surface-water and ground-water resou:cds. Chapter A6 presents 
procedures and guidelines for the collection of data on air and watertempeiature, and on dissolved- 
oxygenlconcentrations, specific electrical conductance, p ~ ,  reduction-oxidation potential, alkalinity, and 
turbidity in water. I 

I 
J 

1 ' 1  I j 
I 

Each cdapter of tde National ~ i e l d  ~ a n h a l  is published ieparately! and re"ised periodically. Newly 
published and revised chapters will be announced on the USGS Public Hohe Page on the World Wide 
Web under "New Publications of the U.S. Geological Survey." The u ~ L  forthis page is 
http://water.usgs.~ov/lookup/~et?newpubs. . i I  I 

1 
1 

1 '  I 

INTRODUCTION I I I I 

I 

A S  partjof its mission, the U.S. Geologic~l Survey (USGS) collects data &kded to assess the quality of 
o w  Nation's water resources. A high degree of reliability and standardizatihn of these data are 
paramount to fulfilling this mission. Documentation ofinationally acceptedimethods used by USGS 

.- personrikl serves to maintain consistent)! and technical quality in data~col l~t ion actii.itibs. The USGS 
publishes Techniques of Water-Resources Investigations (TWRI) reports that document scientific 
methods used by USGS personnel. TWRl publications are listed at the end/of this report. 

I I 

TWRIs are irouped under major subjecd headings called books. The Book 9 series, Handbooks for , 
Water-Resources Investigations, is desibed for field use and was developed to summarize, fiom~ other 
TWRls and other references, techniques for planning and conducting specialized work in water- 
resourc,es investigations. The National Field ~ a n u a l  for the Collection oJ W~ter~Quali ty  Data (National 
Field ManuaE) is Section A of Book 9. The National Field Manual is coniprised of individually 
published chapters. Chapter numbers are preceded by anl"AU to indicate that the report is part of the 
National Field Manual. . I 

I I 

1 1 i I 
Chapter A6 on field measuiements includes procedures, techniques, and gyidelines for planning and 
conducting specialized work in water-r4sources investigations. Sections andother chipiers of the 
National Field Manual are referred to in this report by the abbreviation "NFM" and th6 chaptei and (or) 

I section number. For example, general idformation on tkmperature measuigients is covered in section 
6.1 of Chapter A6 "Field Measurementsl" and is cited here as NFM 6.1. I, 

7 

I 

I 
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Purpose and Scope 

The National Field Manual provides guidelines and standard procedures to be used by USGS personnel 
for field activities related to.water-quality data collection and analysis. This manual is targeted 
specifically toward data collectors in order to (1) establish and communicate scientifically sound 
methods and procedures, (2) encourage consistent use of field methods for the purpose of producing 
nationally comparable data, and (3) provide methods that minimize biasing the data and, when properly 
applied, that result in data that are reproducible within defined limits of variability. 

Data collectors must have formal training and field apprenticeship in order to correctly 
implement the procedures described in this report; The information provided in Chapter A6 is to be 
used in conjunction with Water Temperature--Influential Factors, Field Measurement, and Data 
Presentation by H.H. Stevens, Jr., J.F. Ficke, and G.F. Smoot (Techniques of Water-Resources 
Investigations of the U.S. Geological Survey, Book 1, Chapter Dl ,  1975), and Guidelines for Collection 
and Field Analysis of Ground- Water Samples for Selected Unstable constituents by W.W. Wood 
(Techniques of Water-Resources Investigations, Book 1, Chapter D2, 198 1). 

It is impractical to provide guidance that would encompass the entire spectrum of data-collection 
objectives, site characteristics, environmental conditions, and technological advances related to water- 
quality studies. The fundamental responsibility of field personnel is to select methods that are 
compatible with the scientific objective for the field work and to use procedures that are consistpt with 
USGS standard procedures to the extent possible. Under some circumstances, data collectors may have 
to modify standard procedures. Whenever a standard procedure is modified or an alternative procedure 
is used, a description of the procedure used and supporting quality-assurance information are to be 
reported with the data. 

Field Manual Review and Revision 

Chapters of the National Field Manual will be reviewed, revised, and reissued periodically to correct any 
errors, incorporate technical advances, and address additional topics. Please send comments or 
corrections to: NFM-QW, USGS, 412 National Center, Reston, VA 20192 (or send electronic mail to: 
nfm-owq@,usns.gov). Newly published and revised chapters will be announced on the USGS Home 
Page on the World Wide Web under "New Publications of the U.S. Geological Survey." The URL for 
this page is 11ttp://water.~sgs~gov/lookup/~et?newp~. 

Acknowledgments 

The information included in the National Field Manual is based on existing manuals, a variety of 
reference documents, and a broad spectrum of colleague expertise. In addition to the references 
provided, important source materials included unpublished USGS training and field manuals and 
technical memorandums. The authors wish to acknowledge those individuals in the USGS who 
developed the field and training manuals that provided the foundation for,this National Field Manual: 
M.E. Dorsey, T.K. Edwards, W.B. Garrett, W.J. Gibbons, R.T. 1watsub0,'R.T. Kirkland, J.R. Knapton, 
C.E. Lamb, L.R. Lister, R.F. Middelburg, Jr., J. Rawson, L.R. Shelton, M.A. Sylvester, and F.C. Wells. 

The editors and authors are indebted to Chester Zenone, for his insightful suggestions and guidance; 
I.M. Collies, who provided editorial assistance; C.M. Eberle and B.B. Palcsak for a thorough editorial 
review of the first draft; and E.A. Ciganovich and G.J. Allord for their expertise, talent, and innovation 
in book design and publication. Appreciation is extended to the scientists consulted from the U.S. 
Environmental Protection Agency and from private industry, including Hach Company, Hydrolab 

http://water.usgs.gov/owq/FieldManual/Chapter6/abstract.html 6/24/04 



Page 3 of 3 

T * 
I t  ' 

, 
Corporation, and Yellow Springs Instrument Company. 

+ * I  I 

The following colleague reviewers provided valuable contributions that improved the quality of this 
document: R.T. Iwatsubo and K.A. Pearsall, who reviewed this document in its entirety for technical 
soundness, and 

H.D. Ardourel 
O.P. Bricker 
M.E. Brigham 
R.E. Broshears 
I.M. Cozzarelli 
J.V. Davis 
M.E. Dorsey 
D.J. Gellenbeck 
C.M. Harris 
R.J. Hoffman 
M.M. Kennedy 
R.J. LaCarnera 
J.D. Martin 

J.M. Neil 
V.W. Norman 
C.E. Oberst 
G.B. Ozuna 
C.J. Patton 
L.N. Plummer 
T.J. Popowski 
K.C. Rice 
R.L. Rickrnan 
F.A. Rinella 
G.F. Ritz 
I.J. Roberts 
H.W. Sanger 

L.R. Shelton 
D.A. Shenvood 
R.L. Snyder 
D.L. Stanley 
D.Y. Tai 
D.C. Thorstenson 
R.J. Wagner 

, W.E,  ebb 
A.H. Welch 
F.C. Wells 
J.S. Zogorski 

, , :,.,: :' ,, 
'I.. , ' I , .  
! ; f , ;"  .!I. 

,:,,;is .: +. :.': . Many thanks go to T.L. ~ i l l e r ,  whose encouragement and faith in this project have been instrumental to 
, , , V . , ? , . , f  

, , its achievement; and to D.A. Rickert foi providing the support needed to produce a national field manual 
,$ r'y: , 81.' 

. .. . for water-qualitystudies. 
' .  ' I ,  

.,.>' , : & #  . 
; /. .! , 

:,!j:.,jl;, ': 
. ' $ - , ! .  *#Section 6.0 Contents . 
,.; ; , : .  

/,I, '?.',' \.::: ,q:pJi: * .&t-~.~-b--CLag~~r-MSan&~s 
p , , (.d q ? 8 Retlirn to ~ i e l d  Manual Complete contents 
.i,:\. Li t  
,,,:"$ %!;< 

I,.., . :,.. Q Return to Water quality Information Paces 
, ' :,p., Maintainer: Office of Water Quality 

$ '  ',il.',.: 
4 . .:I ::: , .,, 

Webversion by: Genevieve Comfort 
r ,  ' 

, , ,: ,L: , Last Modified: 1 1 SEP03 imc ! ;!i !:;,!&i,,:;, ! 

,& , ( . I ; . .  ' 
. , , ' 

!;, ,, ,f,.!;; , . 
,', .,, , .  
I:',. ,:,,it-. , 

I..:. . 
'. L '.,, h,;' 



, " . b).! 
- ., 1!1 0 ,  ' 1 ,  

' Chapter'6:O Contents 
. I  , _  8 . L .  . .. , ". (I: . I . . I  /:. 

Page 1 of 2 
,. "!"', . c,;,!, : -1 1'1 ' sL~?-$$.,;,. ~4 '?;: ,; ,. 

., . .  .. . . ' , , > I  

, ' e. , . ; '5 . ,  , .. I , # USGS . . .+. . , I . . . . ?  . I . .) .. . 
. ,  ,:.j sdamlIhra*u*arbl . . .<'~. ,{: 

I .;j: ,.*.;, , s , ,  < " I ,t,..,i:; 31%' . , 
>. ! .< , I  . ..,. . . 

' I  ' - :.. . I , . :  

!I,! , .. Water Resources--Office of Water Quality 
:, I. ,' , , : 

,,,*, ,y 'it,Tkf! 
.$,, ' ,, ' ;,. , 4 ,  

. 4, : 4>3*; ~ h i i  docdment is also available in pdf f*rmat: . , ' .  ;;:. i:.:, : 
; , !" ,, 
: . : . ,,, . I < ,  ,' . , a Com~lete ~ d f f o r  Section 6.0 (Version I .  I ,  7/2003, with revisions to 6.0.2.A) 

I*: ,,,, '.':)I;:$; a , 
'.21 .,,," Archive pdf available for Section 6.0. 4/98 i ,, , , . ' ,  ,,. . , ..: . .  . . , ,.. 

I, - , 2:*, , '  
,-<,,,/ 

', ,I.:. +,, 1 
,, j4:b c. .. I 

I S  .. . I !  ,ii,!,;:. .'.., m ~ a t i o n a l  Field Manual . , , , 

, ' 

' ,  ' t , , ' .  
. t .. .>. 
t;: <.- ''1, ,2 

, .i 
b'::' : <, I 6.0 GENERAL INFORMATION AND 

GUIDELINES ' a ,  
, .:.' :I, ,.,, , <  
1, , ,.: 4 , 8 ,' ..' , il,. , . ,, 1 ,  

8 ,  

1 ~;. ," -f.y 
, <!,, IPS By F.D. Wilde and D.B. Radtke 

I .  I - :  . .,,/I , . ... 
( ,,., 4;:*, 
, ,:, ;,,:$fj{,:\ 
,, l ! , ~ 3 : t ~ , l d ~ i  6.0 General Information and Guidelines 
' ,,I,;((.!ii +I - 

r \ <!- , 
, :  t,,.,8,!., 

. ' t . , . . I  . 
, ,  .;;!,- 6.0.1 Records, field instruments, and quality assurance 
I ' - . < . + a t  1 

I .s,14il,f?,;*, i 6.0.2 Sample collection, preservation, and storage ":, , ,, ,: ., ,' 8, 4 

; !, ."! :,;. .i 
'!.? , t 

.,. ,% ':,' , 
$ ;; ; \,.l)i' .'- , . 6.0.2.A Locating po'int(s) of measurement in still and flowing 'water 
,: .# '. , !,F.,j., , 6.0.2.B 1'n situ and subsample measurement procedures 
!,:.:I:,*.,$!?;:: ' , 

1 ;,< ',,:$ :;':< I. 

,. .\ '+;.:, 6.0.3 Ground water 8 .  
...( . . ' $6:: . . 

L:, gF ,;, .:;; 
i,;: , +$.-;<, i'i" , ;!d:".b,.i - . 6.0.3.A Well purging: standard procedure i d  exceptions , I  :, , 4 ? ,  k 
:. !:,' ,: 
i; '.:' '; ., 
.. '1 , a L ' :  . $ , .  

6.0.3.B Downhole, flowthrough-chamber, and.subsample measurement procedures 
,I;? $?:;:,,,' 

-?~h<y;, 
,:" 3q::I, !;I 1 
, ,:; ,:::? Any use of trade, product, or firm names is for descriptive purposes only:and does not imply I . .  ,. 

4 ,:. 1 <:,. ., , I ,: endorsement by the U.S. Government. 'L. '8b , 
.' z2',;,:,>: . '  " ', : ;;:I:<$;" '1" !< 
, ,., .4'i,..j't ' ; '  1 - ,,$:?!; 
, s ,  .,. ' Illustrations 
,. , .,:,. :: '. ' 

I 8 ,  .- 
I *. 6.0- Flow chart showing in situ field-measurement procedures for surface water . , : a*h 

1 , ~  *I 1 
I. - 

1 * I  . .. 
'( , .  . 
I t  .,I 

, , - I , , .  I, ;. *:.$: 

6.0- Flow chart showing subsample field-measurement procedures for conductivity, pH, and 
2 alkalinity of surface water .,,:*:;; ;,.d'$j".s 

1 - 
.,; < 

.. , I  , I  

, . && : Example of a field form to recoid well purging ' ' 

' ' ' . 
. ,  _ , < :  

, .1 21.I . , 3 
%'.  , . - 
. ., ,:'. 

,: :;. , $(,:. ,: 
, :::,:: ., !;,, ,,,, - 6.0- Flow chart showing field-measurement procedures using downhole and flowthrough-chamber 
. !; * .. 
<.:..,; ;r ,., ' 
..!' , ' 

L l < : ,  . . I' ,. ,,*' , . . I:! 



Chapter 6.0 Contents page 2 of 2 

4 systems for ground water ,- 

6.0- Flow chart showing subsample field-measurement procedures for conductivity, pH, and -- : .  
5 alkalinity of ground water - 

Tables 
6.0- Stabilization criteria for recording field measurements 
1 -. 

6.0- Example of field notes for a discharge-weighted conductivity measurement 
2 - 

6.0- Example of field notes for an area-weighted conductivity measurement -- 
3 - 

*Section 6.0 , 

QReturn to Chapter A6 Contents Pase 
O Return to Field Manual Complete Contents 
OReturn to Water quality Information Pages 

Maintainer: Office of Water Quality 
Webversion by: Genevieve Comfort 
Last Modified: 15Aug03 imc 



Page 1 of i 

Water Resources--Office of Water Quality 

This 'document is also available in pdf format: 
I I 1  

GENERAL INFORMATION AND GUIDELINES 
, 

Field measurements: determinations of physical or chemical 
properties that are measured onsite, as close as possible in time and 

space to the media being sampled. 

This section summarizes information, guidelines, and minimum requirements that generally apply to 
field measurements for all studies of water quality and the collection of basic data. Another term 
commonly used for field measurements is field parameters. Guidelines applicable to the individual field 
measurements are described in detail in the respective sections of this chapter (NFM 6.1 through 6.7). 
Before proceeding with field work, check each field-measurement section for recommended methods 
and equipment, detailed descriptions of measurement arid quality-control procedures, and guidelines for 
troubleshooting and data reporting. 1 
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ASSURANCE 

Field-measurement data and other field information must be recorded, either on paper or electronically, 
while in the field. "Reported" field measurements are defined as those data that are entered into the 
National Water Information System (NWIS) data base of the USGS (Maddy and others, 1989) as well as 
data that are to be published but cannot be stored in NWIS. The conventions used for reporting field- 
measurement data are described at the end of each field-measurement section. 

> 

Record field-measurement data, methods and equipment~selected, and calibration 
information on field forms and in instrument log books. . . 

-- Field forms include national 01: study-customized field forms and analytical 
services request forms; other forms and records (for example, chain-of-custody 
records) may be required for the study. 

-- Instrument log books for each field instrument are required to document 
calibrations and. maintenance. 

$ Records are maintained for each uniquely identified sampling location. 

Field personnel must be familiar with the instructions,provided by equipment manufacturers. This 
. manualprovides only generic guidelines for equipment use and maintenance or' focuses on a particular 
instrument or instruments that current1y:are in common use in the USGS;,there is a large variety of 
available field instruments and field instruments are being continuously updated or replaced using newer 
technology. Field personnel are encouraged to contact equipment manufacturers for answers to technical 
questions. Refer questions regarding 'equipment and supplies obtained from the USGS-WRD Quality of 
Water Service Unit (QWSU) in Ocala; Fla., the National Water Quality Laboratory (NWQL) in Arvada, 
Colo., or the Hydrologic Instrumentation Facility (HIF) at Stennis Space Center, Miss., to the respective 
facility. Information on instrument systems that have been tested and compared for accura'cy and 
precision by HIF is found in the following,issues of Instrument News, a publication of the HIF: 1991, for 
Hydrolab H20TM; 1992 and 1993, for pH; 1992, for conductivity; 1993; for aissolved oxygen; and 1994, 
for temperature, turbidity, and the YSI 3800TM. , . 

Field measurements should represent, as closely as possible, the natural condition of the surface- 
water or ground-water system at the time of sampling. Field teams must determine if the instruments 
and method to be used will produce data of the type and quality required to fulfill study needs as well as 
USGS requirements. Experience and knowledge of field conditions often are indispensable for 
determining the most accurate field-measurement value. To ensure the quality of the data collected: 
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b Calibration is required at the field site for most instruments. Make field measurements 
only with calibrated instruments. 

b Each field instniment must have a permanent log book for recording calibrations and 
repairs. Review the log book before leaving for the field. 

" . 

Test each instrument (meters and sensors) before leaving for the field. Practice your, 
measurement technique if the instrument or measurement is new to you. 

Have backup instruments readily available and in good working conditibn. 

Quality-assurance protocols are mandatory for every data-collection effort of the USGS, and 
include practicing good field procedures and implementing quality-control checks. Make field 
measurements in a manner that minimizes artifacts that can bias the result. Check field-measurement 
precision and accuracy (variability and bias). 
b Rule of thumb: For measurements made on subsamples, such as alkalinity, check 

precision in the field every tenth sample by repeating the measurement three times using 
separate sample aliquots from the same sample volume. 

b Requirement: By using reference samples, document your ability to make an accurate 
measurement. Field personnel, including non-USGS employees that collect field- 
measurement data entered into the NWIS, are required to participate in the 
National Field Quality Assurance (NFQA) Program (Stanley and others, 1992). 
Field teams also are encouraged to verify accuracy of their measurements at least 
quarterly against reference samples obtained from QWSU. 

Before making field measurements, sensors must be allowed to equilibrate to the temperature of the 
water being monitored. Sensors have equilibrated adequately when instrument readings have 
"stabilized," that is, when the variability among measurements does not exceed an established criterion. 
The criteria for stabilized field readings are defined 'operationally in table 6.0-1, for a set of three 
or more sequential measurements. The natural variability inherent in surface water or ground water at 
the time of sampling generally falls within these stability criteria and reflects the accuracy that should be 
attainable with a calibrated instrument. 

X b l e  6.0-1. ~tdbilfzatlon criterfa for recording field measurements 
[+ plus o r  mlnus value shown; OC, degrees Celsius; 5, less than or qua1  to value shown, 
pS/cm, microsiemens per centimeter at 25'C; s, greater than value shown; unit, standard 
pH unlc m g l l  m~ l l i gnm per liter; NTU, nephelornetric turbidity unit] 
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f 3peffienl - 

f 0.1 unh 

Disctv ed ax)gen 
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For surface water: Allow at least 60 seconds (or follow the manufacturer's guidelines) 
$i;; "/ :.$' '. 

,.?'I , . , ,for sensors to equilibrate with sample water. Take instrument readings until the : 

,, ,, l xi I' , ,,,' ' 
;; ;:;;<,; 

' stabilization criteria in table, 6.0-1 are met. Record the median of  the final three or more 
., ' I,, 2" 
:- , . I ,!. I readings as the value to be reported for that measurement point (see 6i0.2). 

., For ground water: Start recording measurements after sensors have equilibrated with 
purge water. Take instrument readings until the stabilization criteria in table 6.0-1 are met 
and the required number of wel1,volumes of ground water have been purged. Record the 
median of the final five or more readings as the value to be reported for that site (see 

1 1  ' 
- 6.0.3). 

t For sites at which variability exceeds the criteria of table 6.0-1: ~ l l b w  the instrument 
a longer equilibration time and record more measurements. To determine the value to be 
reported for that measurement point or well, either use the median of the final five or 
more measurements recorded, or apply knowledge of the site and professional judgment 
to select the' most representative of the final readings. 
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Water Resources--Office of Water Quality 

6.0.2 (Version 1.1) 
SUW.ACE WATER - . 

Field measurements must accurately represent the body of surface water or that part of the water body 
being sydied. Field teams need to select a method to locate the point(s) of measurement (6.0.2.A) and 
the method(s)'to be used to make the field measurements (6.0.2.B). I 

I 

Normally, the point'(s) at which field measurements are made'correspond to the location(s) at which 
samples are collected. Standard USGS procedures for locating points of sample collection for surface- 
water sampling are detailed in Chapter A4 (NFM 4) of this National Field Manual and in Edwards and 
Glysson (1 998). 

I ,  

Properties such as temperature, dissolved-oxygen concentration, and Eh must be measured 
directly'in the water body (in situ). other properties such as pH, conductivity, and turbidity often are 
measured ,in situ, but also may be measured in a subsample of a composited sample collected using 
discharge-weighted methods. Because determinations of alkalinity or acid-neutralizing capacity - 

(alkalinity1ANC) cannot be made in situ, a discrete sample must be collected or subsampled from a 
composite: 

,6.0.2.A 
LOCATING POINT(S) OF MEASUREMENT IN STILL AND FLOWING WATER 

I ,  

The method selected to locate the point(s) of measurement usually differs1 for still water and flowing 
water. If the water system is well-mixed and its chemistry is relatively uniform, a single sample could be 
sufficient to represent the water body. Often, however, multiple points of measurement are needed to 
determine a representative set of field-measurement values. 

fi Still water 

Still-water conditions are found in stora$ pools, lakes,:and reservoirs. ~ i k ~ d  measurements usually are 
made in situ at multiple locations and depths. Alternatively, pH, conductivity, and turbidity can be 
measured in a discrete sample or subsample (see 6.0.2.B). Measurement of alkalinity1ANC must be in a 
discrete sample. The location, number, and distribution of measurement points are selected according to 
study objectives. 

Measurements made at discrete depths through the vertical water column must not be averaged or 
reported as a median value that reprksents the entire vertical. 

Report the value selected to represent each point mkasured in the vertidal as individual stations or 
distinguish measurements in that vertical by assigning a unique time to each measurement. 

Flowing water 
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Flowing water conditions are found in perennial and ephemeral streams. The location and the numbb of 
field measurements depend on study objectives (see Technical Note, below). Generally, a single set of 
field-measurement data is used to represent an entire stream cross section at a sampling site and can be 
useful when calculating chemical loads. 

1 

To obtain data representative of the section, the variability of discharge and field measurements across 
the stream must be knokn. This information is used to determine if the equal-discharge-increment (EDI) 
or equal-width-increment (EWI) method of locating field-measurement points should be used. 

I .  Check the cross-sectional profile data of the stream site to determine the variability of discharge 
per unit width of the stream and of field-measurement values across the section. 

a Make individual measurements at a number of equally-spaced verticals along the cross 
section and at multiple depths within each vertical; or, consult previous records for the site. 

a Make in situ (6.0.2.B) field measurements for the profile. 

Field-measurement profiles of stream variability are needed for low- and high-flow 
conditions and should be verified at least every 2 years or as study objectives dictate. 

2. Select the ED1 or EWI method to locate points of measurement (refer to NFM 4 or Edwards and 
Glysson (1998) to select and execute the appropriate method). 

If stream depth and velocities along the cross.section are relatively uniform, use the EWI 
method. 

If stream depth and velocities along the cross section we highly variable, use the ED1 
method. 

a In a small and well-mixed stream, a single point at the centroid of flow may be used to 
represent the cross section. The centroid of flow is defined as the point in the increment at 
which discharge in that increment is equal on both sides of the point. 

TECHNICAL NOTE: Standard USGS procedure is to use either the equal-discharge increment or equal- 
width increment method for locating measurement points to ensure that chemical loads can be calculated. 
Different study objectives could dictate different methods for locating the measurement point(s). For example, 
field measurements designed to correlate water chemistry with benthic invertebrates may require 
measurements on one or more grab samples that represent populated sections of the stream channel. 

Equal-Discharge Increments (EDI) 

The stream cross section is divided into increments of equal discharge. Field measurements can be made 
in situ at the centroid of each increment or by collecting an isokinetic depth-integrated sample at the 
centroid of each increment and determining the value either of each sample or of a c'omposite of the. 
samples. These methods result in data that are discharge-weighted (Edwards and Glysson, 1998). 

b Knowledge of streamflow distribution in the cross section is required to select verticals at 
which measurements will be made or subsamples collected. Streamflow distribution can 
be based on long-term discharge record for the site or on a discharge measurement made 
just prior to sample collection. 
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~,.  , Rule of thumb: divide the stream into a minimum of four increments. More increments 
; [! ;:,:.l.l1 , '. -.,, k ,,+: could be needed for a stream site that is poorly mixed. 

. a  , . 
' \ , .I 

*i' 

, , $. 

If the stream is well-mixed with relatively uniform discharge, the ED1 can consist of a 
ms + single vertical at the centroid of flow. 

l 1  
8 , ;'I 

I r l l  

I *  To divide the cross section into increments of equal discharge: I 

. . ' I , ! "  

(,.' \. 

,.- I ' ~ / ,  , ?q 
*,,I, ' : 
,.;': ':", . . 

. I  I! . ,.. - .. . I  I 

1. ' ~ i sua l l y  inspect the stream from bank to bank, observing velbcity, Gidth, depth distribution, and . 
, , ,. ' ',.'. 

. 
the apparent distribution of sediment and aquatic biota in the cross section. '~ote location of 

,, ,..','rr , 
.,%!,, ,< *;, + , , ; 

stagnant water, eddies, backwater, reverse flows, areas of faster thah I .  normal , flow, and piers or 
, ~ . : : , ~ ; , , l ~ ,  . other obstructions. 

,;,; ,. ., 
, . N L '  

( .  . . i  
I ,./(., .", . 

1 ,  . I ,  

,. I I, I<' 2. If the channel and the control governing the stage are stable, historical: streamflow data can be 
i, ; '',-.,k . 
. .  , I. 1 , ~ , +  used to determine the measurement locations. 1f t'he channel is unstable or if no historical data are 
.i  ,.. 

L./', ,. 
i >-;,, 9 8 

c .  ;, j ;  
available, make a discharge measurement and preliminary field measurements across the selected 

. ~?',:;:;,:h f$r i section of channel. 
' . , '  . ' 

; . '  L.,.!? : : I  
1 4 '  .I I 

, ' I  . 
, 8 , e  ,, a. From the available discharge data, either . . :>i. i - 

: ! v,:; f.:/,c :, 
:'.I$'..;,:,,;; , ' 

... b. . , , 

:,i, 1, ;;, a construct a graph using cumulative discharge or cumulative'percent of total discharge 
::, f ,* . , ?,,. .., , 

t o '  .. ,, L *  ' . plotted against the cross-sectional width, or 
$. . J, ?$,I, I 
I .' I ,  

, . 
; ,-1, . ! ,;, . . ' 1  

. . 
I . , '(;" . , . ,, 

a determine EDIsections directly from the discharge measurement note sheet. . !.' j', 

;: !.! ,$;, 
>l;,4 3, ?,,!$I. 
; > $, j 4 s  '. 
, . J L  .? , ',,.: ,,I >. , 

b. If profile values of pH, conductivity, temperature, and DO differ by less than 5 percent and 
8 ,  

.-, .;(.'. 
' , . ' "  +. show that the, stream is well mixed both across the section aqd from top to bottom, a single 

measurement point at the centroid of flow can be used to represent field-measurement , ;,; ;$ (',. ;:,; 
,.;;,!.!I; ,,:I ?. , , 
,,& l~l!lp'e < I $  values of the cross section. .! > '.<" ,, 
: :, :, .;,.; , 
: ' 1. .' ' 

,, ; .';;;. ?, 
,:I,, : , , 

,:, ,j,,,i,;,. ;7 3. From the graph or measurement notes, determine the number and locations of EDIs and the 
.I ! le.4 !$",$: 
,* t ,),,* .!: , centroids of those increments. r , .  * la,;,r:,; 
,, , [ I  :.. 
,:, ,, .: : ., 
+ ' d ; : . , : , b .  . , . '  

;..$.I ,,:::,lr!J~ ,,>, 
L., , , 

..' .,.:, ' .,:,: >cl< 
,,I:.. ' . . 

' >i ,  :!" 
,'!#j;; ;.;,b, 

, . >  

. ,; , . 

,, .* : 
4,;. i' 

,?.,.'! ' ' 
;!, ,!,$. !,;$qt \ :.. ; 

, .  ,311,, 

I / 
, , 1 ,  1 ' -  , 

. , . t .  I", 

1 :,,. ,,:: , fi, 
! , ; ,.. :(;I" ,,.,.' <$.f.,, 
, .  : ( . . a  
, , . .!.. 
!;" " " 

:,,t 3,, ,, "; 
8 ; ' ,.;L $ ' 

F, my )i, ,.; ,; 
; . , ", :"' .;': .u:' 

EXAMPLE: If 5 increments will be used, select points of measurement by dividing the total stream discharge 
by 5 to determine increment discharge: in this case, each ED1 equals 20 percent 07Pcharge. The first vertical 
is located at the centroid of the initial EDI, the point where cumulative discharge equals 10 percent of the total 
discharge. The remaining 4 centroids are found by adding increment discharge to the discharge at the initial 
ED1 centroid. The ED1 centroids will correspond to points along the stream ~ross~section where 10,30,50,70, 
and 90 percent of the total di~charge~occur. 

When making field measurements: 
I 

1. Select either the in situ or subsample method and follow the instmbtioni in G.0.2.B. 

a In-situ method--Go to the centroid of the first equal-discha?;; increment. Using submersible 
sensors, measure at mid-depth (or multiple depths) in the vertical: Repeat at each vertical. 
The value recorded at each vertical represents the median of values observed within 
approximately 60 seconds bfter sensor(s) have equilibrated kith stream water. 

a Subsample method--Collect an isokinetic 'depth-integrated sample at the centroid of each 
equal-discharge increment, emptying the increment sample into a compositing device. 

, 
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Measure field parameters either in the sample collected at each increment or in a subsarnple 
taken from the composite of all the increment samples. 

2. The final field-measurement value is the mean of the in situ or individual increment-sample value 
for all the ED1 veiticals in the section (the composite subsample yields a single value). (Note: for 
computation of haan pH, use the method described in section 6.4.3.A). 

3. Enter data on field forms. 

EXAMPLE: Table 6.0-2 is an example of how mean conductivity measured in situ is 
calculated using the equal-discharge-increment method. 

1-1 Table 6.0-2. Example of field notes for a discharge-weighted I 
' Iijl conductivity measurement I 

In the example, the correct value for the discharge-weighted mean conductivity is 163 pS/cm, 
calculated from 8 15 divided by 5 (the sum of the recorded median values divided by the number 
of median measurements). 

I ' 

j 
;, 

Note that at the midpoint of the center centroid of flow (increment 3) the median conductivity 
would have been reported as 155 pS/cm; if conductivity had been measured near the left edge of 
the water (increment I), the conductivity would have been reported as 185 pS/cm. 

[ftlsec, feet per sxoncl; [I, feet; ft2, square leek f13fw2c, ccrbic feel pcr sccond; 
~ ~ l k m ,  microriemenr per centimeter at 25 cleprces Celsius. LELV, left edge of 
rvatel; -, not awilable; R b V ,  right eclge of rvater] 

Equal-width increment (E WI) 

The stream cross section is divided into increments of equal width. Knowledge of the streamflow 
distribution in the cross section is not required. 

b In situ field measurements are made at the midpoints of each increment. Area-weighted 
concentrations can be computed from these measurements (table 6.0-3). 

b 
Subsample field measurements are made in discrete samples that usually are withdrawn 
from a composite sample collected using an isokinetic sample and isokinetic depth- 



,, .,,,! ' b ' ~ . ,  , , 
,: $ .,: ;: . ' 
: , . .!;,.; . , Chapter 6.0.2 
. dl. ; 

it , . , b, 6 ' .I - , 
, a ~ 8  ,, 4: ~'J i, 

: ' J  { , , \ f ,  1 1 ,. . I 

't" ,;..?,; 
.',,I,' ' 1". 
.. , . , i, ,.! 

: integrating method. The volume of the isokinetic sarriple must be proportional to the 
. $. ,';I, 

*q,,Q,l~,e,l b amount of discharge in each increment and measurements in subsamples,taken from the 
1 . 4 q ;  

., . . , compositing device result in discharge-weighted values. 
: *J?( ,  

25 degrees celsluS 4 not awihbl;; RE)% rlgh;edge of .miter] 
1 F 

%::,";I ~ e n ~ c a (  
* Deph ' i e a ' d  

of . section cent of loatlon, t'C"FGf ,,,C s e ~  medlan 
Inumber flow In ftfmm ln ft [" ,  OR:" cmduaivlty. ' cairPu*,vlry 

section tEW i f t l  , ,, /~,!""dqrea 3 11 S/an 
i f t  

i 
I 1  

Table 6.0-3, Example of fleld notes for an area-weighted 
conductivity measurement 
Ift. feel: Lb'. left edae of water: f12. sauan! feet: uSlcm. rn icrosiemens Der centimeter a1 

16 S9 68 4 1 .O 4 .O 140 8 660 

R EW 100 60 ; - - - - - 
Catcubtion olc~nduchvrty: k u n  u(\-duusin Brt mlrn~n di\.LlcJtty the ldat ~ n w u c t h n d l  arh (27.,y a 13BJh119 

4 
i 
, 
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. 1 . .  

,><J': :;/i;j, 
{ :  . ,? (I: 

' ~ 2 : .  .-%, ..b,, ~ii~-i-i~~i.~'...:.~ ,,,. t,,;,~L,bL .,."" L~,.,:,:,..:~I...~,,~' ,,*, ~ ~ . - . ~ . ~ . ~ ~ i . ~ i ~ ~ , , . ~ . ~ ~ ~ i : ~ ~ ~ ~ ~ ~ : ~ . ~ ~ , i - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ i ~ ~ . ~ ~ - i ~ - ~ . ~ i ~ '  

, , $ , ! . A  ., ;!,;! ,' , r * .  <:..: I 
'. / 

:,,, j . .[;, : 
To divide.the cross section into increments of equal width: 

..!:; ,,'( i" , 3 , . , #.,.$,i, ., I ( '  

! 1 . .  

,! 1 1 

, ,, I: , 1. Visually inspect the stream from bank to bank, observing velocity, width, depth distribution, and 
r ,  

r f  
the apparent distribution of sediment and aquatic biota in the cross section. Note location of 

,dyf  v d l i ;  

' 
stagnant water, eddies, backwater, areas of faster than normal floy, and piers or other 

, l d  
* ,  1 '*j 

obstructions. , ! 

2. Determine stream width using a tagline or from station markings on bridge railings or cableways. 

I I 
, 1':. ' 

c " 8  ,, ,?,4 + 
3. Divide the section into equal-width increments based on flow and stream-channel characteristics 

a ! I  
along the cross section, field-measurement variability from the cro,ss-section profile, and data 

I I , objectives for the study. This interval width will govern the number of verticals used, and applies 
' 'i ,, 

di , also to streams in which flow is divided (for instance, in a braided channel). 
5 '0 q', J '1 , I 

: I .  '+ 

,, ,%.;I 

Rule of thumb: 
l, *it;, , ,!( , 

,I i, , In streams 5-A wide or gebter, use a minimum of 10 equal-width increments. 
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'!.'., " 

. - '. , .t 
I . '  

,** .'. ' 
In streams less than 5-ft wide, use as many increments as practical, but equally spaced a ... * . . I '  

. -3 : . . ,  ,, 
minimuniof ,3 inches apart. ., p;,~;,! 

. . , .*;,: I., '.,:$ , .", ,. 
: ,I 

4. Locate the midpoint of the first vertical at a distance of one-half of theselected increment width 
h:,:':, .' 
',*- ,-;?.. 

, ..',, :''?;, 

from edge of water. Locate other measurement verticals at the centers of the remaining , ..,::>.. '. . ns'f... .r a',," 

increments., . - kp.c 2;. ti. 

"'< 2 -.;. '. , 
. , . ,,? ."' 

EXAMPLE: In a stream 60-ft wide that has been divided into 15 increments of 4 ft each, the first 
' 

,..'.,+I . , 
*; $? '.4. .' 

measurement vertical would be 2 ft from water's edge and subsequent verticals would be at 6, 10, 14 ft, and so . ..+,?,I. .,+I, 
5.: . : y ,  

%.%, 

forth, from the starting point at water's edge. :,*;> A, '. '-,. 
;;'" , '  , 

! ... 

When making field measurements: 

,," ,. ., 
1. Select either the in situ o r  subsample method and follow the instructions in 6&2&B.. , ..z ,:I: ,. .,( .. .. .+.:, i 

, .'*.,,,'!; 
\ '. 

< ., 
In situ method--Measure at the midpoint of each equal-width increment. Using submersible . ,* 9 .  

sensors, measure at mid-depth in the vertical. 5 1 1 ? ' n  

3- .& 
., 

. . 

Subsample method--Collect an isokinetic depth-integrated sample at the midpoint of each . <l> -. '. ., .. , . 
,,, . J . .  ' 

,,%. '. ' .,; equal-width increment, emptying each sample into a compositing device. Use of the ,+g! ,-3'1... +5i,; . . 
correct sampling equipment is critical to execute this method successfully: standard ,.,-. - .  . . . > 

samplers cannot meet isokinetic requirements when stream velocity is less than 1.5 #.??. . ,: . . .  !. :,", .,, 
. . 

ftlsec. ;J.'.. p,  ., 
,&<+*.&?;.<;: 
:.:;;,,', 24:' .. . , I 
. t  ,??.. -..~. 

2. Record a value for each field measurement for each vertical. The value recorded represents the .&. ,;,.*- 
. ..<,% ,, 2%' .- 
,4,.<... .,\ f. 

stabilized values observed within approximately 60 seconds after the sensor(s) have equilibrated ,e,,l,?q,;L 1' $,,, *,a x L  ?.. t. 

with the stream or subsample water. .-:;:> ,; 1 
' 7 , .  

~ .:. 
.!SF ,;A : 

EXAMPLE: Table 6.0-3 provides an example of an area-weighted median 
measurement for conductivity measured in situ. 

: ,:.'. 5. : 
In the example, the area-weighted median conductivity equals 130pS/cm. . ....% .,$ -:;;, I ,  .' 

,%. ,. , ' ' 
, , , i ? .  , U . .  

I '  . . , 
To calculate an area-~ei~htedmedian, multiply the area ofeach increment by its . . t ~ L . . S  . . ,, 

: '14~. d; A- 

corresponding field measurement, sum the products of all the increments, and divide by - .!::? "?L.' 
I .  ;j"'l :.;j 

total cross-sectional area. .%, ! . 
% --,  

! : : :;.,: ., 
(:.;!. #." 

,. - . 
' .  . . .;>, .., b ' ,  

Note that if the conductivity reported was selected at mid-depth of the vertical of centroid of :.:> ;;:!, ,. . 
1 flow (section lo), it would have been reported as 125pSlcm; if the conductivity reported 

, . -  ..: . . , , .  . . 
was near the left edge of water, it'would have been reported as 15OpS/cm. . p, :,, 

jli ,.; ;.,, . 
*+: 

; 6. .' % *  

The final field-measurement value normally is calculated as the mean of the values j q;>< !." 
I. . : ::;:,<, ,.:. recorded at all EWI increments, resulting in an area-weighted mean. (Note: for pH, ?:, ; ,kc; ,: , !*?.&2 ", 

calculate the mean using the method described in section 6.4.3.A). s i , :.,,.. .. ,. '!I; ..,,, LC$ .' ... . 

b Alternatively for EWI, if the area-weighted median best represents integrated stream 
chemistry, you can report the median instead. of the mean--but, be sure to document this 
on the field form and in the final data report (a parameter code currently is not available 
for median values). 
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I;.,, ,".'.,.,: . , . , 

'j ,I.$ L, !.; 
: , .-  EN SITU AND SUBSAMPLE MEASUREMENT PROCEDU&S 

.t{:" 

3 I , , , .  ,' , ., ' 
:. '.' :: ( 
' 1 .  .,!: 1 ,  

In situ and subsample procedures used for making field measurements are summarized in fipures 6.0-1 
I 3 ,  li. 

f , ! ,  . , and 6.0-2, respectively. For guidance, specific instructions, and potential interferences to the 
;.. . .. 8 '  ; ,, -yt: 

measurement method, consult the individual field meas@ement sections 0.f ,this chapter (NFM 6.1 
through: 6.7). ...,( ,;,. t d 

I 
3 , )  

' .  ' 
!*. \;;, 

,..I, pa,, 
, ..+..:' In ,situ measurement . ,. < ,!&:I. 

1; :;)ir:;![ ! : / 
,, "0 d, 

I L  ., 
1 .;i . 
,, .. . , 

In situ measurement (fig.' 6.0-I), made by immersing a field-measurement sensor directly in the water 
1. - -7, 

_ > . (  1_! ' 

, '  .I.; . . 
body, is used to dete'rmine a profile of variability across a stream section. In situ measurement can be 

, . , I .  . . ,  ; 
:..*,,: ' !<.; 

repeated if stream discharge is highly variable and measurement points need to be located at increments 
4, .,,:-I; , ', i,; ..";,., , ,. : .:* I' E, 

of equal discharge. However, in situ measurements are point samples, and, thus, are not depth 
, , , 

11- : , ,." 'inte'gratkd. 
i ~ ! , ~ : , ,  , , 
. I  . 'i L i , ,  

. L  , 
..' .. . , Measurements made directly (in situ) inthe surface-water body 'are preferable in order to avoid changes 

,*.'. ,. ,, 1 ;  * 

,,(.ij~,$! , 'that result.from removing a water sample from its source. In situ measurement is necessary to avoid 
, 4 **.; ,r ; 
, , . ,  , , 'changes in chemical properties, of anoxic water. , ,  
I 1,:. *.:t,,: / 

,,:,, l,:.,i 
./ .. '. ' _ 
: ) , I  .. . . 

, ' . I .  0 . . , , , , , , . , 
In situ measurement is.mandatory for determination of temperature, dissolved- 

, ! ,?j .s: :o. ;  oxygen ,concentration,.and Eh. 
;,iKf.. .: ,! 

: !?:&,.,! .;,:4, i 
. I ,  2;. 

, .q:p.,,;J:.,: In iitu measurement also can be used for pH, conductivity, and turbididyl but not for' 
, . ,  ., alkalinity. 

' 4  . ' a : l '  
, , 

i . .  
-: , I  . .  . 
.,l' * 

I. A, I . . 1 .' 
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Test, calibrate, and c l ~ c k  field ~nstrumenls. 

I 

I 

Allowsensorsto equilibrate wllh amblem w t e r .  

Srlaa smp!lng mr th od. 

SriJJ rvarer Ftocvhg water 

1.Selen oneor nafevertlmlseMionls!. 
2. Luwer sensofato i h e d e p h  

appmprlme to me# audy needs. 
3 .  Monitor field-~ncasuremem,teadinys. L 

EWI: 
Dlvicle cross secrion 
info mlnlmun'~ of 10 
equabwldlh Incre 

, mems. At ewh 
increr~~en~, 
1. Lomie t l r  m i l -  

point. c- 

2. ~ o d r  senson to 
middepr h of t ha 
venical. 

EDI: 
Divide cmss senion 
I n o  min in iumofd 
eqwl-dlscharye inere 
mens  Iunles condl- 
tlons are approprlme 
for 1 equal-dlschafge 
vertical ,m centroid o f  
I l o d .  A1 each tncre- 
me m. 
1. Locate ihe mrntold 

a. Monnor field. 2. Lower sensors r o  
measurement m iddepho f t le  
readings. 

i 
I 

&pun aab~ltzed value o f  t h  medlan oft l ie lasl 6 or more valuesand 
1l1e l ime  of rnemuremetn. 

Still water: Report nredlan of rralues measured after readlngss~abillze. 

EquaCdkchafgc increnwMm&hod IEW: 
1. Record median measuremem a each venlcal. 
2. Repon mean value o i l l e  medians of veniwlsto gel a d~wharge-wrlghled value. 

E q u a C ~ M h  Incfma#nw?~tod IEW~I: ' 3 
%. Rword niedtan meesurenieril at each uertlcal. 
2 Reporl mean for median) value, i f  appropr iate, ofthe medtansof verllcals (can k used 

In arm-welghled mlculmions). 

Figure 6.0-1. In situ field-measurement procedures for surface water. 
L"~~-** -- * P .L- .".-.-.*i-.."-t 4. - .  . *  L ----.. A ..----. 3 

S,ubsample measurement 
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.-i t. . ' 
, ::; .* 3 ,  : "', .;, , . 
.: . , 

s ,  . 
Depth- and width-integrating sampling methods are used to collect and composite samples that can be '. t: . .' , 

."$? ;; 
$. +<..., 

subsampled for some field measurements. The same field measurements can be performed on discrete :$,;.;;, '. 
, ..:.' 

samples collected with thief, bailer, or grab samplers. Subsamples or discrete samples that have been ..,..$ :...?i;,, . ~. . , 

withdrawn from a sample-compositing device or point sampler can yield good data for conductivity, pH, $.. i ,. !:I- . c 6 . C.. turbidity, and alkalinity as long as correct procedures are followed and the water is not anoxic (fig. 6.0- . ..b:+. ..*. . .: . I 

'. . . 
Subsamples are necessary for alkalinity determinations. .",;:..' .. . .- , .  : 1 

b Before using a sample-compositing/splitting device, preclean and field rinse the device in 
accordance with USGS-approved procedures (Horowitz and others, 1994). 

b When cornpositing and splitting a sample, follow instructions for the clean handsldirty 
hands technique detailed in Horowitz and others (1994), as required. . *  
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C I 

Selecl sarnpllng r n ~ h o d  and deter mine sampllny locwio~w. 
Composne san?ples: Go to &rep 3. 
Norcon~poshe or disaete samplerr: Go to step 4. 

I 
I 

/ ,  I . ,  . .  I . . ,  

, 8 

Field rinse preclee~ied ysnipling end cornphsiring or splirring 
equipnlenr. Collltcl sample in conlpositlny device, 

u s i ~ ~ y  clean I~ar ld~k i iny  hands recl l l i iqe. I' 
C 3 .  

Wflhdrawwhole-wmer sulslanrple or fihef l l le  sample (if necrsaervl 1 ;  
(41 I , 

Rlnw collecrion vesael(s}rhree tin-es wnlr senlple lflbrme for 
filtered samples). II 

I 

.. . 
! : I  
;:I 

. . a 

Rinse semorq measurement cameinen, end other epperaus 111 tee 16) 1 
t i n w  wdh aenple. ERlnse A t h  delonizcil waer  for elkallniiy .) . 
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, . '. ' + :  ,',. ,. ' . 6.0.3 ' . 
, ; I . ,  1; 

I , ? . . "  . ,  , GROUND WATER I , ,  
,;, . .. ii :: 1 1  

.' :'..,. ,.. 
, i  '.."' 
' , .  . , I  . ::,1 

, a ,  .,I'' 

b ' !.;.I . , . , 
Field measurements in ground water must accurately represent the properties of the aquifer. -This 
,generally requires purging the well of standing water before making measurements (6.0.3.A); and ." , ,>,, p .  J,,: ,:. <,,.,,; 8 . . ... '. , I, ( ' 3  

, , <:,,'. , .. . 
'involves setting up either a flowthro~~h~chamber or do$nhol6 field-measu'rement system (6L0,3.LB). 

.I..i, , 11 . ! 
Standard USGS procedures for purging and the use of measurement systems are described below. 

. , . I  

is, .;,.! 
However, the purging protocol followed and the measurement system to be used also depend on the type 

i (I, 

, , ' of well to be sampled and study objectives (detailed information can be found in Koterba and others, 
>.6; !$i:';t;; ,, I 

v ,r3 ., , ,, 1995'; .and Lapham and others, 1997). ' i I . , ;.,;t ;!, ' 
. .: - -  . .  . . 1- 1.11' 

. , ; .<I:,, ' 

: ,.,. '<)<?, 
, . , .  

Ground water for alkalinity is collected as a discrete sample: use a point-source sampler (for example, a 
: Kemmerer sampler or double-check-valve bailer) or a pump with the intake positioned at the interval .? ,,:,$,!$@ 

.,,. , . , corresp;onding to the depth atwhich othkr measufements, are made and at lwliich samples will be 
, ' .,,,. : 

, " , collected. . , .  
' I  . . .  
t 1  , & I  ;, 

' <  r , )  , ;$ ' , j t  Measurements at a monitoring well 
;' 113 1' 1 

I f, , * . 
. . The standard purging procedure usdally is necessary (6.0.3.A). 
i .  . . 
I' I 

a# kt , 
b Either a downhole or a flowthrough-chamber system can be used for field measurements 

( 1  !,. ((iO.3.B). If samples will be collected, however, use the flowthrough chamber instead of 
. l L t .  the' downhole system in order to avoid bias of chemical analyses from sample contact 

*" 
3 i  

I with downhole instruments. 
I ,  

Measurements at a supply well (a domestic well or a municipal, industrial, ,commercial, , 

irrigation, or other production well) 

The standard purging procedure may not be appropriate (see "Exceptions to the standard 
USGS three-well-volume purging procedure" in 6.0!3.A). I 

. . 
1 ..)( . . ..,,',' . 

., ,, +#'., b Identify well-construction materials and any equipment permanently installed in the well 
2':: 

. '  (.l . .. ; ,:i , 
(such as a pump) that can.affect the logistics and quality of the field measurement. 

,: xF 3:c:!$ Use a flowthrough-chamber type of system (6,0,.3.:B). . I 1  / ,. ,,A?. : , / * y : , ,  
q ',,:+, 

I / .  
' .  !>,. 

.it . ,$, . Connect the field-measurement system to the wellhead at a point before the sample 
' . , & : , . . L .  '.. .,,${ . . would pass through holding -tanks, backflow pressure tanks, flow meters, or chemical 
i.' >*,8d;<?$ 1 ;,;? ,:y,iyl,' treatment systems. 
, s  :, , %. , . :  
, .' 
: , I ;  .;:: 
I , % . 7,' 
; ,,,, :5:, 
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6.0.3.A 4 

WELL PURGING: STANDARD PROCEDURE AND EXCEPTIONS 
f 

Well purging removes standing water from a well. Purging reduces chemical and biochemical artifacts 
caused by well installation, inadequate well development, well-construction materials, or infrequent 
pumping (American Society for Testing and Materials, 1992). Purging also serves to rinse and condition 
sampling equipment with well water. 

When selecting purging equipment for monitoring wells, a portable, submersible nonaerating pump that 
also will be used for sampling is recommended. 

b When the water table is deeper than 250 ft and (or) a large volume of ,water must be 
purged, a dual-pump system often is used: position a submersible pump downhole and a 
centrifugal pump at the surface. Water from the slow-pumping submersible pump is used 
for field measurements and to collect the sample, while the centrifugal pump operates at a 
higher rate to evacuate the required purge volume. 

b When the water table is less than 25 to 30 ft from land surface, a peristaltic pump , 
sometimes is used to purge small-diameter wells; a peristaltic pump or other comparable 
suction-lift device should not be used if dissolved-oxygen concentrations or Eh are being 
monitored during purging. 

To reduce the volume and time required for purging, especially in deep wells or in wells 
for which purge water must be contained, an inflatable packer sometimes is set above the 
pump and above the screened or open interval. Packers can fail to form a complete seal 
between aquifer intervals, and should be used with pressure transducers to indicate water 
leakage. 

A bailer is not recommended for purging. The plunging action of the bailer can release 
or stir up particulates that are not ambient in ground-water flow, resulting in biased 
measurements and analyses. (Refer to "Subsarnple measurement" in 6.0.3.B for 
information about using a bailer.) 

Steel tapes and electric tapes or acoustic sensors are used to measure water level. An electric tape or 
other water-level sensor is recommended for continuous monitoring of drawdown during purging-- 
repeated lowering of a weighted steel tape can release or stir up particulate materials and affect turbidity 
readings. 

Standard USGS procedure for purging 

Purge a minimum of three well volumes while monitoring temperature, pH, conductivity, dissolved- 
oxygen concentration, and turbidity. 

Sequential measurements of these parameters are used as criteria to help determine when 
water withdrawn from the well is representative of water flowing through the aquifer and 
when purging should end and sampling begin (table 6.0-1). 

The criteria normally are d e t  within three well volumes, but well characteristics and 
study objectives could require removal of additional well volumes. 

b The same pump should be used for purging and sampling, if possible, without stopping or 
removing theJ pump (see Koterba and others, 1995), unless the dual-pump system is used. 
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- ,  
, ., : Exceptions to the standard USGS three-well-volume purging procedure 
I 

t :  . 
P I 

The number of well volumes removed and the parameters used as purge crileria can be subject to data- 
,I !;:, .J31 

11 I 
collection objectives, wel'l characteristics, and equipment. 

;, 4 * $ I 
,.I: 4 

! ,,..,. :,:.. '". ,. ., &I , . ,. i 

. . 7 .... ' Study objectives could require a different purge volume or require sequential sampling of 
, , t, f . ,  

, ,  . 
< :  ,> . ,:,. ..,+ . , additional chemical constituents. , ' 

, ' ,- .., . ,, 
* . .  * ,  ! : b A lesser purge volume and modified procedures are needed, for example, for wells 

;$5 b . .  ;,;;;; 
, ) /  I 

ti.-::. , .. . . ' , . . l i l  
.I' 1 .\,.. . ' .,, ', ("! ,, 
4,. . *. ' L ,  ' 
'"'. 4 .. :,+,{" 

-- that are being pumped continuously or regularly every few hours (such as in-service public- 
8 ;::,$$ $;! , supply wells). 
: 1 , . 
, ;,;I:,?( , T,, $,; 
( 
if,. !,. '*..I 
v, ; ;$ . . 
, i t ,  ' . . '  

-. that are pumped dry or that have a water column.of less than 4 A lplus the length of the 
. ... ., 

I .  I 

.,.. ). . . , .$.. 
submersible pump. 

,. , <*:,.a+. 
.,:. : ,!!,~ 

3 

-- in which sampling zones are isolated by packers. 

-- in which the pump intake is1 installed permanently within the screened or open interval. 

Before purging begins: 

1.. Check the well-identification number. Check the. well's record of water levels, drawdown, and 
field-measurement variability (if available). 

2. Prepare the necessary field fonns, such as the well-purge record, national or study field form, and 
chain-of-custody record. Record the type of equipment being used. 

/ .  . . 

3. Lay plastic sheeting around the well to prevent contanhating the equipment. Unlock the well 
housing or top of the protective casing and remove the well cap. I 

To purge the well: ' 

1. Measure and record the depth to static water level (fi. 6.0-3). 
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Figure 6.0-3. Example of a field form to record well purging. I 
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2. Calculate and record the well volume as shown on fig. 6.0-3. Note that the depth to the screened 
or open interval and the inside casing diameter must be known to calculate well volume. 

3. In a monitoring well, lower a submersible pump followed by a water-level sensor to the desired 
location of the pump intake. The final pump intake position always is located at the point of 
sample collection. Note that the pump position is fixed in supply,wells and in monitoring wells 
with a permanently installed sampling system. Lower the equipment slowly and smoothly to 
avoid stirring up particulates. 

Position the pump intake between 3 ft (-0.9 m) below static water surface and a minimum 
distance above the top of the opedscreened interval'of 10 times the well diameter (20 in. for 
a 2-in. well diameter), if the sample is to be integrated over the entire screened or open area 

I 

' Ei. :I . . 
c. .,,..:.. ,. . , (8: :,: '2, . ,<,;:, '". 
5; <..,, . 

> . ., 
.'..v*,-~ +:..,- ' t 

< L<!.'.'*': . ,... .:. I '  

-5;c,, : " 
.. b '. .:y , * >' ?, 
.; i';;,. 

,:..' 
, ,(\:?:' :! 

' . '21.. t. 
. :j$ pr, .,. ,.:a -, 

. L . , . .  , 
" L , ;* : 

< ;.!!; 3; ; f. ,., .;: 
4 ,;.;: t,,;;" ' 
' , .i#;;? ., ; . ;I:, .A,; ' d  

,(5.,<.': .: 
. ,& '1- '. . 
,; 9 

,.. ,,, . .' , 
'.'I". . . . 
.,{;,:. 2. 

. , ..:9:,:.: 
,+', pt;; . ll; 

, ... ' 

,, . .,;? ..; : :: 
'&', "<: :,. 
", I.:'". 

, ) "., . . > ~ '  
. l.'. <.:,.,,, ?;. ,;?; 

: , # <  - ,;..t.";:" 
.{? ' 

.; :,,p ::; "; 
pip.;;.; ; 

' : * . . * y -  . , :', .!.,,. .7 
,,>z . - ' 
# q.: " . ,,< ,.  - P 

..L +.'. . 
8 ... ' ;, &,. !. , . , , .' 
3 :, .. . 

, U ' . .  " 
,; r,,: s' - ',. 

!. ;... ,,; ,:>:; C ! ~  .. 
,.<I' 

, .,$ ' *,, 
dl.> ;:.i,. 

:;,A' , . 
,,'*>., .,, 

,. .,:+,..; 7 :  

$ .* ,; ; ' .,,.":';:.' . -' ,,:,.. ,\ . . P. .? 

.i;, .!.:> 
,.,,. 

( 8  :. . .. , fr~,!"'. ' . ,  
4 

::i , 1: *. 
J\ ~. .f.,,., !? ;,. 

.:\....$ . 7.' . r  
,* . a k  

J,'..:C..:. 
.", ,I . '<'", .  1 :;,?:; ,>. # ,  

. .,.. r, %;, 
> , ; f M .  0 . . .,T.,:..f 
, j;+y*,*-.J .,!'..,; . . . 

t. ;;; < *. .. . , , 
I ) , ,  / 

' I..{ .. I 

7, . ,'. , . . -2.. . 
::.j. .I ' ,  , 

'.'.!: . . . . .  
a,., - 
): '. . 

:.,.::.. :, , a,*.. . 
l* ) ... .. . L' . 

_ , 1  . .. 
.p, ..' : ."2" .. . 

, j;.. ;:; :; 
, ':,I; ; ,. , , , a '  

' , r: > 2 . ,  
.: .":,,ti: 
*..i': ., : 
" ,;;,;,;..:,, 
.: .y' ,: ,, 

' ,;,," ,, .. , 
' ' .  

,..'"I,: .: r.. , ,"!', . 
-,&: , . .ic:' 
,,: f '  . 7r.:. 
-_.  I 

, -1.  .' 
t .. ,.'.. . . 
.p :::;.; 

. ! ? I .  . ,;r.: . 
.:,tg4 4 .1 , .:;:<.' . 
. , . . . , , .! 
$ 4 )  1.. :,h' , . . 

- .;;?.. ! 
. . a , .  

..i.',l:i. . . -':,. h : 
I% . , r 
$.",.'.. , ' 
,s,': 

4 '  .+, : 
( ... . 
t; 

. , , ~ t  $.' 

' :.: ' . 
. , : . I 

.,,:I . . 
: .,.:I, ' .,. , 
' . r ' i  .. . , . . .. . ( 

I * r$(:.::;.l 
< f, ;P,',.,: . .y$,..&. : , 
< ;:$ 5.'"' 
, r '..)... 



j!<.;.?!f.-,:<,, ,I 
. t*., > .: ,' ! $.;4L\,t, 

2 : :!,f ,; 
a ; " >  

* > , L  I . ' $ *  j , :  
,,;,,,; 23 
; , .: ,,; ":< . . . \ 1 

1 .  .,..', , .. , . 
, : I '  . 
.;, ;{ , . i ,  

./._. ' 
' 4 ' .  :, . 

',: '. "p 
;;,. ' % . I  

., ,;s 
. , ;. ., 
, ' .!' 'L, . , 
:, ., 

,. L ' . . " . .  
, . .  . , . r'. I 

! ' .., . ,..,,', ... .' ' ' .: . : ,. ' '. 
( .  ! ,  ,,. . . ',, 8 , ' 

., ,'. 1 , 
, . <;:;. 
'.',''.<', ' !  .. 2 . _ , )  

.' . J , "  
'. : ; , I ,  4, 
.:., . L . I,. 

I : 
i*, ,..,~' 

', ;..I$:;.' ,..',:: ,,;, ,; 
: ,;. ,'$- ,,! * 

I ' i - .  1.. '., i' , . ,.. ., 
:i 8 ., ..:. 
, ,' . "\# 
I. .,. , . '  '.., 
'..',,!$: 

,>. :' ::1 . 4; :, ' : 
' . , r . ;>  .. LY ..'; ,.. . ,, .. . 

. . 
j . .., * m 

. h  . . 
' . '  ! ,  t , < . .  :, .. ... ' -1. . " . ':. 
.:,:... i I '  

, ,. . ' . J  I ,  ..'/ L .  

; 1. . . . a  ':. 
.~i.:p:! . 
' . 7, .  . .*, 

, . , . 1; 

.,,h , ;, 5.; 

)II li. 
ic j:{ 

, ,,,, 

% : ; 
* ,.!! ' d  

. . ';.p.'.' 
s, . ; : .~! . 

1 

Chapter 6.0.3 
I 

Page 5 of 10 

of the aquifer. The location of the intake may be different when the study objective requires 
collecting the sample from a point within the opedscreened interval or from wells in which 
packers are installed. 

. . The water-level sensor should be a maximum of 1 ft (-0.3 m) below water surface. 
I ' 

I / 

a '  I : 
4. Start the pump. Gradually increase and (or) adjust the pumping rate to limit drawdown to between 

0.5 i d  1.0 A (-0.15 to -0.3 m). Measure the' water level as purging progresses. . 

a 1f the final intake position is above the screened or open.interva1, the final pumping rate 
should be about 500 to 1,000'milliliters per minute. Do not exceed 1 ft of drawdown. 

. .  , 

a If the final intake position is within the screened or open interval, the final pumping rate 
should be about 200 to 500,milliliters per minute. Do not exceed 0.5 ft of drawdown. 

1 

If the pump and intake position are fixed, as in a supply well, control the rate of flow for 
field measurements through flow-splitting valve(s). 

5. Do not move the pump during purging or sample collection after the intake has been set at  
the final location. 

6. Purge a minimum of three well volumes or the purge volume dictated by study objectives (note 
':Exceptions to the stand,ard USGS three-well-volume purging procedure"). Throughout purging, 

' 
monitor and record field-measureinent readings (fig. 6.0-3). 

a Check for special instructions regarding field-measurement or field-analysis requirements 
dictated by the study objectives. 

a contain purge water as required by Federal, State, or local regulations. 

7. As the third or  last well volume is purged, when the final field measurements are recorded, 
adjust the purge rate to the pumping rate to be used during sampling. 

l 
a Record field measurements at regular time intervals--about 3 to 5 minutes apart. For deep 

wells, the time intervals could be 15 minutes or longer.   he time intervals selected will 
depend on the well characteristics and hydraulic properties of the aquifer, but the intervals 
must be sufficiently spaced to yield results representative of aquifer properties. 

a Consult criteria for field-measurement stabilization (table 6.0-1). Field experience, 
understanding of the effects of hydrologic and geochemical conditions, and knowledge of 
data-collection and data-quality requirements often are necessary to determine the most 
accurate field value. I , 

.If criteria are being met--record at least five sequential measurements and 
report the median value. 

If criteria are not being met--consult the study requirements and objectives. 
Extend the purge time if readings still do not stabilize; report the median value 
of the last five or more sequential measurements. 
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. )  . 
",. .,:" . * % ..:'. 
":.:' c, 

.'&. A . . .  , 

.. Complete field forms and report the data .q 2, ,-,. ., . 
.$:. ', . ,  . ;+. I:;) 
!$.' .. 5 ..' , , , r ,  !>-:.. 

Report the median of the recorded field-measurement readings as the final wel1,volume is purged. .F':- . , p. ..,,? '.: 
,@, : .. : 

.!"<i;,?.c ,"} '. jdZ:,t 
..,;J:..$#' 

Record anomalies, difbculties, and adjustments on the field form. ' , , ,,is . ':... :$;! .. *;::: ,.' , .'"4' 

b Record the purge volume,'rate of pumping, initial and final intake locations, and time and . 
" , , . ? ' ,  , , > t.',,. 

.;.%: r! 
. ., . 

respective reading of sequential field measurements (fig. 6.0-3). , . ,,$.:'+ , ... ;.., .. 

6.0.3.B 
DOWNHOLE, FLOWTHROUGH-CHAMBER, AND SUBSAMPLE 
MEASUREMENT PROCEDURES 

A flowthrough-chamber system is recommended for direct field measurements c f i~ .  6.0-4), if samples 
also will be collected for chemical analysis. A downhole system is recommended if field measurements 
will be monitored without sampling. If samples must be bailed from the well, measure only pH and 
conductivity in subsamples of the bailed volume (fig. .6.0-5). 

http:Nwater.usgs.gov/owq/FieldManuallChapter6/6.03. html 
. . 

6/24/04 
-- - 

. ,:. . 
:;, t. .. ', . .. ..r. ',,'.> 

,, .>;. .. I*.  

, - t, ' .\, 
-< S'> *.+ ..; ; 
$5'. . .'. ( I  ' I  

. . .. 8 

' . I  : :, ,.:,,<, ~,?,*. 
, , .  ~, , +.<,? 

1.; ;," , 
, ..:. --: 
... .,' .+. 

>,.,..' ?,.,. , ., . . . ;%;,,. I i- ,? . , 
;:.;7;: 

1 .,.'; i s + .  . 
' 8 . .  " ., ., ..,. .,.' . . .?. . ' . . ., . . 

t. :. .:,a- 
. ,.' 

. ,, . 
, :-< . 
,.:::\* '. 

*.? , L, , - 
*r.p . 

' ;:>..tr' : ,:*;. 
r3;ipq,.~,; i:~' 

,;.8\$\.. !T '. 
.,...I \?P'. 

, ,?. .t  - 
% s.!,l,, ,: ', 
$l!L;,c:' ,". ; 
li?.. 

! 7,,$:7 ";'i 
*% \!,, .'? - . . . ... 

8, ny ' L. 
; .;,!. 'r 

c "l ' i .: 
( ! ' .  

3 l ;  '. .: ..': 
i .';..' 
,'. .- p:. ! '. . . j . .  

; ; .;if:..-; : 

i.:>:.>,, :< 
, i . : :<":': :: 

8 ,,,,,i b <:,: 

8 



Page 7 of 10 

Tea r t d  ~al ibrarr  f l rM i~raburire~la. SrC.61 
downl.oleor f low~lrmrglrc lrar~~ber 8)rlelrk. 

T u  1l61r puiibpand adjue flow l o  
desled purge ratr, rrcord rnlr a l d  
111ire purgllig b r g ~  11 Allow r r l a o n  

I I lnlnll pulllp in IIIO nil0 r i ~ ~  w I1 or plulrl ti IW 
for me 0fexiatir.g pulrlp ilr a supply well 
I~a ta l t  setlaorr in f l o~ l l vo tahc l . s~ r rh t r .  I 

Adjts l  flow l o  dat led  purge rale 
alid ecord m t c a ~ i d  tilrle purgltrg began 

D1wr1 inilial w1er  10 'HJU~C. 

CarrraLi clralsbrr ~rr- l i l r iho~l,  purirp 

A 4 u d  flow t o  cl~alrtber a ~ d  cl i~i l i ro le 
bockpreusure, nllovd remora 
l o  eguilibralr. 

Record atrd 111onkor u rq l r l n i r l  arts ol fb ld-~neaaure~r~rrn 
mddirtga durlrtg w h M n v ~ a l  of  fllrdl v r l l  Wlunle. 

M e r l w o  Or 1n0e  well volwr~ea am purgrd aid k f o r e  
filial f l w  o r trulm r rdd inp anr liiadr, a ~ $ ! n l  flow ml r  

, l a  be und l o r n a ~ n p l i ~ g  ibw:  flow 1t1u11 te aulfitietn 
far dissolvrd-oryeen lrlrasurenletna LOR 6.3. 

For pH: divrrl flow Croln clralrtbrr a l d  record 
nrmaurelllrnl w l r r i  water in quir*celn. Red ied 
f lawro ckdtilhtr for I rH stll o f r r ad i~ r~a .  

1 1 1 '  1 NO - Am sfabi l latbr~ criteria l c f i l y  rrtd? Y E S  
I (lab& d0-Y) I 

t oe l i d  purge lt l i le Docul~lr ln 
JUiivuky i t r tu ld  ~mt r s  a1 i~nervalv of 310 L ~ I ~ I I I ~ L ~ ~ O  

1. I Figure 6.0-4. Field,-measurement procedures using downhole and I 1 ( flowthrough-chamber systems for ground water. . I 



Chapter 6.0.3 
, .  , . '.,. ,.;'; 
. , .  .<,  . . *>h ,'-; . ,, ,,,.>.; ;,$ !,'+ 

?.J r "' 

Test and csllbrate fleld l ~ i n t u m r r t n  .,..?. 
, I ,  
:?< 5.':. 

. I +  I : ' . ... I ,. 
' .>I  ' 
. A s , :  ., 

Putge wll [we  usit t i t  e ~ e p r l o n s  an? Inar~tdlotr&. 
. S ' , <  ., 

, s'l.. c; ; 
<>&' ', ..' . 
,f,+(;, .i 

b 

Fleld tlnse predeand saml~ler. Use cleafitdltty handsteclitrlqte. (3) 
Lawet saml~ler smoothly, wlthotit splaslilng. t o  deslted depth of screened or open Intrtval. 

(If uslrrg ballet. double check-valve typo Is taommended.) 
Ralw sampler smootlily st a constall late, bepltrg ll~ies clean atxl o f t l re  ground. 

Plea? sampler In lioldlrrg stand. 
I 

C 
Whlidtaw subsamples Qoni sampler. 

If ialng ballet, ltrsert clean bottom-emptylrrg devla n l t l i  gloved hand% 
devlce sliould flt sntgly w6r collealwt Bottlesatrtl (or) rnasutemern versels. 
I fa  flltered sample Is treederl. flltt?t I n  Iltie flom santpler lo botllc+vessel. 

* Dtaln sul~sampb whlrott tutbulen~e ltito arlhctlon bottles ot masutement ve-I. 
Rlnse mlle~?lot i  t~*ttle[s) three tlmeswltli sample (tlluate b r  flltertxl samplrrr), flll lo 
b t lm cap tlglitly, and malntaln attirm(~etatute of W e t  soutcr untll meapuremen(. 
Rlnse s~.nsats, stlr lat. atrd meawltementvesel tlitee times 4 t h  saml~le. 
For alkdlnlty. rlnse with dslonlzbd water. 

, I  

- 

Snit1 or 6th g e l y  t o  mlw seml~le. (6) 
Mlnlmlx steaming wtenilal or vottew: kcettp sensat out of vottex. 
Fot pH. do mt fdlt samples ~ 4 t h  mtrductlvlty Ims tlratr 100 )r!Ycm. 
Wlre~r uslrrg magnetk: stlrrer, use smallest stlt bar. 

I 

Ra-ord fleld measutemetit etrd method wed oti field brm. 
boon1 m d l a n  value of stablllzed teadlngs (table 6.0-1). 
If teadlngs do not ,tlbllze, extend tt~rmleraf measutometiis and recottl m d l a n  of at 
l@aM 6 or more wqwni la l  teadlngs. 
If there Is a mnstant trend toward lower or lilglier values remtd the fltst wlite, 
Ure talrge of w lues  atd t l r  tlm petlad oketued. 

I 

11e same zslnple v o l ~ ~ ~  t o  tlwunrent ~iteclslon. 
M ~ ~ s E  $ettwrs and eqirll~nretlt tlatotrglily wkli clalonlzed hatel. 

..!'+t,.'. . a  .,. , 6 ,:. :;::;:,,:,; , '  

%y8 ;. I ,~,, 
'..P . , . < 

. , ,,::..,: \ 

I.. , . * $1 . 5 !; .. . ,!V . 

b Downhole or flowthrough-chamber systems are preferred for reported values of pH and 
conductivity. 

A positive-displacement submersible pump is recommended for downhole and flowthrough-chamber 
systems. Lower a length of pipe to check that the well is fiee fiom obstructions before lowering a pump 
or downhole instrument in a well--this practice will prevent loss of costly equipment. 

,. 

1;. 

1'; 

, Downhole system 

!L ., .-b >..* >..L-:--.::-.& ----.-- &LLdL. i . . L - L I _ I I  " , . i i.,.:t. ; ... I. , r . - .  . 
.J'. 'y'::! . 

1 ,,$<?, , , 

Downhole or flowthrough-chamber systems are required for reported values of P'J ' . '. 
j.;%\d. , ". 
J ,. ' 't.,' : :, . 

temperature, dissolved oxygen (DO), and .Eh--do not make these measurements in a , .j,$: '. i. , 1 
; ., . 

bailed subsample or other discrete sample. . . .b..<, . ! T;i:: . I 

, 

, Figure 6.0-5. Subsamplefield-measurement procedures for conductivity, 
pH, and alkalinity of ground water, 

-Ly">. . .' 
:;..o ; , ' 

' . ih, : : , ,  v:p r, *. 

. , ,+., , ' ' 
, ~., . - 
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. > I  1 . 
A downhole system is used for in situ field measurements. Ground water should flow upward past 
downhole sensors in order to obtain values representative of the depth inte+al being sampled; therefore, 
a submersible pump follows the downhole instrument. Because of this constraint, the downhole method 
may not be practical at wells with dedicated pumps or when using multiple equipment in small-diameter 
wells. Figure 6.0-4 shows the steps for downhole measurement of field parameters. 

The depth at which sensors are locat'ed depends on study objectives. If a 'sample is to , 

represent ground water that is integrated over the screened interval, locate sensors 
approximately 1 ft above the screened interval in a 2-in. diameter well and just below the' 
pump intake. 

',i ,' .. . , I . ,  
. ,  ,: j ; v., . , , : 'k Remove downhole sensors from the &ell before coliecting samples for ihemical analysis ' ' 

":- : 
I .;. : , .',I. 

L. , ..~'.'.I.j 
in order to prevent these instruments from affecting sample chemistry:. Note that the 

s, . , ,, : .,.' . . 'process of removing these'instruments and putting the pump back in the well causes 
. . ..: .. ' :, v +, .& . . disturbances that can affect the quality of samples subsequently collected for chemical 

3 .  A ":'.;.' 
;#!f>:;&!t 

analyses (Puls and others, 1991; Kearl and others, 1992; Puls and Powell, 1992). 
;: ,,,: f$,?,l,",I \ 

' , . _ I  
< ..? . :. i..;:~,, , . 

, . .  Flowthrough-chamber system 
. , ,  . ,  I .  4 ,  

,: . . '  , . 
, ,  ' 1;. 

, . z  - . I . : .  A flowthrough chamber is an airtight, transparent vessel with a pressure-relief valve and either (1) ' . . ,&. 

, ,; ,i <.,$>,;i 
.,, i,l,],jt; grommeted ports'to acconirnodate individual sensors or (2) a multiparafheter i'qstrument,. Several types 
. a , .;, -. ': . : , of flowthrough-chamber systems are available and can be designed for a specific measurement (for 

:<r..i ',..? 
. ,  , .: example, see NFM 6.2.2 for.the description of a flowthrough cell for the spectrophotometric 
.;,.. !.. ,. ,, 

. . ._ . , . determination of d issolved~~x~gen concentration): 
1. .,) " 
,,<. &,'; *? '  ; 
,.? e,y,  
,- .<,,!\;I.,; ;, 

; ; , , 
pen setting up :iflowthrough cltamber: 

. , . +  , . ' .  
.:*: ; ;  , . I , .  8 I 

,? < ? 
' .  '. , : f , .  
, > , / L . .  

, ,% .- li 1. Install the chamber in-line from the pump and as close to the yellhead as possible. 
.. ' 

:; r : ,  ,,,.,, :,.,. t 
$: ; 4,p$7, ',I. I 

'I 

6, ,$ ? ,?Ji, 
;., . b ~ , ~ I ' ~ . ~ .  , ::d ,.. 

Keep the chamber, field-measurement instruments, and tubing off the ground, shaded from 
, direct sunlight, and shielded from wind. I , 

,.,,,:.'! \ ;. , , .;<#..' 

$ ' * I )  
1 1  

, , Keep the tubing as short as possible. 
.. . I' 

', , ' . / ) . I  

'1 ; ; f ,  ,-.:I 
I: .;.,e:i,:,,:j 2. Install the dissolved-oxygen sensor immediately downstreain from the chamber inflow, and install 
,". r,ki.,., , " , the pH sensor downstream from the conductivity sensor. I , ' I  . 
I ' t >.,,j ,! . .,,, : 

8 ,  . , . , ., 
! ,':,,, .!.' ,: ' ,, 
, ,. .'.:: , ' 
" .* I .  . .  

3. Turn'on the pump; direct initial flow to waste to avoid introducing sediment into the chamber. 
.. :, ,?d.?. ' 
'. I 

, . .. ,:-,i; <' ' 8 

, 
. !, ;,<,I If.' , 

, , , . e w  
i s ,  ..? , . , ., :.$.li 

~ d j b s t  the flow into thd chamber so that a constant stream of water is maintained at the rate 
< ,  I ' 

.' ,,,::I ' .. .. d , . ~  required, for dissolved-oxygen measurem&ts (see NFM 6.2). : 

. ' *, ., ,'. 
, ' ' >  L . .. ,_. 

I 1 (  .. a .  

r .t ' 
b l i  

Correct any backpressure conditions; tilt the chamber to expel trapped air. 
, . ( ,  <: " . .. . , 
,;;; in; i!. ,: 
;$".';"? ,I.! ;, . 

: :  ,Subsample measurement 
' . ,  1 * .  
:. Pi,,', 

.; . : ;;<::., 
I I:.:: : 
! : ; :J , . ,  . , 

Subsamples or discrete samples, are aliquots of sample collected from a nonpumping sampling device 
.'..2,jt 

,,li ~~f 
such as a bailer, a thief sampler, or a syringe sampler. Measurements of field parameters made in 

',c'/ , !,;; ? discreteor nonpumped samples are more vulnerable to bias from changes intemperature, pressure, 
. .!. , I  

, . .,\ .\ , , 
, ' ( /  

1,.  
, . : V ' , .  . 4 ..' . : _  I .  

'. .,!.' ,.. . 
.';;I . , . ."i, ":*,.t. ' http://water.usgs.gov/owq/FieldManual/Chapter6/6.0.3 .html 6/24/04 

< p,,)A~,,;.' 



>. , 
: I .C. . 
.:.L' " , 

turbidity, and concentrations of dissolved gases than measurements using a downhole or flowthrough- ..' 4 '  ' .#,+ ,.' 4. l. h . ,. 
,.: *;<t.. 

chamber system. ,.p ..:: 
. . , : ,#?"$4 L . :.> g 

4 ,"9:. . 
: 1 ": .'f. 3. . 

t Subsamples can be used for conductivity, pH, and alkalinity. :,+" %I.% I,..., . ,,,? . ., z ., 
r,. -,:. *., ._.  

k Subsamples must not be used for reported measurements of temperature, dissolved ;if$;? 
oxygen, Eh, or turbidity. , ,$? :>? 

,. . .!. . ' ,.,. . ( '  . , ' .  . . . Subsample procedures must not be used in reducing (anoxic) waters. . . .  & 
;*,..,< . 

>,. . , 
Figure 6.0-5 shows the steps for measurement of field parameters on a'bailed sample. If collecting a ., f': 
- ?i<; .: . . , 

,;;:.: , 
sample with a bailer, use one with a double check valve. Field rinse the sampler with sample water < . ?..V , , q; $; ~;., !, 

before using. To shield the sample from atmospheric contamination, make measurements in a collection ,;# .;.. %; 
b:. ,'. ,. 

chamber or in a glove box filled with inert gas. Indicate on field forms the sampling and measurement , ,,;..;;, i ,.;:. . . .,z3; ::; 
procedures used. 4p $ : $ . .  

, _ /I' - 
'.& .."" ,:. ,%. ... Z %I 

I .  . 
,. i'..,'": 
,*,.:;([,> 
.\,,ti,. . .. . . 'it. 
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'1. .',.i'. 

, I i l l  t : Measurements of water and air temperatures at the field site are essential for water-data collection. 
v-' !;A'S ,... 1 '  I .. .. ,.,, i .Determinations of dissolved-oxygen concentrations, conductivity, pH, rate and equilibria of chemical 

...,.:.,;. .. . reactions, biological activity, and fluid properties rely on accurate temperature measurements. . ::;,'. . +. - a. 2. . 
: ' ! ; A  ; ! 

i:' : L.,,, .'j3 ::, 
" 1; ,,' i ,;, 1 '  ,, :i ~ccura te  water- and air-temperature data are eisential to document thermal alterations to the 
q.:;*j.,:<\ , ; 

: t i  :!,;;?;,!,. I environment caused by natural phenomena and by human activities. ~ater'temperature is subject to 
; ,, ).: ,. d. ,-wq $,r~y' environmental monitoring by State and local, agencies. I .  
'?>.", ,+3, I! * '  1 I b;:, , :fkj!!:: 
,.;fY b:.+ ; ' I 1  . 

',% 4:; 1 
st . :":c The USGS has adopted the Celsius (C) dcile for measuring temperaturei This, section describes methods 

! ,$., ', i': ":' ' 
. cg,!?.::  for measuring temperature in air, surfack water, and ground water. The methods are appropriate for fresh 
, . J  , ' .  , ' , , . to saline waters. , I ,  

t ,,:. " ' 
I . _ "  
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9 . r  ; .., * j , ' . 
. Water ~es'o'urces--office of Water Quality 

4 -  .;< ,. I 
! .'., . 

-- , , t . , ,  ! %',I! , , ~  .(. I . , 
! - : ?.'.. 

. I 

.o, 6.1.1 ' , < $ . ' '  .,, ,$ .-;: _ . .  
, . .I . 
t I 

I 1. ,, ,:< .-i j51 EQUIPMENT AND SUPPLIES . . 

_..'* : . . , , ., . 
a I .  

'b! : :, . I...< 

. .  . . a . . 
' Temperature instruments must be tested before each field trip and cleaned soon after use (table 6. I-.]). . 4 * , 

, 8 1, " "  
. . , . Each instrument must have a log book in which all calibrations and repairs are recorded, along with the 
i,, ,y': - . 

I..,.; :;, 
I, * ._ 

7 .* 
manufacturer make and model description and serial or property number. 

,. . , 
,, %. ,. >..,t. * 

T . . L , b  ,. 

. ,.?, .i:..%,i.. ,. A thermometer.is any device used to measure temperature, consisting of a temperature sensor and some 
\ , .:. .: ...g r c i ;  type of calibrated scale or readout device. Liquid-in-glass thermometers and thermistor thermometers 

<{;3;,. 
, , , 

a r e  most commonly used to measure air and water temperature. 
I _. I ,  . .-.. 

,,$:;;,:t, q '  ' . 
r,,, <v&,:'!, 

;jl.-,,,, ,$!! . ? ,,P,:,: . L+jr, , , , . ' ~xtr&ne field conditions (for ex&&, frigid climates or thermal water?) *ay require thermometers .. ,. .;,.y, . $ , . <  

, :4.,d: capableof measuring a broader temperahre range. . , .  , , 
I 

,! :< ,. 

.{ ( 4, ' 
$ ki r . .. 

, A  A" The operating instructions for thermometers are provided by the manufacturer. 
\ , , . . .  . 
' ;: 2..,?:,,'* 

.d - !;;:i,, , . 
i , . :  ' 

,. .. . :! 
3 . .  3 .,., 

. Liquid-in-glass~thermometer--Recommended~liquid-in-glass thermometers are total- , 

' i ( .t$ . .., :: 
:)!?, '&< 

immersion thermometers filled with alcohol. Thermometers for field us'e must not'be 
,, .! , . 

, ,;: 6,.p2:.;, ,. 
., .,liL1: 

.mercury-filled. Before measuring temperature, check the type of liquia-filled 
', .., , * ,? , .  ,. 

.? I; <<,( + ' 
thermometer being used. (Partial-immersion thermometers are not recommended: these 

. , ' .  .,. .. . . . : ' C .  
have a ring or other mark to indicate"the immersion depth required.) ' 

.;I ,.? :,,: . . .  . ., .t,:.," 
!, . " 

,; '. 
. Thermistor thermometer--A thermistor thermometer is an electrical device made of a 

. . 
!. ;;,:,. solid semiconductor with a large temperature coefficient of resistivity. An electrical 

. :t . ~, . 
, .I. signal processor (meter) converts changes in resistance to a readout calibrated in 
.j;:,;'g ;, ., 
, . I, .' : . 

, . ,  . " d ,  I 

temperature units. Thermistors commonly are incorporated in instruments used for . 
: l a . .  ;.,  ti,: . , surface-water and gound-water measurements. I 
- - 
2 2% ., 
i, L.,!:;!' . 
,,,, ',,.*Q 
;.; :g :,;; $ 

. l , .  7. , >. I" ; .- 6.1.1.A . a," ,*,?k; : . ...- f., .:I. 1 
,I:Pt ..~,~.,,r,l MAINTENANCE, CLEANING, AND STORAGE 

s?;;,":, , , , 

;:b:.,t* <.* &. 
, . ,, , :,' ' ' :.::.. 9'L": ".*. i 
, , , ~hermometers can easily become damaged or out of calibration. Take care; to: 

> .,,.,,, z 1 3 d  I 
< ,:,..: , 1 j '  

Y .. .8i. .,I 
: Ic  ; I 
., j..r!,'*;?'-' 

, ,  < 

, ., ,p,';k:,t 
,+.. :'i: ,, ,,,? 

. Keep thermometers clean (follow mhufa~turer 's rebominendations).~ , ; , :  

, ;; !&$;;;;: ,' 
* " ' . , :: ,*% ; 
, i . b.1 ,;(ye I ,  

b, Carry thermometers in protective cases; thermometers and cases must be free of sand and 
debris. . , , I 

!, #kt ;I, 2:v! . . 
i'5 .; ;$$ ." 

! ( l  . +?, 

. , 
, . ' 4 1 ,  ., . 

,, ,[ ;\..,:: ? 
.. , ;. :rx, , Store liquid-filled thermometers in a bulb-down position and in a cool place away from 

,;:, *!.?\, ; , .  direct sunlight. , 
' , ,I., ,; ;. 

, . .',.,,,-., ;' 
,,< '.- \ ,,> * ,, 

;;;,~,; 1:; 

.., (8 . 
, _, % . l .  . ,< .. . . ,. ..'., 

.I. I. . . ,:, 
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As an additional precaution on field trips, carry extra calibrated thermometers as spares, and a supply of 
batteries for insti-ument systems. 
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:. 3 b  . ,,,;d98: Water ~esources--office of Water Quality .,.": . .  "/, :! 
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CALIBRATION 
: ? O*. ;I/ 

L .-I,. To calibrate a thermometer, instrument readings are checked across a range of temperatures against 
' I 1 those of a thermometer of certified accuracy. 
,', +*q1 

" ,  0-1 
1 '  i ,:, " J 

so., ..*a : Calibrate liquid-in-glass and thermistor thermometers in the office at regullarly scheduledintervals. Tag 
t.;, i ..?$." 
. .,, a" ,  acceptable. thermometers with date of calibration. 
.'i . ;';:*.?', 

, $1 : ~' 

I '..j(.L 
.,,ti ,;.; '. 
, .,,,, .( : Minimum calibration requirements 

i!, ,I :, 
, /  I .  

.' . ' 8 
V, . I. r *., 
q ~,.;.P 

; 8 :; ,,;,,..!k,~fl 
. I . .  I : ::,,"I.,~ . . Liquid-in-glass thermometer: 
,, ,, , t :  

. , 

t .  . . '  
,I I 

$ 3 ~ ' ;  +, 3 

t I 

-- Every 3 to 6 months, using a 2-point calibration, and 
I 

-- Annually, using a 3-point calibration. . Thermistor thermometer: 
I -- Every 3 to 4 months, check calibration 

1 .  , f -- Annually, using a 5-point calibration. . The standard thermometer against which all other thermometers are calibrated must be 
either WST certified or NIST traceable, and carry a certificate of NIST certification or 
traceability from the manufacturer. The calibration thermometer may only be used within 
the'period for which it was certified as NIST traceablg; once certification has expired, the 
calibration thermometer either must be replaced or sent to an accredited laboratory for 
recertification. These protocols apply to electronic thermistor thermometers as well as to 
liquid-in-glass thermometers. The calibration must be accurate to at least 0.1 OC. 

Check the certificate of calibration for the NIST thermometer before calibrating field thermometers. 
NIST-certified thermometers are not'for field use. 

. -. 8 

;,:,ti; ,*! ,kJ8ii'. . . 
.; '* l.:!Li.. ! i '  
. ;  .: . 

., , :.C? , Thermkmeters being calibrated must mbet NIST specifications to a minimum of three temperatures at 
, ! .  ,i.i,,2+, I + approximately 0°, 2 5 O ,  and 40°C. Thenpistors must be calibrated at 5 points within this range. If 

, , <:'.: ,, 
. .  . , . ...$ .. , environmental water or air temperatureh will fall below 0°C or rise above 8O0C, add additional 

<, , #  ,,.,'+n 1 calibration points to bracket the temperatures to be.measur'ed. . , .{ ', <, 

,, ..,$$,k! 
' . : ' . ' I ,  

, -..I.,!. 
, ..'.. 9 ,  ! 
E * . , I .  

1 1, : !'$; ' 
Field checking thermometer calibration by comparing readings with another field thermometer 

, . ,  . - : ' ,  does dbt substitute for. required labotatory calibration procedures. WIihd.rneasuring water 
',a:,I ', 

, . : a .  temperature in the laboratory: 
1 ,T",,;J$ 
i..{,." , , , , " 0 

I , . . . * I  . .' 'L8 ,' , 
, 

r ,, . , 
2#,' ,::!I!::. 

.? 4 i : .', "i; 
. , .  

J , , I ,  
,> ..<,I:..$!,, 4 , . ;<,:t$y,. 
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Submerge the bulb and liquid column of the total-immersion thermometer. 

b Keep the NIST-certified thermometer and the thermistor sensor submerged in the 
container, throughout calibration. 

b Read the NIST-certified thermometer and record the thermistor readings throughout 
warming and cooling periods. 

Check the meter batteries periodically for proper voltage. 

b Record the calibration data in the instrument log book for each thermistor thermometer, 
noting if a sensor has been replaced. 

I f  using a commercial refrigerated water batlt: 

1. Precool the sensor of the thermometer being tested (test thermometer) to 0°C by immersing it in a 
separate icelwater bath. 

2. Immerse the test and NIST-certified thermometer sensors in the refrigerated bath with a water 
temperature of approximately 0°C. 

3. Position the thermometer sensor(s) so that they are properly immersed and so that the scales can 
be read. Stir the water bath and allow at least 2 minutes for the thermometer readings to stabilize. 

4. Without removing the thermometer sensor from the refrigerated water bath, read the test 
thermometer(s) to the nearest graduation (0.1 to 0.5"C) and the NIST-certified thermometer. to the 
nearest 0.1 "C. 

. Take three readings within a 5-minute span for each thermometer. 

Calculate the mean of the three temperature readings for each thermometer and compare its 
mean value with the NIST-certified thermometer. 

. If the liquid-filled test thermometer is-found to be within k l  percent of full scale or k0.5"C 
of the NIST-certified thermometer, whichever is less, set it aside for calibration checks at 
higher temperatures. 

If the test thermistor is found to be within *0.2"C of the NIST-certified thermometer, set it 
aside for calibration checks at higher temperatures. 

5. Repeat steps 1-3 in 25°C and 40°C water. Keep the bath temperature constant. Check the 
thermistors at two or more additional intermediate temperatures (for example, 15°C and 30°C). 

6. Tag acceptable thermometers as "District certified" with calibration date and certifier's initials. 

If a commercial refrigerated water bath is not available: 

1. Freeze several ice cube trays filled with deionized water. 

2. Fill a 1,000-mL plastic beaker or Dewar flask three-fourths full of crushed, deionized ice. Add 
chilled, deionized water to the beaker. Place the beaker of icelwater mixture in a larger, insulated 
container or Dewar flask. Place the NIST-certified thermometer into the icelwater mixture and 
make sure that the temperature is uniform at O°C by stirring and checking at several locations. 
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3. ~fecoo l  the test thermometer sensor to 0°C by immersing it in a separate icelwater bath. 
".; . 2;; .,' 
.'., 4:s.' , 
i:':.,, -.,i ,' '; 

, , ,  .. 4. Add the test thermometer sensor(:) to the icelwater mixture. ~osit idnthe sensor(s) so that they are 
. l . ! ,~  
'I, , . '..- , 
I!, ,, , . 

properly immersed and so that the: scales can be read. Periodically stir the icelwater mixture and 
. ., allow at least 2 minutes for the thermometer readings to'stabilize. .. . :r:. ;,. . L C - .  

3, ,. , 
' , , . ' . ; I ;  

.I. ' 
r: ,; .,' ' 
. / , .  f ,1. 

' .  a 
5. When the readings stabilize, compare the temperature of one test thermometer at a time with that 

? I :., 
< 5 , ,Y :. 8 . , ' L .  

of the MST-certified thermometer. Withoutremoving the temperature sensor(s) from the test 
.. ' . ' , ., . , . . ..\ , . 

bath, read the test thermometer(s) to the nearest graduation (0.1 to 0'.5"C) and the NIST-certified 
*!.&.' 

,. h thermometer to the nearest O.l."C. 
. . L,. , . . , . . ,$.. ' 1:'.  

, ',,. .. , ..i:';,. ;' .. . '. :,&. .:J., 
: ,,;,,J ,*!;'I 

Take three readings for each thermometer within a 5-minute span. 
, . .  . .. .I l ' ,  . . 
a :,)$;;4: 

. , k : - > : j b  1 
,; , . , . I  

Calculate the mean of the three temperature readings for each thermometer and compare its 
,, ,--. r. 

, , .  I mean value with the MST thermometer. 

If the test liquid-filled thermometer is found to be within hl percent of fill scale or h0.5"C 
of the NIST-certified thermometer, whichever is less, set it aside for calibration checks at 
higher temperatures. 

, ' 
I 

If the test thermistor is found to be within h0.2"C of the NIST-certified thermometer, set it 
aside for calibration chbks  a t  higher temperatures. 

I 
6. For "room temperature" calibration (about 25"C), place a Dewar flask or container filled with 

about 1 gallon of water in a box filled with packing insulation. (A partially filled insulated ice 
chest can be used for multiparameter instruments.) Place the calibration container in an area of the 
room where the temperature is fairly constant (areas away from drads, vents, windows, and harsh 
lights). 1 

, , I .  < ,, *! c,;; +. 
.q;;:<p's. 

! , ..;; c,.- 
, ;,. ,,it:( ~ 

7 .  Properly immerse the NIST-certified and test thermometer sensor(s) ,in the water. Cover the 
. a , ' .  ... :;..;I. 

,..,< ; 
container and allow the water bath and thermometers to equilibrate. Stir the water and check every 

; :: ;A:8$ couple of hours for temperature uni,formity using the NIST-certified thermometer--it may be . . 
, .. I. .> .: 
;. , I!,' 

;' : i:,,ri necessary to let the bath equilibrate overnight. , ,.r 
*: ,:*,-!,!, 
..''I.$! ..,,. . _,.. .. I .  . .. 5 .l 

C . ; * . I  . 
' *  ,...*,. 
'.$ t, l,,V ,?g , ; j.,:,:, 8. Compare one test thermometer at a time with the MST-certified thermometer. Calibrate as 

, . , .. .,.. bl described in step 5 above. , $ ,' :..4 
, , , ' , .:,r ?I: 

,,.: i .T '  .': .+,L.,: 
.' ' +:'; 
I .I Y. 3 

! 
,., ;$;.Y 

I.' .' . 
For greater than 25°C temperature calibration, place a beaker (1,000 mL or more) of warm . 

4:. .. 

?,*?per 
water (about 40°C) on a magnetic stirrer plate and repeat procedure as described in step .5 

.. - . . :,. 
!!<.. if1 J,. above. . 

, .' ;kt'; 1') 

:.fi;,,,,k. 
.;;, , ~4.' 
;, ..>!,!,:a? , a .,,, .!'I ,&: 

Tag acceptable thermometers as "District certified" with calibration date and certifier's 
.. tt:i-!tc2!., c initials. 

.< .$j. ,,,!?{ , 
",>' i+$+. 1 '.':"".$' , ,  , .: i !<;,I , I  ' 
>,<,:, :+,' :* 

. T1.,lr;,t. ,'i 
: corrections can be,applied to measureyents,made with a thermometer that is within +I- 1 percent of full 

,,ii.$i, ,t2,:!;;! 8. !,, 
scale or +/- OS°C of the calibration thermometer. corrections should be applied by using a calibration 

? . ; s i t  

: 6 ' i . l i i  I 
curve or table, which is plotted in the 1 0 ' ~  bookfor the instrument: ~herrhistbrs found to bk out of - 

: 3 .!:!I / 
, calibration by more than O.i°C must be recalibratedper manufaetul'er's instructions or returned 

' ) ) .  
to the manufacturer for proper calibi-ation and (or).repairs. ". 2 

, : .,;3;,.::' , * 
, ;',:It. 

,!:. c .  .$..'.. 
;. , a;;$. 



Chapter 6.1.2 

Thermistors included in other field-measurement instruments must be calibrated routinely. Accurate 
determination of other field measurements depends on accurate temperature measurements. This must 
be underscored for thermistors incorporated in specific electrical conductance, dissolved-oxygen, and 
pH instruments, because these thermistors are used for automatic temperature compensation of the 
measurement being made. 

c3 Section 6.1.3 
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MEASUREMENT . . 

, ,,..'l!:. a , ,, 4 6 ~ f ( * !  
1 ,  Water-quality sampling should include an air-temperature measurement and a water-temperature 

4 .  ' 
, ,  q 'I measurement. Before measuring temperature: 

r I 
8 . '  .. !. I . ' ,!. ;, , 

. 1; , 
.>' !r 4. , , 

, , ,.r,; 
Inspect liquid-in-glass thermometers to be certain liquid columns have not separated. 

t ' ' ' j  
I, ? 

Inspect bulbs to be sure they are clean. 
' [  . 
, -, $ " 
, . +, r b  Inspect protective cases to be sure they are free of sand or debris. 

6.1.3.A ! 

AIR 
I 

Read air tempeiature with a dry, calibrated thermometer. 

b Place the. thermometer about 5 ft above the ground in a shaded area protected from strong 
winds but open to air circulation. Avoid areas of possible radiant heat effects, such as 
metal walls, rock exposures, or sides of vehicles. ' , . Allow 3 to 5 minutes for the thermometer to equilibrate, then record the temperature and 
time of day. I 

I 

b Measure the air temperature as close as possible to the time when the water temperature 
is measured. ' 

. . d  I I 
, .  . - , i a t i  
. ; . . . ; . : s ; ~ .  . Report routineair temperature measurements to the nearest 0.5"C. If greater accuracy is 
.; ;;,,:; .'*.:'. 
;! , .,l,.k.. required, use a thermistor thermometer that has been calibrated to theaccuracy needed. 
,<'<:id ;, ' 
, $  ,d 2 I+; 

4 .  .. 
6.1.3.B 
SURFACE WATER 

I I '  

The reported surface-water temperature.must be measured in situ--do not measure temperature on 
subsamples from a sample compositing device. Measure temperature in such a manner that the mean or 
median temperature at the time of observation is represented (consult NFM 6.0 and f i ~ .  6.0-1). Record 
any deviation from this convention in the data base and repprt it with the published data. 

. , j .  - , , '  . & .  l 

' .I. t. . '") 
,: "!II'.,,., , . To measure the temperature of surface water: ' , ... :> - 

s .,,,.,,, 1, ,"- . . , ,  ,+ 
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b Make a cross-sectional temperature profile to determine temperature variability--A 
thermistor thermometer works best for this purpose. 

b Determine from the cross-sectional profile and from study objectives which sampling 
method to use (see NFM 6.0). 

b Measure temperature in those sections of the stream that represent most of the water 
flowing in a reach. Do not make temperature measurements in or directly below stream 
sections with turbulent flow or from the stream bank (unless this represents the condition 
to be monitored). 

1. Use either a liquid-in-glass thermometer tagged as "District certified" within the past 12 months, 
or a thermistor thermometer tagged "District certified" within the past 4 months. 

2. Record on field forms the temperature variation from the cross-sectional profile, and the sampling 
method selected. 

Flowing, shallow stream--wade to the location(s) where temperature is to be measured. To 
prevent erroneous readings caused by direct solar radiation, stand so that a shadow is cast 
on the site for temperature measurement. 

Stream too deep or swift to wade--measure temperature by lowering from a bridge, 
cableway, or boat a thermistor thermometer attached to a weighted cable. Do not attach a 
weight to the sensor or sensor cable. 

Still-water conditions--measure temperature. at multiple depths at several points in the 
cross section. 

3. Immerse the sensor in the water to the correct depth and hold it there for no less than 60 seconds 
until the sensor equilibrates thermally. The sensor must be immersed properly while reading the 
temperature; this might require attaching the thermistor to a weighted cable. 

TECHNICAL NOTE: For in situ measurement with liquid-filled thermometers--the water depth must 
be no greater than twice the length of the liquid column of the thermometer in order to make an 
accurate measurement. , 

4. Read the temperature to the nearest OS°C (0.2OC for thermistor readings)--do not remove the 
sensor from the water. 

/ 

Using a liquid-in-glass thermometer, check the reading three times and record on field 
forms the median of these values. 

Using a thermistor thermometer, wait until the readings stabilize to within 0.2OC, then 
record the median of approximately the-last 5 values. 

5. Reinove the temperature sensor from the'water, rinse it thoroughly with'deionized water, and store 
it. . . 

6. Record the stream temperature on field forms: 

In still water--median of three or'more sequential values. 
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EDI--mean value of subsections measured(bse median if mtaiqring one vertical at the 
t . ,  . , % ,  . .  , centroid of flow). , 

1 
w ., . ., , .  , 

3,.' .. . i..' ... ' ' 
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/ 

, ' , ,q  ;.+,a E.WI--mean or median value of subsections measured. 
"1 ' # 
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6.1.3.C , . . ,, , ' vy i  . : i 

.:!: is;t.,,~ . GROUND WATER 
*,$ .".:, t ,  , ,  I ' 

1,; $<,, , I ,  
24,. " ' 

..' .. ' I  : Measurements of ground-water temperature inust be made downhole at tlie'end bfpurging for 
'I., ,: ,., . .  temperature to represent aquifer conditions (consult NFM 6.0 for guidance). .,, J ' , . 
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To measure the temperature of ground water: 

Select either the downhole or flowthrough-chamber sampling system of measurement 
(see NF-M 6,Q, fi?. 6.0-4) and record on field forms. Do not report a temperature value 
measured from a bailed sample. 

k Measure temperature with a thermometer that has been District certified and is calibrated 
within the temperature range to be encountered. 

! 
, 

1. Prepare the instruments for either the downhole or the flowthrough-chamber system. 

Downhole system--lower the sensor in the well to just below the pump intake (the intake 
location depends on the sampling objectives). I I 

' * . a s : ,  ' , ,... 2 .;, 
' .y ..' ,. . . -:' - ..,'. 
i , , , ,J' ,.. ;:. . 

~lowthrou~h-chamber  system--properly immerse the thermistor or liquid-in-glass 
,. ,:(.... 

; , ; ,  , 
thermometer in the chamber. Keep the tubing from the wqll to, the chamber as short as 

: :.,,* possible, out of direct sunlight, and off , the'ground. , 
I,  ?;; t , ,  

, , 
, ., ,.? ,, . ~. 
I;, ,/ 

2.. Begin water withdrawal from the well. 
, .' b. , , ;,., + ,  . 
1 < '..k;.',,h;, 
, .:::ik 
, ,,,, ,, . ,:;.:. 

, ; , t'! , J' 

. 3 .  Allow the thermometer sensor to equilibrate with the well water for 5 minutes; record the readings 
' i ., :!,, 

.., . -  a:, ,-.? *... . a ' l ,  . 
and time intervals throughout the period of purging. 

' * , '1:: , 

, 4. Toward the end of purging, record five measurements, spaced at increments of 3 to 5 minutes or 
more. . .",.(' 

( I L  , , ,.:. , . 
f -. < . T!. , 

, . .- , . 2 '  
..$ ,:i. , , .. If the thermistor temperature is stable within the O,Z°C criterion (for a liquid-in-glass 

, ,I:. ;.Y , ,  thermometer, there should be only slight fluctuation within the 0.5"C interval), report the 
:,,:.<. , : : . t l , ,  , 
r : ,,:,:!.!b:j : median of the final five measurements (table 6.'0-1). ' 
:I. , i:c,. ; ,  

.*,.,, ,:' ' .  . 

',' ,. '. ,' . 
' *;< , 
, , . . T  * , . - .., 

, + ,.L 
. - If the stability criterion has' not been met, extend the purge time and consult the well- 

, ' : '  .'$.,. 
c . ..I u ; : purging objectives of the study. Report the median of the last five (or more) sequential 
i ,.%, !$(!.< , 
t !,, ' . measurements and record any instability on field forms. I , 
2 y?t,';i.. < ,  ' : .?.,a,- ' ,. 
i ,. ,: i!;, , " ;' ..:.;. 
: ,..r',.!?,: . 5. Remove and clean the temperature sensors. 
; , ,:,; : .._ .:. . . ,  ,..., , I . 

$,<, ,L'jY, , ,! : ?..; c~~$.,-, - 
1' i i::; ', 
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6.1.4 
TROUBLESHOOTING 

Contact the instrument manufacturer if the suggestions on table 6.1-2 fail to resolve the problem. 

When using thermistor thermometers: 
' I ,  

, , (1 i;t:ir 
, 4, 

I I 

I - Check the voltage of the batteries. 
:;; *,:, !;,;;:~,$ ;., , 
: ,  :It v Start with good batteries in instruments and carry spares. , 
I . .I, 

8 ,  

., I!i,i1 !, , ,  . ' ,.: - . ,I  . 
;' ; . 
:G! . .  .] $ ' "  

? ,p; ; 
. . dl: 
. ;' .'.. 

I I.,. . . .  
.,,, < .t<h ,. 
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Table 6.1-2. Troublerhootlng gulde for temperature measurement 
I 

r 

Symptom 

Liquid-ln-glass thermometer 
doesn't read accurately 

Thermistor thermometer I 

doesn't read accurately 

Erratic thermistor thermometer 
readings 

Thermistor thermometer slow 
to stab~lize 

~osslbk cause and cor rec tk  actlon 

C h ~ k  thermometer to see that the l iqu~d IS not 
separated-if separated, take back to the office to 
reunite column. I 

Dirty sensor-remwe dirt and oil film. 

Weak  batteries-replace with new bibjteries. 

Bad or dirly connection at meter or sensor- 
tighten or clean connections. 

Break in the cables-replace cablas. 
1 1  

W a k  batteries-replace with new batteries. 

DirfV sensor--clean sensor to remove dirt and 
oily film. 
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Table 6.1-2. ,Troubleshooting gulde for temperature measurement 
3 

1 1  Symptom ~oalbte'duse and correcthe actlon I 
q 1 

Liquid-in-glass thermometer 
doesn't read accurately 

Thbrmkor thermometer 
doesn't~read accurately 

Check thermometer to see that the liquid is not 
separated--if separated, take back to the office to 
reunite column. 

I 

Dirty sensor-remwe dirt and oil film. 

Weak batterids-replace with new batteries. 

Bad or dirty qonnrt ion at m ~ t e r  or sensor- i 
tighten or clean connections. 

Break in the cables--replace cables. 

Weak batteries-replace with new batteries. 

Thermistor thermometer slow Dirty sensor--clean sensor to rernwe dirt and 
to stabilize oily film. 
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I . I . .  
( . * . '  . 
. . .  Report temperature measurements in the' data base to the nearest 0.5"C. 

i +. 1 . For studies for which greater accuracy is desired, temperatures can be reported to the 
I 

i. accuracy requested, provided the thermometer has been calibrated to that accuracy. 

, , . Enter field measurements of air and water temperature on NWQL Analytical Services , 
, :4 ,, Request forms, and in the data base under the correct parameter code. 

8 %  

lti Record the accuracy range of the instrument in the data base, if possible. Report accuracy 
, a',! '-)PI 
I IC 6 range with the published values. I 
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. 6.2 DISSOLVED OXYGEN 
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1,1 ,  * &  , 

r hi;,( 
By D.B. Radtke, A.F. White, J.V. Davis, and F.D. Wilde 
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, . z . . ~ ,  ::. - 6.2 Dissolved oxygen 
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1. p :: I,.. 6.2.1 Amperometric method 
I ", . 
.:;;,; ?,:.s 

, 7 .6 .  :a,, 
6.2.1 .A Equipment and supplies 

,I!,) Maintenance and storage 
I\,:" '~:$;;,~ " 
;; eb ' 
!",.'$ c:) :: 6.2. I .B Calibration 
,: i :,, ' ., , . ,: 
, ' ' L '  :i 

Atmospheric pressure correction 
,~ .4::,..., , . . .  Calibration procedures 
* .& ,;*;' , . . ,  . 

9. , '  ' , .. I:... ' 
. .< .  is*;bi I .  Air-calibration chamber in water - 

,:-'{$',; -:,4 
,,;$ 2. .~ir-saturated .water <, &., .. :,f.:, . .,..,j. .. . ;,., ,,: I * , ,  ; 3. Air-calibration chamber in air - 
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1. 

li,. .., : 
4. Iodometric (~ilnkler) titration ., 

. ( ::.. .,,, 6.2.1 .C Measurement 
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I..... 'I,.:: , 
Surface water 

, . .  
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6.2.1 .D Troubleshooting (arnperometric method) 
I 
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, I 6.2.2 Spectrophotometric method 

i.,,,4Y' ',,,: 
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6.2 
DISSOLVED OXYGEN , ) I  

I I 

Dissolved oxygen: molecular oxygen (oxygen gas) 
dissolved in water. 

Accurate data on concentrations ofdissolved oxygen (DO) in water are essential for documenting 
changes to the environment caused by natural phenomena and human activities. Sources of DO in water 
include atmospheric reaeration and photosynthetic activities of aquatic playts. Many chemical and 
biological reactions in ground water and surface water depend directly or indirectly on the<amount of 
oxygen present. Dissolved oxygen is necessary in aquatic systems for the'survival and growth of many 
aquatic organisms. 

Two field methods for determining concentrations of dissolved oxygen in surface and ground waters are 
the arnperometric method and the spectrophotometric method. 

, 

The arnperometric method is the standard procedure for determination bf DO 
concentrations. 1 

b ~ h k  spectrophotometric method described in this report (the Rhodazirie-DTM, technique) 
is recommended for determining concentrations of DO less than 1.0 mg/L. 

b Except where noted, these methods are applicable to unfiltered surface and ground 
waters, from fresh to saline. 

" b The iodometric (Winkler) method generally is not recommended for field determination 
of dissolved oxygen because the accuracy and reproducibility achieved depend largely on 
the experience and technique of the data collector.   he iodometric method is described 
under amperometric calibration procedures (6.2.1 .B). 
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' . '4' 
0 ,  . :,, .>.!  : :: :,;*!: AMPEROMETRIC METHOD . . 
, I "  . ,  . 3 . .  . . . ' I  . ,. \ 

' i b .  The most commonly used field method for measuring DO in water is the amperometric method, in 1 ' , : ' e : i ' .  

. s.q.,J ' .. :" . : which DO concentration is determined with a temperature-compensating instrument or meter that works .. . . . ..,, 
' . 

, . . , with a polarographic membrane-type sensor. 
.' .. . 

i 
t 

'I: &i L; 

I '  

6.2.1.A EQUIPMENT AND SUPPLIES 
$; ;,;..:* 
+ .  ",.!i~,,J$,!i .,( , \. :$w, : 

I I '  
, . , ;  fie instrument system used to measure DO must b e  tkitCd before each fidld krio and cleaned soon after 
r,. ''..,.I.. 

. .' ,,.;*I : ,each use. Battery-powered instruments are recommended. A variety of DO meters and sensors are . 

. ; i !',.A ,, , .- available--read thoroughly the instructions provided by the manufacturer. Every DO instrument 
... .: . ,% ij,;l . and the barometer must have a log booklin which repairs and calibrations~a're recorded, along with the 
(' - . 
' ;,. " 

': ' ' , T  ,: 
~ n u f a c t u r e r  make and model description, and the,serial or property number. 

!. ("C, . ,:.' 
r. ' 

1 7.1 
The tenn "dissolved-oxygen sensor", refers to the entire sensor assembly, including the 

. #  a electrodes, electrolyte solutions, membranes, and thermistor thermometers. 
?'$ 

' , Dissolved-oxygen sensors must be temperature compensating: the permeability of the 
I : 

1. I 
, '  

membrane and solubility of oxygen in water change as a function of temperature. 
! 

' The type of membrane selected for the sensor depends on the anticipated rate of flow. a , &jfy I 

For ground water, "low-flow" membranes should be used. . . . ' , ,,: . . . . * ,: , . ,. . q All built-in thermistor thermometers must be calibrated and field checked before use (see 
/ ( .':%;.I ,;!;;,, 

, section 6:1, "Temperature"). . ,i ~ .,, .- - :, :'b ., ~ ,. . .! 

J*.'<.,I, 
Yellow Springs. Instrument Company (YSI) DO instnqnents are used as an example in this chapter 

, , , {> ; ;  ! , because they are in common use by USGS field personnel. The YSI 5700 series sensors have two 
,I? I,; , . 
, Li'kr:'" 
, .  separate themisiors. Thk temperature of the s'olution is measured by the temperature-display thermistor, 

L,,, " 1 .  . . Y  I .  . 
: mounted in a stainless steel tube on the side of the sensor. Next to the temperature-display thermistor is .- . , 

:,,I , I  

t .. . ' ;.,! li,,;;. , , 
the temperature-compensation thermistor that compensates for temperature-caused changes in 

, ,.: , . J , ,  1 
: membeane-oxygen permeability. The &rmeability of the TeflonTM mehbiane changes about 3 

I . I  . , I ,  
( 

percent for each 1°C change in temperature. ' 
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Table 6.2-1. Equipment and supplie5 used for amperometrlc method 
of dissolved-oxygen determination' 
[DO, dissolved oxygen;YSI, Yellow Springe Instrument Company; mm, millimeter; 
g, gram; mL, milliliter; L, liter; Dl W, deionized water1 

i 
1- 

1 
ti; 

): 
r r 

: I J Thermometer. calibrated (see section 8.1 for selection andcelibration criteria) 

/ DO instrument and DO s;nsor or multiparemeter instrument with DO capability 
Temperature readout display, analog or digital 
Tem permure and pr-sure corn penaated 
Operating range at least 4" t o  +45'C 
M e a s ~ ~ r e  concentrstiona 21 to 20 rn g/L 
Minimum male readability, preferably 0.05 mglLDO 
Calibrated accuracy within 5 percent or f0.3 m g)L DO, whichever is less 

:> 
, 
, 

J Zero DO calibration solution2: diksolve 1 g sodium ar~lfite and a few crystals 
of cobalt chloride i n  1 L DIW 

J DO eensor membrane replacement kit: membranes, 0-rings,filling eolution 

J Stirrer attachment for DO sensor 

/ Calibration chamber: YSI m ode1 5075A sensor, or equivalent 

/ Pocket altimeter-barometer,calibratecl; mesauras to nearest 2 mm, Thommen 
m ode1 2000 

; J Flowthrough chamber for determining DO in ground water 

J Oxygen so l~~b i l i t y  table [table 6.2-8) 

/ Waste dispose1 container or equivalent 
" 
: 

1/ 

Analog YSI instruments have two thermistors that compensate for the effects of temperature. Digital 
YSI instruments do not contain instrument-compensating thermistors, but rely on the temperature- 
display thermistor in the sensor to calculate membrane permeability. 

J Spare batteries, filing sol~t ion, ancl membranes 

/ Log books for DO instrument and barometer for recording all calibrations, 
m aintenance, and repaira 

1 

) 
1 
i s  

Maintenance and storage 

'Mod~fy this list to meet specific needs of the field effort. See table 6.2-3 for equipment 
list for iodomaric DO &termination and Table 6.2-6 for equipment list for Rhodazine- 
DTn W determination. 

' ~ e ~ a r e  fmsh zem m rolmion bafora onoh field trip. 

Dissolved-oxygen instruments and sensors are sophisticated electronic equipment that require care in 
handling and operation. 

l__-B, L__l____j 

Follow the manufacturer's recommendations for short-term (field) and long-term (office) 
storage of sensors and for performance checks. ,- 

Protect instruments and sensors from being jostled during transportation, from sudden 
impacts, sudden temperature changes, andextremes of heat and cold. 

Before each field trip: 

1. Check the temperature-display thermistor in the.DO sensor against a certified thermometer over 
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# /II 

1 I the normal operating range of the instrument. If a thermistor reading is incorrect, apply a 
r j  I , correction or return the instrument to the manufacturer for  adjustment.^ 

I!( 

1,11 1 

2. Recondition the DO sensor if it fails a performance check. 
8 , <  {:\ 
> . 3 ,',.:, , 

', ,,> ,.: 3. check the instrument batteries and all electrical connections. 
. , ; :::a. ! 

! 
. , ,  

I , : it., ;. , , , I 
6 *, ., . ' 

/- :, 1 '  +,. ' s 

i " , ;"; a'! 
4. Test the instrument to ensure that it will readzero in a DO-free solution. 

. . s  , . 

If the instrument reading exceeds 0.2 mgL, then the sensor membrane and e'lectrdyte (if 
present) need to be replaced or the sensor needs to be repaired. 

! ' I 

Before repairing or replacing the sensor, check zero DO again (with a freshly prepared zero 
DO solution. 

5. On analog instruments: 

Check mechanical zero (if applicable) befdre turning the instiu&ent on; adjust it if 
necessary. 

I - ..:, 
, . .-:,,%<<, L 

,',! ,>!. %I, . , .  ':;. .+;p;, 
0 . I, ( 

Check redline and zero readings (if applicable) and adjust as needed. 
, , !(; : 
,P!,:;> ,I,, (1, 

I, c , ,  a,< , , , . If the insthment cannot be bdjusted, recharge or replace the batteries. . . 
3 .  . :: .( : 

! 1,: , , ,; ;, 1' ' 
. b,! 

1 ,  . 1 .  
4 I 

6. Calibrate the pocket altimeter-barometer. 

6.2.1 .B CALIBRATION , 
$ 8  . 

. , , , 

Calibration and operation procedures for the arnperometric metho,d differ among instrument types and 
makes--refer to manufacturer's instructions. Record all calibration information in instrument log books 
and copy calibration data onto field forms at the time of calibration. 

Atmosbheric pressure, temperature of the water or water vapor, and condbbtivity (or salinity) of the 
water must be known to determine the theoretical amount of oxygen that can be dissolved in water. 
Although the salinity correction can be made either during calibration or afier measurement, the 
preferred USGS method is to apply salinity correction factors after calibration and measurement 
(recalibration is necessary for each field variation in salinity and temperature if the correction is made 
during calibration). For salinity-correction procedures, see section 6.2.4. 

, . '  
, ; , 1, ! ',; . . ;/., .. 
* .  ,!,, ,.* , , , Atmospheric pressure correction 
; A { .  .i,: 
, ,  k ! ? ;  
8 " 

;:, . I". . . 1 
:4 !,;;{;<&.I 

, .  , + !,:>: 5 8 ' t 1  fc8:$;;, 
Ambient atmospheric pressure is true atmospheric pressure at the m$asurement 'site, not that 

i ' i  . I . , . 8  .mr.r3. which has been iidjusted to sea level. Atmospheric pressure reported by the ~a t i ona l  Weather Service 
, #  ,, 

I I .. . " I . .  .~,; .. !: # .  ' generally is not the true (ambient) value; Weather Service atmospheric readings usually are adjusted to 
. : I  

i 'a.n+,, . ' 
sea level' and must be adjusted back to the elevation of the weather station. Upon request, a weather 

! .a ..:, .,.' 
! .: , ,  :: station sometimes provides unadjusted atmospheric pressure. 
; ' 3  ;:,I !;I,;j 

i, ' .< '1, :1 . , . I 

1 . a , ,  I 
h i L  

b 
.. - 3 Use a calibrated pocket altimeter-barometer to determine ambient atmospheric pressure 
l a [ ,  
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;,. 5 

to the . nearest . 1 mm of mercury. ,.:$3.v : :F :. ": : 
check the accuracy of all field barometers before each field trip, and record readings and ,'$',, ? 

p,; , ::; 
adjustments in the log book. If possible, check barometer accuracy with information from " :+, .: : . 

., . C ? .  , ' 
, 1.. . . 

an official weather station. , r..: .r 
4, 

Use table 6.2-2 and figure 6.2-1 if the value used for atmospheric pressure has been 
adjusted to sea level. 

To correct weather station readings adjusted to sea level to ambient atmospheric,pressure: 
subtract appropriate values shown (table 6.2-2, f i ~ .  6.2-1,) from atmospheric readings 
adjusted to sea level (shown in millimeters of mercury). 

1.. Although atmospheric pressure does not decrease linearly with increases in elevation, linear . ;;..I -.' b -  
,:"%". ,. interpolation is acceptable within the elevation ranges given in table 6.2-2. Alternatively, plot the values , ,,.,,!!'. .*,,.. , , . 

from table 6.2-2 and extrapolate subtraction factors directly from the graph. Section 6.2.4 contains the I, : ? , + .  
, .;. *; '  

table of oxygen solubilities at various temperatures and pressures. .. I .. : , 
4.,:.7 :'.: ., 
& .  8 '  

[Table 6.2-2. Factors used to correct atmospheric l1 
I pressures adjusted to sea level I ! 

Ekvation of weather station Value to subtract 
(feet above sea level) (millimeters of mercury) 

1.000 

. \ %  ': 

,, .' 'r. 
\ . , . I , "  I . '  

' . , # t  : 
' 3 ' .  

. , .  .." . , 
: ; - " a .  , ,  

' C '  ,:.. 
.'!\ . 
/ . . .  . . 1.1 

, . .. 
'l.$..,. . . 

.. , . 
. %  . . . ,  

,I ) : 
a.5 .. 

,:. I 
./I . , ... : . ,  . 

.., t::' r.: . 

. , ,  .. ,., , + :. 
rrc . ' 1 ' 4  



., $1 !:, , * . . 
, : ' 4 
, ~ , : . , ~  ' 

,, , , j : ' , '  ! 
' . , . . . I  . ,  .. .. , 

. . 

.. : , '. 1; 
5 s t ,  +,,.I 

I ' , I  I , .  

, . , ,., <<,',, , . I , . .  , , 
; , ? .  - 
, , , t  .: 

, . 

. . , 
4 ,  

, 8 ,:,;.>*. 

. . .  , 
, ;i: ' 

1 .  . , , . ,  
. .,>. 

. . ,  
I . . .  0 ,  
' j 8 - 2 '  

,,;. 1 
.:1.,:. 

, I . ,  
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VALUE TO SUBTRACT FROM ATMOSPHERIC PRESSURE, 
, IN MILLIMETERS OF MERCURY 

,;.& ,, r: , . ... . .  
'11,;; ;;:; 

L .  

;;,*;I;: 
I :$+ !#J,q-4 Calibration procedures , , ' .  
i ;.?, 

.'f: . ,. 
t;, ,,~.$' 

; . , b. Four p;ocedures are desciibed below for calibrating a DO system: (1) air-calibration chamber in water, 
,# t:, : ~ t ? '  ' 

, , .,. .,( (2) calibration with air-saturated water,(3) air-calibration chamber in air, and (4) iodometric (Winkler) 
I : +,.,, . t  .I:& titration. 

!' :; , ..i 
! ,'. ':. ' . . * l ~  i 

> ,. ,;, ii. ; ... . L, 

, .,;,,if .Il 
When using an analog instrument: 

:, ,C,,,': I F '  
' , ~ '  . , . $ ,  , , .  , ' . 1 : 1 i  

Flgure 6.2-1. Factors used to correct atmospheric 
pressures adjusted to sea level. , 

I 

6 . , . ,  

, , ' *.Kt! ,' 
, I': : i ; ,  , .. I*,: 

b Dd not change scales without either recalibrating or verifying that identical readings are 
, ., , . .-. obtained on both scales. ,,! "t.. I 

,<,,.*%I.:~,;; , \~ , , 

' . I ~ I . B : ,  . t *  ! . < < ,  
. b Place an .analog instrument in its oderating position-- either vertical, tilted, or on its back- 

- i . ,  .!! 
. .  . 
'$'.,.I 

-before calibration. More readjustments may be necessary if the operating position is 
8. 

,. ;.;: : , J, . changed, so do not change the position of the meter until DO measurement is complete. 
: ; ) fir;: 

I ,"..I ,.;, ~.;,..j.:,!1 , , . . 
3 . p + ,  1 . '  

! I : :  
~rbcddure 1--Air-calibration chamber in water , ..I. .;) 

,i :, ' 

If 

! ,'!,'.;:i:'> 

I ,, .;:; 8 

, j i  ,;$;., An air-calibration chamber permits calibration of the DO sensor at the' temperature of the water in which 
, . .  , <  !,: 

4 0 . .  

., :,i. DO concentration is to be measured. This calibration procedure minimizes'errors caused by temperature 
, , . . ,~ ,~ '  differences.Keep the interior of the chamber just moist during the calibration procedure, not filled with 

b " I,!!. 

' I  ' ' , i  ' '9 L-A.-!-J~-~ -.- -.--.-- !.L.-Idd7liML-~, 
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1 ,  . 
,. 2 - T 

water. . I (. . '..;I .;a,., . , ,;;: .. :: . . 
1. Dip the calibration chamber into the surface or ground water to be measured; pour out the excess - YE;:, , .  . i . ;  ,:;:I: 

water (leave a few drops). :', ..v. 
i" c,,.;: . 
i .  , : . 

;3 ,*;. -'!. . ' 

: r  ; 
Insert the DO sensor into the wet chamber (this ensures 100-percent humidity). . , ,. !;.. .,. . 

., . . I . ,  

* .  . ' ~ 2 "  -;.c . \ . . .?,.,+.; . 

If a YSI model 5739 sensor is used, the pressure-compensating diaphragm on the side of the , ", %... , . , .* * ,  . .  , 

sensor must be enclosed within the calibration chamber during calibration. ' , ,  
,) ., .; .; . 

I .  ,:!&'. :- ;. 
4 . .  ' 

,: t:,, ,y.* ; : 
2. Immerse the calibration chamber into the water to be measured. ~ l l o w  10 to 15 minutes for the air -5 :l. .",,(:, ..... 

temperature inside the chamber to equilibrate with the water (see technical note-at end of , :  , '-., . P ... I-: . . .  , - ' 

Procedure 1). . , .' ,- : 
.,..,.,, -,..I : 

, r..;;' 
,,!d;,!.,*.!, ! ' ,  

, 'i! *,:: 
, .  . ,  

For streams, choose an area of the stream that closely approximates mean stream ,.. , , . .  .. 

temperature. In shallow streams, try to place the chamber in an area that represents the .+$ ,... .> .. . 
,; ,,:.., . ! < 

stream but that is shaded from direct sunlight. :q ,...: .. ..; 
G!".  , : 

- ". 

For ground water, use temperature-stabilized purge water. , .. , . ;  .. . . 
,-;."j,.,.. ., 

<,, ... .i'* 
';at <; 

Check that no water can leak into the calibration chamber and that the membrane does not t:,:,** .$ . - 
7 .  .!( 

',<a L .,": 

have droplets of water adhering to it. The water droplets reduce the rate of oxygen diffusion ':?-..'!;.T .,: ,,. > ,  . .,...! 
through a membrane, producing erroneous results. If water has entered the chamber, repeat 4, , $,;., r 

, ,$ ,. , , . ,, 
the procedure from step 1. j I". $..>j ' 

... 
. ,P,  i 

3. Determine the ambient atmospheric pressure with a calibrated pocket altimeter-barometer to the . 
. ..,. . , . .  . 

nearest 1 mm of mercury. I > /I ". .. ,.:. , : !.'. ' , 

j ).i2 ;; ,::> 
8 " ' '<, 

-, ,-y..>. , , 

4. Read the temperature within the chamber to the nearest 0.5"C. ,.:'$.: , 
: '." . . . , ".,>,'> ., 
I: a!., " ;' ,*"* ; "2" ; 

The temperature inside the chamber should approximate the water'temperature, measured 4,.:t' b'','.:. 

<. , ,,,,: I ; , : , .  

with a calibrated thermometer. '. , . . .  . . '.<: 
..,,:.', . . .  .. 
>',.%' . 
/ " .  , ....;:, .:. :.: 

If the two temperatures do not match, allow additional time for equilibration of the chamber i i *:Y. .. l: .,: '. , 
with the water temperature. 4 , ,," . . 

i. :,,: 
1 ,:; .. ., , 
! :y. . , . . If the temperature in the chamber still does not approximate the water temperature, the 
/, f;, ,: ,,;. 

. , thermistor in the DO sensor might be malfunctioning. Measure the water temperature with a {.$,,:, ,:', 
calibrated field thermometer. I ( ,. . % :  . _. l .  _ 

: .. . 
> . . ::, : 
i ,t\,*,, . :, 1. 

c,< ; 

5. Use the tables in section 6.2.4 to determine the DO saturation value at the measured water u ';. , :.,, $i.,,.!, :<.* 
,[{I., . %  

temperature and atmospheric pressure (table 6.2-6). If a salinity correction will be applied during 
, , , . s  : . . . 1 . . ., calibration, consult the instructions in section 6.2.4. I , .. . . .  . ' 1  

6. Select a proper scale: 
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. .. , 
: ,,..",.,. .: ' . 

' .. . 
!,,,,,.I; ' s i p ' i  

. ,  .?.:I.i 
I Analog YSI instruments--0 to 10 or o to 2 d A g / ~ .  ' ! I , ;  

'.,;:.:I,:.,<, ,, 
i. l ..' ;. 1' 

.> ' 
: . ,. !; : . , , t ,. , . .' . . .  
. . 4 ., ( ,  :;. , I  , 

' 0. Digital YSI instruments--0.1 or 0.01 mg/L. . ; , I 

.: * >  , 9  
;,.,,:. 4:1. , .  ' . k;,< .': 
: ';:;,, ' ..,, 

j . .  ! .  ,. , 
7. Adjust the.calibratioi control until the instrument reads a DO satur?t'idn,viiue determined from 

oxygen solubility (table 6.2-6). . . 
, ,  , ;-1.. 
: . , .'.,I ,, 

., *.' 
::, >) 

,'t,"i.' ':" pi;i,l,:q , ' 

The instrument is now calibrated and ready for use. Remove, the, sensor from the calibration 
I,.. , , , chaniber. , ,  , I , . , ,  . 

I ( ..?: , 4,l, .'h , . . - . . .. ',,, , , 

I ( r  
As long as no excess water is in the chamber, the sensor is ready to be placed in the 

A ' 7  

I S  < I <  environment to be measured. 
, *rt 2 # ?  jq 

# , l h  4 

TECHNICAL NOTE: The YSI 5075A calibration chamber is designed ;o allow the membrane 
surface of a DO electrode (model 5739) to be at ambient atmospheric pressure while in the chamber. 
Because the pressure-compensating diaphragm must remain at atmospheric pressure, check the 
calibration chamber vent tube (from chamber through end of handle) to ensure that it is not plugged 

I with debris or filled with water. 
I 

... & ,_ . . ,  . . 1,;. 

4 , 1 ; * ,  . 
. .,... A Procedure 2--~ir-saturated water ' . , 

!,!a'$! a; I, ' ! I 
'. $,.!:. 
', :; -7 

1 I - ,  < 

I 
;..;).: . In this procedure, the DO sensor or instkment system is calibrated againit' water that is saturated With . , 

. . !I,,.' y. oxygen at a known temperature k d  ambient atmospheric pressure. . ) . . * I  

, > : .'"r.. ,; ' .' 3 .. I _ I .  ~lj. , 
.,,;. 4: ~ ;.*, ., .. , 1. The temperature and conductivity of water used for calibration ihbuld be. about the same as the ;.: a>\;>,l '. . . . . .  ., ,.: temperature and conductivity of the water to be measured. . ' ' .  
. ,. ., . , -  

1. \ 

7 i 
+:A 

At the field site--obtain about 1 L of water from the water body to be measured. 
' 4 1  
n d l  

1 I 

1 1  3 

I .a , In the laboratory--obtain about 1 L of deionized or tap water. 
.. . 
, ',:;,.'i. 
: 8% t.1, 
. L  2. Place the DO sensor and calibration water .in a large beaker or open-mouth container. 

; *-,, , * ,  
, .. , y: xi.' '1 i i ' 
: , ,ti; 

L t , -;la; 

>.-,I I I 
Allow the sensor to come to thermal equilibrium with the water temperature. 

. . 
, . , r "  _. . :.. , 

. a .  I 

I : ' : $ , " . .  

. :u .+.. :% 4, Shield the beaker or container from directsuplighf and wind to minimize temperature 
variations. . 

, I '  

* ;I!, . ,Il,,!*>.' 
. *,.; " .' 1 . ' , ,  

. .  . . . .  . . , 

, ! .  
..I., ' "I. !r;. 

, , 

3.  Aerate the water for 5 to 10 minutes. Using a battery-operated aquarium pump or minnow-bucket 
, ,. . . , /  f C  

O,. J: ;' ,; 
aerator and a short piece of tubing, attach a gas diffusion stone to the end of the tubing and place it 

-;;: $..!I , at the bottom of the beaker of calibration water. ! I 

. . . .  . .  ., .;, , . ,t 

4 ,  . 
" ; ' .  

f .. . . 4. Determine if the water is 100 percent saturated with oxygen. 
i ::: , - '  . .. .'.iI.j , 
., $ .  , . ,4.'.:1' 

* . " ,",' , 
- ;', , !.$P. . , i Switch tfie DO instrument ,to the 0- to 10-mg/L scale on an,arialog instrument or to the 0.1- 

I ( . j  

: I 
. , 

, .  1 , , . / .  .. mgL scale on a digital instrument. 
,, .i:% , .. 

, ?I:. 
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. ,  . . .. .,. 
. . 

. V + . ! k  

Adjust the instrument reading to approximately 8 mg/L with the calibration control.. 
" ,,: ."'!#?. 
,.,,> , *  .. 
, 1 . .  . 
,:" ' ,j::: , ; 

, . . .  
( I.',' I :. 

Observe the instrument while aerating the calibration water. Whenno change in the DO a >  , .. . . :i:~..,;* '2' reading is observed on the instrument for 4 to 5 minutes, assume that the water is saturated. . 
, ::,. ,d,, .-+.+., .j.:?* 
,, ;,.' ',', +<* 

i"J, '  , ,.:, .'" 
I '  .:..,:$ - '  

5. Read the ambient atmospheric pressure from the pocket altimeter-barometer to the nearest 1 mm . . 
% . ,r 

., 5;' .. 
, , , : , I :  " of mercury. :,. ,,.,3:.;' .' 
, E : :  '.* . . .. ::. . ' '",.>? 
: a'. >:. 

6. Check mechanical zero. Adjust if necessary. .j;$ , . .,. . .; *.. $,?. . .. .. , . ..;. . . 0. .. . .-. &;' 

7. Read the tempeiature of the calibration water to the nearest 0.5 "C. .. .' , . .. tu:p;. . , >,. - . ; :? . . .;.. ,,.,.: , , 

!;,i" .;.i, 

Calibration must be completed with the temperature of calibration water at the value .g,y>;, 
measured, to ensure that the actual DO saturation of calibration water is not less than 100 . .~ .,..,... .i : 

".,i ' ::- 
percent (undersaturated) or greater than 100 percent (oversaturated). , L . ., . 2-' .':a z"- : 

i. 
, 5: *; ...;t 
. ,(> .,> '...? 

8. . Using the oxygen solubility table 6.2-6, determine the DO saturation value at the measured .A-:.  <A,, .  , , , ' r.. 
, kJ ,.,.;' 

temperature and atmospheric pressure of the calibration water. (Refer to section6.2.4 and ,,.'#.%, 
sr,;, : *: ; . . .  . . 6.2-7 for salinity corrections.) .,; . , .... 
,-, . 

9. Select a proper scale: 

Analog YSI instruments--0 to 10 or 0 to 20 mg/L. 

Digital YSI instruments--0.1 or 0.01 mg/L. 
' 

c. ) .  . . , 
. , ... . 

10. Turn off the aerator and adjust the calibration control until the instrument reads a saturation value . .. ._ , 
,I;$ . , .i .. 

of DO as determined above. The instrument is now calibrated and ready for use. > . . >  %.... ;: , 

Procedure 3--Air-calibration chamber in air 
< ."" ' 

I I '  

/ ,,,,*; ':..' This procedure is similar to the'procedure for air-calibration chamber in water, except that the z .A!.,.,, /., .! ?i . 
.- ::, ' , ,. , calibration chamber is in air rather than in water. ) , r , . -  , .1 .,.. " 

< .:.:. 

b The air-calibration-chamber-in-air procedure requires sensors in which the temperature- 
sensing thermometer is adjacent to the membrane. 

. . .  , 
b The DO instrument used must be able to automatically compensate for temperature , l .. . .. . . 

: ,:.. ', 

changes. The YSI analog and digital DO instruments are automatically temperature ; y 
; I:,:.( ,- compensating for changes in the solubility of oxygen in water and in the permeability of , E. ., iQ$, ,n 'L 4, , 

the sensor membrane. 'I:. . a  .'' I ,  :;! 0 .  
, , s. . .:.i: . . _ + '  ,. !.i. . '  ,., . 
i '- 
,, - "I 

1. Wet the inside of the calibration chamber with water--pour out the excess water (leave a few , , 

drops) and insert the sensor into the chamber (this ensures 100-percent humidity). i -- d % :.+ 

. . 
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!. .;,,'*., 
,. - 

I *  ' . . 
, . ,  
,. . . .  . . ,. 
' I I .  ..._ 

I t  . 
I I.. * .  

2. Allow 10 to 15 minutes for the DO sensor and the air inside the calibration chamber to equilibrate. 
; ' \ $ . I :  
:. . .,, ' 

ir l i l  

.i ,411T ‘I 
3. Read the ambient atmospheric pressure (from the pocket altimeter-barometer) to the nearest 1 mm 

, I of mercury. 
&":;, 

121 1: 
! .  ?i,") 1 , . 4. Check mechanical zero. Adjust if necessary. I 

$, ,'I 1 \ 

. *':!:"I 
- +  t +,[ 

5. Measure the temperature in the calibration chamber and observe the readings until the instrument 
, I ,  , stabilizes. Read the temperature to the nearest 0.5"C. 
, 'I; 

a The temperature inside the chamber should approximate the water temperature, measured 
with a calibrated thermometer. 

. . 
8 ,  ,.:,.I;;, 
h;;.:?; ;4:,:\ 
'.I 7 .  ! 
$, . k4. 4;: !I; If the two temperatures do not match, allow additional time for the. chamber and the water 

> ,: ,-: ,,,,.I 
. / < I  1, :$'lb+l . I ;  ,;; ,temperature toequilibrate. i , I 

n .  I.:, . / I 1  

a If the temperature in the chamber still does not approximate the water temperature, the . 
thermistor in the DO sensor might be malhnctioning. Measure the water temperature with a 
calibrated field thermometer. ) 

. 4 , ;: ; '.. , . 
. ,  , ,. :,,: . . 
:.i,j. . *.'> 

6. Use the oxygen-solubility table 6.2-6 to determke the DO saturation at the measured temperature 
,::f,,j$ ; Pi' 
;: :! !i,i >, : , 

and atmospheric pressure. (Refer to section 6.2.4 and table 6:2-7 for salinity corrections.) 
,,j2t..''$:, 

<,., , $,!a :[.!v;$t:f r ,  
8 ,  . 7. Select a proper scale: . , t,..:: ,I.,$< 1,) 

,:.3;(,!; . '{,I: ',, ;; ,";::, ' ' 
, .a, , 
'; . "...' 1, ,: a Analog YSI instruments--0:to 10 or 0 to 20 mg/L. :;.. ..! j r  ; 

c .  ? . :,rj' 
' . ;.y , '..,"r!: 

. . , I  

, , ., 
. , . . , ., . a Digital YSI instruments--0.1 or 0.01 mg/L. 
:.::. .,';.': 

' t  ' 
' , .  3 .  . . I .  : , I  

. r .  ... 8. Adjustthe calibration control until the instrument reads the DO saturatign value determined from ",;:!I." !!.it the oxygen-solubility table. The instrument is now calibrated and ready for use. 
, .:. ,-:; ;,i: ',,? 

, ,.' .. ' ' 
I 3 . ;re. . , . Procedure 4--1odometiic ( ~ k k l e r )  titration 

,., , , . 7 , :  
, c,;,; ::.::: 
'.,r :;:.; 

; I .  The iodometric (Winkler) is excellent for calibrating DO instrument systems in a laboratory . . .  *!. ,.;,itr: , 

, enviroiiment (see~TSLCH_N_ICAL-NOT.EE,). , 
,,!!. '" I 

1 ,,.!::/,; !;,$$! 1 1  

,.ftt *.l;jfi3 , 
, >9; # &!' 
,. . "I+{. , , The USGS currently uses the ,~ls terberg-~zide modification to the Winklir titration for 
.' , . . , ,  ,. ,. , iodometric determination of DO. The accuracy of measurements using this m'ethod should be within 
.. . , . : . j , :  
. , 

+ . , .,:.,., ,, at least k0.05 mg/L. 
/ _1 

I / .  ,' 

, ,.('': : 
::. , Equipment and supplies needed for the iodometric titration are listed in table 6.2-3. The procedure. 

, j .;/: : 
. . &.,.. %.,i,;: - I,:,; , ' ' involves the use of reagent packets that are available in premeasured pillow packets from QWSU and 

f '.. . i l  
1. I I, . . from commercial suppliers, or they can be.prepared as described in Skougstad and others (1979) and 

. . .. . e;,i: , 

, American Public Health Association and others (1992). Clean all equipment before use. 
,. , ~;.:1;'$$4r,' , 
!, ;$I:. ,, I!?!!;, 
-: .:, :dq? .,, 
:, ,*, .,,. . 8 $. :{$?>, . ' 
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Chapter 6.2.1 

Table 6.2-3. Equipment and supplies used for the iodometrlc dissolved- 7 
oxygen delerminal]on 
ImL, milliliter; N, normal; ~ Y c r n ,  microsiemens per centimeter at 25 degrees Celsius] 

/ Beaker, 2,000 m l  glass or Teflo!iTM I 

/ Bottlas for biological oxygen demand [BOD) analysis, glass stoppered, 300 m L  I %I 
J Stirrer, magnetic 

( Stirring bare, TeflonThq coated 

/ Cylinder, gracluuted, 250 mL 

/ Flask, Erlenmeyer, 250 mL 

/ Buret, 25mL capacity with 0.05-mL greduationa and TeflonTM stopcock 

J Buret, support atand 

4 Buret, clamp, double 

(Alkaline iodide-azide reagent 

/ Manganoue sulfate reagent 

/ Sulfamic acid granules 

/ Phenylarsine oxide (PAO), 0.025 N titrant 

/'Starch indicator solution 

/ Clippera, for opening reagent pillows 

J Appropriute safety glwe.s, gleaaea, and apron 
1 

( Waste clieposal container 

d White background sheet 

( Oeionizecl water (maximum conductivity of 1 ~~Slcrn)  

/ Bottle, sclueeze dispenser, for cleionizecl water 1 1 

"i,:c' : 
v . ? . : -  
'. * .:,,.-, 

..,I '.,> , v i . t . : .  ' 
,:;; >!.. 

. . I . .  ' , L . < l *  

,$.I: .: ..'. . .?*:, , ..&5. ,: 
I ..I. .. ; .,J, > a>.,%' 

, I,!)< {;,:* 
: .,.c;t v r  .z.. ,. ,. ,> .. 

>..;;,. V':: 
?); .':^ , ... 

.:-:-. ,.* . q! .' 
, ,:*. . . <-hi: . 
.<l. I , .,;4;, y; : 

. . L .  . , 
; i , . . ,  .,+ 
.:,.< (i: ! >. 

" '  
' > ' I .  . 'i 

1 i ,* ,. .. I . . .  
!:i. ;;:,::,. .a- 

:.:(:: . , .$, 
,:lY,. . 4 ,". . ' .  
t , ,;:;.*, : . .... :. ..,,.. , ,*, < ,'.:,,?,,,, ,., :i.. , J.,. !,..g4 ..ST 

c ,  , $ . . L . > .  , !: 
,. '"?. 

> ; '.f : , I  ' 
%.,. .. 
, i;y >$ , ,:: .. 

. . .. L, ,t . . '  
, ,. , ' A ,  

L('- .IF*,* 

'.:<;.5: 
..:'.:: . .I 

&f; .; ,: .! ' 
.\.!'., 

,$" ,' '" . !I 
..,, ,. . "> . <,,. !, . 
i,s ,. . 
- ,.,. < 
,.*' , ' 
:: 'i \ 

!;*,.*.'" , S.> 

:, I .e 
, ;<$:p,p ;: 
:;.6:>,;, ,. 
,;',i.C".$,.{; $&i~:;, *: ,;y, .". 
,.!$;-' ;. . . 
, ).,'. < 1 

!!.f.. !;, 
J ?  .... - 

I I . , l ' . . < t l  . ,, 1 / Thermometer, calibrated (see NFM 6.1 for selection ancl calibration criteria) . .i,12: ,. +:.; 
..I' . 

( Pocket al tirneter-barometer. calibrated, l l iommen model 2000M or equivalent 

l-*...&L2----.-&"- 1. 1 "  
' 

.A,--%--_--_ 

.. .-.$. ",- , J' 
. . .,. . . .  

TECHNICAL NOTE: The iodometric procedure ,might be appropriate under some circumstances for making ,,,::.t* '5,' . .%...I ,. ,,,.: '. . ',,. , . ' 
field measurements of DO. It is not recommended for routine determination of DO in surface and ground +it<; . , .  .:, 
water because (1) the accuracy achievable can be variable and is dependent on the experience and technique of , .r*  '. r,:$ x ., :,I:~:,' B 

the data collector, and (2) field conditions can make preventing exposure of the sample to atmospheric oxygen jfi1; i,' ,; 

;[.7 ::. i 
difficult. ,x';*, 

"I' >$ ;. 
..,.*Y, , 

L..+: , ' . . . .:. 

When calibrating instruments in the laboratory using the Winkler procedure, the DO 
instrument is calibrated against deionized water (or the pure saline solution equivalent to 
that of the ambient water to be measured) in which the DO concentration has been 
determined iodometrically. 

If a saline solution is used to approximate the environmental water, do not apply a 
salinity correction factor. 

Measure DO on at least two subsamples, for quality control. Results of two iodometric titrations 
should agree within 1 mg/L. If they do not agree, repeat the titration on a third subsample. 

1 .  Fill a 2,000-mL beaker with deionized water that is near DO saturation. The water temperature :.: ' 1 
: i'' . 

should be close to the ambient laboratory temperature. 
; ti3{.:, .< 
, . ! ; ! :5, : , .  : 2. Prepare the DO instrument system for operation per the manufacturer's instructions. . , ::: ..... . ".. >.. 



. , .  
I . .  
% *;;>. , : 1 , ,. t 3. Place the DO sensor in a beaker of distilled water. With a magnetic stirrer, maintain a velocity of 
,:. :,; J;;, . .  , 
;!, '.;.,', ,I at least 1 Ws past the DO sensor. 
! ; :  I : , k?'. ,'.' ' 
*,, ' 
:, ', L1.l " 

- , ;1;!, 4. Monitor the DO concentraiions .of:the deionizkd water with the DO instrument system. After ihe . . 
, ., . '  
,%,.  , c !  

DO instrument reading has stabilized, fill two BOD bottles with deionized water from the beaker. 
.'-, '.. .> s *  . ?f 4 . .. . , .(., I 

,. . , 5. Determine the DO concentration of the water in each BOD bottle, as follows: 
*,.. 'i. ,.< 
(. : ;;,$ .! .. ., . ; .!i ..,,;../ 
: i!*. , . 7 ,  
I . .$I '  I a. Add one each of the following dry reagent pillow packets: , , 
h:$< ,, ? <,cg:4 , )  1 , 
;,, , ll'':t-: t, : 

i,'< , 

..,(, I . r , < .  i( , a alkaline iodide-azide (white powder). , , 

.. . , . . 
" I ; < .  * .  *.$ 
2 . .  . ,. . 
: !  , . . '  . . 
:, " !,. ." i 

':, , >  

\ a manganous sulfate (pinkish-color+ powder). 
3 ! Y. 

, 3.. ,.J , . . , . ._ /  
, '. .>. 

: ,;,;,*. ,,." .' . : b. Recap the bottle. Do not allow air bubbles to be trapped in the bottle. ! 

' ' 
, , ,,.,. .1h 

!;>;,f;> t ' . .  
, $,:: j!,i:, 

- , C I S . . . .  '. . :,*.': 
c. Invert the bottle25 times or I more to completely dissolve the $agents. 

. .,, I I . .. . . . , ,  . ,. 
. . 

, . . . ,, , . a A brown flocculent indicates the presence of DO. 
L. " . ..;; ., 

i ill 
,. ,,, .-:'!, 

I ' I ..,./ 

;,;:,j:,:,P: a Allow the brown flocculent to settle halfway down the bottle (approximately 5 
, , *;;I: ; . #,,.P>.Aq , I ~ minutes). y , .I, 4;vd 
,, ,:: ,. ,%:?+ 

1 

. ' '. - .;! 
1 , .  I i , ;  

. , > . , ', 
:> ? $;,;,;LV, 
~, .-y:, .. i 
. ;...... a Invert the bottle 25 tiines again; let the flocculent settle again. 
' P , i! 

a l ' ,  
..,,,. 

.. !. , '! , ' 
. ,  :,, 

8 . I> ".' . . ,  d. Invert the bottle another 25 times; add one reagent pillow of sulfarnic acid (grayish 
ir ,:I , , 

., ,,, . .., . : granules, the longest of the three pillows). 
: ., fLlr; 
,:,:, ,~'pj$: 
# ' ~ , , , , I  ' r:,; ,8!i ,/:.$, ' 
;,, .: 13$,,9,;;v;; , , 

e. Recap the bottle withbut introducing air or, air bubbles. Invert the bottle 25 times, until all of 
i ' the flocculent and granules 'are dissolved. , , , , . ti,;!,; : I . . , / ( .  , '  ' . ' " 

f. Fill a clean 25-rnL buret with 0.025 N phenylarsine oxide (PAO) titrant. Remove any air 
bubbles beneath the stopcock and zero the meniscus. 

1 ' *  
1 ,  , , I'4 g. Use a clean graduated cylinder to measure 200 mL of the sample and pour the sample into a 

f r! 41 
9;' u 

clean, wide-mouth Erlenmeyer flask. 
I $,, *#., , 

. ,. 4 

.:[, k,, ,;'. h. Place the flask onamagnefic stirrer. Add a clean TeflonTM stirring bar and stir the sample at 
, , , ,:;.. 
;, ,, :. i'; 8, 

,,. , 
a moderate rate without aerating the sample. 

.::.I,,; :: \ 

, . ; . ; ,;..: ;. 
'.) .!' . + 

,,.. ,,.I:,:" i. Add increments of P A 0  tieant until the color turns pale straw-yellow. 
*,,::, ti,:,!:b. ' 

5 ,. ,, ' b  . . 
' , I l l .  

: ,". 'j,'., , , .,' #, :. : 
: :.,.. ,L;. &I 

' j. ~ d d  1 to 2 m~ of \ starch solution (this cauits the'sample t'o t i c  blue). 
. . 

k. Very slowly add more PA0  titrant until the sample just turnS blear (a white background 
behind the bottle will help you see the color change). 

I ! ,  %if 

51.;!b:, 
{"a- 

; " + ¶  

1. Record the volume of P A 0  titrant used, in milliliters. 
1; $3 ; 
i;' I , 

I 
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.<.',, ; ,,, . ": 
L ,.'../ - , l  

F O ~  a 200-mL sample, the volume of titrant added is directly proportional to the . : . I . (  ,. ,, 
. . I .  

. A : ;  " "  
amount of DO in milligrams per liter. , . , ~  ,. ,,r:;. '. 

- :!;(<:>.': 
<'P. 1 ,.A':, 
;Is,. ,'?,:. :$. 

To calculate DO for ,a.sample volume greater or less than 200 mL, .,,'. &, i 2 ' I  4L .., ..\,, : 
,;,* ,,;, , :I .,.... I ,) 

DO ( m g / ~ )  = [ sample *0° volume )xt i trantodded(inml)  
. ,. , . ." ";" 

m. Record the DO value. Rinse the equipment with deionized water. . p-,.=:';, :' c... rc,. 
, ,$;".:'..{", 

p. Quality control--Repeat steps 1 through 5 on a second subsample. Both titration values ( :.:.r, 
;<:.:;;;j, 

should agree within 0.1' mg/L. If they do not, repeat titration on a third bottle. \i'::~.~.,&* 
;.jy. ,,\$ 

6 .>.. . . ,;,.., ;.+ 
,., ; ';! 

o. Recheck the field instrument for proper functioning per the manufacturer's instructions: ' . . ,:.; A . !,, . ..., ( .  . ,~ <. 

adjust the calibration control until the DO instrument system reads the DO concentration " -. ( ,  . t; . . 
.ct:.;, ; . jr 

determined. , I,,.j ,, ., 7 . ,... .. 2, 
,r>:. .,, . ..' 
' A, , ..; ;i ;.>? L 
, . ... . '. :. . 

t .'.. 

6.2.1.C MEASUREMENT 

The solubility of oxygen in water depends on the partial pressure of oxygen in air, the temperature of the 
water, and the dissolved-solids content of the water. 

'b The higher the atmospheric pressure and the lower the temperature and conductivity, the 
.- more oxygen can be dissolved in the water. 

b Degassing, mineral precipitation, and other chemical, physical, and biological reactions 
can cause the DO concentration of a water sample to change significantly within minutes 
after sample collection. 

b The solubility of oxygen in water decreases as salinity increases. Correction factors for 
salinity normally are applied after measuring DO. Information about oxygen solubility 
and salinity and a salinity correction factors table are in 6.2.4. 

. , ..I 
> ,  

, . 
8 .  

surface water <; :. .. , ' 
-. ,,;fl:& : ".j' 

,!ti ;y ,,,, b!.,? : $p' . i  
' .I$ , *: , 

'. ... 
Standard DO determination for surface water represents the cross-sectional median or mean ! ,7:i;!:!;:!, 

I .-:t '.', concentration of dissolved oxygen at the time of observation. .. , ,  

I '  . . , .' 3 : .  , ;) .. , , 
. . t i  ' 

b Measuring DO concentration at one distinct spot in a cross section is valid only for 3 .  - ,  , , . .  . . . . , .  . ',;., . 
flowing water with a cross-sectional DO variation of less than 0.5 mg/L. I . . -:,: ., . .*% ;. . 

;. ?r.t .,a . 
Determining DO in a single vertical at the centroid of flow at the midpoint of the vertical ; ie?*:q..,, ;?!,?,.,*:i I : 
is only representative of the cross section under ideal mixing conditions. i, , .& .r: :. .,; .. ' 

(c, ;:. ,;.: 
v . ,  

b Do not measure DO in or directly below sections with turbulent flow, in still water, or 2, 1 k, t +. ,3: ,;.! . 

from the bank, unless these conditions represent most of the reach or are required by the . (  i ': ,, ..'.:. %,&., 

study objectives. 1 ,,,. ;: ' ,  " ,:' 
','.,; .... . 

Apply salinity correction, if needed, after measurement. , .  .. .I.:,;,! : 
> ,< , &. :;,' 
J .  ,:!,.,., ,! / s;:;.; - 
\ ,::?.., 

; ,*.rr' , : 
, ' , , . I . .  ;. :<,? .(: 

' . ;::.: . j . . . . 2 (  

. ;  . 
,.:,,: ,,.,. ' ,, 

http://water.usgs.gov/owq/FieldManual/Chapter6/6.2.l .html. 6/24/04 :, . ",.. ., . .  .. , . . 
- - ~~ : -1:' , 
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; , ,, i? i 
.:.2 ~ o l l o w  th; 7 steps below to measure DO in surface water: I 

. a +  I 
I .' i , > 

I 1. Calibrate the DO instrument system at the field site and check that the temperature thermistor has 
" 1  ' 
I. .y ( been District-certified within the past 4 months (within 12 months if a liquid-in-glass thermometer 

Y is used). I , 
4 + 
I ( I  

' s.,, 
+ .I  , 2. Record the DO variation from thercross-sectional profile and select the sampling method (NFM , 7 .  

, , [ J ,  1 6.0): ( ---- 
I - I / *  V f l  

i I 

* t 
* ,  
- 1 ,  

Flowing, shallow stream--Wade to the location(s) where DO is to be measured. 
.. . .. ) 

, , ... .,. 8 ,, 
. . i . - i  , 

'%#. +;..ji , stream too deep or swift to wade--Lower a weighted DO sensor with calibrated 
.~:":,.' 

, d . , ji ,' ,rf v, ,;:., ; ,,:;:, >?$- 

temperature sensor from a bridge, cableway, o r  boat. (Do not attach'the weight to the 
sensors or sensor cables;) .,...- 2 ,  '1 ' . . .V '  . . . . .  : . , I i ,  

, - .p 

- *  :). a Still-water conditions--Measure DO at multiple depths at several points in the cross 
# .  

, e 4 ,b. section. I 

% x , +, 
- 2.,, 
u Ell 3. Immerse the DO and temperature sensors directly into the water body and allow the sensors to 

equilibrate to the water temperature (no less than 60 seconds). 
'I , 

-. . 
,,;;, +, L, ;i' b t  , , 
, . J ,, ,4\i.y 

16, $; 
<,TI , .., 

: 
a If the water velocity at the point of measurement is less thaniabout 1 ft/s, use a stirring 

. .  . , .I..,.: 

-: .',.'. ,,y ; 
, ?. 

device or stir by hand to increase thevelocity (to hand stir, raise and lower the sensor at a 
-'rate of about 1 ftls, but do not break the surface of the water). 2. * 

.? ,: .,,;<,I ' . . . 
, , ,,,> 'm,..: ". ;< *, , . '  

:- * l l : l  , , 
, .~d;*pd!;;! , , . , 

, i i i . L '  . . .,:G . Very high velocities can cause erroneous DO measureme?tsi 
, . .. ' ,  . 

t :' ' , : ' < 1  

t . . - . $,f 
1 ., .I 

4. Record the temperature without removing the sensors from the wafer. Turn the operation switch to 
i. if. the range that was'used during instrument calibration. , .., 

*; .; ; I :I.; 1, 
, , $::,.?' . , 

4 ,;,$,,. 4,t~l . I 
' I  i 1 . , ,< , I  

,; . . . I). , 
5. After the instrumentreading has itabilized (alloh 1 to 2 minutes ixid t0.3 mg/L), record the 

" 7 i,;.; 
. .  , .$,. ,I ;, median DO concentration (see NFM 6.0). 
,:I .',J*),. 
; ' ' . $4  , -$A !. IJ 

' , ~ , * , * . , v ! . . ~ :  : 
.: i.;;;:;, , 6. , For EWI or ED1 measurements, proceed to the next station in the cross section and repeat steps 3 

I " " , : ,  f '  i 
8 ,  . 

: *  , , .? " ,  , , . .,*. :. through.5. When measurements for the stream have been cdmpl'ete;h, remove the sensor from the 
) .  '"1; 

; , : . t .  
, , ,-<! 1 

water,.rinse it with deionized water, and store it according to the manufacturer's instructions. 
' , a  , . ;. *. ,':,:. 

. , 
;, ,$,v '.& 7. . Record DO concentrations on the field forms: . . 

, f.< 4;*;,,; 
,::.,,,,id,,':: I ' , . !::? 

7 ,> ... 
. :$;: In still water--median df three or more sequential values. j '  L';,.. L;, 

, . .  
* &, 

1 I 

h. ; . EDI--mean value of all subsections measured (use the median if measuring one vertical at 
( i " 1 the centroid of flow). I . !,E" I I 
,I ' ( I ; !  , 

3 .. 
c ::. . .. , . , *, EWI--mean (or median) of all subsections measured. . ,., ( .  

3 , .,; ' . . 
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.'&' ,; , 

Ground water 
!. ', 

I ., . (  ' ,, . 
To determine the conceritritt'ion of DO in an aquifer, the water being measured must not contact air. 

. , .; . ' ... 
* & ? .  :, 

Study objectives and site characteristics will dictate the specific procedures selected. If the DO .,. h ,:.. .iii.? ,..q 
6 k, :: 

concentration is less than 1 mg/L, refer to the spectrophotometric method (section 6.2.2). :..hi , +:; :I< .: '. ; .. ,r ., . 
.,,:>., . 
y,-,:<', 

b Throughout measurement, use equipment that avoids aeration, and operate equipment to -2:pol. :; ;:: :, ,:< , 

mitigate losses or gains of dissolved gases (consult NFM 6.0 for proper downhole and 
a - d .  

8 ,  ,- 
, ,.$j;!:I '?' 

, 2 )'.'.: flowthrough-chamber sampling procedures). , . , ! .< , ;  +. 

Use a positive-displacement submersible pump and high-density plastic sample tubing 
that is relatively gas impermeable, if possible. 

b Use optically clear materials for the tubing and chamber (to check that entrained bubbles 
are not present). Air bubbles that adhere to the sides of the tubing and flowthrough 
chamber wil1,add significant error to low-level DO measurements (A.F. White, U.S. 
Geological Survey, written commun., 1993). 

Follow tlze 7 steps below to measure DO in ground water: 
, ..c : 

,, .:- - 
' . , T  . . 

,~,':.*s 

,. ., 1. Calibrate the DOsystem on site. Check that the thermistor thermometer has been District certified ;?$;;,:a,:: 

within the past 4 months. , - . .rS+, ;$;, ;:, ., + ; 
.:a,<. .. ; ,r , 

. t '  . * . '  
,,'f c 

2. Install the DO equipment (see section 6.0.3, "Ground Water"): I .-:I< :b. :. 
! (. . . "  

Downhole system--Lower the DO and temperature sensors to the sampling point, followed 
by the pump, to monitor DO variation during purging. If a downhole system will be used 
only for final DO determination after the samples are collected and the pump is removed, 
attach a stirrer to the DO instrument before lowering it to the sampling point. 

I 

Flowthrough-chamber system--Refer to section 6.0.3 for installation guidelines. Be sure 
to: 

a. Install the DO sensor through an air-tight grommet, checking that the seal is intact. 
Check that the sensors are properly immersed. 

&: .: 
b. Flush air bubbles from the tubing walls and flowthrough chamber--Tap the tubing . 1 !;,j;. , ,, 

with the blunt end of a tool to dislodge entrained air bubbles (see tech.nica1 note). .: . 
! 2 - ' . .  .. :>:" ' , 
V - ... .. 

c. Check for and eliminate backpressure in the chamber. 

3. Keep flow passing the DO sensor laminar aid constant. 
. ' . .  . 

4. Measure and record DO at regular intervals throughout purging. Allow the, sensors to equilibrate i.,;: . . I : %  , ,$i',!,:"* 
: ' %  .:. . with ground water for 5 minutes or more at the flow rate to be used for sampling. 
,, !: ':\ : 4 3  . 

, 1 . : ; : : ;  , 
> !r..: > - .  . , , . ,  -.. 
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. .,;1 1: . . . ,. 8 

a :.; "., 
, : 3:; .. ,;? 

1 . . : .' 4 , i f ,  :,, , , 

.,: 1' ' .; 3 
: , I . : .  , 5 .  Check the stability (variability) O ~ D O  towaidthe' Andof purging., 8 , ' 

, :>i 
. . . ...a .1 

. . '.i. 
1' ,:. .r.': , ,  
, . 
, .".i'.. , , 

. ) I  . The stability criterion is met when five consecutive readings made at regularly spaced 

. ,, C' ,$,?." : 5r ,",;. ,,I: intervals of 3 to 5 minutes or more are within 0.3 mg/L. (For:each reading, monitor 
,; ;,,*,,, ! 
1. , ' , , ,  

, . .  
fluctuations for 30 to 60 seconds and recordthemedian value,if necessary:)' 

6 .  
* .b 

, ,  #I  If the h0.3 mg/L criterion is not met, lengthen the purge period in accordance with study 
s $ "b",%, 

:Ig; 1, objectives and continue to record measurements at regularly spaced time intervals. 
, , . , ' v ' .< .  
. i:* ,< 

5 .  

.. p.:. 
, . ., .I . , 

1, . .'. * . 
6. Report sample DO as the median of the final five DO readings recorded.. ~ e c o r d  any difficulty 

, : . . ,I. .; with stabilization on field forms. , , 
,.. ..:,,.{;::'.;;,.. , . 

, , t: ...!l!~.( . . 
. _  t ,  . .  . 
, .. ' 6  7. demove the sensor from water and rinse it with deionized water. I 

' 1 .,:# 
t 

. ,  ., lT;; 1 .  

:,: ::;;, TECHNICAL NOTE: Anomalously high DO measiuemelits commonly are caused by aeration of 
,',.,, q,, pi.,,' I 

'i;,;,i,tif:/; 
, ground water during pumping. This can result from air leakage through loose fittings on production- 

?,I. L 1 '  

' , '"3 ' .. . 7:. . I. well pumps (for example, turbine pumps) and also if drawdown in the aquifer introduces air into the 
. - 

A< cone of depre'ssion or through well-screen perforations. To avoid these problems, review information 
. , ,,,; ],"!,' 
:;; . ;,:;",:j,(, about the pump, well-construction and drawdown data, and previous data records (A.F. White, U.S. 
,">!),,!$y;:j,, > ,  Geological Survey, written comnlun., 1993). 

. . 4 1 .  

I.., .~ - 
.I.;" .;., ,i ,; ,$;?:: 

,,; ., '.?,, 
, 6.2.1.D TROUBLESHOOTING (AMPEROMETRIC METHOD) 
, , , , . - a 

', $, k ,: 1: :;I * 4 ,  
, '1 I. 

, / >*~:',;,!:;' 
* I  . 
. * L . " , .  ,: I . . 
: 

The troubleshooting suggestions given in table 6.2-4 are not exhaustive; cbnsult the instrument 
. ; manufacturer for additional guidance. Faulty batteries can cause erratic readings. 
:,;<, ,;; 

, , , ,,,.I,,. 
i, \ { ' 

I Q ; ~ I  : t. 

: J ' Check the voltage of the batteries.1 
, , . , ,  

' . I 

, : ,.I.: Start with good batteries in the instrument and cany spares. 
,. ,;,;'\;'(,, ..; ,, ., + i$. , 
% ..., i 3 .  1, ,, ' , .  ; 

,(.t j ::,o:t: , 
,7'' ;,*'! , 
"; r:) '$: 8 



Chapter 6.2.1 

, , ::: "' . 
Table 6.24. Troiibieshootlng gc~tde for amperometric determination of 
dlssolwd-oxygen coricentratlon 

'" l I I Symptom ' 1 Posslbk car- and correctbe actlon I I I Inslrurnenl does not edjusl to  red line 1 Woak belteries-replam. I 
I I Faulty meter compensation thermistor (onelog I 

inslrumanls only)--rapair. 

Inslrument drifts or.takes amss ive  Thermal eq uilibrium o f  00 sensor with water has no1 
ti me to sta bi li ze been reached--weit longer. 

DO sensor needs mointenenca-mcond~t~on. 

Errs 11c ~ r~s t rumer~ l  reedings Breek ~n cable-replace cable. 

Faulty mnnectlon e l  instrumen! or sensor-clean 
conled end tighten connoclion. 

I I Hole in rnernb~nt+replace membrane. hmndit ion. I 
I A i r  bubble i n  sensor-rocondilion sensor. I 

1 ( Waak ballorios--replace wi lh  new banuries. I 

I * Gold cathode tarnished-huff with pencil 0foS~re3nd 
recondition senwr. 

I * Foulud membrane-recondition sonror and repleco 
mom brana. I I 
Solution conlains oxygen-add odditionel sodium 
sulf11a. 

Instrumenl stil l does not read zero--recondition senso 

Faully o w e n  or polarizing thermislors\enelog 
instrumenls only$-replom or ropair. 

-'-! *;.. ... 
L" 
i : 
k,'; 
i '  

Instrumenl cannot be calibrared to 
read standards 

Inurument wil l  not road zero in 
sodium sulfite solulion. 

U neble ro adjust upward4heck II mow than one 
mem brans 1s on !he sensor. 

Unable toadjust downward Imambrano tsprobebly 
too tight or lm lhint--raplece mamhmne. 

Faulty polarizing voltege thermistor lenelag 
instrumenls onI+repeir. 

Faulty meter cornpensatton lhermistor (analog 
instrumenls onl+repe~r. 

Faulty w e n  then is lo r  lanelog inslrurnenls only+- 
repair. 
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:i: i>;!jl',,! 

, . ., . 1 , .- .,j . . , ' ,  TABLE 6.2-6 1 , . 
. ,  -I.. 

, .** . .* 7, , ,3 : .8  
,\ ., : . , I .  ,?, 

?,:,!, .3i$:, 5r 

ic[:3j:j; 1 I,. 

> . , A .  ,:.,..!G*,! . TO print this table click here for a pdf fi1e'~able 6.2-6 I . , I I 

2,. 111: 
<. , 

I I L  , -. ,  able 6.2-6. Solubility bf oxygen in water at various temperatures and pressures ,,.; ' ,  , 

'r kt:, , 
'.>;;, .%,,",, 1 [From R.F. Weiss (1970). Temp *C, temperature in degrees Celsius; atmospheric p~'ssuks from 695 to 600 millimeters 

I 8 ,  !ti.;q mercury begin after 40qC] , I .  
1 ,  

. , . _ .  
' . ,'r ::.' --...--.-.l---..--lllllll- - 1 1 1  --..-.--- ~ ~ I - * . C - . L I - I * r . * w I I I I ~ , - . " , I t L .  -..- I*..,LI*rr-.r-.rc*"r ,.I.- .^A -.-.. 
. '  1 .-.."! : .,., . T Q ~ P  Atnospharic prusqura, i n  m i l  timatars d i  rr,crciu-y 

" I \  ' 

I .'',',!i,t 
1. :. 2: , ,  "C 795 790 ,785 780 ??5 ,770 ?65 760 755 750 545 740 735 7 3 0  725 721: 715 i 1 0  70.5 

1,- ,.:':;,j, , , 
---rr--*---.r-.---u.------rI-r-.----..------u-rr--uu-ru--r*.ur---ru--CI-- 

I; ii.,'" 0 . 0 .  15.3 15.2 1 5 . 1  1 5 . 0  14.9, . 1 ~ . 0  14.7 1 ? . 6  14 .5  14.4 14.3 l d . 2  14.1 1 4 . 0  13.9 1 3 . 8  13.7 13 .6  1 1 . 5  1  
.<~,;>$$.j 0 . 5  1 5 . 1  15.0 14.9 1 4 . 8  1.4.7 14.6 14.5 1 4 . 4  14.3 18 .2  1 4 . 1  l J .C  13.9 13!8 1 3 . 7  1 3 . 6 ' 1 3 . 5  13.4 13.3 1 

;{.'!t.,. ., :< . ,  " 
>; .\,",.i 1 . 0 '  1 4 . 8  , ~ d . 7  14 .7  1 4 . 6  1 4 . 5  i 4 . 4  15.3 13.2 14 .1  1 d . e  13.9 1 3 , ~  11 .5 '  i1.6 11 .5  1 3 . 4  11.3 13.2 13.2 1  

; c t '  1 . 5  1 4 . 6  14.5 1 4 . 5  14.4 14 .2  Ld.2 14.1 14.0 13.9 I$.& 1 3 . 5  13 .6  1 3 . 5  13.4 1 3 . 3  11.2 U . 2  11.1 1 3 . 6  1 ;. .>,',! - s 2 . 0  i d . 4  14.3 14.3 l d . 2  l d . L  I d . &  U.9 '13.6 13.5 .13.6 i 3 . 5  '0.4 13 .3  13:4 1 2 . 2  13.L 13.C. 12.9 l I . R  ! 
, , . , ..:;,: 
.. ,', ' I ,  

8 ~,,.~i,,;.~:~, . . 2. 5 14.2 Fd.2 16 . l  i d .  0 13.8 1 3 . 8  13.7 1 3 . 6 ,  13. 5 13.4 13.3 U . 3  13.2 11 .1  13 .0  12. 8 '  12 .8  1 2 . 7  12. 6  1 .,< . I .  

:., 3, ,','\fi/; ; 3:0 1 d . l  14.0 13.9 13. 8  1 3 . 7  13. 6  13.5 13.4 13 .1  1 . 3 . 3 1 3 , . 2  13 . i  13.0 12. 9 1 2 . 8  12. 7 12.6 L2.5 12. 5  1  . (.& .. 
' . #,. q').; 3. 5 . ,1J.9 1 3 . 0  1 3 . 7  13. 6  1 3 . 5  13. J 13.3 13.3 13.2 ll3.i  11.D 12.8 1 2 . 8  121 7  1 2 . 6  1 2 . 6  12 .5  12.5 12.3 I 
I' < ; - :  4.0 1 3 . ?  13.6 1 3 . 5  13 .8  V3.3 t.J.3 U . 2  13 .1  ,I3.O 1 2 . 9  i 2 . o  12.7 12 .61  1 2 . 6  1 2 . 5  1 2 . 6  12.1 12.2 1 2 . 1 ' 1  

, , ; ';I:: d . 5  1 3 . 5  13.4 13.3 13.3 1 3 . 2  1 3 . 1  L3.0 12.8 12.8 1 2 . 7  12.7 l 2 . G  1 2 . 5  12.4 1 2 . 3  1 2 . 2  12 .1  12 .1  12.P 1 
t :, 

a ,  , .( ;, . !!: . , 
j. ;%:-: 5 . 0  L3.2 13.3 13.2 1 3 . 1  13 .0  12.9 12.8 '12.7 12.7 12.6 1 2 . 5  U . 4  12.5 12.2 1 2 . 2  1 2 . 1  12.0- 11.4 1 l . e  1  

r ., ;,; $! ; i??~',;,, ik,8'ij 5 . 5 ,  11.2 l 3 . 1  13 .0  12.9 1 2 . 8  L2.T 19.7 13 .6  12.5 i2 .4  12.3 12.2 12.2 12 .1  1 2 . 0  11 .9  - 1 1 . 8  11.7 11 .7  1  
;p #. 

. + " , i L ' .  '. 6 . 0  12.0 12.9 1 2 . 8  12.8 1 2 . 7  12 .6  12.5 .12.d 12.3 . i 2 . 3  12.2 $ 2 . ~  12 .0   ti:^ L L . E  1 r . e  1.1.7 i l . 6  L L . , ~  i 
1: , ,, t' ? , ' 6 . 5  1 2 . 8  '12.13 12 .7  12 .6  1 2 . 5  L2.d 12.3 12.3 12.2 1 2 . 1  1 2 . 0  11.9 11.9 ' 1 1 . 8  1 1 . 7  1 1 . 6  11.5 11 .5  11.4 1  
:, .,;,:,: " 
: .  .. 7 . 0  1 2 . 7  i2 .6  12 .5  12.6 12.4 L2.3 12.2 1.2.1 12.0 12.11 11.9 1L.K 1 1 . 7  11 .6  1 1 . 6  1 1 . 5  1 1 . 4  11.3 11.2 1 



TABLE 6.2-6 Page 2 of 5 

Table 6.2-6. Solubility of oxygen in water a t  various temperatures and pressures--Continued 
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"="P ntmr;p??oric r o c z u r a ,  Fa milLimocor~ of mercury 
"0 795 790 7 8 5 ,  780 775 770 765 760 7 5 5 .  75B 735 fdb 7.35 730 725 720 715 710 705 7 

Table 6.2-6. Solubility of oxygen in water at various temperatures and pressures-Continued 



1,s ,"' yi,.,, 
,.h'! ! . . ,  . . ., . .. , , TABLE 6.2-6 Page 3 of 5 

1 i . '  :; , . ,@,. ' ; .'< ?,,; : . l  

~- -Table 6.2-6. Solubility of oxygen iri water a t & r i * " s  tkrnpiraturei pressures-Continued tf1.1 

'. ,>,* ' .#. . . ------ ----..." "-" ------------------- -& -------_." -------* 
" .  . I  '1e-p 
A ., ,., At-mrgheric prcosure. i n  ail l i r c t e r r ;  o f  m c u r y  
, , . I  ..a OC 695 690 665 660 675 670 665 660 655 650 8.45 640 635' 630 625 626 615 610 605 

\' " 
< :; ,: .;{i . ,  ---i*-rrrr9-.r------.---rr--r)-.-,-r-u ---. ~-------*.*.*.*.*.*.*..*.*."*.*.*..*..*.*.*.*..,.~-".r.r r^--...i.r.r, .... *. . 
;,.j,;J;,, . , 

, , :, I,.< /,,. 1 0 .0  , 1 3 . 3  ' 1 3 . 2  13 .1  13 .6  1 2 . 9  i2 .E 1'2..8 1.2.7 1.2.6 1.2.5 12 .4  1 2 . 1  12 .2"12 .1 '  12 .0  11 .9  1 1 . 6  1 1 . 7  1.1.6 
. , 

- . ,  
, . ' . b  0 . 5  1 3 . 1  1 3 . 1  1 5 . 0  1 2 . 9  1 2 . 8  12 .7  1'2.6 1 2 . 5  1 2 . 4  12 .5  12 .2  i2. l  1 2 . 0 ,  1 1 . 9  11.E 1 1 . 7  11 .6  1 1 . 5  11.4 
< ,  . . .  . .  , 

, $ .  
1 . 0  ' 13 .0  12 .9  '12.8 1 2 . 7  1 2 . 6  t 2 . 5  1 2 . 6  L2.3 12 .2  12 .1  12 .0  1 1 . 9  1 1 . 8  1 1 . 7  11 .6  11 .6  1 1 . 5  1 1 . 4  1 1 . 3  

, - in. ' 
, I .  

1 . 5  1 2 . 6 . 1 2 . 7  1 2 . 6  -12 .5  1 2 . 4  1 2 . 3  12 .2  12.1. 12 .0  12 .0  11 .9  1 1 . 6  1 1 . 7 . 1 1 . 6  1 1 . 5  11.4 1 1 . 1  1 1 . 2  1 1 . 1 '  
- , ,  .' 

i ,  . \?, .i, 2 . 0  12.6 1 2 . 5  1 2 . 4 .  1 2 . 3  12:2 12 .2  1 2 . 1  12.D 11 .9  , L L . ' B  11 .7  11 .6  1 1 . 5  1 1 . 4  1 1 . 3  1 1 . 2  1 1 . 1 .  11 .1  ? I . @  . . ..% 
,. ,. ;-' ! 

' r 

!,, t i  $;.\jj, 2 . 5  12.d 1.2.4 1 2 . 3  1 2 . 2 ,  1 2 . 1  12 .6  1L .9  1 1 . 6  1 1 . 7  ll:.8. 11.,5 11.4 1 1 . 4  ? I . )  1 1 . 1  11.1; 11 .0  10.4 1 0 . 9  
' #,* 

t 1, ; ;,;::; ': 3 . 0  , 1 2 . 3  12 .2  1 2 . 1  12 .0  1 1 . 9  11 .8  tj1.7 1 1 . 7  L1.L L!.% 1 1 . 4 ,  11..3 1 1 . 2 ; , 1 1 . ' 1  11 .0  1 0 . 9  10 .9  l0 .B 10.7 
, : r , (  . .  . . '.i . '3.5 12 .1  12.0 11.4 1 l . E  1 1 . 8  11 .7  1 1 . 6  i l . 5  11.4 11 .3  11.2 11.1 L l . 1 .  1 1 . 0  10.9 10.E 10.7 10.6 10.5 
. . 
, . $ , : I .  4 . 0  12 .0  11 .9  11.E 1 1 . 7  1 1 . 6  , 1 1 . 5  $1.4 1 1 . 3  11.3. 11.2 11 .1  11 .0  113.9 10.B 1 0 . 7  10 .7  10 .6  10 .5  10.4. 

1 , .  : .  4 .5  1 1 . 8  1 1 . 7  1 1 . 6  1'1.5 1 1 . 5  11.4 1 1 . 3  11 .2  1 1 . 1  1 1 . 0  1 0 . 9  1 6 . 9  1 0 . 8  1 0 . 7  10.6 10:5 1 0 . 4  1 0 . 3  1 0 . 3  
., li"j ., 

':. ;,;;?!),: 
,., ', ,,,,'$;, , 5 . 0  t l . 6  11 .6  1 1 . 5  11 .4  1 1 . 3  11 .2  t 1 . i  1 i . t  ' l 1 . b  i p . 9  1h.E 10 .7  t 0 . 6  ,10 .5  10 .5  10.d 1 0 . 3  1 0 . 2  1 0 . 1  

..,.3c;j, , , . 5 . 5 .  ' 1 1 . 5  11 .4  11.1 1 1 . 2  11 .2  it.1 d i . 0  1.fi.4 1 0 . e  ib.7 10.7 ~ O . B  1'0.51, p b .  J 1 0 . 2  in.:: lo.:: i 0 . t  i o . 6  
tr . . . (1 

i.:,'. .I!, 6 . 0  l i . 4  1 1 . 3  11.2 11.1 l L . O  10 .9  1 0 . 9  i 0 . B  1 0 . 7  1 0 . 6  1 0 . 5  10 .4  t 0 . 4  10.3 ' 10 .2  1 0 . 1  10 .0  9.9 9.Y 
( I  ' 

,,, !S , .  , 
6 . 5  11.2 11 .1  11 .0  1 1 . 0  1 0 . 9  10.8 1 0 . 7  1 0 . 6  10 .6  1 0 . 5  10 .4  1 0 . 3  1 0 . 2  . 1 0 . 1  10 .1  10.0 9 . 9  9 . 8 .  9 . 7  , 

7..0 11 .1  11 .0  1 0 . 9  tO.E .1.0.7 10.7 1 0 . 6  1 0 . 5  1.0.4 1 0 . 3  1 0 . 3  10.2 10 .1  1 0 . 0  9 . 9  9.9 9.6 9.7 9 . 6  - . . , .. 
I ,I , 
" ! . '  .. / . . I  

~j,.'..';,.;;i,, 7 .5  10.9 1 0 . 9 ,  1 0 . 8  1 0 . 7  1 0 . 6  10 .5  1 0 . 5  10 .4  1 0 . 3  10:2 1 0 . 1  10.1 1 0 . 0  9 . 9  9 .8  9.7 9 . 7  9.8. 9 . 5  
* .I" , B . O  10 .8  10.7 1 0 . 6  t 0 . 6  1 0 . 5  10.4 i 0 . j  10.2 1.0.2 1 0 . 1  10 .0  9 .4  9 . 9  9.13 9 .7  9.6 9 . 5  9.5 9 . 4  

:.+,j :::<t 
:!I !1:b3')! B.5 10 .7  10 .6  1 0 . 5  10 .4  1 0 . 4  1 0 . 3  10.2 10.1. 10 .0  10 .0  9 . 9 ,  9 . 9  9 . 7  ' 9 . 7  9 .6  9.5 9 . 4  9 .3  9 . 3  
,:. : ,I@ . &.! 9 . 0  i0 ' .5  10 .5  10 .4  1 0 . 3  1 0 . 2  10.2 1 0 . 1  i 0 . 0  9 .9  ' 9 . 8  9 .8  9 . 7  9 .8 '  . 9 . 5  9 . 5  9.4 9 . 3  9 .2  9.2 

, . 
, - ;, , 9 . 6 '  L0'.4 1 0 . 3  l b . 3  10 .2  1 0 . 1  10.0 1 0 . 0  9 . 4 .  9 . 8  4 . 7  9 .7  4.G 9 . 5  9 . 4  9 . 4  9 .3  9 .2  9 . 1  9 . 0  

( I 4  
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Table16.2-6. Solubility of oxygen in water a t  various temperatures a ~ d  pressures-Continue 
--.- "_--_^-----'.."..."-----------------------__11-.1~-- 

* I ' c q  A ~ x c s p l c r i c  gr~eaare ,  in r i L L i = a t c r n  of errcttry 

'C 695 690 685 680 675 670 665 660 655 650 645 640 635 630 625 620 615 L10 --- llIlll----.-.-m..w.- I . " -  --.-- * Y - - - - = ~ - " ~ - ~ I l - - f - U . - - - . - U L ~ - I - . . . I - U I Y - - . - . U U U - I U I . U I . *  

Table 6.2-6. Solubility of oxygen in water at various temperatures and pressures-Continued 

QBack to Section 6.2.4 



3. ,. , _ . .  I . .  . . .,. . .:_/ ' !  * .  
;. , . > . & > I .  
!, I.!.,. 
'.. .''.,C! .. 
-' , , 

/. 1 ., :.*'d,,' 1,:,, ;;;;;.I *; 
' .%.,,<,, ,; ; ! 
b . 8 .  . ,  
\ .. , :. . < ! I ,  .. .. 

:.t, t. ' \ - ,  
.!. _,!,'I ' 

< .,..., 
t . 6,' 

$ 7  ;! .;!I, ., . 
: ; .* , ,::: 

. I. . 
I . ,((. . . < .  .,, 

, . \. I?!... . 

.. . 
8 ,! ..a 

:> ,.,:?,, 
I .,,.*, 

' .  " ' '4': 
' . :1, . , 

< ,.., 
,,', . . 'I ::. . , , 3 ,,, * '  .. . .. 1 '.. 
.',,,< ,,.r< 
, .?It.,.! 

. ,.,,, ' ,;.: ' G *  

,, :a ,"..'~.- 
i . . .  

* '  I 

Cf Return to Section 6.2 contents--Dissolved oxy& 

' Page 5 o f5  

' ,  Maintai;ner: Office of Water Quality. 
webversion by: Genevieve Comfort. 
Last ~hd i f i ed :  ,4 JULY98 ghc 



, . " .i., ,$;;.s; . ,,,,,... 
;:.; ;< <; 

1. ," 

,"! <:;$;y!,' 
' . ,  , , ,,,,., c . .  , I . . .  , ,' 

.,,\ , 3 '. 
,>',,j : l,;$:*;< 
. . ; ;, , !;! 

, 3 . . , ,  
' . .?,: 

,', Q,, , 

, It :,,';l/d, ' 
?,. ,<',,*>jl 

' '  ;.. .. . , . ! i  , ~ ... , 

,-,,.';>&$; 
,. J il.' ,;,,.."" . *. ' 

.l:p!j:' 
: , ,. f~ 

. ' ;a 
gr 1, a;:;!;. * 

'it. , . + 2.k I, 
. I '  % 

' , ,,,.' , :;>. 1 

,!, t'.,iq,.t' .,> ,; 1 ,,*!!.. 
:,;.: .;~:$],.; 
,. ' &i! ;. 

. ( - .. 
, I* . ,',' ,;*.:, 

< .;jt.:,;, 
6, : ,  , p , $ :  

, , ,,.,r,j 
I ( . I  

../I,. 

.,,,.q::.:l'. , , ":"!$ ' 
, . I 

' i:i'- 
, !:, ,< ,; y,, 
I,,>?, !!,:t, j,@j , 
' 

1 ! $?,'i 
' I . . !  ', t,.; . .> ,  ' , 

i, ', , ,i,.:.;; ' 

).,;,:+!# ! . ,I$ f 

. . .; ,.f) ,J' 

' .a ' 
:.,,'{. ..;. 

:t;:?);%;, ,&-;> 
. . ,. , .. .!;<.. 

L ,, .:I?? ' 
1.. .{.'::,: 

. I;,, 7) 
: ,";,?;t~ , 

:, ,'.d,,:i: " 
. . %  ' 

, [i:. 
.. .' , ':,;? :$k'. 
' ; i;e'h' 
; !' , .I, ,:! 
, . P , :,: ,., . 7 e,,,., 

( ~ ,  ;::- 
. , .  . . '2i,,,;;2/t: ;?(. 

I . ,$ ' .  I?.. 
1 . :  . 1 1 ' ,  

" I . '  ., . 
\ ; ;' .,~.?,?l lit& . , .. . . n,:, . , 

.I,;:: . -. 7 

i ,4 
,,:!a, !;);:,, 

2 .  ,, jy;. 
, - ,*d 

I I.? : 
' f F : .  

, , ,: s j  $,f' 
, " 111% , 5 

,, 8,' $:it:; 
, .  , 

..,.; 
. :. t,! 

;;),!:/;{; ! 
+) , b, . 41 : 

b ,!' 
,~ < , ,i.;, 
. ' .' "1.. ., 
' . , . \ , . .  . . .,:I #.  
' <  ? I 4 < + ,  ?j$k:,, 
: [f!:: . ! \, "*. 

, ,  , ,: ,4' .' , , .  ' t  8 

;, ,I*$;' . ' 
.',..,:!, , - ,.. ? . l ,  , ,, '.'<:;> t 
, , ,.*. :., 

' $i '. 
; ; , ,; , ;,;p: 

- .' !:. 
, , / , +  

, . 
' - ,!$ 

I , ,* t i. ;,$!?,6 
: .:, +). 

, , . ,*, 
.'ha 

+ ' "4  
, . !$<. 

." ::,z\!f, : 1 ' .,;;:: 

Chapter 6.2.2 Page 1 of 4 

Water Resources--Office of Water Quality 

This document is also available in pdfformat: 
1 

Cl~auter. 6.2.2.pdf 

SPECTROPHOTOMETRIC METHOD 

The spectrophotometric method described here is recommended for accurate; determination of DO 
concentrations in suboxic waters (less than 1.0 mglL DO concentration). The method is based on a 
Rhodazine-DTM colorimetric technique adapted by White and others (1990), which minimizes 
atmospheric interaction with the water sampled. 

This technique has a sensitivity to 0.2 pmoles/L (0.006 mg/L,)-an order of magnitude 
lower than the amperometric method. I 

The technique was developed for ground water but it can be adapted for work in anoxic 
zones of lakes and reservoirs. 

6.'2.2.A EQUIPMENT AND SUPPLIES 

Two sampling systems can be used: an in-situ (downhole) sampler (see White and others, 1990) or a 
closed-system flowthrough cell through which sample water is pumped. f it her sampling system uses 

/ I 1  I /Ampouleswith reagents, lOmLgla~.CHEMetriso Inc., hodel K7653TM 

partially evacuated oxygen-free glass ampoules containing Rhodazine-DTM, that are broken along a 
prescored capillary tip while they are submerged in the water to be analyzed. Equipment and supplies 
needed for this method are listed on table 6.2-5. 

, 

/Downhole sampler, to meet criteria dascribed in White and others (1990) 
I I 

/ Flawthrough cell, modified to a closedsystem device (alternative to sarhpling tool! 

Table 62-5. Equipment and supplies (Rhodazine-DTM technique) 
ImL, milliliters: p!Ycm, micrdsiemens per centimeter at 25 degrses Celslusl 

/ Portable spectrophotometer, Bausch and Lomb M~nispect-10TM or equivalent 

I / Safety gloves, glasses, and apron 

I 
] I  

!'I 

I /Waste disposal container . . I' i 
I / White background she* I 

I I d Bottls, squeeze dispensb, for deionized water I : 
!. ! 

I . '  , . 1 

.,,- ,. ~. 'h-i! :<l_lli~!".:.~III~~̂ L,̂ LI i,,"I! .-I,.I 1;~:4~::5~..;j~~"~~~il_l-~..~~~brL~%l_I~~.;11."~~i~:~~".. . . .L.- -.A<.;.j 
I I 

Kits available from CHEMetrics Incorporated contain prepackaged glass amp,oules filled with a 
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Rhodazine-DTM dye solution for two concentration ranges of dissolved oxygen: 0 to 1 mg/L (0 to 3 10 
pmoles1L) or 0 to 40 m g L  (0 to 13 pmoles1L). 

7 

White and others (1990) used a portable Milton Roy Minispect-loTM battery-powered 
spectrophotorneter. Any spectrophotorneter of equal or better quality cantbe used. 

TECHNICAL NOTE: The closed-system cell is not the same as the flowthrough-chamber system used in 
routine ground-water field measurements. The cell consists of a three-way tee to which inflow, outflow, and 
discharge tubing sections are fitted tightly; outflow is fitted with a short length of 318-in. tubing. 

6.2.2.B CALIBRATION AND INTERFERENCES 

Dissolved oxygen is measured as percent absorbance by the spectrophotorneter. 

A calibration chart is provided in the CHEMetrics kit, along with a regression formula to 
convert absorbance to micrograms per liter of DO for use with the Minispect- 1 OTM 

spectrophotorneter. No other standards are provided. 

The CHEMetrics kit contains a blank ampoule used to zero the spectrophotorneter. 

,? Interferences from total salinity a id  major dissolved inorganic species are negligible. 

The method is affected significantly by the presence of reducible inorganic species such 
as femc and cupric ions and hexavalent chromium, resulting in high-biased DO readings.. 
The effect fiom reducible inorganic species can be corrected if the concentrations of the 
interfering species are known. 

~dditional calibration is needed if the'method will be used for heavily contaminated or . . 

acidic waters, by equilibrating a water sample with known partial pressures of 
atmospheric oxygen (White and others, 1990). Atmospheric oxygen standards are 
available from suppliers of gas chromatography equipment. 

6.2.2.C MEASUREMENT 

Rhodazine-DTM reagent reacts with DO to produce an oxidized complex characterized, by a red-blue 
color. The color intensity is proportional to the concentration of the iaitialxDO present. 

Follow the 7 steps below to measure DO using the Rhodazine-DTM method: 

1. Zero the spectrophotorneter, using the blank provided in the kit (follow the manufacturer's 
instructions). 

2. Set the spectrophotorneter to the correct wavelength. 

The Minispect-loTM spectrophotorneter is set at a wavelength of 615 nm for calibrating and 
measuring. 

Refer to the manufacturer's instructions for the correct wavelength when using a different 
spectrophotometer. 

3. Collect the sample. Install either the downhole sampling tool (White and others, 1990) or use a 
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Downhole system- 
/ 

. , 
, . 

8 ,  

a. Carefully lower a sampling tool attached to a wire line.. 

b. At the collection point (in the well or surface water), break the scored tip of the 
ampoule using a sharp upward tug on the sampling tool. (This pennits sample water 
to be drawn into the ampoule. During transit to the surface, progressively decreasing 
pressure in the ampoule prevents cross contamination from overlying water through 
the capillary tip.) 

Closed-system flowthrough cell- 
, *-;. 

n T  , b-l! Lt lf a. Fit inflow, outflow, and discharge tubing tightly into the three-way tee. Fit the 
' ';;\'j,, 

1; , outflow with a short length of 318-in. tubing. All fittings must be airtight to prevent 
, *I.  aerating the sample. 

2 bla' ^ 
; ? ' i . t ) ,  
. t,!(h' 

t \  ..% 11, b. Insert the glass ampoule, tip first, into the outflow tubing.' The seal must be airtight. 

: '  :!,.' 
4 i 

c. Pinch the tubing so that the scored tip of the ampoule will break in the flow of water. 
' & > *  *, 2 ,$Irk 

r . 
* P 

* I  1 
4. Insert the ampoule directly into th'e 1.27-cm spectrophotometer cell holder immediately after 

I I 

t( . retrieval. 
';;' 

,+, ,,,-, 5 A ; 
!.,. I* .%., pi:, ., 
c::: ).2[Fjl.@ , , . 
:.I t i , < ,  

: , .:.:::j:89 , ,. 
5. Read absorbance to the nearest 0. i  pmoles/L on tlie analog meter: 

. . ' . >.',(', 
.., :. 11 . .. .% 3 ' ,',? ' 

,,.~,, .+ Allow the readings to stabilize first (usually within 2 minutes). 
:,,;.,:~,):..,(l i 
;. ,I:.<! ;r'; / / ..i"" ' .,, ' ' . . ?. . , >,, 

Read each DO value three times andrecord the median value. 
. 1  . , I .  

; I  

, . ,  , ...f ;;a' .. 
., <.";,::/tij! . ! kt 6. Calculate the DO concentrations using I regression equations .(White and others, 1990). 

% .  . . -> !: $,id. ! I  ' 
., ":a I 

\,; ;" " 
-$ . . , .  .<. To correct for appreciable concentrations of oxidized species of transition metals, use the 

stoichiometric relationships as described by White and others (1990). .,>!,j;, , 
,.,, ..:: . 

. , h,:d>',.l.: F. i . .,, ./ 

* I '  '. .:,I:,,;. : 
.!',,. . k!,., 

s t  :,< 7. Quality control- . !, i * ,,,.. . 
-' . ': ,.y , 

,I, 1 

,'!..J &jf ..' :' ' .';I9 .. , 
Repeat steps 4 through 6 twice to document precision. 

;t ,-I !c/.'.~ , . 
,, ". ,{; .,j i 

mi, $+., I. ! 
' 

To document the variabilitf. of DO concentrations within thd water system, repeat steps 3 
, ,,, !:,, , 
: ,.:.:;*. through 6 on three sequentially collected samples. 

, . 
*section 6.2.3 . , 

Q Section 6.2.1 

' . 
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6.2.3 
REPORTING 

Dissolved-oxygen concentrations are determined to the nearest 0.1 mg/L for arnperometric 
measurements. 

Values less than 0.1 mg/L can be stored in the current NWIS data base,' but will print out 
as "0.0" unless the data are retrieved as a flat file. 

If the concentration exceeds 20 mg/L, report ">20 mg/L." 

Note that the percentage of saturation can be greater than 100. 

Record the accuracy range of the instrument system or the method used in the data b,ase , , 

(if possible). Report the accuracy range with the published values. ' , . 

Enter the DO.value on the NWQL Analytical Services Request form and on the,field 
form under the correct parameter code for the method used. 
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:.. 6.2.4 . . .,. 1 

ii:i:;ijjj'! . .. . CO-CTION FACTORS FOR OXYGEN SOLUBILITY AND 
;, ?:,,I.: ,, . i .  .., ?T.: SALINITY ' 

,; .,..' 
,, ,: ,;;:?.: 
' , . .  .' 
],,, $,:i:q$. ?,.a,,:! 
, ,,*,! ,'.*<".$ $ 

, . 8 ,  - 4 . t  

Correction factors for the solubility of oxygen at various temperatures and pressu;es and for salinity 
. .lh. 

43:. I,' 
, , t,,.,:,< + , ., - 

based on conductivity are given in tables 6.2-6 and 6.2-7, respectively. ' ~ab l e s  6.2-6 and 6.2-7 were 
t 2, I.. .:( ' 

, , . . a ' , .  generated from the equations of Weiss (1970) and can be customized to cover the range and decimal 
,;! ?{;;,lj.$ ' 8 places heeded (see OWQ Technical ~emorandum 8 1.1 1). : ;'. ,! ,+ " 
,, ;: : . :.., '; 
1; i L '  . ,'.,I$ . :3>".;"$4;;," 
, , 

You cah convert oxygen-saturation values for salinity using correction factors based on chloride ' , 

. concentration or cond~ctivit'~. ~ e f e r  to the manufacturer's instructions for the DO instrument before 
I.,: 1. ,p i ,  
I , , ' applying a salinity correction. 
. ,.*; .; %)* ;, 
1 ".;'!2' 
.., , ,. .. , 

. ,' " '; 
: ,;$ ;,- :,' 

J I'&. . Co~ecting DO solubility for saline waters (salinities greater than 2,000 pS/cm or 1,000 
:,, :{?.,;, 

* .  I I ,  I ,. , .' . . r  ..!". mg/L chloride) varies with instniment type, calibration method, and the salts in solution. 
. ' .. ' ldL.' r 3' 
,.!,.,;;,?$/' 
:> ,. MX! . .The correction based on conductivity (table 6.2-7) i s  more useful because accurate 

&,,A ,r*.,',..i.'. 
, . ;,y : . . 

coliductivity can be easily determined from a fieldnieasurement. Salinity correction 
' $ , $ " $ ? h  

1 , c 'b 
j . , .r :, .+).: factors based on chloride can be calculated using information provided in OWQ 

: k,:!i-sk. ~echnical Memorandum 79.10. 
,, , .t:i . Dissolved-oxygen instruments use either an automatic internal salinity correction, a 

manual salinity control knob for internal correction, or the calibration control knob for 
manual salinity correction. . Check that instruments with automatic internal salinity correction use approved salinity 
correction factors. 

Exat~iplc of snlirrity cotrcctiort: 
8.2 mg/L x 0.95I=7.8 mg/L I 

where, 
8.2 mg/l. is IUO percent 130 saturation from table 6.2-6, 

, 0.951 is the cor~rction factor from table 6 . 2 7 ,  and 
?, ! b 1 7,8 rng/l, Is the corrected valile. 

", l'i I 

I S  
For thisesample, )a11 wo~lld adjtlsf. the DO ins tr~~~nent  to 7.8 mg/l. fro111 

, .  - 
- .  'I'o express msults as percent' 1r3t~11.~tlon, use the following equation: 

1 

: DO (percent saturation) = measured DO (n~g/L) * xroo 
DO (mg/L at 100 purc@nt ~ a t ~ f a t b n )  
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i$ * 
Table 6.2-6. Solubility of oxygen in water a t  various temperatures'and pressures 

. I [From R.F. \Veiss (1970). Temp " temperature in degrees Celsius atrnospher~c pr~ssures from 695 to 600 mill~meters 
1' " *I1 
;,:? mercury begin after 40PC] 

'.I(,. : 
>, ,/e::: OC 795 790 705 700 775 776. 765 7GD 755 '750 745 740 735 730 725 720 515. 510 i & 5  

.' , *.. . ,. 
---.------\.'--"----."-I"---"--"--"-*--Y--""""--LII----~ 

. - . '. ,I 

,,,;,, < ' c  I :I.'. 
0 . 0 ,  15.3 15.2 1 5 . 1  15.0 Ld.9 i 4 . 0  14.7 14.G 14.5 14.4 16.3 14.2 ' 1 4 . 1  ,14.U 13.9 1 2 . 8  13.7 1 3 . 6  13 .5  1 

,.v.,:fi.l:lb , 0 . 5  1 5 . 1  15.0 i d . 9  1 4 . 8  1 6 . 7  1d.G 24.5 14 .1  10.3 14::: 1 4 . 1  i d . , @  13.9 1.J.B 1.3.7 12.6 13 .5  13.4 11.1 I , ,; ,,;;:, !'; 
, .(( I '. . 1.0' 1d.R 1.4.7 14.7 1 4 . 6  1 4 . 5  14.4 44.3 14.2 1 J . l  11.0 1 3 . 9  l l . R  LA.? llb.:G 12.5 13.4 1 3 . 3  11.2 14.1 1  

,.ll, . . 1. 5  1 4 .  G 11.5 14 .5  l d .  4 Ld.1 14.2 ' 44.1 14.P '13. 9 1 3 . 8  13 .7  1 Z . G  1 3 . 5  , 1'J..1 1 3 . 1  11.2 11.2 11 .1  1.3. C . ?  , c : , :  . ",, _ .  3 . 2 .0  1 4 . 4  14.3 16.3 14.2 1 4 . 1  14.i.- 13.9 13.R 13. 7 i3 .G  1 3 . 5  1A.P 1 4 . 1  11 .1  . 1 1 . 2  13.1' 11.0 12.5  13. 8 1 
: ..)-f<s'. . . 

' , . ._I :. 
., . ,- ,: 

I . . .  

' 

' 2 . 5  14.2 16.2 14 . L  l d .  0  13 .9  13. K 13.7 13 .6  13.'5 13.4 13.3 13.3 13.2 13. 1 13.0 12.9 12.R 12.7 12.6 ! 
. t ' ?  3 . 0  l d . 1  1d.O.  13.9 1 3 . 8 .  1 3 . 7  13.6 lJ.5 13.6 13.3, 1 3 . 3  13.2 13.1 13 .0  12.9 12 .8  ? 2 . ?  12.6 1 2 . 5  1 2 . 5  1  

?at!ir){4: .I .Is( ,, 3 .  1 3 . 9  13.8 13 .7  1 3 . 6  1 1 . 5  14.4 13 .3  13.3 1 3 . 2  13.1 13.5 12.9 12.8 1 2 . 7  12.8 1 2 . 8  12.5 12.4 13.3 ! 
.. ,:.n?p: d .  0  1 3 . 7  a . 1 6  13 .5  13. P 1 1 . 3  u.3 12.2 11 .1  13. u . 12.,9 1'2. B 12 .7  12 .6  1p12. t; 1 2 . 5  12. J r 2 . i  12.2 i2 .  1 I 

1 $,., ,: ?,J< , , . 
;, '"<:.:~.{l :, ' d.5 1 1 . 5  F 3 . P  13.3 13.3 13 .2  1 3 . 1 ,  13.0 12 .9 .  12. 8  1 2 . 7  1 2 . 7  12.6 12 .5  12. d , 1 2 . 3  12 .2  12 .1  1 2 . 1  12. 0 1 

. . 
, ." 3 .  % 3 ,. ' *, : 
, .- I , . . .  , ' *  . .  ' 

1 J.,;, , , 
.., , . I  !,,>; f 

.. , $,,'.,* * *  
. , ,{,;:, . rc, ,' 

* : , . T t <  ,, 
8 ,  <"r':y$;'j 

.b? I ;j.;t;p 
-1 .. '". : ' 

$'. .,.;...!,;,J 
, . .. 

; ...-. 
:. . . ,, ': l{ 

, j,::, . ." . . , . I  ry ',*,':;.#,-", 

7 . 5  1 2 . 5  12.6 L2.d 12 .3  12 .2  12.1 12.0 12.0 11.9 1 l . B  11 .7  11.6 11.6 1 1 . 5  1 1 . 4  11.3 11 .3  11.2 11 .1  1 
8 . 0  12 .4  12.3 12.2 1 2 . 1  1 2 . 1  12.0. 11.9 11.8 11.7 11.7 11.6 1L.5 L1.d 11.3 1 1 . 5  11.2 11.1 LL.6 11.0. 1  
0 . 5  12.2 12 .1  12 .1  12 .0  11.9 1 1 . 0  11.8 11 .7  1 t . G  1 1 . 5  11.4 l l . d  11.3 11.2 1 1 . 1  11.1 1 l . D  10.9 Lb.8 1  
9 . 0  1 2 . 1  12.0 11.9 11 .0  11.13 1 1 . 7  11.6 11 .5  11 .5  11.4 11.3 11.2 11.2 11.1 , l l . U  10.9 10.B 1D.B LD.? 1  
9 . 5  11 .4  11.9 11 .0  11 .7  1 1 . 6  11 .6  11.5 1 1 . 4  11.3 11 .2  11.2 11.1 11 .0  LD.9 10 .9  1 0 . 0  10.7 10 .6  1 Q . G  1  
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'1W-p Atrrcrcphmic prcocurc, rn ail l i c c t cro  of  ~tnrcury 
"C 695 640 685 680 675 670 665 660 655 650 645 640 635 630 625 620 615 610 605 
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. , ,. .. . . .  in water, but there is no universal linear relation between total dissolved substances and conductivity. 
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The USGS reports conductivity in micrksiemens per centimeter at 25 degi-ees Celsius (pS/cm at 25OC). 
The method described.in this section for measuring conductivity is applicable to surface water and 
ground water, from fresh to saline. 
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Specific electrical conductance (conductivity): a measure of the 
electrical conductance of a substance normalized to unit length and 

unit cross section at a specified temperature. 
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Table 6.3-1. Equipment and supplies used for measuring conductivity' 
I0C, degrees Celsiuy L, llkl; pvcm, mlcrosle~m~is per cenlimter at 25 degnes Celsiusl 

J Conductlvity instrument afld conductivity sensor 
Battery powered Wheatstone bridge 
Direct readout 
Temperature range at least-6 to +45"C 
Temperature compensating (25*CCl ' 

Accuracy: Conductlvlty9100 pS&m, within 5 percent o f  full scale 
Conductivity >I00 (ISlcm, wlthln 3 percent of full scale' 

J Thermistor thermometer sensor (for automatic temperature-compensating models) 

J Thermometei, Ilquld,in-glass or  thermistor I 4 
J Extra sensors (If possible) and batteries, o r  backup Instrument I 11 
J Conductivity standards at conductivlties that approximate and bracket fleld values 

J Composltlng and splitting,device for surface-water samples 

1 Modify this list to meet thespecific needsof the fieldeffort 
( ~ j -  , , r i i  * i  

, r r -- -~AL!.%~-LU-&U. .-LdCfL-:. 
I 

J Flowthrough chamber or  downliole Instrument for ground-water measilrements 
J Plastic beakers (assorted sizes) 

J Soap solution, nonphosphate (1 L) 

J Hydrochloric acid solutlofl, 5 percent volume-to-volume ( 1 L) 

J Dalonized water, 1 L, maximum concluctiv'~ty of 1 vS&m 
J Paper tlssues, disposable, soft, and lint free 

J Bri~sl i  (small, soft) 

J Waste disposal contalner 

b Many conductivity instruments are available; the specifications and instructions provided 
here are general. Users must be familiar with the instructions provided by the 
manufacturer. 

I 
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' .  1. 7 ,j,, 

b ,I,@'. -,;:3., , 
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; ,.,,:.;;!,,* 
, ,. ,,..,t..~ Cdnductivity sensors are either contacting-type sensors with electrodes br electrodeless- 
:,.;;r *".i:',t 

J Minnow bucket with tether (or equivalent) for equlllbratlng buffer solutions to 
'sample temperature I I 

J lnstrument log book for recording calibrations, maintenance, and t!epalrs 
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type sensors. 

-- Contacting-type sensors with electrodes. Three types of cells are available: (1) a 
dip cell that can be suspended in the sample, (2) a cup cell that contains the sample, 
or (3) a flow cell that is connected to a fluid line. Choose a cell constant on the 
basis of expected conductivity (table 6.3-2). The greater the cell constant, the 
greater the conductivity that can be measured. The cell constant is the distance 
between electrodes (in centimeters) divided by the effective cross-sectional area of 
the conducting path (in square centimeters). 

-- Electrodeless-type sensors. These operate by inducing an alternating current in a 
closed loop of solution, and they measure the magnitude of the current. 
Electrodeless sensors avoid errors caused by electrode polarization or electrode 
fouling. 

Quality-controlled conductivity' standards ranging from 50 to 50,000 pS/cm at 25OC can be obtained 
from QWSU. prepare standards outside this range or order them from suppliers of chemical reagents. 
Conductivity standards usually consist of potassium ch10,ride dissolved in'reagent-grade water. 

El  able 6,3-2. Example of cell constants for 
1: I contacting-type sensors with electrodes and 
1'; I corresponding conductivity ranges 

-- - 

Conductivity range, in Cell constant, 1 I micmriernenr per centimeter in l/centimeter 

6.3.1.A 
MAINTENANCE, CLEANING, AND STORAGE 

As soon as possible after delivery to the office, label conductivity standards with the date of expiration. 
Discard standards that have expired, been fiozen, have begun to evaporate, or that were decanted from 
the storage container. 

Maintenance of conductivity equipment includes periodic office checks of instrument operation. To help 
keep equipment in good operating condition: 

Protect the conductivity system from dust and excessive heat and cold. 

Keep all cable connectors dry and free of dirt and extraneous matter. 

Protect connector ends in a clean plastic bag when not in use. 
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- T. .I.. Sensor cleaning 
' . " l ' . l ~  ' . , 

, +,:$:; ; 
- 

. 3 , ,  , I ! . . 
, ,,..1..j::1 . i . , : : ., I . ,  , Conductivity sensors must be clean to produce accurate results; residues'from previous samples can coat 

. . . , . surfaces of sensors and cause erroneous readings. 
. .  , ( * j  
! , !; , , ,i' ;<?f ,; I 

.? " .  . . , .. ,. . , . . . Clean sensors thoroughly, with deionized water (DIW) before and aftei Laking a ; 
1, ,, 3 ,  :: 
j,., ., ,. ,\.,: 

, 
measurement (this is sufficient cleaning in most cases). 

j,,. ';";'d!. ; 
..;, . , d l  ,, 

,;;;I, ,I 
1 

i. . . I .  . . . b Remove oily residue or other chemical reSidues (salts) with a detergent' solution. sensors, 
I;.; .I 

3 .  f ., ,, t '  ,. .. .-, . can soak in detergent solution for many hours without damage. 
,,, ,$ j!;ius!. 
, <.!;, ,::::wj 
, ;,,. 
! , ; . , 1 ,'J . . '  

b If oil or other residues persist, dip the sensor in a dimlute hydrochloric acid solution.N&ver. 
. '  . ,,. , 

, . '  . _ leave the sensor in contact with acid solution for more than. a few minutes. Check the 
'., ,~", ., . 
.,, , . t J , ,  mqufacturer's recommendations before using acid solution on sensors.. 

T " ,  

(. ; ,' . * >  : . . 
, . : : ' r  b Clean carbon and stainless steel seniors wiih a soft brush. Never use a brush on 

, I.;.,,,' ' coated sensors. 
4 .  , . . ; ' < ,$:, 

I t,&,:.'.,;.!A,l, j 1 .  . ... ,. , 
:, ::., >i,,,.: 

,;. , I!? , 
I , i :,.,: ': sensor storage 

I .  

! $ ,$! I 
I ' Refer to the manufacturer's recommendations. I 

t 0 1  

i k '  

L 1  r .:'I b Sensors may be temporarily stored in deionized water between measurements and when I 
I &'I" , 

4 
I t 

I ,  

the system is in daily use. 
J * 

L O  ; 9 ,  
I 

I I ,  ,. p' 
For long-term storage, store sensors,clean and dry. 
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a Chapter 6.3.2.pnf I 

CALIBRATION I 

Conductivity systems must be calibrated before every water-quality field trip and again at each site 
before samples are measured. Calibration readings are recorded in the instrument log book and on field 
forms at the time the instrument is calibrated. Remember, the temperaturd densor on the conductivity 
sensor must be calibrated and District certified within the past 4 months. 

. . 

calibration and operating procedure; diffei, depending on instrumeht and sensor type. 
. . 

Some conductivity sensors may need to be soaked overnight in deionized water before 
use--Check the manufacturer's instructions. 

Some analog instruments require an initial mechanical zero adjustmedt of the indicator 
needle. 
For a cup-type cell, calibration and measurement procedures described' for the dip-type 
cell apply; the only difference is that standards are poured directly into the cup-type cell. 

1, ;,; 
I '  When using a dip-type cell, do not let the cell rest on the bottom or sides of the ': 

J measuring container. 

' #> , : . ; c  
'0. . '*( . 

, Conductivity systems normally are calibrated with at least two standards; Calibrate sensors against a 
,W2',$,.,* 

,! : i t , l c . ~ . :  , standard that approximates sample conductivity and useithe second standard as a calibration check. The 
8; .,f,{ ,I$ !.I:: 

, . :C i., r . :.. ,: :. ,,.. general procedures described in steps 1115 below apply to most instruments used for field 
, ',.,,\ :t 

L "  .',$n. 
, , p . measurements-check the instrument manual for specific instructions. : 

., ','.*;,,., 
. , 

j ld '> I 
) 

, " i t  $, 1. Inspect the instrument and the conductivity sensor for damage. Check the battery voltage. Make 
1 1: :;; :$ sure that all cables are clean and connected properly. I 

( . I  
3 .  

, - I:":, 

f I , . 2. Turn the instrument on and allow sufficient time for electronic stabilization. 
. I . - 

8 # :*:, 
r ;I:. 

,. ,>.;.,:,Gr\,, 3. Select the correct instrument calibration scale for expected conductivity. 
: , , ,..,,!, #!?$',,;, . . 

.<* 1 -1 . 
IJ 

, *, ;. 
I . l  

4. Select the sensor type and the cell constant that will most accurately measure expected 
conductivity. 



Section 6.3.2 
. . 

Page 2 of 4 

5. Select two conductivity, standards that will bracket the expected sample conductivity. Verify that 
the date on the standsirdg has not expired. 

6. Equilibrate the standards and the conductivity sensor to the temperature of the sample. 

r Put bottles of standards in a minnow bucket, cooler, or'large water bath that is being filled 
with ambient water. 

r Allow 15 to 30 minutes for thermal equilibration. Do not allow water to dilute the standard. 
u 

7. Rinse the conductivity sensor, the thermometer (liquid-in-glass or thermistor), and a container 
large enough to hold the dip-type sensor and the thermometer. ' 

First, rinse the sensor, the thermometer, and the container three times"with deionized water. 

Next, rinse the sensor, the thermometer, and the container three times with the standard to 
be used. 

8. Put the sensor and the thermometer into the rinsed container and pour in fresh calibration 
standard. 

9. Measure water temperature. Accurate conductivity measurements depend on accurate 
temperature measurements or  accurate temperature compensation. 

If the sensor contains a calibrated thermistor, use this thermistor to measure water 
temperature. 

. 1f using a manual instrument without a temperature display or temperature compensation, 
adjust the instrument to the temperature of the standard using acalibrated liquid-in-glass or 
a thermistor thermometer 

10. Agitate a submersible-type conductivity sensor up and down under the solution surface to expel 
air trapped in the sensor. Read'the instrument display. Agitate the sensor up and down under the 
solution surface again, and read the display. Repeat the procedure until consecutive readings are 
the same. 

1 1. Record the instrument reading and adjust the instrument to the known standard value. 

For nontemperature-compensating conductivity instruments, apply a temperature-correction 
factor to convert the instrument reading to conductivity at 25OC. 

The correction factor depends to some degree on the specific instrument used-use the 
temperature-correction factor recommended by the manufacturer. If this is not available, use 
correction factors from table 6.3-3. ,.: . ., + 

.?i!T4$.,. 

r If an instrument cannot be adjusted to a known calibration standard value, develop a 
calibration curve. After temperature compensation, if the percentage difference from the 
standard exceeds 5 percent, refer to the troubleshooting guide (section 6.3.4). 
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Table 6.3-3. Correction factors for converting non-temperature- I 
compensated values to conductivity at 25 degrees Celsius; based on 
1,000 microsiemens potassium chloride solution 

.- 

1 Use of plassium-based oonstanls on non -pti~ssrum-based wters generally does rot 
Inlmdure s jnllicanl errors lor gelieral purpose instruments used to measure conducl~ily) 
Temperature I , q 7eMPera"J'e1+ a ' Temperature1 

Conec.,on (degrees j . Cwrealon ~degreg,/,;, ? {conectlon (Wrees 
Celrlus) I ~elrlus) I ' afactar 'Celsius) ; factor 

0.5 1.87 10.5 1.39 20.6 1.09 

t *  :1, 
,, 1' 

,. , *  
12. Record in the instrument log book and on field forms: 

, . ,' 
The temperature of the standard solution. ! 

, . 

The known and the measured conductivity of the standard solution (including * variation). 

a The temperature-correction factor (if necessary). , 

. .  , . , . : '." .. . ,,. :,. L 

. .  , . 7 ., : ,, .; :. .: , * 
13. Discard the used standard into a waste container. Rinse the sensor, thermometer, and container 

w ; , ; : ,  8 . ' .  'I ., thoroughly with deionized water., . . . 
,r.;;!, , +.. , 

I , ! :  / 
, ;. . :: !:I I .. .,. , , 3 ! ' \  

l l ' ,  ,. . . . . I;!' 
. .  

14. Repeat steps 7 through 13 with the second conductivity standard. 
. .,!. 

a. . . 
The purpose for measuring a second standard is to check insFment calibration over the 

I range of the two standards., I 

I 

The difference from the standard value should not exceed 5 percent. 

: If the difference is greidter than 5 percent, repeat the entire calibration procedure. If the 
second reading still does not come within 5 percent of standhd value, refer to the 
troubleshooting guide in section 6.3.4 or calibrate a backup instrument. 

I .  

, , #. ; . . qj,,; > 
i y  ~::! : l ,ai t  I 

,:.,I, -. . 'e ' Switching instrument calibration scales could require recalibration. 
1; :.' , a 2 ,  I:,!*,: 
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15. Record in the instrument log book and on field forms the calibration data for the second standard. .. .:. .. :n ,. .. ., , . ? , u , ~ ~  . 1 , . 
L.<::, :?>' 
,.<, ' . C.". 

To extend the temperature range shown in table 6.3-3, consult the manufacturer's guidelines. If  these are 
unavailable, use the following equation: 

c ", 
C,, = 

I + 0.02 (t", - 251 
where, 

C, = corrected conductivity value adjusted t o  25'C; 

Cw = actual ~ o n d ~ ~ t i v l ' t y  measured before correction; and 

t = water temperature at tlme of Cw measurement. 
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6.3.3 
MEASUREMENT 

In situ measurement generally is preferred for determining the conductivity' of surface water; downhole 
or flowthrough-chamber measurements b e  preferred for ground water. Be alert to the following 
problems if conductivity is measured in an isolated (discrete) sample or subsample: 

The conductivity of water can change over time as a result of chemical and physical 
processes such as precipitation, adsorption, ion exchange, oxidation, and reduction--Do 
not delay making conductivity measurements. 
Field conditions (rain, wind, cold, d k t ,  direct sun1ight)'can cause measurement 
problems--Shield the instrument to the extent possible and perform measurements in a 
collection chamber in an enclosed vehicle or an on-site laboratory. 

t For waters susceptible to significant gain and loss ofdissolved gases, make the 
measurement within a gas-impermeable container (Berzelius flask) fitted with a stopper-- 
Place the sensor through the stopper and work quickly to maintain the sample at ambient 
surface-water or ground-water temperature. 

1 

Avoid contamination from the pH electrode filling solution--Measure conductivity on a 
separate discrete sample from the one used for measuring pH; in a flowthrough chamber, 
position conductivity sensor upstream of the pH electrode. 

,; /I I,,. ;? ;,: 1 

, ;:,,,<t,\, ,", 
: ~ocument  thd precision of your measurements. Prkcisibn should be determined about every tenth , . ,... : 

,.: . . .....' sample or more frequently, depending on study objectives. ,Successive measurements should be repeated. . . , ,,..Ar1 . ,! ! .$, -1, .: ,. 
;::,!I, ,: ;;: *:, until they agree within 5 percent at conductivity 5 100 pS/cm or within 3 percent at conductivity >I00 

: . ,  i?.,:.: I 

, , 1 ;  : pS/cm. 
. t 
. * .  : 

The conductivity measurement reported must account for sample temperature. If using an 
instrument that does not automatically temperature compensate to 25OC, record the uncompensated 
measurement in your field notes, along with the corrected conductivity value. Use correction factors 
supplied by the instrument manufacturer if available; otherwise, refer to table 6.3-3. 

6.3.3.A 
SURFACE WATER 
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Surface-water conductivity should be measured in situ, if possible; otherwise, determine conductivity in 
discrete samples collected from a sample splitter or compositing device. Filtered samples may be needed 
if the concentrations of suspended material interfere with obtaining a stable measurement. 

In situ measurement 

Conductivity measurements in flowing surface water should represent the cross-sectional mean or 
median conductivity at the time of observation (see step 7, below). Any deviation from this convention 
must be documented in the data base and with the published data. 

First: 

t Take a cross-sectional conductivity profile to determine the degree of system variability. 
A submersible sensor works best for this purpose. 

/' 

t Refer to N F ' M , ~ , . ~  for criteria to help decide which sampling method to use. 

Next, follow the 7 steps listed below: 

1 .  calibrate the conductivity instrument system at the field site after equilibrating the buffers with 
stream temperature. 

2. Record the conductivity variation from a cross-sectional profile on a field form and select the 
sampling method. 

1 

Flowing, shallow stream--wade to the location(s) where conductivity is to be measured. 

Stream too deep or swift to wade--lower a weighted conductivity sensor from a bridge, 
cableway, or boat. Do not attach weight to the sensor or the sensor cable. 

Still-water conditions--measure conductivity at multiple depths at several points in the 
cross section. 

3. Immerse the conductivity and temperature sensors in the water to the correct depth and hold there 
(no less than 60 seconds) until the sensors equilibrate to water conditions. 

4. Record the conductivity and corresponding temperature readings without removing the sensors 
from water. 

Values should stabilize quickly to within 5 percent at conductivity 2 100 pS/cm 'and within 

3 percent at conductivity >I00 pS1cm. 

( 

Record the median of the stabilized values on field forms. 

If the readings do not meet the stability criterion after extending the measurement period, 
record this difficulty in the field notes along with the fluctuation range and the median value 
of the last five or more readings. 
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. . ., . 
, ., ' , , 

,?,. 
, . ,,; (4.':,. 

5 .  For EWI or EDImeasurements, proceed.to.the next station in the cross section and repeat ste'ps 3 
,>,,...#I c,, 't ),, 

,, ,3'.,t.i!:"l' 
aqd 4. Record on field forms the mean(or median, i'f appropriate) value for each subsection 

" I ,<,;-  ; .  I 
, .: .. . . , . .+.. measured. 
, ; .-,. 

' , ., 3 *!: , ,, 
..-I! , i,!? ,:-<,:;;a, 

i$ . 6. When the measurementis complete, remove the sensor from the water, rinse it with deionized 
,, ;> ! : ':! . ( , . water, and store it. 
,. . .v; I ; ,  

: , , y, , , a ,:,:I' 

t::,,, $P! 
, I,ysuI. 7. Record the stream conductivity onthe field forms:, . ,. ,.,+. ! 

1. . 3 .i'..; 
'(., , ., . , ~ , .  

8 , 5 .,,. :. 
,. ,, 
I . ,..::;!!A I 

In still water--median of three or more sequential values. 
! . . , / 

, s t  ,*I 

/ I  I 

EDI--mean value of all subsections measured (use the median if measuring one vertical at 
, $ I . ,  

I, t t I[[ . the centroid of flow). 
I ./ 

EWI-mean or median of all subsections measured (see NFM 6.0). 
I 

! 

'. 1 . . . , . ! .  . ., ,,. , , .  Subsample measurement 
, , ' , . $ . ; I . ,  

, \  , t 4  I .2.$'; 
"' : ' I *  
, .L .I."lii ' ' 

, :.. , , .. ?I ql .> - Representative samples are to be collected and split or composited according to approved USGS . . ,,! , 
".): " ,, J., ; methods (Wells and others, 1990). Measure the conductivity of samples as soon aspossible after 
, ,,!?, i ? d i , i  ,.. ' '7 
. :., I . r . :  . , : I / collection. If the sample cannot be analyzed immediately, fill a bottle to the top, close it tightly, and 

- .,*. , .  
. .. ,. :..'< . . maintain the sample at stream temperature until measurement. 

1I.f :!' , ;; ,; 
..! .,&.... 
::; ;, b4,, ,$; 
.. < , l : . l  

. , . . .... . L : ~  . ~ e ~ o r t d d  cbnductivity values normally k-e determined ori an unfiltered simple. Large concentrations of 
. . 

I :' I 

, . o , t . , 4  
,,- 1'. .. . - +,I. 

suspended sediment can be a source of measurement error--record such conditions in the field notes. 
. '"#;,I .,;&I: ' 

4<:2 , , , , " # b , ,  . , 
. . .  dl. 

,? ! ,.!..;.: 
, , . . , ,;., ,:'4 

If sediment concentrations are'heavy,,measure conductivity on both unfiltered and 
, . I '  ..I. I filtered subsamples and record both values on the field form. 4 !~ ,':,I, 

, , , , , 

: . ,,. If the conductivity value differi sigdificantly between the filtered and'ikfiltered samples, 
' . (1. *., , 

, ,:"Y.~ ,: *>, :: .;;,, * .  
report the filtered value as sample conductivity and identify it as a "filtered'sample." 

.... .;&. $(:?. , 
:: , ,,, , , 1 .  / 
1. : ,, ;,,,:,..:+< 

:..:: :z,,' 1. Calibrate the conductivity instrurdent system at the field site. . , . $ ., 
I '.' . 

;.c,, ,i.; 

ir,b, ,,, :i;;p 
py ,;.* , ,  ,. .. ... <,. 

2 .  select the,sampling method (see WFM 6.0) arid collect a representative sample. 
, ,;..:y '! 

' . )  % . , I .  

,. .[ 

: :,!$ ,!..,;j' ;, , . 3. Withdraw a homogenized subsample from a sample splitter or compositing device. Rinse the 
.,.),.<, I!, . .  . . .  . : t i  sample bottles three times with tlib sample--rinse them with sample filtrate, for filtered samples. 

, . ,:,.;rf' 
".. . ,! j:. 

.,j,,.~ ' 
? r . , , ~ ~ h ,  

4. Rinse- the conductivity sensor, the thermometer (liquid-in-glass or thermistor), and a container 
, -., . +  ! . large enough to hold the dip-type sensor and the therhometer. . :'..,!.,$ 
, . h.,, , . 

.:  , . ' { . I  ' ,,, -.,<, !, "+, ' . . 
.,, , 5 ::.,;{> "..*$ 

i :  . , I  . ,. 8: ,..fly;), , 

a. First, rinse the sensor, the thermometer, and , ,,4i5: th&containerltbee b ,.,.4, times with deionized water 
:: ,,..h~t ; C,, ., . 
: . -  , , .. .). 8 , 
. " . . t t  . . ' 
t!,i,.,,..,l,. b. . Next, rinse the sensor, the thermometer, and the container using *ample water. 

q't,. ,.5?,",~;, 
. .I.,:'? 

, I. , .  
: , , > , , '.: :., I ,' * 
, . d. * . ... ),: , 

, .; 5. Allow the sensors to equilibrate to sample temperature, then discard the used sample water. Pour .,. ! . , I  
$ 8 . 8 .  

. w  . t::4,!. , 

,c:> :I!$. , 
fresh sample water into a container holding the sensor and the thermometer. W'hen using a dip- 

; .<., ' . ' I t ,  
t . ,, . , , .  ,: \,., G?,,, _ \  

, type sensor, do not let the sensor$ouch the bo'ttom or sides of the 'measuring container. 
, , . I  i( <:;. ,,; : , .4%, l..l.ll( , 

: . , A  <l,,ch;.L> 
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$ ;,!I< .I ,' , 

I ;t .[ , ,; > r , : v 1 , , ,  , ,, ;''''A, 

I , !*t:'!,j;:: $+ , . 
: ,:,r . . 
, i  Measurements of ground-water conductivity mustrepresent aquifer konditibns. Temperature changes 
,'I. :,: ;:! L" ; 

I , , , : .1S. :  I.,, . p ,  .. I 1 
resulting from transporting a well sample to land surface can affect conductivity. 

, ; i :  , ; 
, ..;, , , . C  . ;. 
' 5  <I,. , , .  1. 

;'. s,..". To minimize the effect from temperaturechanges, measure conductivity :as close to the 
.~,;!"'~,',,,' 

" : source as possible, using either a downhole or flowthrough-chamber sampling system 
I (  I 

, ; , , I  ,!,, ;n.,j',:. 4, 
, . . - ,  , . ,,:+' . (refer to NFM 6.0 for details). , 
,ti,.. ,:I' 
" , 1.: 4i: 'ti!; 

q ,. ',;.$ , Bailed or other methods for collecting discrete samples isolated from the source are not 
, i  ,::;??p:; 
'2 fit;,i recommended as standard practice, although such methods are sometimes, called for 

, 1 ), ;;,! '!; ,$. . . , . . ,'-.,:' owing to site characteristics 0.r otherstudy requirements. 
*:..+;< !, ! ,,I$+{;, I.#> 4, 

t .' 
;,:. .. , I 

~ . ,  Downhole and. flowthrough-chamber measurement 
, . ;  . ' t  

, 8 

( $ 4  ; ."). " i '  

.I . ,;), ;,:.,. 
I :  . , ~., ...+:',,.!I., 1. Calibrate thk conductivity instrumdnt system i n  site. 
I' . 
I.. 

8 .  , 

I . ,: "r':.,' 
, a <  

t .,,. :?+',,!?b . . .':' ,, v.  >2, 

+I ,:. .. ,14.x, a Bring standard'solutions to the temperature of the water to be sampled by suspending the 
' O ,  j: >Q; 

'I, " standards in a bucket into which well water is flowing. Allow !at least 15 minutes for 
,. ''.$,:;. .i!$i[ 
, .  . . . . " :,...,, temperature equilibration. Do not contaniinate standards with sample water. 

' *\a, . 
, , .'b '.:.;,j; 

L' '. ' . ,  . 
, ",!, .: ,; , ' 

, . I *  . I  

,. ".:t ..PC 

a. Check the temperature of the water flowing into the bucket , , against , ,  that of standards. 
... , 

;3'3';::,,i '? .:,, 7,$; 

'., , . !it 
,,, :;, , i,:;: 

, , y  ,."<.". b. Check that the thermoineter (usually a thermistor functioh in the conductivity meter) 
: a if;; 

I .  <.,.,,i .,i$#, 
has been certified within the past 4 nibnths for the temlj'ei-ature range to be measured. 

, .. ..!I 
, ., ( ' L , .  

I 
, I .  I . . .>',:,*t,l!,!g 

'?,,St ,> h 

,.: : :,.J 
a After calibration, rinse the conductivity and temperature sensoss.thorough1y with deionized 

. , , .<  . .. , ,, QV water. ,,:. r;! , ;$ . , '  . : 
;,!,{,(t ': 
! . i'':$Y , 

, '*, ,-,: ,- . ; , . . f a  
.d,.*; , ,\,i3', .I.., .. 2. Install the conductivity and temperature sensors. 

r'2*!!.;?! 

,,'. .,::,;:;j$'{ 
, t,; ,* ,>,:,, . ,, . I 

' . Downhole system--Lower the conductivity and temperature sensors to sampling point, 
,. ,,:;,:., !&.j followed. by pump. ' . . ,)$:!;$ $!$; I 
,.,: 1.1.'; )"I 
I,. . .),'I.. 

, . , ' 1 

a. Remove any air fromithe system by agitating the conducti,vity sensorup and down 
under, the water; read the instrument display. 

b. Repeat this procedurd until rapid consecutive readings aie approximately the same. 
' .  . '  : ; c*,~,.: 1: 

,,', , ,,;I . ... ,, ,: ,:' ' I , a  Flowthrough-chamber systern--Install the chamber system as close to the well as possible 
8.1,  ." ..pr ,. :. . a  ,,: ,, - and shield the system from direct sunlight. . , 

:,!-"; .' 
"ls+~,;: $>!,F 

i '1, :.',;>.,:v; .. .'A", . t:.: . , . , . :I . ,)!I:,; a. Position the conductivity sensor upstream from the , electrode. , 

, - + .. , ;c:, ; 
,I . I 

b. Direct flow to the chamber after an initial discharge to waste to clear sediment from 
sample line. 

c. Release any air trapped in the chamber. 
I 

d. Agitate the conductivity sensor up and down under the water to remove air from! 
system. Rapid consecutive readings should be about the same. 
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3. During purging (table6.0-1 in .NFMG,O): 

. ~ e e ~  flow constant and laminar 
I . ,  . I .'. , ,,, , 3,: 

. ,: ;3;*; 1: . 
. . Allow the sensors to equilibrate with ground-water temperature for 5 minutes or more at the :., ,, . . . 

*..I.. - 
flow rate to be used for collecting all other samples. .,, .:4- . %. .,,.. .;,::.-. ;- 

;, ~, ..:A; ,, * .. 
, ,  . 

:,'. ... ;r' 
4. ' Measure conductivity and associated temperature at regular intervals throughout purging; record . : . , ?  . .,:. .,i,. . . ., ::. . 

the conductivity values and the associated temperature in the field notes. , , .,$?: , .,.. c : .  :. 
;,; r; ! , : I  <, 
''.[f, . :  
:.'.& .'" 

..' ' If the conductivity sensor contains a calibrated thermistor, use this thermistor to measure 
.:. . !;:.+ i 

water temperature. .. . ., ,; 3 . .  . .: - . L1 ,. . ) $ , I .  i.',.,. .:" 
. .  . -;:I . . ;,' 

If the instrument is not temperature compensating, install a calibrated thermometer in the , , ..j?~?, :. ,:. 

flowthrough chamber, record raw data, and apply correction factors. !. '. : 
$i:,'. ., ?.' 
.. . 

5. Check the variability of the conductivity values toward the end of purging. 
- .  

a,.&>,! - 
>V< ,,, :. .,... l i  , " 

a The, stability criterion is met when five readings taken at regularly spaced intervals of 3 to 5 ,..., ,. ,. - , . 
' . minutes or more are within ,,r."..,!;, 

; .:;.,;. , , 
' 4  , J T  ,*; , . ..l!' >;:;., . . j  .- . 1. , 

* 5  percent for conductivity g 100 pS/cm ;,-. ,,.3 I. ,>' " . . ' 
.'.'i.' ' 

k3 percent for conductivity >I00 pS/cm 
l 

a When readings fluctuate rapidly, record the median of three or more readings within about 
60 seconds as the value for a specific time interval. 

If the criterion is not met, extend the purge period in accordance with study objectives and 
continue to record measurements at regularly spaced time intervals. Record this difficulty 
on the field forms. 

6. Report conductivity. 

a Record the final five values on field forms. 

a Report the median value of the final five measurements as the sample conductivity. 

a If values exceed the stability criterion, report the range of values observed for the time 
interval, along with the median of the final five or more values. 

Subsample measurement 

conductivity measurements reported from bailed or other discrete samples need to be identified in the 
data base, indicating the sampling method used. Refer to 6.0.3.B in NFM 6.0 for use of bailers and the 
subsample method. 

1. Calibrate the conductivity instrument system onsite. 
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Bring standard solutions to the temperature of the water to be sampled by suspending the 
standards in a bucket into which well water is flowing. Allow a't least 15 minutes for 
temperature equillibration. Do not contaminate standards with Isample water. 

l 

a. Check the temperature of the water flowing into the bucket against that of standards. 

b. Check that the thermometer (usually a thermistor function in the conductivity meter) 
has been certified witliin the past 4 months for the temperature range to be measured. 

AAer calibration, rinse the conductivity and temperature sensorslthoroughly with deionized 
water. 

2. Draw off subsamples for measurement. 

Quality control--Collect three subsamples to check precision. 

If samples need to be stored for a short time, or if several subsyples will be measured, 
collect sample aliquots in separate field-rinsed bottles--fill to \he brim, cap tightly, and 

I 
maintain at ambient ground-water temperature. Measure conductivity as soon as possible. , 

I 
I 

3. Follow procedures described in steps 4 through 10 for "Subsample measurement" of surface water 
(6.3.3.A). 1 

TECHNICAL NOTE: If the sample is rheasured in an open container and readinisdo not stabilize within 
several minutes, the cause may be CO, degassing--use a closed system to measure the sa.mple. Filter the 
conductivity sample if the settling of cia? particles appears to interfere with the stability of the readings. 

*Section 6.3.4. 
+Return to Sectioli 6.3.2 
+Return to Contents for 6.3--Specific ~lectrical Conductance 

I /  

+Return to Chapter A6 Contents Pace 
*Return to Field Manual Complete Contents 

I 

+Return to Water Quality Infonnation Papes 
I 
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1.68 14.0 1.27 ' 24.0 ill :: 1.66 14.6 1.26 24.6 1.01 I.02 11 

Table 6.3-3. Correction factors for converting non-temperature-. 
compensated values to conductivity at 25 degrees Celsius, based on 
1,000 microsiemens potassium chloride solution 

[Use of ptassium-based constants on non-ptassiumBased w l e r s  generally does mL 
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Table 63-4. Tmubleshhtlng guide for cqnduclvity measurement 
[HCl, hydrochloric acid; OC, d@rees Celsi~~s] 

I 

,,_L, _i ---_. &.-.:.*A! :i;_-~~~Ch::~.~, I l ~ ~ d ~ L ~ ~ . - ~ r , . ~ L ~ ~ ~ ~ ~ . ~ ~ i ~ ~ . ~ ~ ~ ! l , ~ . ~ ~ ~ ~ ~ L - , , ~ ~ ~ ~ & ~ L i  
, 

, 

J/ ': Symptom - 

Will not caljbrate to 
standards 

, .  . 
' 

Erratic instrument 
readings 

Instrument requirea 
frequent recalibration. 

, . * , :  

, ) ' i ~o*~ibkcau+ and cor;rectivr;ic(ipn :,, 
) . I I . I  

Standarcls m ay be old or contam inatecl-use fresh standards. 

Electrodes dirty--clean with a detergent solution, then with 5 
percent HCI. Before using any acid solutidd'tb iemove resistant 
rasiduea, check manufacturer's guidelines. 

* Air trapped in conductivity aensor-agitate sensor up and down 
: t o  expel trapped air. ' ,  . 

Weak batteries-replace. 

Temperature com pensation incorrect-ensure that t herrnorneter 
' is operating properly and iscalibratsd. 

Sensor'constant incorrect-replace sensor. 

* Loose or defective connect ions-& ig hten or replace. 

Broken cable&-repair or replace. 

* Air trapped in conductivity aenaor-agitate sensor up and down ' to  expel trapped air. , . . 
Rapid changes in water temperature-measure in situ. 

Outgassing of ground-wster aam ple-use a, down hole inatru- 
r ,  

mant; if unavailabla,'uka ii flowthrough chdm her. 
+ Broken aenaor-replace. 

Temperature com pensator not working--m easure conductivity 
of a solution. Place solution in a water bath and raise aolution 
tern perature to 'about 20°C. Measure conductivity again, ..: allmving sufficie~~timefortamperature of~conductivity,eeireor . 
to  equilibrate to  temperature of sollution. Ifthe two values differ 

, by 5.parcent or more, replace conductivity sensor. 

, ,  . 
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REPORTING 

Report routine conductivity measurements to three significant figures, whole~numbers only, in 
microsiemens per centimeter at 25°C. 

I' 
1 

Record the accuracy range of the i n s b e n t  system in the data base, if possible, and 
always report it with published values. 

E n t ~ r  field-determined conductivity measurements on NWQL Analytical Services 
Request form using the correct parameter code. 
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# , t  ' , '  . 6.4 . , , l i-.  
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;.; ;,q,; :$',.:, 
,,i,8!:, , 41',,. pH I 

, .. . 
1 " j  

. . i ,  :'.,.i' 

. . ,;; 
\' . I  '.; 
, ,. z ~ , : ,  , , . . I . pH is a symbol that represents the negative base-1 0 logarithm of theeffective concentration (activity)of 
,: ;,:,t,:~i j. [ 

1,. :,.;,;;; ., 
,1. 1. 

> , !. .1 
8 . 1  

the hydrogen ion (H') in moles per liter (the theoretical basis of H' activity and measurement are 
I ) ,  , I :  . ,*.. ..:, described and referenced in greater detail in Hem, 1989, and in Pankow, 1899.1). By definition, . .. 

: . . , . I .+9  :. ,,dj% ,!:i I ! pH = -loglo[H], and 
: ':p . :I !I' 

' , ., i:" ,;.p ,,,.,,..:,.. ' .  H' = 10-pH. 
" . :tb' ':'. 

! .:I!, 
,,- . O  ,r:,>.; "J3i , $4 I 

k - 

;:: ?, k5!,r 
'I: , :. ' " 

$,: .I, -. *I, ' ~ o h t h m i c  units are used to express H' activity, because the.activity of H' in most . . :;,; .%?; environmental waters is too low to be conveniently expressed in the saine mi~lligram-, . 
4, . ,,.::>$ 

. ' "is 
' .,: 
, i ,  ,, ,, microgram-, or mole-per-liter units as'are most other chemical species (Hem, 1989). 

, , 
, . 

I L  

,. ,$ I >  

. . t J  . ,I' q:::; 
#i: " $ .  .r-it: u . pH is reported on a scale that most commonly ringes from 0 to 14 and that is related 
!' ,.i>;$,: 

. '  L 
. .  , , . . directly to theiatio of H' and hydroxyl (OH-) ion activities at a given temperature. . 

f* 1 ,$ 1, +,y;, However, a highly acidic solution (mine drainage, for example) can have a pH of less 
;I: . 4ii ?;Q", 
*I,+&,;, 

J I ! ' ; ,  , : 
than 0; pH greater than 14 can be attained in concentrated base solutions: (Nordstrom and 

, ',., " q : ,  ;. 
, .,,, at;:l 

Alpers, 1999; Hem, 1989)., 

pH: a measure representing the negative base-ten 
logarithm of hydrogen-ion activity of a solution, in moles per liter. 

\,.$t;r 
,lo : ,$ ' A solution is considered acidic if H' activity is greater than OH- activity (pH less than 7 

7, 

. , I  ,'h at 25OC); a solution is considered basic, or alkaline, when OH- activity is greater than H' 
, I! ii' 

{ a,n activity. 

, ' Y ) ,  ~ ! l l  i 

, , .  . .. 4 ,: t , . . . . I  
c ; ,  Carbon dioxide-free water at 25% is considered neutral because activitiesof H' and OH' are equal. 

$~::;tlt, ," (,,.; , 

. , + ~ e m ~ e r a t u r e  has a strong effect on hydrogen-ion activity and must be taken into account when . 4: , 3 ,. ,! r>. . ; 
. , ., , , .. , :Q ., determining and recording p~ measurements; for example, for pure water at 30°C, neutral pH is 6.92, 
,p ;,";/,?;>.:' 
. I .  I ,? :. ,<B".  
. , ,t:: . :;...: while at O°C neutral is 7.48. The pH of pure water at 25OC is'considered toibe 7.0. 

. . ,, 
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,. , , 
, -  , . . ,  . . 6.4.1: , ,' ;:;:>., . ' I  

; p  EQUIPMENT AND SUPPLIES , ~ ' . < ., . i,, 
,,: .. k'. .' , . %  

The instrument system that is used to measure pH must be tested before each field trip, and it must be 
cleaned soon after use. Because of the variety of pH meters and electrodes available, read thoroughly the 
instruction manual provided by the manufacturer. Every pH instrument must have a log,book in which 
its manufacturer make and model, serial or property number, and all repairs and calibrations are 
recorded. 

The electrometric measurement method uses a hydrogen ion electrode and is the 
only technique which is approved for measuring pH values that are to be reported 
or entered into the USGS data base. 

I,, j The colorimetric method uses pH "litmus" indicators that change color with a change in 
f : *p, 

I ,  
I i  

pH. The colorimetric method is suitable only when rough estimates of pH are needed; for 

, I  i ,I example, when assessing the volume of acid or base needed to preserve samples; or, 

1 ib i i:? when checking that equipment-cleaning solutions have been adequately neutralized prior 
I ' , 

$ + ,  to disposal. , . .  
, ., , ;?,'~ 
. ' :! .'#. 

....$.It .+ . pH klectrodes and meters are sophisticated electronic instruments that require care in handling and :;:,.,;kl 
.Y:, :. ..,- operation. Instruments for pH measurement (including those that are parto~multiparameter instruments) 
, :: ;,'. . . 

. 3  ,: > ;- ,, 

>.,$ .,:, , and pH buffers must be protected from dirt, extreme heat or freezing conditions, and from jostling or 
. suddenimpacts,, either while in the field or in storage. Keep instrument systems clew and dry when they 

' I  " ! '.IP 1 / l  ( . . . : ,;, are not'in use. I 
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;.:I Table 6.4-1. Equipment and supplies used for measuring pH1 
[Excepl for llx! rni~lt iponmter inslrumnL, Ui is equipment Is required also fbr ANC or alkalinity 
determinalions (ae NFlvl 6.6); mL, millililers; "C, degrees Celsius; rrN, millivolt; kiSlcm, micro- 
siemens per cenlimter a t  25 dqrees Celsius] 

/pH meter and pH electrodes 
Batterypowered, solid state, with auiomatlc temperature and slope compensa- 
tion, or multiparameter instrument (possible alternative to separate pH meter 
and electrode) 
Range of at least 2 to 12 pH, preferably 0 to  14 pH 
Accuracy of at least k0.1 units 
Temperature range o f  at least 0 to +45OC 
Millivolt readout with acalracy of M.0 mV or better for instrument resolution 
of 0.1 mV 
Bayonet nut connector [BNCI is recommended 

J pH electrodes, gel-filled or  liquid-filled, as appropriate for study objectives and site 
conditions 

/pH electrode filling solution of appropriate composition and mola rity (for liquid- 1.1 filledoledrodel 

J Buffer solutions, 500 mL each of pH A,?, and 10; temperature correction chartfs) 1' 1 for b ~ f f 0  R 

J Stand for holding pH electrode (or stand forholdlng multiparameterinstrument 
j '1 system) 

I " J Bottle, delivery (squeeze), for deionized water 

i :I J Deionized water, maximum conductlvlty of 1 pS/m 

/ 11 .'Beakers or measLlrement vessels, polyeth~lene orToflonm preferable, assorted, 
1 50 to  150 mL, clean but not acid rinsed 

I J Paper tissues, disposable,soft, and lint free 
2 - 

.'Flowthrough chamber for gro~~nd-watermeas~~rements (used wlth meter and 1 electrode equipment) 

J Minnow bucket wlth tether or equivalent, used for temperature equilibration 
of buffer solutions 

'1 J Antistatic spray or polish 

: , '11 . J waste' disposal container 

/ / Stirrer, magnetic wlth thin insulating pad; or stirrer, mechanical with Teflon' 
1 coated impeller 

/,:I J Stirrer bar, magnetic,TeflonTM coated /.*I Jlnstrument log book for recording calibrations, maintenance, and repairs 

' ~ o d i f ~  th~e list to m e t  the specific needs of the field effort 
" "* , .&@ Ld 

6.4.1.A 
pH BUFFER SOLUTIONS 

pH measurements are only as accurate as the buffers used for calibration. Use buffers that have been 
certified traceable to the NIST Standard Reference Material; buffers with a pH of 4, 7, and 10 are 
available from QWSU. 

, . Note that the routine buffers obtained for measurement of pH fiom 4 to 10 have a high 
ionic strength. For pH measurements of dilute waters, obtain low ionic-strength buffers. 
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,d . ., ,:. T ' . ' ,  

>,*. ' : 
' Z ; 

;\l:t{,', . *  
b Label buffer and reagent containers with the date when they are received. 

. ,,< ," ,::! ,' - v ., , :,!: ... .:. ' Label every buffer with its expiratio* date. Copy this date onto any container int6which 
. : . ,,, ' # the buffer is transfei-red. , . , .  4, :i.,;,;,! +,"!; .;,,; , #,, 
, ,8 ' , ' b , ' ' I  

1. :. .1 . . ,  
Discard buffers on their expiration dates. The pH of the.buffers may,haye changed 

' . .l 

. , T 8, yi . , - . , .  substantially because of carbon dioxide absorption, mold growth, or evaporation. 
' s.,, ,:v,: 

, ! Take the fo~low&~~recautions to miwimize .the accuracy of pH measurement (modijied from 
,;<; , .,I?) : ' 8  

, . , ., .. ~usenber~ 'and  Plummer, 1987): 
I .. 4 

,:,.; , ..: 
5 : , 

. I ,  , ^  

i ,',i':* .,+,:lr' 1 
, ,. . 1 '. ,', .. . ';:! 

1. Always cap buffer bottles to prevent evaporation and contamination' from atmospheric carbon 
.,. % . I  

* ,  
e a r .  ,., .?. 

dioxide. (In order of greatest to leist sensitivity to C02  contamination,pH buffer 10 > 7 > 4. 
.:. , A  h .  1 

df : .*': I J  , tf,,,, $3. ' b l  
.I , 

Buffers are stable for the short exyosure time during electrode calibration:) 
.,>. ;. '.,:Pj , , 

[,. ' 1 . 1 , ~  

* ' I*  , . 
* ' I  2. Never pour used buffer back into stock solution bottles. Never insert an electrode or other material 

* 3, ,<,..!! 
',:;fr.; h.c" 
1 ' l i  *' 

into stock solution bottles containing buffers--always pour the buffer1 into a separate container. 

3. Be very careful not to contaminate the buffer with another buffer or kith other fluids (pH 4 buffer 
is least resistant to contamination). 

4. Do not dilute buffer--for example, with water dripping from sensors (more important for pH 7 
buffer). 

5. Before using buffers, bring them to the temperature of the sample solution, and check with the 
b'uffer manufacturer for temperature-correction factors. (In order of greatest to least pH variation 
with temperature, buffer of pH 10 > 7 > 4.) , 

6.4.1.B 
! 

pH ELECTRODES: MAINTENANCE, RECONDITIONING, CLEANING, AND 
STORAGE 

The slope and the measured potential of a new electrode should be monitored daily for about 1 week 
before use (Busenberg and Plumrner, 1987). The latest instruments have microprocessors that 
automatically calculate and display the slope. Some older instruments have a percent-slope readout or 
(and) millivolt readout. For instrumentslwith a millivolt readout, the measured electrode potential is 
calculated as the difference between rnilli"o1ts measured at the known pH of two buffers. Because the 
theoretical Nernst response is known, slope can be calculated from measured potentials as follows: 
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where 
5 = slope, and 
E = el.ectrode pair potential in niV. 

Using two buffers of known pH (1, 21, 
E ,=E6-S(pH,) 

and 
E,=EO-S(pH,) 

0 1 

and 

The theoretical slope is ten~perature  dependent; the slope in  n1V 
can be calculated as follows: 

5,= 0.1 9841 (273.1 5 + t) 
where 

t = temperature in degrees Celsius, and 

5, = slope a t  given temperature. 
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Normally, electrodes drift from day to day and EO typically varies by k2 mV; the slope remains fairly 
constant to within *0.2 percent Nernst slope after the new electrode has been conditioned. Follow the 
procedures recommended by the manufacturer. Properly working electrodes commonly drift from about 
0.1 to 0.2 mV per hour. 

Electrode maintenance 

Electrodes with gel-filled references require less maintenance than electrodes with liquid-filled 
references. ~ol ' low manufacturer's instructions. 

Deterioration of the electrode is normal, and proper maintenance requires that electrode performance be 
monitored before every water-quality field trip and again at each site. Electrodes can give years of 
reliable service if maintained by following steps 1-8: 

- 1. Do not handle the glass bulb with fingers. Oily film or scratches on the bulb will interfere with pH 
measurement. Fingers leave a protein film on the glass that decreases electrode sensitivity. 

2. Inspect the electrode and electrode cable for physical damage; for example, check for 

Scratched or broken bulb. 

Cut, frayed, or broken cable. 

Bent or broken connector. 

3.  Rinse electrode thoroughly with deionized water before use. Do not wipe electrodes with 
paper towels or wipes--these scratch the glass bulb. Gently blot droplets from a wet glass 
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electrode bulb .with lens paper or soft tissue by contacting only the droplets to soak up excess 
solution. 

TECHNICAL NOTE: Wiping glass with paper causes a static charge (polarization) that results in 
drifting, sluggish, and erratic pH readings. It can take many minutes for the electrode to return to 
normal operation. Clothing also can produce a static charge that affects electrode response. 

Gel-filled electrodes do not require filling, but should not be left in dilute water for long periods 
of time. (Salt can leach from the gel into the dilute water and produce a large junction potential, 
resulting in errors in pH measurement.) 

For liquid-filled electrodes: 

a. Remove salt crystal deposits fiom the electrode, membranes, and junctions. Check that the 
reference junction is not blocked. 

a kinse off salt buildup' with deionized water. 

a Check that you can observe seepage of the filling solution through the junction. 

b. Always unplug the fill holeibefore making pH measurements, and replug it after use. If 
using an electrode after it has been in a storage solution, uncap the fill hole and suspend the 
electrode in air for about 15 minutes. This will allow the filling solution to flush residual 
storage solution through the porous reference junction and thoroughly wet it. 

I 
I /  

. c. Check the filling solution level and replenish it if necessary--it should reach the bottom of 
the fill hole. Filling solutions differ in molarity and compositi~n~-always check that you are 
using the correct filling solution required Gy the manufacturer for a particular electrode. 

d. Drain and flush the reference chamber of refillable electrode:, and routinely refill them with 
the correct filling solution (see manufacturer's recommendations). 

4. Monitor electrode resppnse. Keep a record of electrode operation in the pH meter log book. 
Record the Nernst slope reading and the millivolt readings at pH 7'and pH 4 after calibration. 

a Properly working glass elebtrodes should give approximately 98.0 to 99.5 percent response 
of that expected fiom the theoretical Nernst relation (Busenberg and Plummer, 1987). The 

I 

theoretical Nernst response is 59.16 mV/pH unit at 25OC. 

a A slope of less than 94 percent signals possible electrode deterioration and the need to 
monitor closely any further decline in slope percent. If possible, replace or recondition the 
electrode at this point. I 

a Do not use an electrode with a slope of 90 percent or less. I 

5. Keep the electrode bulb moist and capped when not in use. Keep a moist piece of cotton or lint- 
free tissue in the cap to prevent the bulb from drying out. 

Reconditioniizg liquid-filed electrodes 
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Before beginning a field trip, if you are unsure of an electrode's condition or have persistent problems 
during calibration, use the following procedures to recondition the electrode. 

1. Remove the old filling' solution from the electrode-- 
. . 

. . 

a. Place the'needle -of a 1 - or 3-rnL syringe into the electrode filling hole (or use other methods 
of removing the filling solution, such as vacuum extraction or draining). 

b. Tilt the pH electrode until the filling solution is'near the filling hole and the needle tip is 
covered with the filling solution. 

c. Pull back on the syringe plunger until the s+nge is full. 

d. Discharge the solution from the syringe into a waste container and repeat steps l(a) through 
(d) until all of the filling solution has been removed from the pH electrode chamber. 

2. Flush the pH electrode chamber with deionized water-- 

a. Use a syringe or squeeze bottle to partially fill the pH electrode chamber with deionized 
water. 

b. With a syringe, remove the deionized water from the pH electrode chamber. 
\ 

c. As a result of changes in pressure, temperature, and evaporation, crystals may form in the 
pH electrode chamber. If they form, repeat steps 2(a) and (b) ,until all crystals have been 
dissolved and removed from the pH electrode chamber. 

3. Fill the electrode chamber with new filling solution-- 

a. Flush the electrode chamber with fresh filling solution using a syringe or a plastic squeeze 
bottle. 

Partially fill the pH electrode chamber with filling solution. 

Tilt the pH electrode so that the filling solution will colitact all of the internal 
electrode surfaces. 

Remove anddiscard the.filling solution to a waste container. 

b. Fill the electrode chamber with fresh filling solution until the filling-solution level is just , 

below the fill hole. Be sure to use the correct molarity filling solution. 

c. Rinse any excess filling solution from the outside of the electrode with deionized water. 
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' (  . 
. a s  2 . 
I . ,:, , !~. . (. , 7 Electrodes must bi kept clean and the liquid junction free flowing in order to produce accurate pH 

: :: ,, ;, , ij,, , , 
1 , .  ...,,, values. Because of the variety of electrodes. available, check the manufacturer's cleaning instructions. v.  ;, y 
. > , 
, ~" ,i, 

5 , 4,  <$. 
, .. , .' ,it t b Rinse the outside of the electrode thoroughly with deionized water after eachuse. In 

' 7 ,  
, &:! , t general, this should be the only routine cleaning needed. I (  

II .. ;i..i. ... L : ' ,  ;!::.' ' 
, , , ,,!L 
; !:.;;; { ? : ,  

Rejuvenation procedures described by the mariufacturer should be used if an electrode 
, :;.,,I",;.. tat.,! :., . becomes clogged or extremely dirty. 
: < ;;.,I ::, , ; , . , , 

, , , ,  1 ,  I 
, , . , 

', , ? 0: , , 
$ 2 ,  , h., . . . ( %  
<, :* ,q:v.,: 

T:  % ,  a ,  I:,.+ - After completing rejuvenation procedures on a liquid-filled electrode, drain, 
a ., ;: ,:; ' 

't;,, . ;$, ';,, : -: clean and refill .the reference electrode chamber with fresh filling .solution. . . 
... * ,<., 8 ) 7 )  

4 . .  . ... . J', 
I Replace the fill-hole plug, b d s o a k  the electrode in storage solution overnight. 

I ' .  . 1,. , .. . . ,  Retest the electrode. If the procedures fail io remedy the problem, discard the 
:?.",,.; d !. : t, ;rr;'Y 
<',',.!,, . 'electrode. Document electrode reconditioning or replacement in the instrument 

! , 1 , )  
, , 

log book. " 1. ,s 
< , 

a .,. . : .. . 
. .. . .  - Gel-filled electrodes can be rejuvenated in some instances by placing the ', . ; '. ' 

. ~ > ,  ; ' .  
: , A , , :  ',. < 

m.,; < ;. 2:: - electrode in warm water (approximately 60°C) for about one minute or less. 
: This procedure rejuvenates the Sunction by liquifying the salt gel: 1 3 , .  ! - ' 

' . ,. . ., , . .. 

,,(.,,:,;?,.I.,,, 

; . Electrode storage 
, q : ., & ;;I,.; , .'><\..- 5,. . , , . 

t :<!. ;.::, 
p , ' ,  ;,:,, . , 
. . ,......:!. , ! . , 

Electrodes must be clean before they arc stored for any lengthof time. 
.. . 
; ,..,/;,.:;., ;I!' 

.,,t:.,';[. 

.::';::!, . , 

' ~tiort-term storage. Short-term storage. methods are approoriate only foi &-service electrodes (those , 
. ., 

, , ,b * $ A , '  

~ ~ . . . 5 ~ . , ~ ~ ~ ~ :  . .: , ). 
used daily or weekly). Storage solutions' for short-term storage of electrodes differ with the type of 

. , electrode; follow the manufacturer's recommendations. Storage solutions. can have, a l'imited shelf life. 
;, .'!;;$ ;;:t!:p,', 
!,7,z;,.;.. ,..! .,.. 11 gbl a .. . Unless iothenvise instructed by the manufacturer, avoid storing glass hydro'gen-ion electrodes in 

3:; , deionized water or concentrated KC1 solutions. In the latter case, absorbed'potassium reduces the glass 
. .. > .::':... 

l ij ,I) I sensitivity to hydrogen ions. 
, , I, l:\g: I ' 
> > , ' r , ' ,  ; :;:.<{?~. ; 

, ;!> . , . > 
! !  

. .. store liquid-filled pH electrodes upiight. , . . ' .  , 3 +.' t 
' , 

, .;  i.;;.;i : b Keep liquid-filled electrodes wet to maximize their accuracy and response time. Store 
,;I,?. 7; \<t *, ,. 

6 A, , ! , , '  

;,, ;; .\,I: f;: them so that the bulb is fully immersed in proper electrode storage solution,between.uses 
:;, ,., ;; , 

. :.;!:,.I,: .,.. 
at a field site. Before moving to the next field site, replace the plug on the fill hole, fill 

. . .  i.4 . ,  . the-protective cap with storage solution, and cover. the electrode bul'b'with the cap. 
1 . r i . +  

+r*:fir* -l,!a,g Gel-filled electrodes must only soak in a solution for short periods duGng measurements. 
, . L' 

,I. 

i-,s : 
Follow the manufacturer's instructions for storage of gel-filled electrodes. 

Clean the connector ends and store them in a plastic bag. 
" 7. 1.1 
3 1 

Y UI ' 

Long-term storage. pH measuring systems must be stored in an area that is clean, dry, and protected 
from extremely hot or cold temperatures. For long-term storage of liquid-filled electrodes, drain the 

I I ,  
filling solution from the electrode, rinse'the outside of the electrode with deionized water, and store the 

, . < - ! z  
t ..!;; 

electrode dry with a protective cap covering the bulb (put either storage or filling solution in the cap 
'< before placing the cap on the bulb if the manufacturer recommends that the bulb be kept moist). Clean 

, 1 " i i ,  
. , k  I 1:"he ~t electrode connector ends (with alcohol, if necessary), and store them dry in a sealed plastic bag. 
,. . 



Section 6.4.1 Page 8 of 8 

+Section 6.4.2 
R~t:tur.n. .. to .... Sectio.n6,4 
0 R~:tumto~C.~Ilte_n~f er6.4-2pB 
if&turn to Chapter ~ ' 6  Contents Page 
Q Return to Field Manual Complete Contents 
if Return to Water Quality Information Paces 

Maintainer: Office of Water Quality 
Webversion by: Genevieve Comfort 
Last Modified: 28AUG03 imc (Version 1.2,7/03) 



, . "., 
,, ,I. . t;;J ; ' !  , , : !  

I , .  . .. 
J , .!A,. ,: Section 6.4.3 Page 1 of 7 

, !<; , ,.. 
,,,;.,":,, ' 

:;!.;',,f,;, I . 8 

: <'I," 

! 
. 
.,, . . . : '  . Water Resources--Office of Water ~ u a l i t ~  

. . 8 ,  ., .* 

6.4.3 
MEASUREMENT 

,. :, ;,; it: ; 

.,., I , i , The pH of a water sample can change significantly within hours or even minutes after sample collection 
, ::>., ; ,, ?,I>, 

,; ,..$ as a result of degassing (such as loss of carbon dioxide, hydrogen sulfide, and ammonia); mineral 
, ,, {rs!"$;l 

.. I "  ;:;, ;,. !, 
precipitation (such as formation of calcium carbonate); temperature change; hhd other chemical, 

. I, . , physica'l, and biological reactions. The electrometric method of pH measurement described below . 
I , ' ' applies to filtered or unfiltered surface water and ground water, from fresh to saline. . ' . :. r . , . ! .  

, L 3 : '  ' I ,' .t: 
' , ,;.;;I ,,, ' Field conditions, including rain, ,wind, cold, dust, and direct sunlight can cause measurement problems. 

* .,;.,J!;'. 
, ,I ,$:,,i,,, To the extent possible, shield the instrument and measurement process from the effects of harsh weather. : !,,; * ;:!.!#,\! , , ( 1 .  I I i  

..!I, .i ' I , /  , 
I , :?"' 

,% - ,: : . , .I I: : In dry, windy climates, a static charge cari build up on the face, of a pH meter and cause *:, :.,, 
'.$ , ? , 4 ' ;  

. .... *. . .;.: ' ,  erratic readings on the display.. 
., . ,: , ..:; 

Polish the face of the display with a soft, absorbent tissue treated with several drops of 
I ' antistatic solution (such as plastic polish) to minimize this interference. 

TECHNICAL NOTE: Temperature has two effects on pH measurement of a sample: it can affect electrode 
potential (Nernstian slope effect), and it can change hydrogen-ion activity, (chemiyal effect). The electrode- 
potential problem can be solved by using an automatic or manual temperature compensator. The change in 

, hydrogen-ion activity resulting from temperature changes in the sample can be minimized if the electrodes, 
buffers, and container are allowed to equilibrate to the same temperature. 

. , .  
' ' ,$,:, <v 
,.;; +I?;;' , . . 

. I $ ' <  ' ' 
, , . , , 6.4.3.G 

. I . .  , . , , ; \  
i. 
'I : .. 

: .  

SURFACE WATER 
' .. L I  

I; <;,.:"cl ! 
;.r>;r :4>f{:: 

, , ; ::,,::8:.:( . . :  It is generally preferable to measure pH, in situ rather than on a sample taken from a splitter or 
. . . . 

, compositing device. If stre& condition's are such that water would pass th'e in! situ pH sensor at a very 
' I 5  

-l,,,:l,,i!.:l , high rate of flow, however, streaming-potential effects could affectthe accuracy of the measurement. , 

I , 

i ; , '  :;, , '  
For such conditions, it is preferable to withdraw a discrete sample directly from the stream or 

, I ? :  I '  . I compositing device and use the subsample measurement procedures described below. The pH 
;is'$ .' . instrument system should be set up on ljoard the boat sbthat pH i s  measiu-iid at the time of sample , .. :,. . 

. . collection. 
. . 

.i: 
,,e: \ ' 

, , * , I ;  ::9;: 

: : , , Standard pH measurement in flowing surface water represents the cross-sectional mean hydrogen ion 
! ,' ". ; ,;. , , . . , '. . ) ,  ,, ,j.,i! '.: a c t i v i ~  or median pH' at the time of observation. 
. , ?  ;;,, 
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, .,: - , t,, ' ,,. , . . t ' . ,  

To compute a mean pH for the stream: 
1 .  Convert each pH value to hydrogen-ion activity, using the equation, Activity = 10-'(pH). 
2. Calculate the mean of the activity values by adding the values and dividing the sum by the total 
number of values. 
3. Convert the calculated mean activity back tb pH units, using the equation, pH = (-) (loglo)(mean H' 
activity). 

In situ measurement, 

Follow the 7 steps listed below for in situ pH measurement: 

1. 'Calibrate a pH system on site (after equilibrating the buffers with the stream temperature, if 
necessary). Check the electrode performance (see "Electrode Maintenance," in 6.4.1) and the 
calibration date of the thermometer being used. 

2. Record the pH variation from a cross-sectional profile, if possible, to determine if pH is uniform at 
any given discharge, and select the sampling method (.NFMM.G20.2) appropriate for study 
objectives. 

Flowing, shallow stream--Wade to the location(s) where pH is to be measured. 
' I . >? ,I . ,: .. .. ,j -,., !,>., f 

Stream too deep to wade--Lower a weighted pH sensor with a calibrated temperature ..,: :,.$ - .  
; ;{,) "..:.$j,; 
, ,p z1 t <. sensor from a bridge, cableway, or boat. Do not attach the weight to sensor or sensor cables. 
, , ,+. ZY q:.~ --.. , 

> '  '. 
,,7> !, ., : 
, r3 "> 

Still-water conditions--Measure pH at multiple depths at several points in the cross . .  . ! :  , !. :>'. , ..,;. ,: :.1 . '1" ; 

section. 7!,\:::c.. 
. . ',.,',L. $- ,  . ..;:i,,4 .:: - . .,.<$#f 

,#&: i,',. , ' 
3. Immerse the pH electrode and temperature sensor in the water to the correct depth and hold them ..,,,: i:2.-,f2v;;:; ? - - . :  

:, ., $! there for at least 60 seconds to equilibrate them to'water temperature. , 
,..:'.; , . (  -, % .:.,, 

, [>!?,' ;. .: ? 
,. ,...,, ?.;<.: 
; :.; i!$7'' 4. Measure the temperature. .wf &- 

, I . .  . ' I .  ><\ tp. ;,:;,!' 

,.,.; .<  ' '.. ,. . .I . , .  If the pH instrument system contains an .automatic temperature compensator (ATC), use the . ?.$ . a . . 
, .,,, ",! '. , 

ATC to measure water temperature. _ .+ I . (  . .;i:f,, . .':: 
,,.:?,'<;.+ ." :..id -.,, . - fil, . . 
:*,:? ' If the instrument system does not contain an ATC, use a separate calibrated thermometer, 

, <fyZ[ .  

adjust the meter to the sample temperature (if neces'sary), and removethe thermometer. ,; , .. . , > 
,,.i::,'. ',; ! ,- 

C,.',, . , .? .:-.::: . ,. 1; >J 
. " ., y 

5. Record the pH and temperature values without removing the sensor from the water. , $:i;... ., ,:?,,.. . ,q4 ':.:$. 2. - .! ' , . 
, .,..,> , ! .  
; ;$." :,, ,\ . 

..'<.W. . , . 
,,a,. Values generally stabilize quickly within *0.05 to 0.1 standard pH unit, depending on the . . . . ,  . ,,-. . 
. j  : ." 

instrument system. . ,:& , I stt :-- 
.j , szyi!f, .,;$: i 

Record the median of the observed values. 
,- 

I , ,  
I..* . ;- " 

If readings do not stabilize after extending the measurement period, note this difficulty on ,. : , ., ., , , - .  .::.;;. . -  . 
, , .'.7". 

the field forms al.ong with the pH readings, and record the median value of the last five or , - ,  ;,.. . . . ,  ;' 
. , ,.v ;! 

more readings. !;,, ,:.%.: . ;.:, . * '  .% 

, ,'.,':' 
I ,. . i 
, .  . ; '.;;.'. ; 
4 >;;'b* .?: 
;. ,It,.....:. 
{ ;;;:,$. -.; : 
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6. EWI or ED1 measurements--proceed to the next station in the cross section. Repeat steps 3 
through 5. After all stations in the cross section have been measured, rinse the sensors with 
deionized water and store them. 

* , '  

. ,  1 1 1  
I ,$,?'. .>, , 7. Record the mean or median stream pH on the field forms (note that pH values first must be 

, , converted to the negative antilogarithm, then the mean is calculated using the negative antilog 
" - ...'.' ' , . .( , . . . 

, , a; t ; "  
values, and finally the mean value is converted back to pH units, as'described earlier in section 

. . . ,.:i..., i 6.4.3.A): I _  

( r ~  !;$:;(' $8 

I>;~,,;.$;;:?, f 

, . ;,: $"' 
:, . , , ,. :!eJt ,. In still water--median of three or more sequential values: 
.. 

. ; .  1' . ;,.. 
~ 3 .  , ,  
. Z . . /  I , 

" t '  !I..>, I . ,, EDI--mean value of all subsections measured (use the median if measuring one vertical at 
+ a,jS;t:! :!": the centroid of flow). I 

i 
" <,y, i!,:, . I 

: ' < : ' ; I ,  I 

EWI--mean or median of all subsections measured. 

Subsample measurement 

When streams are fast-flowing or the water contains much sediment or algae, pH measurement of a 
discretdly collected subsample might be'preferable to in bitu measurement.!~e~resentative samples are 
to be collected and split or composited according to approved USGS methods (Wells and others, 1990). % 

pH measurement in fast-flowing streams should be made at the time of collection from a boat that has 
been set up for such measurements. 

1 I 

Measure pH as soon as possible after compositing the ED1 or EWI sample. 
! ".;; . ' a :  < 

, ,,, 
e . . ,  .. 
'.$. , , ,  , . Filter the sample if the pH continues to drift: measure pH in the field on both unfiltered . .  

, ,, ! * .  .;,t 
+ .  !,.'. and filtered subsamples and record both values on the field form. 
..I.< .!ili.i., I ' !  ' I 

r 
, I I .  Is 

. If the filtered sample provides the oily stable pH value, report this vdlue as'sample pH. 
, : 11.; :*',?: :i+<*~., 

1 , iy;. 
,!*:, ,,;*, . TECHNICAL NOTE: Reported ;H values are normally determined on an unfiltpred sample.   ow ever, large 
: 16 j; Sff/,,f ' , ,, f8,. %.!, concentrations of suspended sediment or algae can, be a source of measurement &yo!; slow settling of clay 

,,..P,: 
! ,, r' .,. . ,., particles or algal respiration can cause "drift" of an observed pH value. 

3'. :: '- :,,'-" 
',I:.. T:..'' 

. .  , , : 
:j,' ?. 
,5$ ,? ! : . *?  ,,< ,>, 

:,I :',. r :  
1. Calibrate the pH system on site ( h e r  equilibrating buffer tempera!& , with . s t r e d  temperature, if 

... . . - , .)? ,). , necessary). Check the electrode performance .(see 6.4.1). 
. ,. ....' 

'. . 
r'. .:; ,, ' 

t,'.,, ; , 
.,,# < 2. , 

Select . the appropriate sampling method (see NF.M G.0) and collect a representative sample. 
;, ,r,< ; , 1 ~ 1  

1 $:,!,tb , , 
.,,,&,, I 'i! 

, . 
a ? , ,.:,k 

. , . ,.) ?,,..I ., 3 .  withdraw properly homogenized' sample(s) from the compositing devic'e. 

Rinse,the collection bottles three times with the sample (use filtrate, if a filtered sample is 
used). 8 , 



'. i ,'" :,.: 
': !*?". 'f;. : 
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If the samples need to be stored for a short time or if several subsamples will be measured, 
collect sample aliquots in separate field-rinsed bottles, fill them to the brim, cap them 
tightly, maintain them at ambient stream temperature, and measure pH in the field as soon 
as possible. 

4. Rinse thoroughly with deionized water--the pH electrode, thermometer or ATC sensor, stir bar, 
and a measurement container. 

For pH, follow the deionized water rinse of equipment with a rinse using sample water. 

For ANC or alkalinity, rinse with deionized water only; do not rinse with the sample when 
using this equipment (see NFM 6.6). 

5. Immerse electrode and temperature sensor in sample water for at least 60 seconds to equilibrate to 
sample temperature. 

6. Pour fresh aliquot of the sample water into a container holding the electrode and thermometer. Do 
not let the electrode touch the bottom or sides of container during measurement. 

7. Measure and record the initial temperature. Use the ATC, if it is available and calibrated, or use a 
separate calibrated thermometer and adjust the meter manually to the sample temperature (if 
necessary). 

8. Establishequilibrium between the electrode(s) and sample by stirring slowly (no vortex) or by 
manual swirling. 

Do not stir if a vortex is formed that affects the electrode performance. 

Do not use a magnetic stirrer for samples with low conductivity (less than 100 pS/cm). 

Before recording a pH value, allow the sample to reach quiescence. 

9. Record the pH and temperature measurements on the field forms, along with the sampling, 
processing, and measurement methods used and any observed anomalies. 

10. Quality control--Repeat steps 6 through 9 with at least two fiesh subsamples to check 
measurement precision. ~ubsarn~1.e values should agree within k0.1 pH unit (or st~idy-determined 
criterion). Report the median of the values measured. 

1 1. Rinse the electrode and temperature sensor thoroughly with deionized water. Replace the plug on 
the fill hole of refillable electrodes and follow the recommended storage procedure. 

12. Discard the used sample into a waste container and dispose of it according to regulations. 

6.4.3.B GROUND WATER 

Measurements reported as ground-water pH must represent aquifer conditions (consult iN::FM-&O for 
guidance). Measure pH as close to the source as possible, either downhole or within a flowthrough 
chamber. 
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. j  , :  - 
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, . ' Use equipment that minimizes aeration 'and operite equipment in a manner to help : , .. , 
, >,'. *,;;ir,s 
, ..", 
,~ . , * ' 8.., 

mitigate losses and gains of  dissolve^ gases in solution (for exampl'e, csirbon dioxide). 
% . ' ;  

. . 
. . , .  Although downhole measurements q e  likely to be most representative of ground-water 
;,,<* . . A , ,  
4 ,.;,:I,;. t, <$ , , .  
, .,+ a .?., 

pH,proper use of pH instruments ,with flowthrough . phambers . can yie1d:comparable 
: ,  , . '  

I I values. , . < . -  . 1;. ; 

,... 
1, , .: , r i t , ' !  

I .  . The downhole system is not practical if samples will be collected after field 
: .s. -:p, 
, . . .  I 
' ._ .I. 
:, ,:,*,, 

measurements, because the instrument should not be left in the well dudg'sampling &d 
, ' 8  

J . l  t the pump should not be turned off between purging and sample collection--use a 
j 4  ,,:: i flowthrough-chamber system. , ' , , I  , 
.. . )%',,. . I 1. , ,  + ; . + r ~  , 

3 ., -, , , Streaming potentials in the flowthrough.chamber can result in biased p~ values. Make 
I ' ,  . . . I ,  

;',.* $, .. ,,- 

, I it;,', ' , the final (the reported sample pH) mkasurement in quiescent water. 
I ;  . , , I '  , 

' ' . '.::  ailed or other methods for cbllecting discrete samples isolated from theii Source are not recommended .. . . 
I,.. 

, r.+:..i for the determination of pH, although such methods are sometime's used owing to site characteristics or 
,,, q>,?,:*I .. . .I,:!: 

. , . - . ' O ?  

I. ' 
study requirements. Record the method.used to obtain the sample for pH 2easurements ori the field 

, ,. a forms and in the data base. 
. ;?.''; .,;. 

'. , . ' I .  

?:, ,;, :I , I  
I . . ,  ;.*,,.s, 
L !  ,:,>* 1 
I , .  I 1 . .', ,:. ' 

, . . Downhole apd flowthrough-chamber measu~emedts 
1 ;I ;.j,: ;, : 
A ,  * ,, .., ; I ' . , # I  

I 

I 
< j 1. Calibrate the pH instrument system on site. , ,A" 1 

, P'!:! 
: t , a  a. If necessary, bring the buff& solutions to the temperature of the water to be measured 

, I '  @ a  (discharge the well water into a bucket while suspending the standards in a net bag; allow at 
i 4  ! ?,,+I 

I f 
least 15 minutes for temperature equilibration; check temperature of the water flowing into 

x! . 
" + I (  I , 

I I 

the bucket against that of th'e buffers). 

a Check that the thermpmeter has been District certifiedli(lithin at least the past 4 
months. 

' I 

a Check electrode performance (see 6.4.1 and 6.42). 

' I 
I J'"I), 

9 
b. After calibration, rinse the pH electrode thoroughly with deionized water and blot it to 

q c,, remove excess water. Do not wipe the electrode. 
I t  

,?.', ,$ , 
, ' , # I  ) A , ,  . , ' I  

''1 ' '' 
, + i 

,?; t 2. install the pH monitoring system for sample meisurement (see 6 3 3  iln NFM._G.~o). . . 
' I . .  : . . .  , 

a Downhole system--Lower~sensors to the measuring point, followed by the pump, to 
monitor pH variation during purging. . I  

, .. , . , 
z ,  ,, , ,:::( I / 

I 
, , 

, , !:, hj;$. ,, 
' .I' ', , ' .. , 

, ,. .:. . 
a ~ l o w t h r o u ~ h  system--1nsjall the chamber &stem as closet& h e  well as possibld and shield, 

... , 
:, .;,j.,2 . the chamber and tubing from direct sunlight. Check that the electrode fill hole is open to the 
, ),,.",' . . . . . ~ . . ~ , : i  , atmosphere and that the reference junction is entirely submerged. Check for and eliminate a 

: . > ,7,;. . . .  L backpressure condition. 
, . - . I ,  +:.,. . . . 7 .  

, <#,.';';, . , i. :. ..k ', 1 ,. 
\ ,f: \ ' I , .  : 

1 ... _ . /  ., . . . , 
,,..I 

3. During purging (see table 6.0- 1 +d fig.6.0-3 in NFM 6,:O): ' . , ' , 

1 , &  

'j~ I ! '  
' , 

Keep the flow constant and laminar. 

1 " 
, , I -  a Allow the sensors to equilibrate with the ground water for 5 minutes or more at the flow 

'J,i5i:. 
" I I .  
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rate to be used, for collecting all of the other samples. 
, . 

4. Record pH values at regularly spaced time intervals throughout purging. Compare the variability 
of the pH values toward the end of purging with the stability criterion: 

The stability criterion is met when five readings made at regularly spaced intervals of 3'to 5 
minutes or more are within 0.1 standard pH unit or less (depending on the equipment). 
Routine measurement must fall within the *0.1 unit criterion. When readings fluctuate 
rapidly, select the median of three or more readings within about 60 seconds as the value 
recorded for the specific time interval. 

If the criterion is not met, extend the purge period in accordance with study objectives, and 
continue to record measurements at regularly spaced time intervals. Record any difficulty 
on the field forms. 

5. Measure and report the pH: 

If using a flowthrough system, divert the flow from passing into the flowthrough chamber 
after recording the other field measurements. Measure the sample pH in the chamber as 

, soon as the water is still. Take several readings to be sure that the system has stabilized. 

If using a downhole method, measure the sample pH after pumping h&s ceased. This entails 
installing the downhole sensors in the well after sample collection. If field measurements 
only are being monitored, stop the pump (after recording the other field-measurement 
values) and allow the pH to stabilize before recording the pH value. 

Report the final value measured on a quiescent (no-flow) sample, if the values are stable. If 
the stability criterion is not met, record the range of values observed for the time interval 
monitored, and report the median of the final five or more values observed. 

Subsample measurement 

pH measurements reported from bailed or other discrete samples need to be identified in the data base 
by a description of the sampling method used. Refer to 6,.0,3.:.B in NFP-M.-G,O for use of bailers and~the 
subsample method. 

1. Calibrate the pH system on site (after equilibrating the buffers with the ground-water temperature, 
if necessary). Check the electrode performance (see sections 6.4.1 and 6.4.2). 

2. Draw off a subsample through a bottom-emptyingdevice that fits tightly over the bottle opening. 

Quality control--Collect three subsamples to check precision. 

Rinse the sample bottles three times with sample; use filtrate if filtered sample is used. Cap 
the bottles until they are ready for use. 
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If the samples need to be stored for a short time or if several subsamples will be measured, 
collect the sample aliquots in separate field-rinsed bottles, fill them to the brim, cap them 
tightly, maintain them at ambient ground-water temperature, and measure the pH as soon as 
possible. , 

3. ~ 0 1 1 6 ~  the procedures described in steps 4 through 12 for subsample ;me&brement of surface 
water (6.4.3.A); 

TECHNICAL NOTE: An alternative method is to pour the sample into an open,container instead of 
measuring it in a closed system. If this method is used and readings do not stabilize within several minutes, the 
cause may be outgassing of carbon dioxide--measure the sample in a closed system. Filter the sample if 
settling of charged clay particles interferes with the stability of readings. 

*Section 6.4.4 
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4.:$,jp,$? . '~eterminations of redox using the (or other noble metal) electrode method (Eh) 
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for the blatinum electrode only. Although the'general.guidance gi$en here applies to other types of 
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manufacturer's instructions for correct use of the specific electrode selecttd. Concentrations of redox 
. species can be determined by direct chemical analysis instead of using the electrode method (Baedecker' . ,. !>?..,ti', L 

, ? , and Cdzzarelli, 1992). 
,. p.;i;t,r!,!l 

.;:;; .:: ,.,;: .( 

: :  ;; '. 
I ,', 

., ..I.. , , '  *Section 6.5.1 . ! s , , . p  >? ' 
,: . '. . . 

, s ..? .. O ~ e t u r n  to Contents for 6.5--~eductioi Oxidation Potential (Electrode &ethod), 
,:, #, !; ' 

. (,%, .I ./ .' . . ORetuin to Chapter A6 Contents P a ~ e  ... I i I. . 
, . ..".I \ 

@Return to Field Manual Complete Contents , : . '.: . ..;,-;, . - 
, , ,;, ;;j:: .I 

, ; #;,. : QReturn to Water Quality In'formation P a m  
i t  .'?,':;> , 

Reduction-oxidation potential (as Eh): a measure of the equilibrium 
potential, relativeto the standard hydrogen electrode, developed at 

the interface between a noble metal electrode and an aqueous 
solution containing electroactive redox species. 
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1. a : .  

. : .'In contrast to other field measurements, the determination of the reduction-oxidation potential of water 
', . ,, 
: (referred to as redox) should not beconsidered a routine determination. Measurement of redox potential, 
: ) . < , ) I :  

' - :;, ,: :. ?<>, 
.. . described here 'as Eh measurement, is riot .recommended in general because of the difficulties inherent in 
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The equipment and supplies needed for making Eh measurements using the platinum electrode method 
' . I . , . .  , 
2 . ~ ,  , 

' .i ,,,,' . .; are listed in table 65-1. Eh equipment must be tested before each fieid trip and cleaned soon after use. 
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Section 6.5.1 
I 

I Table 6.5-1. Equipment and supplies used for Eh measurements1 h 
( [inV, millivolt; k, plus or minus; ~Zlcm, micmsiemns per cenlimter at 25 deyrees Celsi~~s] I* 1 

J Millivolt meter or pH meter with millivolt reading capability, preferably with automatic 
temperature compensator; 0. I-mV sensitivity; scale to at least f 1,400 mV; BNC connector 
(see instnlment specifications forpH meters, 6.4.1 in NFM 6.41 1 1  

J Redox electrodes, either [a) platinum and reference electrode (calomel or silver:silver- 
chloride] or (b) combination electrode I I 

J Electrode filling solutions [refer to manufacturer's speclflcations) 
J Thermometer (liquid-in-glass or thermistor type), calibrated (see NFM 6.1 for 

seiectlon and calibration criterlabfor use with millivolt meters without temperatu re 
compensator 

I J Flowthrough cell with valves, tubing, and aocessorles impeimeable to air (for use 
with pump system) 

J Sampllng system: (1) in situ (downhole) measurement instrument, or 
( 2 )  submersible pump (used with closed-swtem flowthrough cell). Pump tubing 

I must be "impermeable" to oxygan. 

J ZoBe 11's sol~ltion 
J Aqua regia or manufacturer's recommended electrode-cleaning solution 

J Liquid nonphosphate laboratory-grade detergent 
J Mild sbraslve: crocus cloth or 4013 to 600-grit wetrdry CarbonrndumTM paper 

I / Dsionized water [maximum conductivity of I .O pSlcml I +  I I J Bottle, squeeze dispenser for deionized water 1 ' 1  
J Safety equipment: gloves, glasses, apron, chemical spill kit 

J Paper tissues, disposable, lint free 
J Waste-disposal container 

I ' ~ o d *  t h ~ s  lief m meet spec~f~r  needs of tlw field effort. 
I 

*-- * - -- " "" f b  . *~.'.---.2,.""--. * "  " A- - - --A".,. 
I / 

b" --- - J 

\ 
Si1ver:silver-chloride or calomel reference electrodes are the redox electrodes in common 
use. 

The OrionTM combination electrodes are.platinum redox and silver: silver-chloride 
reference electrodes in one body (the OrionTM brand is used for purposes of illustration 
only). 

ZoBell's solution. ZoBell's is the standard solution for testing redox instruments. ZoBell's solution can 
be obtained from the QWSU in Ocala, Fla., or it can be prepared fresh (see below). Quinhydrone 
solution is sometimes used but is not recommended because it is significantly less stable above 30°C 
and its temperature dependence is not as well defined as that of ZoBell's. 

ZoBell's solution consists of a 0.1 molal KC1 solution containing equimolal amounts of K4Fe(CN)6 and 
K3Fe(CN)6. ZoBell's is reported stable for at least 90 days if kept chilled at 4OC. To prepare ZoBell's 

solution: 

1. Weigh the chemicals (dry chemicals should be stored overnight in a desiccator before use). 

1.4080 g K4Fe(CN), 3H20 (Potassium ferrocyanide) 

! - . . .:. . '  ' +:' 

.. 3: .'.I, .. . . I . , .  .. 
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-I 
I .  > > 

P .  
1.0975 g K3Fe(CN)6 (Potassium ferricyanide) 

7.4557 g KCI (Potassium cljloride) 
.,;, '" ,:., , ,I; '.I 
.,,;.,,<!! I' ., , / < ,  
" ' 2  , . ,<;,, . ,  

i *  i . l, 8 

, * t  , d  1. , , ., :l.4 . ' 
2. Di,ssolv6 these chemicals in deioniked water and dilute solution to ijooo rnL. 

... . :.' 
, .L.. .,... . ! . . 

I , *  . 
:‘.!.' 

. 3. Store the solution in a dark bottle, clearly labeled with its chemical contents, prepai-ation date, and 
. ..' I.. , 

, , ,. ,. . expiration date. Keep the solution chilled. 
7 .. :,- . . 

.. , . 
; . . I  . $, . "8'' Aqua regia. Aqua regia can be used for cleaning the Eh electrode (checkthe electrode manufacturer's , . . ,..", ( , . .  , 

! .  . . a : . . . . , recommendations). Prepare the aqua regia at the .time of use--do not store it. To prepare the aqua regia, .. G , ,. . 2. . , .: .. mix 1 volunie concentrated nitric acid with 3 volumes of concentrated hydrochloric acid. ' . . . ; ? ,, 
, , , . , c , .  :; .. 2'.: 

.. . ' 

6.5.1.A 1 1 '  

MAINTENANCE, CLEANING, AND STORAGE , I , /  I I 

Refer to 6.4.1 of NFM 6.4 on pH for general guidelines on meter and electrode maintenance, cleaning, 
and storage. Follow the manufacturer's guidelines on the operation and maintenance of the meters and 
electrodes, and keep a copy of the instruction manual with each instrument system. Keep the meters and 
electrodes clean of dust and chemical spills, and handle them with care. 

Maintenance I 

1 

Keep the surface of noble electrodes clean of coatings or mineral deposits. A brightly polished metal 
surface prevents deterioration of electrode response. The billet tip is more easily cleaned than the wire 
tip on the platinum electrode. Condition and maintain the Eh electrodes as recommended by the 
manufacturer. 

, , 

Cleaning ( ,  

j 8 

Keep the O-ring on electrodes moist during cleaning procedures. 1 ' ;  I 

' I !  I 

I .  .. ,, . . , . . ' . .  
, . I  I . . . . .< .' . ..j.,.!:, ., To remove precipitate that forms on the outside wall-or tip of the reference or 
. , ,,';, ' , .. ,;,i .,' 

I I 
combination electrode, rinse the outside,of the electrode with deionized water. 

.. , .  
, , .. :'>,? ... i' : !, ;%& , * 
i: ::. , -  . # %  . 

If particulates or precipitates lodge in the space between the electrode sleeve and the 
, . .:-* . .  . . . .  , . .  inner cone of sleeve-type electrode junctions, c1ean;the chamber by flushing out the 

, I .., ' ,I 
8 :. ,' . . i . ,, 
, . :;. .,, : 

filling solution (the precise procedure to be, followed,must come from; the electrode 
, . c . .A,, I , .  , 

I , . #  :,",$;:&:! ,:l manufacturer). , .  1 ' .  I !. 
.,.I::";; ' 1% 

.,* . .. , ' ' 
, . To i-ernbvk oi'ly residues, use a liquid nonphosphbte detergent solutiod ~ d d  polish the 
", p ,y !:;! .? , 
, I .,' : , * ; t. 
, . ~ .  ,, , .3"' surface with mild abrasive such as coarse cloth, a hard eraser, or 400- to 600-grit wetidry 
'. ,,, , , '.: . I ,. CarborundurnTM paper (Bricker, 1982). .I .:, I. .. .. 

. . ,  
;!,.,;,it:* : 
- ,. 
. . ,' ,:.::'1 ' ,  I 

To recondition the Eh electrode, immerse the electrode in wa& aqua.regia (70°C) for 
, . .  : . . 

, ,,.>.. 
. ( . .  :. about 1 minute. Do not immerse the electrode for longer than 1 minute,because aqua 



3 ;  j .r  * 

Section 6.5.1 Page 4 of 4 : i 

regia dissolves .the noble metal as well as foreign matter and ,leads to an erratic electrode 
response (Bricker, 1982). Soak the electrode several hours in tap water before use. 

TECHNICAL NOTE: Disassembly of the electrode is not recommended for routine cleaning and should 
only be used when absolutely needed. Additional cleaning and reconditioning procedures are discussed in 
NFM 6.4 and in American Public Health Association and others (1992), American Society for Testing and 
Materials (1990), Edmunds (1973), Adams (1969), and Callame (1968). 

Storage 

For short-term storage, immerse the electrode in deionized water to above the electrode junction and 
keep the fill hole plugged to reduce evaporation of the filling solution. The recommended procedures for 

'long-term storage of electrodes vary with the type of electrode and by manufacturer. The OrionTM 
combination electrodes are stored dry after rinsing precipitates from outside of the electrode, draining 
the filling solution from the chamber, and flushing it with water (consult the manufacturer's cleaning 
instructions). The electrode connector ends must be kept clean. Clean them with alcohol, if necessary. 
Store the connector ends in a plastic bag when not in use. 
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6.5.2 1 

EQUIPMENT TEST PROCEDURE 

Eh measuring systems can be tested for hccuracy but they cannot be adjustkd. ~h equipment must be 
tested, either in the laboratory or in the field, against a ZoBell's standard solution before making field 
measurements. In general, field testing with ZoBell's is not required, but the protocol used will depend 
on study needs. . Before using, check that the ZoBell's solution has not exceeded its shelf life. 

Test the Eh equipment using the ZoBell's solution before and after field use. 
I ' 

' . Be aware that: 

-- ZoBell's is toxic aqd needs to be handled with care., , . 
I. 

-- ~ o ~ e l l ' s  reacts readily with minute particles of iron, dust, and other substances, 
making field use potentially difficult and messy. 

The Eh measurements are made by inseking a platinum electrode coupled with a reference electrode 
into the solution to be measured. The resulting potential, read directly in millivolts from a potentiometer 
(such as a pH meter), is corrected for the difference between the standard potential of the reference 
electrode being used at the solution temperature and the potential of the standard hydrogen electrode 
table 615-2). 

TECHNICAL NOTE: Ere, is the whole-cell potential of the reference electrode in ZoBell's solution. 
I 

I (  

Ere;= 238 mV (saturated KC1, immersed with the platinum electrode in ZoBell's at 25OC) is the measured 
I 

potential of the si1ver:silver-chloride (Ag:AgCl) electrode; 

E,= 185.5 mV (saturated KCl, immersed with the platin& electrode in ~ o ~ e l l ' s  at 2S°C) is the measured 
potential of the calomel (Hg:HgCl,) electrode; 

EO = 430 mV is the standard electrode potential of ZoBell's solution measured against the hydrogen electrode 
at 25°C. 

Half-cell potentials for the calomel, si1ver:silver chloride, and combination electrodes are shown in table 
6.5-2. Table 6.5-3 provides the theoretical Eh of ZoBell's solution as a function of temperature. For 
those temperatures not shown on tables 6.5-2 and 6.5-3, interpolate the values. Add the value 
corresponding to the solution temperature to the measured potential electromotive force (emf 
measurement). , 

http://water.usgs.gov/owq/FieldManual/Chapter6/6.5.2.html 
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,--ble6..5-2. Standard half-cell potentials of selected reference electrodes 
as a function of temperature and potassium chloride reference-solution con- 

{ 1 centration, in volts 

1 [Liquid-junction pa len l ia l  included-rnultiplymlts Iry 1,000 t o  commrt to rnil lhroltq KCI, p o t a s i u m  
chloride; Ternp°C, temperature in degreescelsius; M, molar, -,value n o t p r o v i j e d  in reference] 

Sllvtr:sllvtr chlortdc Calandl 
1 

:;I so 0.1W 0. tm 6.1% 0.249 0.244 0.2XJ 0 .23 0.234 
;?" 
, i ,  

, 
bx! 'Modit id 11otr1 Lalrgn~uit IlY711. 

2~r lod i f id  ftotrt &ICY ! 1979. 
, 3 ~ o r d r c ~ o n ~ l  19TI) a ~ d  D.K. Notda~onr. U.S. GeologCal Sutvey, wthlrlr colrrntul.. 191:lBe hall-cell . < 

:, polc~nialrc calcdalrd holn N o ~ d u l ~ o ~ s  l;1977) ate ~ e r o ~ r ~ ~ r t c ~ d e d  talhe~ t l va~ r l l r  valut. (tom Clnlrau CIS4 
! , c hrd it1 1 I r  i1a11 u r~e tn  ~ r~a~vua l  ptovilcd bytlir Or io~ i  Corr~pa~ry bwsurr  N o ~ d s l ~ o n ~ h  M lu r r  welr d r w l o p d  
;. i rwci1i1:allv bl llr 01i011'" 9578 rrdox rlrc11odr a ~ d  p~ov i l e  gtralrt sccu~acy atrl plrckiotr. 

' i r~iu~r '"  t r~atu tacru~c~ I r co r r~ l~ l r l ds  t l n l  bt aatr~plr yolulio~rr * ~ l l l l  1olaI iolric ~1 le l ig l l lea . rd ing 0.2 I 111ol3# l l o ~  e n ~ r ~ r l c .  ac~v,alc~l. urea &W KCI-ralulalrd lillillor~lulioll llalollv suDplirdwklrllrOlloII'* trlodrl 

r l~able 6.5-3. Eh of ZoBell's solution as a function I 

To test Eh equipment, complete the following 7 steps and record results.on the Eh data record form 
for tire equipment test procedure Cfig. 6.5-1): 

"C, degrees Celsius; rnV, rnillivolls] 

1. Follow the manufacturers' recommendations for instrument warm up and operation. 

Eh (mV)', Temperature vC , 

Set the scale to the desired millivolt range. 

Tenperature "C, Eh (mV), 
(continued) (contlnutd) 

Record the type of reference electrode being used. 

2. Unplug the fill hole. Shake the electrode gently to remove air bubbles from the sensing tip of the 
electrode. Check the level of the filling solution and replenish to the bottom of the fill hole. 

The filling solution level must be at least 1 in. above the level of solution being measured. 

http://water.usgs.gov/owq/FieldManual/Chapter6/6.5~2. html 
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3 1 

1 

Use only the filling solution specified by the manufacturer. 
, 1 , .  ! .  ""it 
; ,. 
" !' 

,,' :4', . ... I ' . . ' 3 .  Rinse the electrode, thermometer, hnd measur&mdnt* beaker with deiohiied water. Blot (do not., 
. ,, 2 :  ' . . 1: .:. , i t ,  wipe) excess moisture from tlie electrode. 

.I , , , - 
I*,:! L.;;>.j" , , , . : I  . , , ,  

, _ I '  ' ,. .. . I.*[,. , :  . , I ,  . 4. Pour ZbBell's solution into a measbrement beaker containing the eleit&de and tLAperature 
sensor. ,, ! . I  

i ., f 

~ h k  Eh electrode must not touch the bottom or side of the container.' ~ 

111 , ' 
:ifV4. 

. I  I , Add enough solution to cover the reference junction. I 

! 

Allow 1530 30 minutes for the solution and sensors to equilibrate to ambient temperature. 
I $ I' *! ;y* ;: ; .:.$J:.;,. , 8 ' /  

, c,$'.q':t, 
I ., ' 

,:s ' 7  
5. Stir slowly with a magnetic stirrer (or swirl manually) to establish equilibrium between the 

,>, ,.j'.\ . I.., , , t t , ,  , electrode(s) and solution. Switch the meter to the millivolt hnction, allow the reading to stabilize 
'':.,'.,!.. : r I; , , I  a j4is (45 mV); and record the temperature and millivolt value. , ' ) I  I ;  . , I  

' I ; .'; :~:,; .! 
f 3 ~ : ;  

6. Look up the half-cell reference potential for the electrode being used (table 6.5-2). Add this value 
to the measured potential to obtain the Eh of ZoBell's at ambient temperature. 

If the value is within 5 mV of the ZoBell Eh given on table 6.5-3, the equipment is ready for 
4 

field use. (See the example  elo ow.) 1 I 

Refer to section 6.5.4 if 'the value is not within 5 mV of the ZoBell Eh. 

7. Rinse off the electrodes and the thermometer thoroughly with deionized water. Store the test 
solution temporarily for possible verification. 

EXAMPLE: - 

Example of the equipment test procedure using a ki1ver:silver chloride!saturated KC1 (Ag:AgCl) 
electrode. , 

I 

Eh = emf + Ere/ 
. . 

I ' 

where: 

Eh is the potential (in millivolts) of the sample solution relative to the standard hydrogen 
electrode, , 

emf or Emeosure,,iq the electromotive force orpotential (in rhil l i~blt~) of the water measured at 
I 

the sample temperature, 

Erefis the reference electrode potential of the ZoBell's solution codcted for the sample 
temperature (table 6.5-2). 
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Measured temperature = 22OC 

b. Check table 6.5-2. The interpolated reference potential = 202 mV for Ag:AgCl-saturated 
KC1 at 22°C. 

c. From Eh = emf + E ,  

d. Check table 6.5-3. The test value of 440 mV is within A5 mV of 438 mV from table 6.5-3. 
Thus, the equipment is functioning well and ready for field use. 
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FGgurg 6.5-1. Eh data record: equipment test procedure.. 
, . . . 1; I I ......... ... . .  .. ............. L-L-- .... -.: t .  !,..--..-A- '.&.I.::. r ...A:..:~.!,: ..l.ii.t, , g ,  , ..A.I,. ! 

Eh Data Record 

Equipment Test Procedure 

Equipment description and identification (model and aerial andor W number): 

Mclcr - -,.L 

Eh electrode Reference electrode 

ZoBell'a solution: Lot # Date: prepared - -  expired 

BeforesampleEh: AfteraampleEh: 

1, Temperature of ZoBell's solution: T =  - -  - -  
(after equilibration t o  ambient temperature) 

1 

2. Observed potential (in millivolts) of ZoBell's 

relative to measuring electiode, at I 

ambient tam perature tE,e~surod or mfl: emf = - -  - -  
I 

3. Reference electrode potential (in millivolts) 

at ambient temperature frqm table 8.5-2 
! 

tEdk E p =  ----I I--- 
1 ' I 

I ' 4. Calculate Eli of ZoBell's: Eh = emf+E,, Eli= - -  - -  - 

5. Theoretical potential (in millivolts) 

of ZoBell'a at em bient tern perature 

from table 8 . 5 3 .  Eh (theoretical)= - -  - -  

6. Subtract calculated Eh from Eh theoretical 

(Zobell'a)(atep 4 r n~n ia  step 5)  AEh= ---- ---- 

7. Check: ie AEh within * 5 mV7 Obervat ions -------- 

I . ,.:. . . 
... *. ;  ..c 

e:p .,;$. 
T i ,  
I. .. .;:;;9+ .,. : j : l . ,  +Section 6.5.3 
..:'.;.,:&*a 
,,. , .  , $  . QReturn to Section 6.5.1 . , : .,,.$" , . 
.:; "$ : ,  .- ! : , . , QRehlin to Contents for 6.5--Reduction Oxidation Potential (Electrode Met110d) 

. . ,, . X L  r 
. 

.+ -...;*, :" 
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,!:. 
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',*,: ',.> ,, . . . . . 
' I  . 
, - ,  . .  .;;; 6.5.3, 
;, , <:,.: ' ' . .,I!. ', 
$;;: )>("is MEASUREMENT , 

. " . ,,1v;v , , , 
. , I, 

,:,,:: 

0. I ,  . ,, , , . 8 '  

. :  , .  

.$;. Y; 
To obtain accurate results, it is necessary to prevent losses and gains of dissolved gases in solution. 

'i l;qr,,2 i ~ , . i  ,. : 4 
Consult .NF~-.-~:-~ for information on precautions and general procedures used in sample collection and 

1 ,I I., 

.).,:.!. :.: NFM 6,~2,..for a description of the flowthrbughcell used in d i ~ s o l v e d - o x ~ ~ e ~  determination (the 
-:) . I  :;$'.# 

. . spectrophotometric method). , . . , :. . I., , *'I ' 
' - ' 7.. 

j:: :,  TI:? . .. ,,(, !' , ., i , < ' V .  4 

,:.: .:t,,!'5,.8 . , ~ h e k i c a l , , ~ h ~ s i c a l ,  and biological reactions can cause the Eh of water to, change 
,.:,.(.. I 
I I;; ,.,!: :I,. ! sigdi'ficantly within minutes or even seconds after tlie collecticin of ashinplk. 

1; - ,!: . I . . 
, , , Water sampies cannot be preserved and stored for the Eh measurement. . . ,  . . ' . ,  , .. . . ;; 

s ~ ' ,  " 

;<t , .t. , , 
use;equipment that eliminatessamplk aeration and operate the equipment to meet this 

,.. i:e:,,i;;;:;: . '  goal. If using a flowthrough chamber or cell: , I , , . ; :: ; ;f .,::;. .,, .:j,, . 
, * < . '  1 .  '. , 

1.7 8 $;,;, , I -. :4\ . , ., ,.,. -- Use tubing that is impermeable (relatively) to oxygen. . . 'L .:,< i 
t f ' , ,  

t , '!, 
I ., :j . . I  ' / 

!,jQ ;f!: &,#,< " ., . :(.' 
: . :$!,po ; : 
I ,.,, 

-- Channel the sample flow through an airtight cell (closed systein)constructed 
. , . , ' I  
, . .  

, !!. 
specifically to accoinrnodate redox or ion-specific electrodes, temperature, and 

' l :  i '> 
"! :,: ;..:I.' pther sensors. 

, c , . : , . .  
: '-8 , . , .' , , !,>!!";,, . 

' * 
, ,>. .?& ,<: I -- ' conhections and fittings must be airtight. , I , 

1 .. . ,<.;. , , 

, i 

;:. ;.I!: 
, .  , 

: .:. ,,;q:,,: , 
-- Purge atmospheric oxygen from the sample tubing and associated flow channels 

(([*,<fu,: 
,,.,*;! , ,f,>'~L,~?~~l: 

; I before measuring Eh. 
.:t,v,,,,\jl , ' , 

, , .,'i', 

. . 
)., %., . ' 

- , I - .  Measure Eh in.situ with a submersible instrument or use an airtight flowthrough system. ; .  .. il ": .! ,. , .* I ,  r ;; , , , , , 
r,. :.., .I.. . , Fjiist: ..,,,,,.! ..' ' / . '  I 

, , 1 j..:, , 
, '; & .  1. Record the type of reference-electrode system being used (fig. 6.5-1). 
/ ' \ .  I 

, r i, +:,,'', 
: I... ,p ' * , ) I ! \  . , , , 

? '42 ?,,,L,:<,'', 
8 .  < , . , ' . b t ' , . - '  

. a .  . ': 2. check for the correct electrode filling solution. Ifworking in very hot br boiling waters, change 
'", ,<: 1 . 

, . the reference electrode filling solution daily. 
, . .,,:.;, . , . .  . , . .  .,' 
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3. Keep the electrode surface brightly polished. 

TECHNICAL NOTE: Temperature determines the Eh reference potential for a particular solution and 
electrode pair, and may affect the reversibility of the redox reactions, the magnitude of the exchange current, 
and the stability of the apparent redox potential reading. The observed potential of the system will drift until 
thermal equilibrium is established. Thermal equilibrium can take longer than 30 minutes but it is essential 
before beginning the measurements. 

Next, measure the Eh and complete tlzefield form dfig.6.5-2): 

1. Select an in situ or closed-system sampling method. Immerse the electrodes and temperature 
sensors in the sample water. 

In situ (or downhole)--Lower the sensors to the depth desired and follow the 
manufacturer's recommendations. 

Closed-system flow cell--Check that the connections and sensor &mrnets do not leak, and 
that the water being pumped fills the flowthrough cell. 

2. Allow the sensors to reach thermal equilibrium with the aqueous systein being measured and 
record the time lapsed. 

It is essential that platinum electrodes be flushed with large volumes of sample water to 
obtain reproducible values. 

Record the pH and temperature of the sample water. 

3. Switch the meter to the mi1IivoIt function. 

Allow the reading to stabilize (f 5 mV). . 

Record the value and temperature (x~.e.~thetechnical.~oteA..~tf~!o~s_st~pP_Z,~e~ow). 

Stabilization should occur within 30 minutes. 

4. Take readings of the sample temperature and potential (in millivolts) every few minutes for the 
first 15 to 20 minutes. 

It is best to stop the flow of the sample while the reading is being taken to prevent 
streaming-potential effects. 

After 15 to 20 minutes, begin to record the time, temperature, and potential in plus or minus 
millivolts about every 10 minutes. Continue until 30 minutes have passed from the initial 
measurement and until the measurements indicate.a constant potential. 

5. After the measurements have been completed for the day, rinse the electrode(s) thoroughly with 
deionized water. 

If field calibration is required for a study, 
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a. Place the electrode(s) and other sensors in ZoBell's solution that has been equilibrated to the 
temperature of the aqueous system to be measured. The electrode(s) must not touch the 
container, and the solution must cover the reference junction. 

b. Allow the electrode to reach thermal equilibrium (15 to 30 minutes). 

1 c. Record the potential reading. 

, d. Follow steps 5-7 of the equipment test procedure in ~e-c.tj~on6,~5.2. . , 
. . / I  I 

6. Record all data and calculate Eh (see EXAMPLE, (section 6.5.2). 

Fill out the Eh.data record form for field measurements f?g. 6.5-2). 

Eh Data ~ecord 

Field Measuren~ents 
, 

Field Eh ~ i e l d ~ h l  ' 

1. Temperature and pH of system measured: T = 

pH = 

2. Time to thermal equilibration: 

Measurement bedan at 

Measurement ended at 

3. Measured potential ofwater system tmW: wnl= 

4 Reference electrode potential mV ofZoBell's 

at sample temperature: Emf = 

)' ( 5. Calculate sample Eh: emf + E 

I I 6. Field measurements should agree within about 10  mV. 
- 

Observations: 

I, I  he sacmd msasummsl is necasrmry for pualif~mruml. I 
Flgure 6.5-2. Eh data record: field maaruremenb. 

.-_̂ I--. --.--. , -1 I ,  , ....".-.-----..--- 1 

7. Quality control--Repeat the measurement. 

TECHNICAL NOTE: The response of the Eh measurement system may be considerably slower than that of 
the pH system and that response also may be asymmetrical: the time required for stabilization may be longer 
when moving from an oxidizing to reducing environment or vice versa. If the readings do not stabilize within 
about 30 minutes, record the potential and its drift; assume a single quantitative value is not possible. If an 
estimate of an asymptotic final (hypothetical) potential in such a drifting measurement is desired, refer to the 
method used by Whitfield (1974) and Thorstenson and others (1979). 
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6.5.3.A 
INTERFERENCES AND LIMITATIONS 

..,. . , , .,$. .,+ 
I, x ;. ;;~ .?, 

Measurements should not be carried out without an awareness of the interferences and limitations ,. .* ..-., ., > .,,':.:,$. ,',fq,,.W ,' 

inherent in the method. ., !;$; 
. . 

- ?; .'. , 

..' ,>.. !, '. 

..;;,::L &, ., .,.%) '. , , , 
I. .. !;'N, . 

b Organic matter and sulfide may cause contamination of the electrode surface, salt bridge, , b. . ,. p..,i. I , 

, 1.. or internal electrolyte, which can cause drift or erratic performance when reference . . .  . . 
< '  .: 
',I.: : 

electrodes are used (American Public Health Association and others, 1992). > ::r..i:. 4.. 

2,,"i;r::,, 
.b , 

Hydrogen sulfide can produce a coating on the platinum electrode that interferes with the 
measurement if the electrode is left in sulfide-rich water for several hours (Whitfield, 
1974; Sato, 1960). 

The platinum single and combination redox electrodes may yield unstable readings in 
solutions containing chromium, uranium, vanadium, or titanium ions and other ions that 
are stronger reducing agents than hydrogen or platinum (Orion Research Instruction 
Manual, written cornrnun., 199 1). 

b Do not insert redox electrodes into iron-rich waters directly after electrode(s) contact 
with ZoBell's. An insoluble blue precipitate coats the electrode surface because of an 
immediate reaction between ferro- and ferricyanide ions in ZoBell's with ferrous and 
ferric ions in the sample water, causing erratic readings. 

Many elements with more than one oxidation state do not exhibit reversible behavior at the platinum 
electrode surface and some systems will give mixed potentials, depending on the presence of several 
different couples (Barcelona and others, 1989; Bricker, 1982, p. 59-65; Stumm and Morgan, 198 1, p. 
490-495; Bricker, 1965, p. 65). Methane, bicarbonate,'nitrogen gas, sulfate, and dissolved oxygen 
generally are not in equilibrium with platinum electrodes (Berner, 1981). 

TECHNICAL NOTE: Misconceptions regarding the analogy'between Eh (pe) and pH as i as te r  variables 
arid limitations on the interpretation of Eh measurements are explained in Hostettler (1984), Lindberg and 
Runnells (1984), Thorstenson (1984), and Berner (1981). To summarize: 

(1) Hydrated electrons do not exist in meaninghl concentrations in most aqueous systems--in contrast, pH 
represents real activities of hydrated protons. Eh may be expressed as pe, the negative logarithm of the 
electron activity, but conversion, to pe offers no advantage when dealing with measured potentials. 

. .<:$, ; ;.. 
(2) Do not assume that redox species coexist in equilibrium. Many situations have been documented in which ;,!s;,; ;.,,,p~;.>, T 6 ., ,, <. I 
dissolved oxygen coexists with hydrogen sulfide, methane, and ferrous iron. .:,d.:,.,,n 2 ,?. .. ' . 

.*" . 
I .I< , 

The practicality of Eh measurements is limited to iron in acidic mine waters and sulfide in waters 
under- going sulfate reduction. 

Other redox species are not sufficiently electroactive to establish an equilibrium potential at the surface 
of the conducting electrode. 

(3) A single redox potential cannot be assigned to a disequilibrium system, nor can it be assigned to a water 
sample without specifying the particular redox species to which it refers. Different redox elements (iron, 
manganese, sulhr, selenium, arsenic) tend not to reach overall equilibrium in most natural water systems; 
therefore, a single Eh measurement generally does not represent the system. 
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INTERPRETATION 
, 
I 

A rigorous quantitative interpretation of a measurement of Eh requires interactive access to an aqueous 
speciation code. Exercise caution when interpreting a measured Eh using the Nernst equation. The 
Nernst equation for the simple half-cell ieaction (qaq, = MI + +-) is 

(fl(ll 

, where: 
. . I ,  R P gas constant; ' , '  

T = temperature, in degrees keltriti; 
1 1  = number of electro'ns in the half-cell re~ct ion;  
F = Faraday constant; and 

nr  ,,r,,, and t i r \  ,,, ,= thdraodynamic activities of the freeions M: ,,, 
3 nd h4Jr,,l,J,and not si ni ply t he analyticcll concen- 
trations of total M in oxidation states [ and [I, 
respectively. 

/ ' 
Measurements of Eh are used to test and evaluate geochemical. speciation models, particularly for 
suboxic and anoxic ground-water systems. Eh data can be useful for gaining insights on the evolution of 
water chemistry and for estimating the equilibrium behavior of multivalent elements relative to pH for 
an aqueous system. Eh can delineate qualitatively strong redox gradients; for example, those found in 
stratified lakes and rivers with an anaerobic zone, in an oxidized surface flow that becomes anaerobic 
after passing through stagnant organic-rich systems, and in mine-drainage discharges. 
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i ( I ,  .. Alkalinityand acid neutralizing capacity (ANC) d e  measures of the ability of a sample to 
~ ~ : ,  . neutralize strong acid. They are determined,using identical electrometric procedures involving the 
!. < ,$.' , . 
: :. / '  

. i:, , .  ' . ,  
acidimetric titration of a sample; the only difference, is that the alkalinity sample is filtered, whereas 

. . , I  . 
,,** ::+, the ANC sample is not filtered (raw, or unfiltered);. The terms alkalinity, ANC, and carbonate 

:,),."j. ; 
: l'. 8,: . alkalinity are used in this manual as follows: 

L ,; ; ' . I 
,: ".,* > 
,*.; ;. .;,,\ 
'1 .: 8 ,  . 

e ! ) ~lkalinity is the acid neutralizing capacity of solutes in a water sample, reported in 
,,r ' , y:.. . 

I ... . I ., 
t , . .  , equivalents per liter (or milliequivalents or microequivalents per liter). Alkalinity 

,;i;, ' 1 .  
+,,. k.!. consists of the sum of titratable carbonate and noncarbonate chemical species in a 
!,? ;!b;;.!y;; 
~ : ~ I ~ , ~ ~  .I, I. , 

filtered water sample (filter membrane of:0.45-~m pore size or smaller). 
I ,  >.. , . l , , l  2' 

8 

' 1  . ) ANC is the acid-neutralizing capacity of solutes plus particulates in an unfiltered water 
q ' 

I C I  . sample, reported in equivalents per liter (or milliequivalents or microequivalents per 
, , . : ; j .  
1 .. 1 

liter). ANC is equivalent to alkalinity for samples without titratable particulate matter. 
; j.i';-., 7 '.I, 

';.. ,% ' ' 

:; !, ..p ) Carbonate alkalinity is th6 acid-neutralizing capacity attribitabl; to carbonate solutes 
. . ,). 

I . ,  u,. . 
,. I..'; :.:- ,I\ ,.. 

(bicarbonate and carbonate)', reported either in equivalents per liter (or milliequivalents or 
, , .,,..-t ." ,I;l,i$l!l;~ . .,' microequivalents per liter) or in milligrams per liter as a cvbonate species, and titrated 

'b.. , , i: ,  
11 ,, 

, . 
".; 

o'n a filtered water sample! In many aqueous systems, alkalinity is controlled by 
'_ ' I .  a 
, ,  . 

* + , , ,  ~1' : ;  

carbonate chemistry and most commonly is attributable to bicarbonate (HC0,-) and less 
c . ,  
.,:,,:,. , , : ,.I 4 .  , frequently to carbonate (~0:-). ' . 

Alkalinity: the capacity of solutes in an 
aqueous systdm to neutralize acid. 

i ' a .  ,:,' 
, ,  , 

*:, , ti ?' ! 1 
, , 
\; ~,:'.,,:$ 1 . . . 

Acid 'Neutralizing Capacity 
,,!I,' I,,!,, 
, ),a,::;J!,l!, , 'I 

(ANC): the capacity of solut'es plus particulates 
I I) ' ' ,: 
. .  . ' p,. , . . . in an aqueous system to n'eutralize acid. 

, ',. :! " .. ,..!..;'! ' .. , 
9 . ,  

1" ,'),'. 
;: ..\;:; 

Alkalinity is used routinely to check the 'charge balance of a solution and to gain insights on the 
I,, . . :. . '+ il.' 

, .. 
.::% 1, '?a' 1 

evolution of aqueous systems. Alkalinity and ANC provide information on the .suitability of water 
$ 4  . ;,:. , 4 ' ,I 

, '.>. , , '~ , ',I8 
, .  . 

for uses such as irrigation,. determping the efficiency of wastewater processes, determining the 
.. , ,.,,I :; ;: presence of contamination by anthropogenic wastes, and maintaining ecosystem health. 

', ,: ., , >  ., 
, .?. - i .  ,, , , '> 

< >:,, , ,,:,I 
, , 8  

Any substance in the water sample that reacts with strong acid titrant can contribute to the acid 
; ;, ,,.,,,I ": 
, , .. 
<,. , ; r;::4, 1 , I 

s :, v , $ , ' ~ !  , /,..'.. 
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neutralizing capacity. 

) Important noncarbonate contributors may include organic ligands (especially acetate and 
propionate) as well as hydroxide, silicate, borate, and less commonly ammonia and 
sulfide (Hem, 1985). When found in unusually high concentrations, phosphate and 
arsenate also may contribute to the acid neutralizing capacity of the sample (Sturnm and 
Morgan, 1981). 

) Except for unusual natural waters and waters substantially affected by human activity, . . 

noncarbonate ionized contributors generally are not present in large enough quantities to 
affect alkalinity or ANC determinations. 

) Particulate matter can be an important contributor, and must be removed by filtration 
before titrating the sample for the alkalinity determination. 

, . Alkalinity is determined on a filtered, sample. ANC is , 

determined on an unfiltered sample. 

TECHNICAL NOTE: Alkalinity and ANC are measured relative to a solution of carbon dioxide in water; 
therefore, they are independent of any exchange of carbon dioxide or other common gases between the 
sample and the atmosphere. However, atmospheric gas exchange can alter the concentrations of individual 
species, such as bicarbonate. Also, aeration of a sample during filtration can cause mineral precipitation on 
the filter-this may alter the alkalinity, especially in water systems closed to the atmosphere under ambient 
conditions. 
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~at iona l  Field Manual for the Collection bf Water-Quality Data 

6.6.1 EQUIPMENT AND SUPPLIES 
. . 

TWRl Book 9 
(REVISED 912001) 

Equipment and supplies for the electrometric method for determining alkalinity and ANC are listed 
in table 6.6-1-. The equipment must be tested before each field trip and cleaned immediately after 
each use. 

Buret, micrometer buret, and digital titrator 

The buret provides good accuracy and precision when used by a trained operator. 

. . ) : .Micrometer burets provide better accuracy and precision than burets-they can deliver 
acid increments to 0.0001 mL and are available commercially (for example, GilmontB 
micrometer burets), . .. 

) The digital titrator is not as accurate as a buret, but is popular because it is more 
convenient and less fragile than a buret and keeps the acid in a virtually closed system. 
Empty titrant cartridges also are available. (The HachB brand is used as an example in 
this document.) Delivery tubes of clear (instead of red) plastic should be used. 

Volumetric pipet, graduated cylinder, and digital balance 

The volumetric pipet is used only for dispensing the correct volume of filtered sample. Selection 
depends on whether the detekination is on an alkalinity (filtered) sample or an ANC (unfiltered) 
sample. 

) Use only class A "TD" pipets. TD is a calibration designation meaning "To Deliver" (TD 
is distinguished from "TC" or "To Contain" pipets). 

) Class A pipets should not be used to aspirate or dispense solutions containing suspended 
particles-the small bore of this pipet tends to reject particles during aspiration and retain 
them during delivery (C.J. Patton, U.S. Geological Survey, written commun., 1995). 

. . 

The graduated cylinder and digital balance are used only for measuring the correct volume of 
unfiltered (ANC) sample. The digital balance yields higher precision than the graduated cylinder. 

Table 6.6-1. Equipment and supplies used for alkalinity or ANC titrationsl . . 
[mL, milliliters; ANC, acid neutralizing capacity; g, gram; pS/cm, microsiemens per centimeter at 25"Celsius; N, 
normal] 

Equipment and supplies needed when using either a digital titrator or a buret 

J pH meter, preferably with automatic temperature compensator.(see NEM.~6,.4...for selection and associated 
supplies) 
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J pH electrode, calibrated, combination or equivalent, and appropriate filling solution, if required .. 

J Thermometer, calibrated (see NFM G. I for selection and calibration criteria) 

J Stirrer, magnetic (battery operated) 

J Stirring bars, Teflon@ coated, smallest size (always cany spare bars) 

J Volumetric pipets, class A ';TD" (for alkalinityF25 mL, 50 mL, and 100 mL 

J Graduated cylinder (for ANC). For higher precision, use a digital balance, 0.1 - g accuracy, 200-g capacity, 
pocket-sized (available from Acculab, Inc.) 

J Pipet squeeze bulb or pipet pump 

J Sample bottles, 250 mL, acid rinsed or deionized-water rinsed 

J Beakers, glass-50 mL, 100 mL, and 150 mL 

J Beaker, Berzelius, 300 mL, tall form, spoutless, with two- or three-hole stopper 

J Deionized water (DIW) (maximum conductivity of 1 pS/cm) 

J Dispenser bottle, squeeze, for deionized water 

J Filtration unit, in-line capsule or pressure unit with inert gas (for alkalinity) 

J Sodium carbonate (NqCO,) standard solution 

J Safety gloves, glasses, acid spill kit, and apron 

J Paper tissues, disposable, soft and lint free 
. , 

Additional equipment and supplies needed when using a digital titrator 

J Digital titrator and mounting assembly 

J Delivery tubes, bent-stem, colorless, transparent 

J Titrant solution: sulfunc acld (H,SO,) solution, 0.1 600N and 1.600N (empty or prefilled cartridges are 
available for use wlth the HachB system) 

Additional equipment and supplies needed when using a buret 

J Calibrated buret, 25-mL capaclty with 0.05-mL graduations and Teflon@ stop-cock 

J Calibrated buret, 1 O-mL capacity with 0.02-mL graduations and Teflon0 stop-cock 

J ,  Micrometer buret (alternative to standard burets, for greater accuracy) 

J Titrant solution: sulfuric acid solution, 0.01639N 

J Buret stand and clamp , . 

J Wire pen cleaner (for cleaning buret tip) 

J Buret cap 

J Buret meniscus reader 

J Acid bottle, pump (for filling buret) 

'Modify this list to meet the specific needs of the field effort. 
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Sulfuric acid titrant 

, , 
4 

Q 
Sulfuric acid is the titrant used routinely by the USGS. The normality of sulfuric acid titrant is 
subject to change with time; proper storage and standardization of the acid titrant is essential. 

I I 

) 0.1600N or 1.600N sulfuric acid solutions in prefilled cartridges 'for the HachQ digital 
titrator should be obtained by USGS personnel from the USGS Ocala Water Quality & 
Research Laboratory (OWQRL). The normality of sulfuric acid in these cartridges is 

, tested by the OWQRL prior to distribution. OWQRL calculates and reports any 
correction factors necessary to compensate for cartridge manufacturing anomalies and/or 
variations in the reported acid normality. Hach Company, as of January 2001, reports a 
shelf life of 18 months for these cartridges. Expiration dates +e printed on each cartridge. 

) 0.01639N sulfuric acid solution 'for the buret system is available from the OWQRL. 
Alternatively, a sulfuric acid solution of similar normality may be prepared by following 

I the procedure described in section 6.6.2. Check the normality~of this titrant solution 
each month. 

) Acid solutions of other normality may be needed, depending on the sample chemistry or 
ionic strength. Prepare the solution under a fume hood. Check the normality monthly. 

TECHNICAL NOTE: For samples vulnerable to precipitation reactions, a Berzelius beaker can 
help minimize gas exchange. Select a size of Berzelius beaker that fits the sample volume and 
associated titrating equipment and yet minimizes headspace above the sample. Fit the Berzelius 
beaker with a two- or three-hole stopper to accommodate the electrode(s), the thermometer, and the 
digital or buret titrator. Another option is to work in a glove box filled with an inert gas atmosphere. 
Oceanographers use a closed cell with an expanding plunger to avoid gas exchange (Almgren and 
others, 1977). I 

CAUTION: Use the safety precautions outlined on 
the Material Safety Data Sheets (MSDS) when 
handling chemicals-wear safety glasses, gloves, I 

and protective clothing. 

6.6.1 .A MAINTENANCE, CLEANING, AND STORAGE 

Proper maintenance, cleaning, and storage of the pH instrument are critical for ensuring the 
accuracy of alkalinity or ANC determinations; guidance is provided in NFM 6.4. 

Clean the volumetric pipets, beakers, bottles, burets, and stirring bars with hot water and 
nonphosphate detergent. Rinse them copiously with tap water followed by deionized water. If oily 
or chemical residues are difficult to remove, soak the glassware and hbnrnetal equipment in a mild 
(5 percent by volume) hydrochloric acid solution (see Horowitz and others, 1994), and repeat the 
detergent wash. Store cleaned equipment wrapped or bagged in plastic until ready for use. 

Reagents must not exceed their shelf life. Store reagents, as appropriate, in a dust-free cabinet, 
desiccator, or refrigerator. When chemicals to be used for preparation of reagents are received, 
mark the dates of receipt and expiration on the container. When a reagent is prepared, label the 
container with the contents, date of preparation, expiration date, and preparer's initials. Store the 
0.01639N standard sulfuric acid solution and filled HachQ titrant cartridges in a cool, dark place (a 



Section 6.6.1 Page 4 of 4 

storage cabinet or frost-free refrigerator). Seal the filled cartridges in plastic bags to avoid moisture 
loss or gain. 

Some of the recommended procedures for equipment operation 
may be out of date if the equipment being used is different from that 
described or if the equipment incorporates more recent ' . 

technological advances-follow the manufacturer's instructions. 

Section 
6.6.2 
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I. - t  

(REVISED 912001) I ,.!, I 

. I '  , . .  . , , 

t . 1  :,? '.: 
; , ' >>, , . , , ,  .,. j-,: , .*,. calibration is required for the pH instrument-follow instructions in NFM 6.4. 
. . ..2: 

1' ..,,,:t 

'. . . ,- . . ..';., 
. ,. . x :,, 

Alkalinity and' ANC determinations require the use of an acid titrant with a known concei.ltration. 
. ; .; .:, . Accurate standardization of the acid titrant is essential. .... $. ... ' , . , , I ,  * . ." 

) The normality of locally prepared titrant or 0.01639N solution obtained from the 
OWQRL must be tested once per month. The acid is checked1 ag'ainst a fresh standard 
solution of sodium carbonate, as described below. I /  

/ I 

) Record on field notes any correction factors necessary to compensate for cartridge 
manufacturing anomalies and/or variations'in the stated acid normality for the lot of . 
prefilled cartridges to be used. This information is available from OWQRL for USGS 
personnel. I 

CAUTION: When diluting concentrated ,acids; 
always add the acid to the water. 

I Pqepare a sulfuric acid titrant solution: 
I 

, I 
I 4  

, '  I 

To prepare your own acid titrant for the buret system, follow the procedure below (adapted from 
Fishrnan and Friedman, 1989). ' 

1: Cautiously add 0.5 mL concentrated H2S0, (specific gravity 1i.84 g/mL) to approximately 
950 rnL of fresh deionized water (DIW). 

2. Mix thoroughly; dilute with DIW to the 1-L mark. 

This recipe results' in an acid concentration of roughly 0.018N. To determine the actualracid 
concentration, the solution must be standardized-follow the procedure on the next page. If a 
concentration of exactly 0.01639N is desired, the standardized solutic$may be diluted with DIW 
arid restandardized. I I , 

Prepare the standard solution: 
. ,  . 

_ ' 3 .  I . .: , :;I, . 
:., , .{ ! ,'.. 

To prepare a fresh standard solution . , of 0.01639N sodium carbonate (Na,CO,): 
"*. ,,", 

, ..i 
, , L. .:. . .*-c \ 

:: . .. 
. ,. ,. 6,,~k3 : 1. Dry 1 ;O'g primary standard N%CO, at 150 to 1 6 0 0 ~  for 2 hours. 

' X I . .  . 
; .iT$r, : r 2 .  Cool in a desiccator; weigh out 0.8686 g Na2C0,; add to a 1-L volumetric flask. c;;: .;"'<:( 1 , . : I  , 3. Dilute with DIW to the 1-L mark. 

, . 
: :;,>, ;.m.Ax,l, . ,t,J 

f.$;ft>qj. . , 1 8  

,,,:,, , ytb i . , I; standardize the sulfuric acid: ; I., 
:,,: ><;; 

> 6 /,%, , 1: ,! 
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1. Calibrate the pH system following instructions in NEM-64. 
2. Pipet 25 mL of sodium carbonate standard solution into a 100-rnL beaker, and titrate with the 

sulfuric acid solution. Record the pH and volume of titrant added, following the procedure in 
section 6.6.4.A. 

3. Determine the equivalence point of the titration using the inflection point method (section 
6.6.4.B). The equivalence point is the point at which the change in pH per volume of titrant 
added is maximized, and generally will be found near pH 4.5. ' 

4. Determine the normality of the acid as follows: 

where 
Ca is acid normality, in equivalents (eq) per liter, and 
Va is volume of sulfuric acid added to reach the equivalence point, in milliliters. 

5. Store the solution in a tightly sealed 1-L glass bottle. 
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6.6.3 COLLECTION AND PROCESSING 
TWRl Book 9 
(REVISED 912001 ) 

Collect and process the samples in a manner that ensures that they represent environmental 
concentrations at the time of collection. Minimize the effects of wind, rain, cold, dust, and sun on 
the samples. Collect and (or) process the samples in a chamber to protect them from airborne 
particulates. 

Before collecting or processing the sample, clean the samplers, compositing and splitting devices, 
sample bottles, measurement vessels, and other equipment that contacts the sample (for detailed 
procedures refer to NFM Chapters 3 and4). 

) Prerinse the sample bottles with deionized water and store in sealable plastic bags until 
ready for field sampling (acid-rinsed sarnplejbottles are recommended, especially for 
samples with low alkalinity'or ANC). Field rinse the bottle(s) three times with sample 
(sample filtrate for alkalinity). I 

) Do not field rinse the measurement vessels. Volumetric pipets and graduated cylinders 
should be clean and dry before use. 

To collect and process tlie sample: 

1. Filter the samples along with other anion samples, if determining alkalinity. The 0.45-pm 
flowthrough disposable filter capsule is the standard unit used by the USGS. Record on field 
forms if a different unit or membrane is used, as this can affect the determination. 

1 
2. Fill and securely cap two 250-mL sample bottles (instead of one 500-rnL bottle) with the 

sample (filtrate for alkalinity) to ensure that there is sufficientvolume to (a) repeat the 
titration, (b) preserve the intbgrity of the second aliquot after the ,first has been opened, and 
(c) accommodate any losses from spillage. I 

3. Prevent agitation of the sample or prolonged exposure to air in order to avoid oxidation of 
hydrogen sulfide, ferrous iron, and manganous manganese, and' to prevent precipitation of 
mineral phases. 

Loss of carbon dioxide (CO,) from the sample will not change'the alkalinity or ANC 
determination, but chemical or physical reactions can cause concentrations of 
bicarbonate and carbonate to change within minutes. 
Begin the titration as soon as possible, as there is.less chance of chemical precipitation 
once acidification begins. If the titration is delayed, maintain the samples at the 
temperature of their ambient environment: 
If there is a tendency for mineral precipitation, collect and process the sample in an 

' 

inert gas atmosphere. 
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Surface- water 

Collect and process a representative sample according to USGS-approved methods (see N F M a ,  
5.0, and 5.1). ,............... 

I 

) The USGSNASQAN aid  BENCHMARK programs require filtration of alkalinity 
samples through a 0.45-ym membrane. 

) To collect and process samples from anoxic lake or reservoir depth intervals, adapt 
procedures described for ground water. 

Ground water 

Collect the sample as close to the source as possible, minimize aeration of the sample, and take the 
precautions described in step 3 above. See NFM 4.2, 5.0, 5.1, and 5.2 for ground-water sample 
collection and filtration methods. 

) Purge the well (NFM 4.2 and 6.0) and connect the filter unit in-line with the pump. 

) Flush and fill the sample lines and filter unit with sample water so as to exclude air. 
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6.6.3 COLLECTION AND PROCESSING 
I 

,- 
W R l  Book 9 
(REVISED 912001 ) 

Collect and process the samples in a manner that ensures that they represent environmental 
concentrations at the time of collection. Minimize the effects of windY1rain, cold, dust, and sun on 
the samples. Collect and (or) process the samples in a chamber to protect them from airborne 
particulates. 

1 ,  

Before collecting or processing the sample, clean the samplers, cod&iiti1ng and'splitting devices, 
sample bottles, measurement vessels, and other equipment that contacts the sample (for detailed 
procedures refer to NFM Chapters 3 andd). 

, . s i  ,:.I, '. 
j,.!$;$;jl 1: 

,,.., :..l~',, , 
' Prerinse the sample bottles kith deionized water and store inlsealable plastic bags until ' 

, :. .. , 
I. .' ' :  .. . i ., . ready for field sampling (acid-rinsed sample bottles are recommended, especially for 

...,., 5 : samples with low alkalinityor ANC). Field rins'e the bottle(s) three times with sample . . 
. '  , ,.,..:,,I", . . l lL'. . . 
j .,. .C..' " 

" , j I).!' 1 
' . J Y ~ ~ . . ~ ~ ,  <, (sample filtrate for alkalinity). I 

q . I .  '! JL,,;+toL 
',. I I ) Do not field rinse the measurement vessels. Volumetric pipets and graduated cylinders 

should be clean and dry before use. 

To collect andprocess the sample: 
I 

1. Filter the samples along with other anion samples, if determining alkalinity. The 0.45-pm 
flowthrough disposable filter capsule is the standard unit used by the USGS. Record on field 
forms if a different unit or membrane is used, as this can affect Ithe determination. 

2. Fill and securely cap two 250-rnL sample bottles (instead of ode 500-mL bottle) with the 
sample (filtrate for alkalinity) to ensure that there is sufficient volume to (a) repeat the 
titration, (b) preserve the integrity of the second aliquot after the first has been opened, and 
(c) accommodate any lossesfiom spillage. 

I 

3. Prevent agitation of the sample or prolonged exposure to air in order to avoid oxidation of 
hydrogen sulfide, ferrous iron, and manganous manganese, and to prevent precipitation of 
mineral phases. 

I I 
;' Loss of carbon dioxide (CO,) from the sample will not change the alkalinity or ANC ,,.,, ,, 

. , ,  . 
determination, but chemical or physical reactions can'cause concentrations of 9 :lL:), 

!' . . r .  , , . ,  
.. ,;;bt;;,? bicarbonate and c a r b y t e  to change within minutes. , . 
. , . ,  ' 
, .< u ,<.,:,; ;' '.. :; !.. " 

a Begin the titration as soon i s  possible, as there is less chkice of chemicalprecipitation 
. I ,  ,I. ,. . ,. 

once acidification begins. If the titration is delayed, maintain the samples at thk 
: ; 1, .;4 1 , temperature of their ambient environment. .. I..! . . r.. .,I l' ' 

,.,, ,*9?., 
#,,+, 7;: r+ + , , 

,.:i ,: d:; , ! 
. If there is a tendency for mineral precipitation, collect , ' I  and process the sample in an 

, . , .  ,Li"" inert gas atmosphere. ' ! ,  
' I , ,  I 
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Surface water 

Collect and process a representative sample according to USGS-approved methods (see NFM4.1, 
5 .O, and 5.1). ................ 

) The USGS NASQAN and BENCHMARK programs require filtration.of alkalinity 
samples through a 0.45-pm membrane. 

) To collect and process samples from anoxic lake or reservoir depth intervals, adapt 
procedures described for ground water. 

I .  

Ground water 

Collect the sample as close to the source as possible, minimize aeration of the sample, and take the 
precautions described in step 3 above. See 'NFM 4.2', 5,O, 5.1, and 5.2 for ground-water sample 
collection and filtration methods. 

) . Purge the well (NFM 4.2 and 6.0) and connect the filter unit in-line with the.pump. 

) Flush and fill the sample lines and filter uriit with sample water so as to exclude air 
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.dl. 6.6.3 COLLECTION AND PROCESSING~ , 
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1 ' . : " ,  ,I. 
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, ' 
.I I, M R I  Book 9 

' ) ,  
1 I (REVISED 912001) 

Collect and process the samples in a manner that ensures that they represent environmental 
concentrations at the time of collection. Minimize the effects of wind,,rain, cold, dust, and sun on 
thA'samples. Collect and (or) proce/s the samples in a chamber'to prbtect them from airborne 
paiticulates. 1 

. , I  I .  

I 
, 4 1 : $  
, ,; I ,j. I: Before collecting or processing the,sample, clean the samplers, compositing and splitting devices, 

' t l /  t 
' I 1 4 /  

sample bottles, measurement vessels, and other equipment that contacts the sample (for detailed 
, ,  procedures refer to NFM Chapters 3 and_fl). 

,' :> ,, 
,; 1 a:, ; : ,! ,; 
-.\;,,!.!+p~, , ' 
.! t.t. " '. 1 .1' . . .  ) Prerinse the sample bottles with deionized water and storein sealable plastic bags until, 
{ .# !.'>!.! . . . . 

,. ready for field sampling (acid-rinsed sample'bottles are recommended, especially for 
,! . '!; *,  .' 
. . , ," 

samples with low alkalinity or .ANC). Field rinse .the bottle(s) three times with sample 
:;, . j q  : (sample filtrate for alkalinity). ,,? ',J+(!,;'F. ' ,  , 

.t. *; . '!,,, 

1; ) Do not field rinse the measurement vessels. Volumetric pipets and graduated cylinders 
;;!I;. ,, 

;,..; . . q.:, should be clean and dry before use. 
1 %  8 

!dt \ , r  \ 
I.. t:,j: . i' 

I, 6 I* 

I ~b collect and process the sample: 

1. Filter the samples along with other anion samples, if determining alkalinity. The 0.45-pm 
flowthrough disposable filter capsule is the standard unit used! dy the USGS. Record on field 
forms if a different unit or membrane is used, as this can affect 'the determination. 

2. Fill and securely cap two 250-rnL sample bottles (instead of one 500-mL bottle) with the 
I sample (filtrate for alkalinity) to ensure that there is sufficient, yolume to (a) repeat the 
I titration, (b) preserve the integrity of the second aliquot after the first has been opened, and 

(c) accommodate any losses from spillage. 
3. Prevent agitation of the sample or prolonged~exposure to air in ,order to avoid oxidation of 

hydrogen sulfide, ferrous iron, and manganous manganese, and to prevent precipitation of 
mineral phases. 

- f?.'..," , 
: ,:,,*"i ;I) 

a ,.,,,,, i i , : ,., ,. 
., , 

.Loss of carbon dioxide (CO,) from the sample will not$hange the alkalinity or ANC 
,. , , . ;a," 
. ,  , , ,  
., ! I,,.;,;. 
... I ..: . ) 

determination, but chemical or physical reactions can cause concentrations of. 
... , 

+ . \, , , , ~ , v ~ ~ ~ .  ;:-re : ? x r . bicarbonate and carbonate to change within minutes. , . 
, 3 . "  

5 , ''6,; !. ., . ,, T $';:<#. 1. ,.) ,, e Begin the titration as soon as possible; as there is 1ess:chance of chemical precipitation 
* ,  I,,':'\';: ' a.. ; ,f . , . . once acidification begins. If the titration is.delayed, maintain the samples at the 
;...i.. . 

. . , . * I .  
,:,,',,f ;$:;: . temperature of their ambient environinent. 
:.:i; ..:,;r 'c; . . 
,::I:; . . .<::, , . If there is a tendency for mineral precipitation, collectmarid process the sample in an 

, , 1,' , .. % inert gas atmosphere. 
., , 

I .;/ 
, , ,. . 

: .; .. 4 

<,,, ,.,'$.r., ' , , . ,  . ;I"! ,: 
,;;',:,, !,:;,,t , ' 

' i: .?. "'! , .  > 

I .  I . .  
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Surface water 
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Collect and process a representative samde according to USGS-approved methods (see NFM4.1, 
5,0, and 5.1). 

$ The USGS NASQAN and BENCHMARK programs require filtration of alkalinity 
samples through a 0.45-pm membrane. 

p To collect and process samples from anoxic lake or reservoir depth intervals, adapt 
procedures described for ground water. 

Ground water 

Collect the sample as close to the source as possible, minimize'aeration of the sample, and take the 
precautions described in step 3 above.' See NFM 4.2,5,0, S.1, and 5.2 for ground-water sample 
collection and filtration methods. 

) Purge the well (NFM 4.2 and 6.0) and connect the filter unit in-line with the pump. 

) Flush and fill the sample lines and filter unit with sample water so as to exclude air. 
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,,:;,4.#f, - a  . . , ,  _1 ./,#: . , 6.6.4 MEASUREMENT 
>- .,. , ,, . 
I 

t , .  TWRl Book 9 ,;. ;;;::I . . ' ; l i '  
i:.,,,,.. .,/I (REVISED 912001) 
2-  .I? .,I," 

:I a 

.,' :' ~ l k a l i n i t ~ ,  ANC, and concentratioris of bicarbonate, carbonate, and hidroxide species are most 

I - , ~  / 

commonly determined by analyzing acidimetric-titration data with either the inflection point 
+ I  I titration method (section 6.6.4.4B) or the Gran function plot method (section 6.G..-C). 

.2t!'. .b.. 
<;,'{{;,.':, . "  / , . I  

,-! ! ' Y , ,  , , .. ; I 
, The "Inflection 'Point Titration (IPT) method is adequate for, most waters and study 

. (  ., ,, ., 
. . .  . , ', , ?.,$ 

needs. Difficulty in identifying the inflection points using the IPT method ,increases as 
s:.,.; . 

1, 1 
the ratio of organic acids to carbonate species increases, or as the alkalinity decreases. 

.p: ., :&&; 
I*,,, . I  ', 
. .,,, p ~ , g , ~ ;  The Gran function plot  ran) method is recommended for water in which the 
. ': 41. $1" .,:, <', .zL ). alkalinity or ANC is expected to be less than about 0.4 meq/L (20 mg/L as c~co,), or 

( I , * .  ,.,I: 
I .  : . 
.,..< 9 I i 

in which conductivity is less than 100 pS/cm, or if there are appreciable noncarbonate 
1 ::..,t.l :f!$ 
1 ;..> . ) . , I  It contributors or measurable concentrations I of organic acids 
' , , , , . " . ' ! . I  

I A -1 
, , , , . ' A  
,,(I, , 1 ' 

a $t,, 14 f 

1 I 
I F  ( 

6.6.4.A TITRATION SYSTEMS AND PROCEDURES 

I 'c i 
: ,  .:.. ,: 

I . . .  . I  
I ,  ! ,. . .. ,  he Fixed Endpoint method (titratiomto pH 4.5) rarely is used and is no longer recommended by 
('.;.; j; h i  

I . .  ,, . . . ,.: ?: I:: : : :. 
the USGS for determining alkalinity values because it is less accurate than the IPT and Gran 

,j;i(;:2, ;I. ,> methods. This decrease in accuracy is evident particularly for low concentrations of total carbonate 
!!,.I  ; ,, ,,',,:I 

. >  . . . , , ,  .I.' 
1 , :: 

species and for water with significant organic and other noncarbonate c'ontributorsto alkalinity or 
: 5 r:;.;.~ 

>> .<,.:.:',:. 
ANC. 

.'.,.'[. ..' 
.:...i:. . . . 

,. ,; .; ..P,.'~ 
 itr ration procedures are identical for surface-water and ground-water determinations on .filtered or 

.;:; :';..$y;r!/: 
f:i,:;i,;:nq ; 

' 

unfiltered aliquots of fresh to'saline water samples.~Become familiar with the information and 
, ; .!?: * !I-; ., , '.I detailed instructions for the buret and digital titration systems and tha,TPT and Gran methods before 

1 . i . ~ : ~  proceeding with the titration. , '  f s , '  : i 
* . .!'j :; . ., 
, .  . . . . I '  , .. _ . <  

L " ,. ,, , , < " ? , ~ ~ ~ ~ ! l  ;'$!;;I 
i(Xil<,, 8 , , ,< 

I ,  i :  r!';(l: 
. A ' .  I . 1 s .  '.,..-.. .. 
' . I ' . !  : :- , ;;, 1 . !: 

,. . * . ' I  . .. 

< . . ,- 
1 , :, f !q;;,ca 1 

! . ,1 , , , , :~  i!l; 
.., ,I.,. $',' 

< ' . 7 , .  I:.', 
, , '1,; . . . 

Titration System 
,,,. 1. . 

Titrate a filtered sample if chdcking the charge balance or if reporting re'sults 
as carbonate alkalinity. 

. . 
'I .!.,., ... Select the titration system to be used. 

.:A,,; 'r ,. q. ( I .  i:,l I 

', . . , i?f:; 
.(!;$;J;!J x ) The digital tivation systemiis convenient but tends $6 be lesi4lfrkcise and less accurate 

> ., l,, .' 
,\'*... ! ,I, 

;, :P: 6 : .  1 ,, , . I ,  

than the buret system because of mechanical inadequacies. Good technique is 
. .I : l..,,.2: , I _  necessary to produce acceptable.results. 
, , .Y .. .i; .I ' 

, :,, ; :I,:.); ,, ., 
'.,.+") ,i:.: /',!<<;;;:!;,; 1) . . . . ! 
.:,,I. , + 
: .: 
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) The buret system can be cumbersome and fragile in the field, and requires experience 
to execute with precision and accuracy. 

> A micrometer buret can achieve accuracy to 0.1 mg/L (routine determinations are 
reported to whole numbers). 

The buret system yields better accuracy than the digital titrator. 
' 

- Sample volume'and acid normality 

The methods as presented in this manual require electrometric titration of a sample with 
incremental additions of a strong acid (commonly H,SO,) of known normality. Suggested 
combinations of titrant normality and sarnpIe volume for various ranges of alkalinity or ANC 
values are given in table 6.6-2. These ranges can overlap at the thresholds indicated and should not 
be interpreted as absolute. Generally, 1.600N acid is too strong for most samples and only is used 
when alkalinity or ANC is greater than 4.0 meq/L (200 m g L  as CaCO,). A more dilute acid 
(0.01639w commonly is used with the buret system. 

Select the size of the delivery and measurement vessels according to the volume of sample 
needed. Use a volumetric pipet for an alkalinity sample and a graduated cylinder or digital balance 
for an ANC sample. When selecting the measurement vessel: 

) 50 mL of sample in a 100-rnL beaker is typical for most routine work. 

) Use 100 mL (or more) of sample in a 150-mL (or larger) beaker for samples with low 
alkalinity or ANC. 

) Use 25 mL or less of a sample in a 50-mL beaker for samples with high alkalinity or 
ANC. Larger volumes of sample may be used in combination with higher normality 
titrant. 

Table 6.6-2. Suggested sample volume and titrant normality for approximate ranges 
of alkalinity or ANC 
[ANC, acid neutrallzlng capacity as determined on an unfiltered sample, meqlL, milliequivalents per liter, mglL, 
milllgrains per Ilter; CaCO,, calcium carbonate; mL, milliliter; >, greater than] p i G J ~ ~ ~ l  (mg/L as normality 

y1I)m- 
or larger) (or lower) 

1 .O-4.0 

4.0-20 

>20 

.I600 

1.600 

1.600 

50-200 

200- 1,000 

> 1,000 

50 
P 

100 

50 
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- If concentrations of contributing carbonate species will not be determined: 
titrate rapidly at first, adding relatively large acid increments to bring the pH to 
about 5.5. Do not skip the pH range above 5.5 completely, or you may pass the 
equivalence point. 

- If a pH is below 5.5: titrate slowly, using small increments of acid. This region 
is important in determining the bicarbonate equivalence point. Titrate to a pH of 
4.0 or lower (3.5 if the sample alkalinity or ANC range is unknown or if the 
sample contains high concentrations of noncarbonate contributors, such as 
organic acids). 

Gran method. Collect data between and beyond the expected equivalence points (Cg, 
6.6-1). 

- If concentrations of contributing carbonate species will be determined: 
record titration points throughout the entire pH range of the titration. A good 
rule of thumb is to collect data along the titration curve roughly every 0.2 to 0.3 
pH units. The points on the titration curve that are somewhat removed from the 
carbonate and bicarbonate equivalence points are used by the Gran method 
(Pankow, 1991). 

- If concentrations of contributing carbonate species will not be determined: 
it is not necessary to develop incremental titration points above a pH of about 
5.5. 

- Titrate to a pH of 3.5 or lower (3.0 or less if the sample alkalinity or ANC 
range is unknown). A sufficient number of titration points beyond the 
equivalence point are needed, to ensure accuracy. 

- 
Calibrate pH system. ' 

a Collect representative sample. 
Filter subsamples for alkalinity. 

Collect sample. 

a Field rinse and fill sample bottles with raw sample (or filtrate). Cap tightly. 
Maintain sample at ambient water temperature until titration. 

a Rinse with DIW only: electrodes, sensors, beaker, stir bar, delivery tube. 
a Place small-size stir bar in beaker. 

Select and record titration method, subsample volume, and'titrint normality. 

a Digital system: Assemble titrator, bleed delivery tube, set counter to zero. 
a Buret system: Fill clean, dry buret with titrant-purge trapped air bubbles. 
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i 

I 
. .  I 

Transfer appropriate volume of sample into beaker (pipet for alkalinity, giaduated cylinder or digital, 
balance for ANC). 

. , ! ' 
Place beaker on stirrer. 
Insert electrodes and temperature sensor, away from bottom or sides. I 

Stir gently-do not splash; minimize vortex. 
Record initial time, pH, temperature, sample volume, titrant normality, andinitial counter 

. . ,  : (digital system) or buret reading. , I , / I 

I 

- 4 .  1 , , / ;  

' . Add titrant. 
, , 

Stir for 15-30 seconds; read and record pH and counter or buret reading. 
1 Repeat until titration is complete. ' 

+ '1 1 1  .', 

p ~ - > 8 . 1 :  Titrate slowly (to determine carbonate species), using small increments, to pH 8.0. 
, , )  

, This region is important for the IPT method, , . 1 8 '  I 

.. pH 4 . 1  and 5.0: Titrate in larger increments, to pH -5.5 (for conductivity 2100 pS/cm) and. 
, . no less than pH 5.0 incarbonate systems. Do not skip this region completely, as you may pass 

the equivalence point if you add too much titrant. This region is important for the Gran 
method. ' I  \ ' I  

pH < 5.0: Titrate cautiously, usini small increments, to pH -4.0 or less if using t h e . 1 ~ ~  
, method or to pH -3.5 or less if using t'he Gran method. Titrate to lower pH if the noncarbonate 

contribution is large. 
. . ' I 

I + . , 

I Determine hnd record equivalenck poihts. 

~ i ~ u r e  6;6-1. Summary of alkalinity or ANC titration procedures. 
A 

(,I. 

l , i s ,~c;~f  q Quality-control (QC) procedures , 
^* ( 1  ' . 

,, 
, , ) Verify your accuracy and ability to reproduce the alkalinity or ANC determinations by 
1 ,  j P 1  

$ > .' 
using reference samples and repeating the titration periodicallyion duplicate or 

'F I triplicate samples. The fiequ'ency and distribution of QC detehnfnations are established 
I by study requirements. 

' I . . . .  , 
I I ., ,, , .. 

,. , ##-: ;.:$ 
* I .  . 

I , * {  
4 

Rule of thumb--QC samples should be collected and tltrated no less than evey,  tenth sample. The 
r '7  , I. 

detenninatlon on a filtered sample should be reproducible withln k5 percent when tltratlng a duplicate allquot 
from the same batch of sample filtrate. 

t.,.  ' '., , .';,.I:. I 

, '14: , , j  1,. ~ I 
I 

I . :  , 

:...: . ','? ".. : 'I 
' I ,  I 

, . : : .  . - For filtered samples with alkalinity less than Oi4 meqL (20 mg/L a s ' ~ a ~ ~ , ) ,  reproducibility should 
be between 5 and 10 percent. 

?. , , : ;. ,: 
: . . I  . 1 . , 

,..s:l,;; 1 , "! '6 . . , 
I . . , , , ' ,  . ,,. . ...I 

- If the alkalinity is about 0.02 meq/L or less, differencbs beiween dui~jcatesam~les 'are likely to 
2 .  n 

( : ' , .... 
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exceed 10 percent because of rounding errors alone. Such'rounding errors may be reduced by using a 
larger sample volume or a lower normality of titrant. 

) Compare ANC with alkalinity values-When interferences are absent, titration on an 
unfiltered sample often results in a determination identical to or within 5 percent of the 
filtered sample and can be used as the QC check. 

- If filtered and unfiltered values fail the k5-percent criterion, perform the QC 
check on the filtered sample. 

- Reproducibility of the ANC determination to within 5 percent on duplicate 
unfiltered samples can be problematical when the sample has large amounts of 
particulate matter-extend the quality-assurance critedon to h10 percent. 

To obtain the most accurate results for carbonate species, 
titrate at the field site without delay. 

Digital titrator 

Be thoroughly familiar with the operation of the digital titrator before field use. The procedures in 
this section describe use of the Hachm digital titrator, for which the Hach Company has provided 
accuracy and precision data. A plunger in the digital titrator forces acid in the titrant cartridge into 
the delivery tube. The plunger is controlled by a main-drive screw, which in turn is controlled by 
rotation of the delivery knob. The delivery knob controls the volume of titrant delivered through the 
delivery tube, as indicated by a digital counter. To minimize errors caused by uncertainty in the 
volume of titrant dispensed to the sample, titration procedures must account for the accuracy and 
precision of the titrant-delivery system. 
To use the digital titrator: 

1. Equilibrate titrant temperature to sample temperature. 

2. Assemble the digital titrator. 

Depress the plunger-release button and retract the plunger. 

Insert the titrant cartridge into the titrator and twist the cartridge one-quarter turn 
to lock it into position. - 

Carefully depress the plunger-release button and push the plunger forward until it 
makes contact with the TeflonBseal inside the cartridge. 

3. Remove the vinyl cap from the cartridge (save the cap) and insert the straight end of the 
I 

delivery tube into the cartridge. 

. Do not push the delivery tube beyond the cartridge tip. Do not alter the delivery 
tube. 

Use of a new delivery tube is recommended for each assembly of the titrator. 
Discard a tube that shows wear. 



Section 6.6.4 Page. 7 of 22 

I 

If tubes are reused, store, them in separate, clean plastic bags after rinsing with 
DIW. Do not reuse a tube for a different titrant normality. 

To ensure that no air bubbles or water are in the delivery tube, hold the titrator with the 
cai-tridge tip up and turn the delivery knob to force a few drops'gf titrant through the 
end of the delivery tube. Rinse tube exterior with DIW and blot acid or water droplets 
from the tube before inserting it into the sample. 

Set the digital counter to zero using the counter-reset knob (taking care not to turn the 
delivery knob). 

Transfer the selected volume of  the sample (pipet for alkalinity, graduated cylinder or 
digital balance for ANC) to a clean beaker. If a magnetic stirrer is used, place a clean, 
dry, small stir bar into the beaker before transferring the sample to the beaker. Do not 
use a magnetic stirrer for sample conductivity <I00 pS/cm.  lack beaker on stirrer. 

I 

Rinse the pH and temperature sensors with DIW. Gently blot with lint-Bee paper any 
water droplets adhering to the sensors. 

Insert the sensors into the beaker. 

Do not let sensors touch' the bottom or wall of the beaker. 

The amount of sample in the beaker must be sufficient to cover the junction of the 
reference electrode, the electrode bulb, and the temperature sensor. 

Measure the initial pH ahd tdmpefature while gently stirring of aher gently swirling the 
sample. 

Do not splash sample onto the beaker wall or out of the beaker. 

Minimize the vortex cahsed by magnetic stirring, and ensure that the stir bar does 
not hit the pH electrodes. 

Record on the field form the pH and temperature values, the initial counter 
reading (it should r;ead "OOOO"), the titrant normality, the time, and the sample 
volume. I 1 I 

Immerse the end of the titrant delivery tube in the sample. To prevent bleeding of the 
titrant from the delivery tube, keep the aperture of the delivery tube away Born the stir 
bar. 

I I 

Begin titration. If using a magnetic stirrer, stir the sample s10,wly and continuously. 
Measure pH after each addition of titrant, and after the acid and sample are mixed 
homogeneously. If a magnetic stirrer is not used, swirl to mix the sample and acid after 
each addition of titrant. Alloy 15 to 30 seconds after each addition for equilibration, 
then record the pH and counter readings. 

>pH 8.1-To determine the carbonate equivalence point using the P T  method, ' 

slowly add the titrant in small (but no less than three digital-count) increments 
until the pH of the sample is less than 8.0. Larger increme~ts can be used for 
samples containing high carbonate concentrations. 

pH < 8.1 and 35.0-1f using the IPT method, titrate with larger increments to pH 
-5.0 (5.5 for sample alkalinity or ANC c0.4 meq/L (<20 mg/L as CaCO,) or 
sample conductivity 4 0 0  pS/cm). Do not skip this p ~ '  region entirely; the 
equivalence point might be passed if too much acid is added. If using the Gran 



Section 6.6.4 
;;; p',<,:'; 

Page 8 of 22 '. . . .  . ,. ,. .. . 

method, collect data points every 0.2 to 0.3 pH units in this region. 

pH < 5.0-To determine the bicarbonate equivalence point with the IPT method, 
cautiously add the titrant in small (but no less than three digital-count) increments 
from pH 5.0 to <. 4.0. (The most sensitive part of the titration curve is between pH 
4.8 and 4.3 for many natural waters.) If using the Gran method, extend the 
titration to pH 5 3.5 (5 3.0 for samples high in organic acids or other 
noncarbonate contributors, or when the alkalinity or ANC range is unknown). The 
Gran method relies on these low pH points beyond the equivalence point. 

. ?r.. 
To reduce errors in the delivery of acid titra'nt, add the acid in ., , *,:.":, 

I .: ., .,. ;.,.,, . .  , , 

minimum increments of three digital counts. , .$:, :,;. 
I ,, .... 

. * ,,l:~,;j ,"? 
,:?I! .,a. ;.;- 
> ,:,, . ; t 

,:I. I, 

12. After completing the titration, remove the digital titrator from the sample; depress the !. 1.: 
2 $ .  ".. . f" . 
..I. 1 

, . plunger release, retract the plunger, and remove the titrant cartridge. Immediately ..,::. . : a. ' 

replace the vinyl cap on the cartridge tip. Rinse the delivery tube with DIW or discard. , .. .: a 

,;:<; < . ,. 
..:JJ;;' . ..' 
'?t, P,2tA,, .., 

13. Analyze the titration data to determine the carbonate and bicarbonate equivalence -, ..L> L(r , > I ,.ti . :.: , ', .'' ',' " 
,p,,;,: !, , $ 

points using the IPT method (section 6.6.4.B) andlor the Granqmethod (section C\ . ". 
."i ' 1:: 
.-!'.;$;,:; 

6.6.4.C). , .  ' .?' .I : i , < ... 
, ,.';"'.'. 
I ., ,' .*. . 

14. calculate the sample alkalinity br ANC and the concentrations of the carbonate species .. G:,+,, I P  , %: .'e ibx ..,'c.:, 
from the equivalence points, as described in section 6.6.5. ,,L r. 

t, . .,. k , , .  
...*.:.* ,,; 
, 1 . .. 

Buret titrator 

When using a buret, exercise caution to ensure that the acid does not'evaporate or become 
contaminated with extrinsic matter or moisture. The titrant temperature should be equilibrated to 
the sample temperature before use. Always empty the buret after each use. Never reuse the titrant 
solution; dispose of the solution properly. 

To titrate with a buret: 

1. Fill a clean, dry buret with sulfuric acid titrant (0.01639N or other known 
concentration). 

Use a 10-mL semimicroburet with 0.05-mL graduations and a TeflonB stopcock 
for samples with alkalinity or ANC less than 4 meq/L (200 mg/L as CaCO,). 

Use a 25-mL buret with 0.1-mL graduations and a TeflonB stopcock for samples 
with alkalinity or ANC of 4 meqlL (200 mg/L as CaCO,) or greater and when the 
sample pH exceeds 8.1. 

If greater accuracy is desired, use a GilmontB-type micrometer buret. 

2. , Make sure no air bubbles are trapped in the buret or the buret stopcock. Record on field 
forms the sulfuric acid normality and initial buret reading. 

3. Transfer the selected volume of sample (pipet for alkalinity, graduated cylinder or 
digital balance for ANC) to a clean beaker. Do not pipet by mouth. 

If a magnetic stirrer is used,place a clean, dry,small stir bar into the beaker before 
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t ' 1 I .bi,i $ 1 .  

> , f6q I 
I I <  fk,.ii; 

, '"'$ I! 

t;> > :q transferring the sample tb the beaker. place the beaker on ahagnetic stirrer. 
A i7"* :: " 
, , , I -  !pn I I 

f ?c; &I -, I 0 Do not use a magnetic sjirrer if sample conductivity is 4 0 0  pS/cm. 
, , L 9 4 "  
1 -,% J :, 
"h -?$>, 4. Rinse the pH and temperaturd sensors with DIW. Gently blot water droplets adhering to 
'%.I 3 9 - l , ~ 6 $ ! i r  the sensors with lint-free (residual DIW will not affect the: determination). 
t, $r, I .3&!4{ I I I I 

;: a [b,~:, I 5. Insert the sensors into the beaker. 
d: * J9*;o,f \ 1 

i 1 
I '  

44 , fb;  Do not let sensors touchithe bottom or wall of the beaker. 
I 

- q ; t I  ,41,'1 
I / /  

% $:, 41, ; 
, I 

Sample depth in the beaker must be sufficient to cover thd $nction of the 
'I , I P  I' 
% . : ! ,p reference electrode, the electrode bulb, Bnd the temperatuid sensor. 

I $ ??[$ I I '  / 
, 4,fa9b 6. Measure the initial pH and te/nperature whilk gently stirring or after gently swirling the 

mk;+f*{zq sample. I I , 1 1 1  I I 

* I prtJli; I 
\ 

'qC> 1 
' l 

Do not splash the sample onto the beaker wall or out of thelb'eaker. 
3$:f; I / /  / 

4~ L,I~< 
I Minimize the vortex caused by magnetic1stirring, and ensure, that the stir bar does 

d:;;;t2b 

I 
not hit the pH electrodes. I 1  

I f , b t  I I 

> \  ;&dk#" l 1  I 

wf ,L;$ ,$I, Record on the field fo; the pH and temberature values, 'the initial buret reading, 
.I : ;qry I 

" the titrant normality, thei time, and the sample volume. j . $,f: t< @ j 
@4?;!',,$7* j v  1 ;  y $.I ,, , I 7. Begin titration. If using a m&netic stirrer, stir the sample slowly and continuously. 

t ;tall 

;$q$ Measure pH afte<each additibn of titrant, and after the acid and s&nple are mixed 
2'/,A I 

I.; \J[;2) 
homogeneously. If a magnetic stirrer is not used, swirl to mix the sample andi acid after 

, 1 ~1 ., ', ,; ,?a I 4 

I each addition of titrant. Allow 15 to 30 seconds after eqch addidoh for equilibration, 
, :*lu* > ,*I 
;; .?:/I;+l 

then record the pH and buret readings. 
I 

i'fi$f.\!? ' I 

! *$v :J L: I >pH 2 8 . 1 ~ ~ 0  determihe the carbonate equivalence point14sing the IPT method,. , d , & < + l  
1" +-4 

, t ; ; ~ c p j  
add the titrant drop by di-op in,O.Ol-mL increments until! the pH is less than 8.0. 

g I + t isl,#~, Larger increments can be used for samples containing high! ckbonate 
( ~ ~ ~ i ( j  concentrations. 1 1 ,  1 

* -  J%lL[p 1 ,  . 1;<,!+J ' 

1 I!":* 41, I 
>pH < 8.1 and 25.0-1f using the IPTmethod, titrate wit$ larger increments to 

I ,  r n n i  

\ . 1 % ;,'./ t 
, pH -5.0 (5.5 for sample, with alkalinity or ANC c0.4 meqh  1(<20 m g L  as CaCO,) 

'{ , '. #k,j 
' , ? I  : ""1 ! (;!I 6 ,, , 

or with sample conductif4y 4 0 0  p ~ / c b ) .  Do not skip t h i d l i ~  region entirely; the 
8 "3u equivalence point might be passed if too much acid is added! If using the Gran 

? \!{ 4 !? 

&<lJk,b 1 

LJ .l >;s# & I 
method, collect data points every 0.2 to 0.3 pH units in tdis region. 

% \ i t  
f' !*'!>\. 

' , 4 J  L l p i  fythF.j , >pH < 5.0-To determine the bicarbonate equivalence with the IPT method, 
I,~V i cautiously add the titran? drop by drop in 0.0 l-mL incremknts from pH 5.0 to 4.0 l:;f;p$$ 1 

!$a,;;,: 1 
or less (the most sensitive part of the titration curve is betw* pH 4.8 and 4.3 for 

,* , d many natural waters). If using the Gran method, extenh the titration to pH 3.5 or 
' .. ?! j I 

'.$, ( 
+ :  q' + 

less (3.0 or less for samples high in organic acids and 0th~: noncarbonate . l8lE. 3 . 6 i a  
contributors, or when the alkalinity or ANC range is unknown). The Gran method 

" t i  
" 7 71 relies on these low pH points beyond tfie equivalence point. 
'" '4: :. ;,J I ,  !; !:.Z,";' I i . :  i ' : ., I 

":~.;,<,LI~:J I !. 

' ,  , , I '  
TECHNICAL NOTE:: 0.01 GL of a standard 0 . 0 5 - m ~ d h p  of tltratit tends to rema,n,<n 

1. the buret tip. To dispehse a 0.01-mL titrapt drop, quickly rota~et$e~stopcock thr6ugh . s;$+"uii 
, "  , ;  

I 180 degrees (one-hal$turn) and then rinse the titrarit from the Ijuret t ~ p  Into the beaker 
$.;? :I: : ; , with a small quantity of DIW,, 
.?!. . f  

: 1 / 
;2c4.9c' ..: ..,,* 1. ' 1 
f $ ! , j w ~ ~  8. h a l y z i  the titration data to betermine the .cz$bdnate ahd bic&boba'te equivalence ' 
, , ,, 
, r $I.(?<$, , 
j&,lt it>, 1 $? . "~~4,  s ,  : . v 

points , , using the IPT method ~(s.ect.i~o.n~6:1.~...4.~~~) andlor the Granmethod (section 6,6._4,C). 
. ' f  '" 

I 
I .  4: 

. ' .  !!ye&', i I ,  I 
( yt >;% ; '$1: . : 1 i . 'd.  
'.*:#,:i,!JJ*;f; +. 1 .  . 
' :$,$ ,I i,;,,,, , 8 I . . I d  

: .i=l:.l. .~~~ijf~,j$; ( , . h~://~ate~.usg~.gov/~~q~ield~an~~1~~haPter6/~e~ti~n666/htm1/~e~tidi~6~~6.44htm 
', . .1 . ,, "V> ."> -1 I I .  , 

6/24/04 
:"g :,uj>/;;:* ! 



Section 6.6.4 

9. Calculate the sample alkalinity or ANC and the concentrations of the carbonate species 
from the equivalence points, as described in section 6.6.5. 

6.6.4.B INFLECTION POINT TITRATION METHOD 

The inflection point titration (IPT) method uses the inflection points of the titration curve to 
determine equivalence points. Whereas for many natural water samples these points.are near pH 8.3 
and 4.5, it is more accurate to calculate their values from the titration data. 

Inflection points are the points of maximum rate of change in pH per volume of titrant added. Near 
equivalence points, rapid pH changes occur with small additions of titrant. For this reason, 
the titration must be performed slowly and cautiously near the expected equivalence points, 
using small incremental additions of titrant. The relative error of the determinations can be 
within k4 percent if the equivalence point is recognizable within k0.'3 pH unit of the true 
equivalence point. 

To determine the inflection point(s), you can either construct a titration curve by plotting the 
change in pH divided by the change in titrant volume against the volume of titrant added to the 
sample, or calculate such values in a table or spreadsheet. 

) Graphing the titration curve always is advisable. Such plots are helpful in uncoverin'g 
typographical errors and spurious maxima that might confuse the detection of the 
inflection point(s). 

) More than one inflection point in close proximity indicates that the true inflection 
point has been missed. If this occurs, titrate a duplicate samplie using smaller acid 
increments near the inflection point or use a Gran plot. Note that if the acid increments 
are too small, the location of the inflection points may become masked by noise in the 
data. 

) If the maximum rate of change in pH per volume of titrant occurs at two or more 
I' 

points near an equivalence point (two or more points are "tied" for the maximum 
value), then determine the location of the equivalence point as the'middle of the range 

- where ties were produced. For example, if the maximum rateloccurs at digital counts 
120, 122, and 126, then the calculated location of the equivalence point is at digital 
count 123. 

) If no clear inflection point(s) can be determined easily, interferences from weak 
organic acids are likely-use the Gran method. , 

Example IPT-1A shows the results of an IPT analysis of a typical titration using a digital titrator. 
Example IPT-1B shows similar results from a buret titration. Both of these titrations have 
inflection points at both the carbonate and bicarbonate equivalence points. Example IPT-2 uses the 
IPT method on a sample with low alkalinity; that sample has only one inflection point. 

Example IPT-IA: IPT method using the digital titrator 

A titration was performed on a natural water sample from the South Diamond Canal inflow to the 
' 

Donnes und Blitzen River, Oregon. The data are plotted in figure 6.6-2 and listed in table 4,G=3-. 
Using the IPT method, the maximum rates of change of pH per volume of titrant added occur at pH 
8.27 and 4.50 (at counts 186 and 1014). Because these slopes represent changes between two 
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1 

points, the actual inflection points ake located between counts,l83 and 186 for the carbonate 
equivalence point and between 10 1 1 and 1014 for the bicarbonate equivalence point. Thus, the 
calculated digital-counter values for the inflection points are 184.5 (185) and 1012.5 (1013). The 
error in using 1014 rather than 101 3 typically is insignificant but the larger,the increments used, the 
greater the error. Calculation of the correct inflection point (Section 6.6.5) results in reduced errors; 
alkalinity for this ample is calculated at 101.3 mg/L as CaCo,. 

, 
10.OL . . . , . . . , . . . , . . . , . . . , . . 

m Titratlm data 
b-a Slope of tltratiui curve 

0 

30 " " " ' " . " m n " " " "  

0 203 400 803 800 1000 

VOLUlvlE OF TITRANT. IN DIGITAL COUNTS 
I i 

, '  
, I ~ r ~ u i e  6.6-2. Plot of data for an inflect,io'n point titration using a digital titrator1 

(Example 1 PT-1 A). 
, . 

/ 

, 
Table 6.6-3. Typical inflection point tihation data using a digital titrator (~xample  IPT-1 A) 
[-, no data. The shaded rows indicate where the maximum rates of change of pH per digital count occur (at pH 8.27 and 4.50 in this 1 
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! 
I 

Figure 6.6-3. Plot of data for an inflection point titration using a buret ( ~ x a r k ~ l e  - 
IPT-18). 
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Table 6 - 6 4  Typical inflection point titration data using a buret (Example IPT-1 B) 
[-, no data The shaded rows Indicate where the maxlmum rates of change of pH per volume of tltrant occur (at pH 8 27 and 4 50 in this 
sample), mL, mlllll~ter] 

Buret reading Titrant volume Change in Change in pH per change p i E % J ( l I I m r l  
1 1  
7 1  
r X i - 1  
79.00 
r-%x---) 
7 1  
18.56. 
7 1  
p-zr-1 
7 1  r-TT-1 
8 . 2 2 1  
7 1  
r-Tzr-1 
17.801- 
17.171 
16.841 
. r - - - - l I I I I l r - - - - - l  

- 
0.05 

.10 

1 .20 

.14 

.I8 

.12 ' 

.10 

.06 

.05 

.08 

.05 

.06 

. I  1 

.25 

-63 

.33 

, - - i F - l y J  
11.40 
[ T I  
T I - T  
' - T F l ~ ] '  
p T i - l ~ l  
[ - Z l r ]  
' y l r ]  
m r l  13.0)r] 
m r - - G q  
' [ l r l l  
' m r l  
' 1 3 . 2 5 7 1  
' ~ I ~ I  
14.701 
;r]r] 

- 

0.20 

.301 

.50 

.25, 

.25 I 

- .16 

.I0 

.04 

.03 

.03 

.04 

.05 

.I0 

.45 

1.00 

1.00 

- 

0.250 

.333 

.400 

.560 

.720 

.750 

1 .ooo 
1 SO0 

1.667 

2.667 

1.250 

1.200 

1.100 

.556 

.630 

.330 
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Example IPT-2: IPT method for a low alkalinity sample 

A water sample collected fi-om Little Abiqua Creek near Scotts Mills, Oregon, provides a good 
example for a low-alkalinity titration. In this titration, 200 mL of filtered sample were titrated with 
0.16N titrant and analyzed by the IPT method. The results are shown in figure 6.64- and table.G26z 
5. The bicarbonate equivalence point was found near a pH of 5.25, beween digital counts 134 and 
137. The correct digital-counter value at the inflection point, therefore, is 136 (135.5) counts. This 
results in a calculated alkalinity of 6.8 mg/L as CaCO,, 

VOLUME OF TITRANT, IN DIGITAL COUNTS 
1 f 

. . Figure 6.6-4. Plot of data for an inflection point titration of a low-alkalinity 
sample (Example IPT-2). 
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Table 6.6-5. Inflection pointanalysis for a low-alkalinity sample (Example IPT-2) 
[-, no data. The shaded rows indicate where the maximum rates of change of pH per digital count occurs (at pH5.25 in this sample)] 

6.6.4.C GRAN FUNCTION PLOT METHOD 

Gran function plots commonly are used to determine alkalinity and ANC in sea water, low ionic- 
strength water, water with low'carbonate concentrations, and water with measurable concentrations 
of organic compounds. Gran's method does not rely on the presence of inflection points in the 
titration curve; therefore, it particularly is usef'ul for waters with low alkalinity. 

Using the known chemistry of carbonic acid and some simplifying assumptions, Gran's method 
I 

I I 

, 

'http://water.usgs.gov/owq/FieldManual/Chapter6/section6.6htm~section6.6.4.htm 6/24/04 

Change in pH per change In 
counter 
- 7.12 I I - 

7 1  
n I I - 

I 

20 

40 

0.29 1," .24 

I 

20 

20 

0.0145 

0120 
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linearizes a set of functions that describe,parts of the titration curve (Gran, 1952). The linearizing 
assumptions used by Gran's method are valid only for data that are some distance away fiom the 
equivalence points (Pankow, 199 1). 

) Collect titration points throughout the entire pH range of the titration. A good rule of 
thumb is to collect data along the titration curve roughly every 0.2 to 0.3 pH unit. 

) Titrate to a pH of 3.5 or lower (3.0 or less if the alkalinity or ANC range is unknown 
for the waters sampled). A sufficient number of titration points beyond the bicarbonate 
equivalence point are needed to ensure the accuracy of the calculation. 

In contrast to the IPT method, the Gran functio'n plot method 
uses data that are somewhat removed from the equivalence 
points. 

Gran Functions 

During an alkalinity titration (carbonate system), the hydrogen ions added convert carbonate to 
bicarbonate and then bicarbonate to carbonic acid. The titration continues until no more species are 
reacting. When this process is complete, additional hydrogen ions will be in excess in the solution. 
The F, Gran function plot identifies the point at which all alkalinity has been titrated and 
hydrogen ions begin to be in excess. Beyond the bicarbonate equivalence point, the shape of the 
curve is determined by hydrogen ions in excess of all hydrogen ion acceptors in the sample. Similar 
relations are used with the Gran functions in other parts of the titration curve. 

Two Gran functions can be calculated for each equivalence point in the titration. Including the 
equivalence points for hydroxide, carbonate, and bicarbonate, six Gran functions (F, through F,) are 
useful for analyzing titration data from natural water samples. The functions for the hydroxide 
equivalence point, however, commonly are not used. Derivations of these Gran functions are 
available (Sturnrn and Morgan, 198 1). 

For an acidimetric titration, the six Gran functions are where 

F, = (Vo + V,) (10-pH) / '{ = (Vt - V,) C, 

F, = (V, - V,)  I O - p H  = (Vt - Vw)K, ' 

F, = (V,- V w )  l o p H  = (Vs- V , )  / K ( '  

F, =(V,-2Vw + V,lOpH=(Vw- V , ) / K ,  

F, = (V,- V,) I O - p H  = (5- V,) K,' 
. . 

F, = (Vo + 'V,) l o p H  = (Vx- V,) C a / K w l ,  

where 

, V, is initial volume of the sample; 

V, is volume of acid titrant added; 

V, is titrant volume at the bicarbonate equivalence point; 

V, is titrant volume at the carbonate equivalence point; 



Section 6.6.4 ' 
. . Page 17 of 22 

is titrant volume at the hydroxide equivalence point; 
I 1 

is normality of the acid titrant; 

is activity coefficient for H+; 

is first'aciddissociation coinitant for H,CO;, corrected for 
the activity of carbonate species; 

is second acid dissociation constant for H2C0,, corrected 
for theactivity of carbonate species; and I , 

&' is acid dissociation constant for water, corrected for the 
activity of hydroxide. 

Note that if these functions are calculated in the correct sequence, thk function value on the left side 
of each equation will consist of known values. By extrapolating these function values to zero, the 
right side of each equation can be set to zero and can be used to solve for a previously unknown 
equivalence point. 

) The F, function, followed b$ F2, is the most commonly used   ran function. 

) The Gran functions F, and F3 are useful in determining the bicarbonate equivalence 
point because F, and F, are zero when Y,  = V,. Similarly, F2 and F, are used to 
determine the carbonate equivalence point (K = V,), whereas pi and F, ca,n be used to 
determine the hydroxide equivalence point ( Y ,  =V,). 

Gran Function Plots , ,, I 
I 

Gran function plots are made by plotting each of the Gran functions kkainst titrant volume and 
fitting a line through the data points for each function in a particular pH region. 

) The F, function is valid for the pH range just below the bicarbonate equivalence point. 
The F, data only become linear somewhat beyond the bicarbonate equivalence point; 
thereforeYtit is often necessary to titrate the sample down to apH between 3.5 and 3.0. 
For systems with measurabl'e concentrations of organic acids, titrate to pH 2.5 
(Baedecker and Cozzarelli, 1992). 

i Functions F2 aid  F3 are valid in the pH range between the cdbohate and bicarbonate 
endpoints. 

) Functions F, and F, are valid for pH values between the carbonate and hydroxide 
endpoints. 

) Function Fo is valid for pH Balues higher than the hydroxide kAdpoint. 

' I  < 

' t : + i  I '  , I  
5 p' 1 

Eguivalence points are found by extrapolating each function to where it crosses the x-axis. An 
a 

idealized Gran analysis would result in a plot such as that shown in fig~-e_6~G4.. The F, and F2 
, 1 1 ' 1  

. . 
- L  # 

functions are the most commonly used Gran functions. 
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Figure 6.6-5. An idealized Gran function plot, showing six Gran functions; I 

The F, function must be calculated first. In order to calculate F,, one needs to know the location of 
the bicarbonate equivalence point, V,, which is obtained from the solution of F,. 

Similarly, the value of Vw from an analysis of F, is necessary to plot and analyze F,. Function F4 
requires both V, and Vw from the results of F, and either F, or F,. Function F, requires a value for 
Vw from the results of either F, or F4. 

TECHNICAL NOTE: The Gran functions also can be used to extract useful information from their 
fitted slopes, such as the values of Ca and the various acid dissociation constants. Further 
explanation can be found in Stumm and Morgan (1981) and Pankow (1991). 

Gran function plots are easy to prepare with a 
spreadsheet or computer program (see section 
6.6.5). 

To prepare a Gran function plot: 

1. Bicarbonate equivalence point (Gran function F,). Plot (V, + V,) 10-pH against the 
titrant volume, V,. (This formulation ignores activity corrections, setting if = 1.0.) 

When developing this function, V, and V ,  must be in the same units (probably 
mL). 

The value of V, on the x-axis can be in either milliliter or digital counts. 

2. Extrapolate a straight line through the data in the region beyond the bicarbonate 
equivalence point to where it meets the x-axis at F, = (V, + V,) 10-pH = 0 or V,  = V,. That 
point is the bicarbonate equivalence point. See Example.Gran-1 for, an iIlustration of 
steps 1 and 2. 

3. Carbonate equivalence point (Gran function I?&. Using the value of V, from step 2, 
plot (V, - V,) 10-pH against the titrant volume, V,, in the region between the carbonate 
and bicarbonate equivalence points. Make sure to use the same' units for and V, in 
developing this function. 

4. Extrapolate a straight line through the data in this region to where it meets the x-axis at 
F, = (Vs - yt) 10-pH ='0 or = Vw. That point is the carbonate equivalence point. 

Skip, steps 5 and 6 (F, and F, Gran functions) if the initial sample pH is less than 
approximately 10.3. 
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I 

5. Hydroxide equivalence point (Gran functibn Fa. Using the value of Vw from step 4, 
plot (V, - V,) 10-pH against the titrant volume, V,, in the region above the carbonate 
equivalence point. Use the same units for V, and V, in developing,this function. 

6. Extrapolate a straight line thrbugh the data in the region between the carbonate and 
hydroxide equivalence points to where it meets the x-axis at F, = (V, - Vt) 1 0-pH = 0 or 

I Vt = V,. That point is the hydroxide equivalence point. I 

At this point, you can either stop, or try to.verify your values. of V,, V, and V, by 
plotting additional Gran functions. To contioue plotting, follow these optional steps: 

' 8 

7: In the region between the carbonate and bicarbonate equivalenbk points, plot (V, - v,)' 
10PH against the titrant volume, V,. This is a plot of the Gran function F,. 

8. Extrapolate a straight line in this region to where it meets the x-axis at F, = (Vt - V,) 
10PH = O'or V, = V, to get another estimate of the bicarbonate equivalence point. 

9. In the region between the carbonate and hydroxide equivalence points, plot (V, - 2 V, + 
I V,) 10PH against the titrant volume, V,. This is a plot of the Gran fiinction F4. 

10. Extrapolate a straight line in this region to where it meets the x-axis at F4 = (V, - 2Vw + 
I V,) 10PH = 0 or V, = V, to obtain another estimate of the carbonate1 equivalence point. 

I 

11. 
In thk region above the hydroxide equivalence point, plot (Vo + k) l o p H  against the 

. titrant volume, V,. This is a plot of the Gran fbnction F,. 
I I 

I 

12. Extrapolate a straight line in this region to where it meets the x-axis at F, = (Vo + V,) 
1 OPH = 0 or V, = V, to obtain another estimate of the hydroxide equivalence point. 

I 

depending on the number of points used to develop each of the ~ r d i  functions, the 
equivalence points from each pair of functions (F, and F,, F, and F;,'F, and F,) may not .be 
identical. 

I ' I  ' 
If both functions appear to fit the data well and use a sufficient number of points, 
then average the estimates for that equivalence point. 

. If one of the functions (F,, for example) clearly has a poorpr fit to the data or uses 
far fewer points than ddes its partner (Fly in this case), then choose the 
equivalence point calculated from the other Gran function (F,). Example Gran-1 
illustrates the use of Gran function F, while Example Gr?-2 illustrates use of 
Gran functions F, through F4. 

Example Gran-1: Gran function plot of F, only . 
I i 

Gran function plots are usehl for samples with low alkalinity. Using {the titration'data obtained 
from a sample'of Little Abiqua Creek near Scotts Mills, Oregon (from Example IPT-2), a Gran 
function plot is easily prepared. The necessary calculations are shown in table 6.6-6. The results are 
plotted in fi,p~ue 6.6-6. In the region beyond the,equivalence point in ; f i ~ ~ l r e  6.6-6, a straight line 
results. Extrapolation of this straight line to (V0+K)l 0-pH = 0 locates the equivalence point. The 
extrapolated straight line intercept at (Vo+Vt) 10-pH = 0 on fivure 6.6-6 is at 139.5 digital counts of 
titrant added, corresponding to a bicarbonate equivalence point at alpH of approximately 5.18. The 
calculated alkalinity by this method is 7.0 mg/L aslCaCO,, in excellent agreement with the value of 
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Example Gran-2: Gran function plot using F, through F, 

InthiS example, the same titration hata that were used in Example IPT-IA in ss-ction .6.G.il,B are 
. 

analyzed using the Gran method.   he sample pH (9.35) was not high enough to justify the use of 
 ran functions F, and F8, sq only functions F, through F4 are used. 

The results are shown in Q u r e  6.6-2, and indicate a bicarbonate equiyalence point at 1005 counts 
(from F,, only 2 data points could be used for F,), and a carbonate equivalence point at about 209 
counts (F, estimated the equivalence point at 214, F4 at 204). Although this is not an ideal data set 
for Gran function analysis (the titration did not extend to pH values lower than about 4.0), the Gran 
method was able to provide reasonable estimates of the equivalence points. 

I I 

Using a bicarbonate equivalence point of 1005 counts as determined by the Gran method, an acid 
titrant normality of 0.16N, and a sample volume ,of 100 mL, the calculated alkalinity of this sample 
is 100.5 mg/L as CaCO, (see section 6.6.5). Using an equivalence point of 1013 counts for this 
sample from the analysis in Example IPT-1A (inflection point method), the calculated alkalinity 
would be 101.3 mg/L as CaCO,. The agreement between these two methods is very good, 
producing a discrepanci of less than 1 percent. Results from either method would be reported as 
10 1 mg/L as CaCO,. 
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I VOLUME OF TITWNT. IN DIGITAL COUNTS 

I 

Figure 6.6-7. Example of a Gran function plot using F,,'F,, F,, and 
F, to determine carbonate and bicarbonate equivalence points. 
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Concentrations of alkalinity or ANC and carbonate species can be calculated by hand (sections 
1 ,  I . , ,  . ) . <  . . i  

;:.,.,Jt ; 
. 6.615.~ and ~ . 6 . 5 , ~ ) ,  or by using a computer program (section 6,6:.5;;.~~).'For hand calculations, first 

.'.& .C 
.,.', . determine the equivalence points'using the IPT (section 6.6,4..B) or Gran function (s.e.cti.on,.l4;4..C) 

. : ', 4 , '  " 

,.. I I +  
t .,, ,:: -, .it::. + 

method. The equations below are valid for buret or digital titration equipment, and any acid 
1 , ., ,*, 

. "  , , ., , .,)..:.. > iL..!'., . concentration and sample volume. 
> , '  
; : , I..<, ,',.', 

?,:*:\, .,;!,"I 
,! + 1 

I 

' I . ,  ' , <. .I. -. # . , . . , , 

,', > >:: "2 . 6.6.5.A ALKALINITY ORANC ., " 
8 '\ -,,I 

( L .  .. ;. ,,',, 
>,' *.: , I 

. , ( .  

Calculation of alkalinity or ANC is a simple accounting of the amount of acid used to neutralize the 
sample: 

I 

, , 
I . . , I  where .. I . . 

, > 

Alk is alkalinity oi ANC of the sample: 

B is volume of acid titrant added from the initial pH to the 
bicarbonate equivalence point (near pH 4.5), in milliliters. To 
convert from digital counts to milliliters, divide by 800 (1 .OO mL 
= 800 counts). 

C, is concentration of acid titrant, in milliequivalents (meq) per 
milliliter (same as equivalents per liter, or N). 

CF is correction factor (see below). 

V' is volume of the sample, in milliliters. 

mmol is rnillimoles 'of calcium carbonate. 
,. t 
! ' ,.'I. ' 

..)i. '.Q' 
! ,, ,! ., $, ', 

i :$:'; : B y  default, the correction factor C F  is equal to 1.0. Hach Compaqy his determined that some 
:?,,*,,I ":, : > . 1 

8 ,  , <y  . .  , . , ,  . , 
digital titrator cartridges causk slightly larger volumes of acid to be delivered thanare indicated. 7 

. . . . , .. . 
. " ,  , . ,  . , 

USGS personnel can contact the 0cala Water Quality & Research Laboratory (OWQRL) for 
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correction factors that compensate for this problem for specific cartridge lot numbers. 

6.6.5.B CARBONATE-SPECIATION EQUATIONS 
FOR SAMPLES WITH pH 5 9.2 

,) To calculate bicarbonate and carbonate species using the equations below, the 
following assumptions must apply: 
- Bicarbonate and carbonate are the only species providing significant 

contributions to alkalinity or ANC. (If the sample contains other titratable 
species in significant amounts, the calculated bicarbonate and carbonate 
concentrations will be in error.) 

- he sample pH is '9 9.2. 

) If sample pH is > 9.2, calculations are more complex and use of the Alkalinity 
Calculator computer program (section 6.6.5.C) is recommended. 

) If the sample contains other titratable species such as ammonia, borate, or silicic acid 
that contribute significantly to alkalinity or ANC, use of a full geochemical model 
such as PHREEQC (Parkhurst and Appelo, 1999) is recommended.* 

TECHNICAL NOTE: The equations provided below for bicarbonate and carbonate only apply for samples 
with a pH of 9.2 or less because the effects of hydroxide were neglected. The equations remain useful, 
however, because they still apply to a wide range of natural water samples. The error in using these 
equations should be less than 10 percent andor less than 1 mg/L. Speciation equations for samples with a 
pH greater than 9.2 that account for the presence of hydroxide and the equilibrium chemistry of carbonic 
acid can be found at htt~://oregon.usgs.pov/alWmethods.html (refer to the documentation for the Alkalinity 
Calculator Program, section 6.6.5.C). 

2A description of such geochemical models is beyond the scope of this manual. 

1. Calculate bicarbonate and'carbonate species as follows: 

. . -  ,. "?. , " 

Bicarbonate (mg/L as HC0,-) 6 101 7(B-2A)(C,)(CF) / V, 

Carbonate (meq/L) 2000(A)(C,)(CF) / V, 

[carbonate (mg/L as C0,2-) )[~OOO~(A)(C,)(CF) / V, 

where 

A is volume of acid titrant added from the initial pH to the 
carbonate equivalence point (near pH 8.3), in milliliters. To 
convert from digital counts to milliliters, divide by 800 (1.00 mL 
= 800 counts). 

B is volume of acid titrantadded from the initial pH to the 
bicarbonate equivalence point (near pH 4.5), in milliliters. To 
convert from digital counts to milliliters, divide by 800 (1.00 mL 
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., J.; ., , . . 
, .t 'g' . 

, c 
.,). / , I  

Ca is concentration of acid titrant, in milliequivale~ts (meq) per ' . 
I .  . 
,i %'., , milliliter (same as equivalents per liter, or N). 

.,.- h,,.. 'f s' I , .,:, . 
,,. a : , , a  I ' CF is correction fhctor (see below). , 

:..\;, ; , ,, .' .'? 

:::a;: 
, , .: ,:;' .. . ., V, is volurne,of the sample, in milliliters. 

.:, )' #,<+ ' 
. t a . , , .  , . I ,..$ ,$ ,, ::a 2. ~ouble-check your calculations. 

( 
, L  , .: 

v,%!::,,: ,. 
\ .. ;. (,'. I . ., 1 

, ; I ; '  . , , , . 
;fz : ?,L.j;.; ! 

+ ' ' : ? . p , . 4 . ~  , , 
1 $'. ,, ,;.,$ ;!!! 

'!. ,,.-,; ... ..* 
>,. P:".' ' , '  . "i !:!I.. 

' 6 . k . 5 . ~  COMPUTER-PROGRAM ANALYSIS OF : , ' 
.,. " I  

,.: cL : TITRATION DATA 
;r. ., . ,;. 

S ?  .. , 
,I'. ~ . [  ;:I,. 

h ,  ,;, t 4'?,, , 
fi J ? ,  $:,,$1,, + , > j  i Two USGS computer programs that are available to simplify alkalinity :or ANC plotting ,and 
: b,*.'; t, , .' 1 ! . . ; ' . '  l 

calculation tasks include the persoda1 Computer Field Form (PCFF) program and the Web-based 
,-.). , > 

: , ,:.J , . . . . A 

' 

Alkalinity Calculator. These cove'r the full range of pH measured in natural waters and.are useful 
;.::it .i. 1 foi- performing the complex calculations needed for samples with pH > 9.2. 

, , p  ; ,, ',!I : v : b ' ,  t<$fi/d:;#$ ; . , 

;E:, i.,.:: 
I 

;{: >:; : 

c *;L,'.? , 
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determine alkalinity or ANC with several different methods. The current version of the Alkalinity 
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.*,- . ) The inflection point (IPT) method 

) The Gran function plot method 
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) . A theoretical carbonate titration curve method. 

The IPT and Gran methods implemented by the Alkalinity Calculator are as described in this 
manual. The carbonate titration curve method attempts to fit the titration data with a theoretical 
titration curve derived solely from the chemistry of carbonic acid. This method shows the user 
whether the chemistry of carbonic acid alone can account for the shape of the entire titration curve. 
If the fit is poor, it is likely that more than just hydroxide, carbonate, and bicarbonate were titrated 
in the sample. An excellent fit with this method is evidence that the titration curve is dominated by 
carbonate and bicarbonate. 

The Alkalinity Calculator can be found on the Internet from a link that can be accessed at the 
following URL: l~ttt~://~uter.z~~~~.g~v/o~q/~netlzods. html or can be accessed directly at the 
following URL : Izt[~://oregon. usns.gov/nlk 

Methods used by the Alkalinity Calculator are documented at 
http://oregon,. usgs.gov/nlk/methods. html 

The Alkalinity Calculator Program allows the user to choose 
among the IPT, Gran, and other methods of finding 
equivalence points. 
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6i6.6 TROUBLESHOOTING. . 

TWRl Book 9 
(REVISED 912001) 

I I 

Th'e major difficulties with equipment used to measure for alkalinity or ~ N c  are the same as for 
pH measurement-refer to NFM 6.4. Particulate materials, including algae or other biota, can 
interfere with the stability and reproducibility of pH readings. Such difficulties normally are 
eliminated by filtering the sample. 

When the sample has low ionic strength, or when dissolved organic compounds or noncarbonate 
inorganic species are present that can interfere with the titration (note color, odor, or previous 
chemical analysis), the Gran function determination is recommended to avoid some of these 
problems. 
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Report alkalinity and ANC to three significant figures. Only the valde from filtered samples is to be 
,- published as alkalinity. Titration values from unfiltered samples are to be  entered and published as 
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h;$ ' ANC (the current NWIS parameter code dictionary uses the outdated term "alkalinity, unfiltered" 
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TURBIDITY 

Turbidity: a measure of the collective optical properties of a water 
sample that cause light to be scattered and absorbed rather than 

transmitted in straight lines. 

Turbidity measures the scattering effect that suspended solids have on light: the higher the intensity of 
scattered light, the higher the turbidity.L Primary contributors to turbidity include clay, silt, finely 
divided organic and inorganic matter, soluble colored organic compounds, plankton, and microscopic 
organisms (American Public Health Association and others, 1992). The measurement is qualitative and 
cannot be correlated directly as micrograms per liter of suspended solids. 

Determination of turbidity is a common component of water-quality asskssinents. I 

, . . In surface water, the clarity of a natiral body of water is used routinelylas an . indicator , of 
the condition and productivity of the aqueous system. 

. . In ground water, turbidity commonly is measured during well development and well 
purging to indicate the extent to which particulates occurring as a result'pf well 
installation and sampling activities have been removed. , I 

'Turbidity measurements reported for/ regulatory purposes require a tdue nephelometric 
measurement using turbidimeter instruments that meet U.S. Environmental Protection Agency 
(USEPA) specifications (see 6.7.1). 

Turbidity is measured in neph&lometric turbidity units (NTU) or Formazin turbidity units (FTU), 
depending on the method and equipment used. Turbidity measured in NTU uses nephelometric methods 
that depend on passing specific light of a specific wavelength through the sample. FTU is considered 
comparable in value to NTU and is the unit of measurement when using absorptometric methods 
(spectrophotometric equipment). Jackson turbidity unit (JTU) values also approximate NTU but the JTU 
is no longer in common use. Turbidity values are entered into the USGS National Water Information 
System (NWIS) database only if the measurement is made in NTU and with instruments that are 
operated using USEPA-approved methods--not all turbidimeters that display NTU values meet these 
criteria. 
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handbooks. field experience, and a limited scrics of tests on available instruments co~iducted by the IJSGS Hydrologic 
Inslrumentation Facility (HIF). 
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Table 6.7-1. Equipment and supplies used for measuring turbidity' 
IS , quo l to or less t hn; p n ~  mcmme ter; mL, millili ten; In., inc hJ 

t Turbiditwter or epectrophotometer or eubmersible-seneor instrument (such as a mltipere- 
meter inetrument with a turbidity censor).* 

/ Turbidity stock eolutions end standards: 

Formazin stock suspension, commercially obtained or prepared with hydrazine sulfate 
and hexamethylenetetramirie che~nicela. i 

Manufacturer-provided secondary standards. 

/ Sample cells [~uvettes). clear c,olorless glaee (supplied from instrument manufaiturer, 

/ Debubbler (degassing apperatue, commercieltv available or self-made]. 

J hart (dry) gas (for example, nitrogen) ancl gse delivery apparatus; tanks qust  be fitted with 
regulators and filter. 

/ Sample bottle (preferably a bottle that doee not sorb suepencled materral:i~f the e e n p l e  WIII 
be stored temporarih, use en errber bottle). 

/ Silicon oil, optical grade (with $erne indexof refraction aseemplecells;eupplred by inetrumnt 
manuf-urer). 

/ Paper tiseues, extra lint free. 

J Turbidity-free water, deionized water filtered through a 0.2-pm filter membrane wrth 
precision-sized pores. 

/ Bottle to  hold turbidity-free water, cleaned and rinsed three times with filtered water. 

J Volumetric flee4 Cless A, 100 mL or 500 mL. I 

I 
/ Volumetric pipet, Class A, 5.0 mL end pipet filler. 1 
/ Filter flaek, 500 mL; filter hold&; filter pump, aepirator. I 1 I I 

j>; ,;? ,:j:t:~ 
L ,.i. ,,4.:,:l;, 
i,' . 

; :';<I& r .  ., ,>.; " 
% . ' . ' I  

,i . 
f. :,: .:; :, 

, .., . : .  
I . . I .  

i'! ;.., ., , . .,-. :. 
I '  . I r e  ' 

/ Rubber stopper, one-hole, NO! 7; tubing, 5118-in. inside diameter. ' Modify this list to meet thespecific needs of the field effort. 
See text for deecription of USEPA-approved instrumentation. 

- ~ u L : ~ I i - L - 1 , 2  -..L-.-! 
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sondes that can accommodate a turbidity sensor (commonly referred to a s a  turbidity probe). Choice of 
turbidity instrument, depends on site characteristics and intended use of the data in addition to instrument 
specifications, performance, . . and reliability.2 

b If measuring turbidity for regulatory br compliance purposes', the only method approbed 
by the USEPA employs Method 180.1 (STORET NO. 00076) (USEPA, 1979).3 

For nonregulatory monitoring purposes, either a submersible sensor that measures 
turbidity using a near-infrared light source or a spectrophotometer in absorbance mode 
may be used. 

-- Turbidity probes (submersible sensors) are available for multiparameter 
instruments with pH, temperature, conductivity, and other sensors; this is 
convenient for monitoring turbidity along with other field measurements. For 
giound-water studies, multiparameter instruments are available with sondes that 
can be used in 2-in. diameter wells. 
\ 

-- Field spectrophotometers can be convenient for qualitative turbidity measurements 
if additional sample properties will be measured spectrophotometrically. 

USEPA-approved specifications for turbidity instruments 

The light sourceshould be a tungsten lamp operated at a color temperature 
between 2,200 to 3,000 Kelvin. 

The maximumdistance traversed by incident and ffimttered lightwithin the 
sample tuba is 10 centimeters. 

The detector and al-ry filter aysteln are to have a spectral peak response 
between 400 and 600 nanometers. 

The detector ahoulcl be centered mt an ~ n g l e  of 90 degrees to the incident 
light path ancl must not exceed* 30 from 90 clegrees. 

Instrument sensitivity alio~tlcl permit detection of a turbiclity difference of 
0.02 NTU or less in water with leas than 1 NTU. 

Selected turbidity instruments were tested by the Hydrologic Instrumentation Facility. Referring to table 
6.7-2, field tests of the Hach DR 2000TM indicated consistently higher FTU values compared with NTU 
values measured with the Analite 152TM, Hach 2100PTM, Hydrolab Datasonde 3TM, and YSI 3800TM. Not 
available at the time of testing were either the Hydrolab H20TM or YSI 6000TM multiparameter 
instruments with turbidity probe or the Analite 156TM. Refer to Hydrologic Instrumentation Facility 
(1 994) for test details. 
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Table 6.7-2, Measurement range md laboratory test results of selected 
turbidity instruments I 

Fhis tableis meant, to sewe as a guide by which study criteria for turbidity instrumnts can be de- 
veloped. Instruments listed were tested by the USCS Hydrologic Instrumnhtion Facllity (HIF) unless 
o t h e l w i ~  n&d. Tufbidityinstrumnts am belng lnpnrwd and new instruments are in dewlopmnt 
NTU, nephelomtric turbidity units; <, less than; k, plus or minus; >, gmaler Ulan; -, appmximtely; 
%, percent; FTU, Forrmzin Lurbldity units; 5, less than or equal Lo; YSI, Yellow Springs Instrumenl 
Compny, Inc.; 150, 1ntern;lUona l Standards OganiznUon] 

I 

I ' I  I I L 

~e rkldnt dmere nce from ' 
(JTU standards 

-5%,2dtto 950 NTU 

c5%, 20 to 950 NTU 

# 1 1 

l nstm m nt I 

Hach 2100P". (Handheld port able 
tubidirn eter; 0.01 NTU resolution.)' 

Hach RatidXRn< tFlowthrough cell, 
bench t u b  id irn eter--can be 
adapted for field with a generator: 
0.001 NTU resolution on 0-2 ecale.)' 

- - - 

Hydrolab Datasonde 3'" (DS-3)'. (Multi- 
param eter, a~~bmersible instr~~rnent 
with internal Iogginp and electronic 
corn rnunic at ions capabilities.) 

1 

Measuremnt range 

c10 to 1,000 NTU 

0 to 2,000 NTU 

YSI 39OWM. (Multiparerneter, subrner- 

, ., - .I; , , , ; l;,;j;;;ll 
. I... . . .  

0 to 1,000 NTU 

YSI 6000TM. (Mukipararn eter, su brn er- 
sible instrument with internal logging 
end elsctronic cornrn unicatione caps- 
bilitiee; probe equipped with rn =hen- 
ical vln'per.) 

ha l i t e  152nA and 156". (Fiber optic 
portable nephelornaer with 
wand-type sensor, 1-foot long.) 

Hach DR2000". (Spenrophotorneter; 
readings in  FTU.) 

8 .. . 
,.,.I.. . ..., . 
i: ::..'" , . . ,  he method used for sample handling falls into three general clegories, a: dictated by instrument 

. ! , '  I , . ,  . . .) 
: i t  : -a , !i:q;' , capabilities: (1) manual (discrete) sample, using a cuvette-based instrument, with sample decanted into a 

- : ; , , i .  a,. , sample cell(cuvette); (2) pumped sample, in which a sample, is pumped thiough a "flowthrough cell," 
, ' ' ,"'"' 

. . . which'is a turbidity-sensor-containing cuvette that is an internal part of the in'strurnent; and (3) direct 
, c::; y.;,', 

, . ,  ,( 
!, ,,:it, : determination, by positioning a turbidity probe either in situ or,into a flowt$ough chamber that receives 

c2%, 40 to 950 NTU 
>lo%, 20 NTU 

/;I I sible;l NTUrerolution.) , lo%, 20 NTU 
0 to 1,000NTU 

, I:, I. pumped sample (see NFM 6.0). 
, 'l 

" 3  
- I  , 

&3k, 40 to 950 NTU 

' ~ e e t s  USEPA regulatory epecificationa for turbidity measurementas has9Gdegree hatchure and 
viaible radiation. 

2~ydrolab DataSonde3Th~, Analite 152TM and 156T'$ YSI 6000TM (not tested), and Hydrolab H20TM 
[not tested) use infrared technology. lnstrum snts that conform to IS0 7027 criteria for back- 
scatter angle of 90 clegrew include the YSI 8000~~,'~ydrolab DS-3TM, and Hydrolab H20n.'. 

- ,  J L L L ~ L - " ~ * - A - . ~ ~ L - ' -  Ld- - :&A! 

0 to 1,000 NTU 

41 0 to >30,000 NTU 

0 to 450 NTU 

. , ; '; i. ..! 
s , .>.Ab:?* 

. I , . ,  I*, ., . ~urbidity-free water. ~urbidity-free wdter. is used for pieparation of turbidity standards and is prepared 
( .. by filferingeither sample water or deionized water (DIW) through a 0.2-rnni or smaller pore-sized '. , '. . 

, I  . I .  
, . . 1  ' ' 

, ; membrane. Turbidity-free water is recommended instead of unfiltered DIW, for preparation of standards. 
l',,#),.,!;,@;l , " " 

' , * .  ; 
, 

i t . '  ,, ;;<:r 
, . 3  

I. i ,  ( .  ....-,::.r , a . I  Turbidity standards. USEPA (1979) guidelines recommend monthly preparation of the stock turbidity 
;,.;.,,.". , ,":;,::. ... I : L  , ,,-,I.,:'r. I suspension for the calibration standard, ahd dailypreparation of the standTd turbidity suspension at the 

. , : . * ( ' I : .  , 
a ,.:.,,: ., . ,,. ,+ . dilutiond needed (see Section 6.7.2). ~odnaz in  stock solution is available commercially: 

Manyfacturer specifications 
(not tested by HIF): 
f596 of reeding or 2 NTU 
(whichever is greater] 

-5% or less. 
400 to 950 NTU 

1 

5%orless, 20 to400 NTU 

I ,  

, . f a -  
i . Debubblerldegassing system. Bubbles in the sample will give false turbidity readings. A debubbler or 
1 degassing system is required if sample contains effervescing gases. The equipment plumbing must be set 
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up to maintain a constant head, resulting in constant velocity through the turbidimeter's flowthrough 
cell. When using a turbidity probe within a flowthrough chamber, it might be necessary to direct 
debubbled water through the chamber. 

Obtain a debubbler from the instrument manufacturer, or construct one as shown on 
figure 6.7-2 in section 6.7.3. 

Probe-based instruments are available with a wiper mechanism that clears bubbles from 
the optical surface of the submersible sensor (probe). 

Instruments with gas-sweep capacity. Condensation must be removed or reduced throughout turbidity 
determination. Some flowthrough-cell instruments have the capacity to continuously sweep the sample 
compartment with dry gas, reducing condensation on the sample cell; otherwise, condensation is to be 
removed manually every few minutes. 

6.7.1.A 
, MAINTENANCE, CLEANING, AND STORAGE 

Check manufacturer's instructions for instrument maintenance, cleaning, and storage. Test equipment 
before each field trip and record all repairs in the instrument log book. Manufacturer's instructions 
and the log book should accompany the instrument at all times. 

Turbidity instruments. Protect instruments from extreme temperatures. Shield the instrument LED 
display panel from direct sunlight. If a bench-top turbidimeter gets wet, allow it to dry thoroughly before 
the next use (field turbidimeters are constructed to withstand moisture). Check and replace batteries 
routinely. 

Sample cells (cuvettes). Handle and store sample cells in a manner to prevent dirt, scratches, or other 
damage. Follow instrument manufacturer instructions for the maintenance of sample cells. Keep sample 
cells scrupulously clean, inside and out. After each use, (1) wash with nonphosphate laboratory 
detergent, (2) rinse repeatedly with deionized water until all detergent residue is removed, and (3) allow 
cells to air dry in a dust-free environment. 

Submersible turbidity probe. Exercise care that optical surfaces of probes are not scratched during 
cleaning, operation, or storage. Scratched or damaged probes must be replaced. Keep optical surfaces 
free of all foreign niaterial by wiping with moist lens-cleaning paper or cloth. 

Standard solutions. Discard turbidity standards with elapsed expiration dates. Protect turbidity 
standards from extreme temperatures. Never pour used standard or a portion of unused standard back 
into its original (stock) container. 

*'l'urbidity instruments are being developed and improved by several companies: investigate instrument performance and 
rel~abllity before making an equipment selection. 

fl he USEPA also approves thc GLI-2 ~ncthod turb~dity iustrumcnt system (a microprocessor-bascd turbidity syskm using a 
pulsed-light, four-beam sensor); the GL1-2 provides stable and reproducible turbidity readlngs to 0.5 N'I'U but it is not a 
portahlc instl.ument. 
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' 6.7.3 ., . . ., .,. ., ,. , .*. 
, .  . MEASUREMENT ,, 8.. I . .  . , * ,  ... , , .  . 

Three methods f i r  field measurement oti turbidity are'described in  this sedtion: the nephelometric 
method or "turbidimetric determination," using a cuvette-based turbidimeter (67.3.A); "determination 
by submersible sensor" using a multiparameter water-quality instrument with a turbidity probe (6.7.33); 
and the absorptometric determination, using a spectrophotometer (6.7.3,C). Procedures are similar for 
use of turbidity instruments in surface water and ground water, although some applications may differ, 
'as desckbed below. I 

Turbidity is time sensitive--Measure sample turbidity on site to avoid biased values that 
I, can result from (1) biodegradation, settling, or sorption of particulates in the sample; or 

(2) brecipitation of humic acids and minerals (carbo*ates and hydroxildkQ, for example) 
caused by changes in sample pH during transport and holding. I 

. ,. 
',;.; ;?: 
,. , . ,  . .  . Biased or erroneous readings can result from unmatched cell orientation, colored 
.r' .( : 2. , 
; ,. I r:,:,<i 

sample, solutions, gas bubbles, condensation, and scratched or dirty sample cells (see 
, '  r..'.! . , 
d .... ,I, ,!,, .:. 

. ,  , . ,  , ~echnical ~ o t e ) .  Condensation on the sample cell commonly occurs bn hot days when 
4 ,. 

I.;:,. ' 

..: L. Y 
hwhidity is high. 

., , ;' r.,. . .  .. . . I .  

1 . * :. 
< ,'. y, ;p. 

1 ,  & V . ' , ' ,  , 
TECHNICAL NOTE: Causes,of low-biased readings include particulate aettling.or sorption on container 

:;;.; )'\ 
, , I*', 

surfaces, biodegradation, and sample solutions with true color (color from dissolivyd substances that absorb 
.. . .> ..$ 

, : . + , ,  light-&some instruments are designed with optics to eliminate bias from color). ~igb-biased or false turbidity 

. , bi ;I:. 
readings can be caused by the presence of condensation and finely-divided air or othersgas bubblek'in the 

. .  , 
I ;tl.i.i'' 

sample or on the cell.or probe surface, and scratches, fingerprints, or dirt on the hwface of the sample cell or 
. , . ,i ,. ., . turbidity probe. . ., 
, 4 .  

I 

Surface Water 
... , 

. . 
s .  . .  

' . .  ... . . .  : . . . q .  
Collect samples for turbidity measurement or make in situ measurements using either discharge- 

; ,<;' j ;:,. 
81%. 

weighted, pumped-sample, or grab-sample procedures, as appropriate for site characteristics and for 
, :  , +study objectives {(see NEA4 6.0). . , I I 

.,: ,::;, 'P!., , . 
. 1U'7 .c : ! j  . ./ \ 

' . ., . .. . ., , ../( 
, , ,. 

* .. I .  . _ I 

. ,  , 
b .. 

' :'" . , ,  , ,  I S !  r #, 
If taking discrete samples from .a chum splitter or other sample-compositing device, 

t L t '  

: j <, :\;I.: ,, 
remove samples for turbidity measurement when the water volume in the compositor is 

1 , ;; ; . f',,, ? 
I 
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near maximum. , . Verify the turbidity determination by measuring turbidity on two or more samples, if 
samples are removed from a compositing device or collected as grab samples from the 
surface-water body. Collect turbidity sample directly into the cuvette .for immediate 
measurement or into a clean amber glass bottle for short-term storage. . If turbidity is measured in situ, take three or more sequential turbidity readings, until 
readings stabilize to within =t10 percent (see NFM 6.0). 

Ground Water 

Turbidity in ground water generally is less than 5 N ~ ~ . ' ~ a t u r a l  ground-water turbidity of up to 1.9 NTU 
has been reported for some,.environrnental settings (Nightingale and Bianchi, 1977; Strausberg, 1983; 
Puls and Powell, 1992). Contaminated ground-water systems, however, can have considerably higher 
turbidity (Wells and others, 1989; Gschwend and others, 1990; Puls and Powell, 1992; Backhus and 
others, 1993). . During well development--Monitor turbidity caused by well installation, recording 

consecutive measurements to document decreases in turbidity as development proceeds. . During well purging--Monitor changes in turbidity by taking sequential.readings until 
purging criteria are met (NFM 6.0). The final stabilized turbidity,value should be equal to 

, or.less than the value recorded at the end of well development. A decrease in turbidity 
values during purging indicates mitigation of subsurface disturbance caused by well 
installation and by deployment of data-collection equipment in the we,ll. . Report the median of the final five or more sequential measurements that meet,the &lo- 
percent criterion for stability (NF_:.$.,0). 

For discrete-sample measurement ,using a turbidimeter or spectrophotometer: 

Pump the ground-water sample directly from the sample discharge line into a precleaned glass 
or polyethylene sample-collection bottle. 

Bailers are not recommended for collecting turbidity samples, as bailer deployment can cause 
turbidity. 

Do not collect the discharge passing through the flowthrough chamber in which pH, conductivity, 
or other field-measurement sensors are installed. 

For turbidimeter measurement using a flowtlrrough cell: 

1. Split the sample flow from the well between the ,)urbidimeter and the flowthrough chamber used . 
for other field measurements, as illustrated in figure 6.7-2 (parallel lines are not needed if field 
measurements are made using a downhole or other in situ method, or when discrete samples are 
split from a composite). The turbidimeter requires greater flow velocity than is appropriate 
for the flowthrough chamber. 

a. Position the sample-line split to the turbidimeter/debubbler system in front of (closer to the 
well) the flowthrough chamber to avoid sediment in the flowthrough chamber. (The higher 
velocity flow required through the turbidimeter can result in mobilizing sediment--see 
Tecluiical Note.) 
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b. Set up the debubbler plumbing to maintain a constant head ahd constant velocity through 
; , the t~rbidimeter'sflowthrou~h cell. ' 1. , 

2. To construct a debubbler, use a short length of rigid plastic tubing with one perpendicular tee 
through which sample enters, another tee at the top end (the atmospheric vent), and hose clamps to 
secure the tubing. The diameter of the tubing and fittings needed for the debubbler is proportional 
to the rate at which sample flows through the turlhdimeter. ~eferr in i :  to ,&we 6.7-2: 

Water entering debubbler at "A" must exit at both "B" and "C." 

Flow exiting at the top ("C") must be greater than the flow exiting at the bottom ("B"). 

The tubing extending from the debubbler bottom ("B") to the turbidimeter will probably 
need a smaller diameter than the top tubing to ensure a minimum velocity of 0.46 to 0.61 ' 
meters per second (1 112 to 2 feet per second). 

, 

The atmospheric vent should be located at the highest point in tBe debubbler system to 
prevent siphoning. 

TECHNICAL NOTE: Backpressure must not be allowed in a flowthrough chamber containing pH or 
dissolved-oxygen sensors, and the line to the flowthrough chamber must be d i scoec ted  or bypassed until 
any appreciable volume of sediment clears from the line. Water should never discharge from the 
at'mospheric vent. 
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6.7.3.A \ 

TURBIDIMETRIC DETERMINATION 

The nephelometric method for making turbidimetric determinations that is described'in this section 
requires a photoelectric turbidimeter that meets USEPA specifications.5 This method is applicable in the 
range of turbidity from 0 to 40 NTU without dilution, and from about 40 to 1,000 NTU with dilution. 
The method has been tested for drinking and process water and yields real values in NTU. 

Check the turbidimeter against a standard before measuring sample turbidity: 

1. Warm up the turbidirneter according to the manufacturer's instructions. , 

2. Rinse a clean, dry, scratch-free, index-marked cell with the turbidity standard selected at the NTU 
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wipe. If available, try a gas sweep of the flowthrough cell compartment using dry nitrogen 
gas. 

Make sure that the flow rate of the gas does not exceed the rate recommended by 
the manufacturer. 

Filter the gas to remove particulates and moisture--use a filter that includes desiccant 
(particulates or moisture in the gas stream can cause additional variability in the 
turbidity readings). 

Eliminate air bubbles in sample before measurement using a debubbler device. 

4. Determine the measured NTU value of the sample either by reading turbidity directly from the 
instrument scale or by using the instrument value and calibration curve, as is appropriate for the 
instrument being used (see Technical Note). 

a. Record three to five separate readings at regularly spaced intervals. 

b. Report the median of the last three or more sequential values that fall within *10 percent. 

TECHNICAL NOTE: When using the 0.2-NTU scale only, you may need to subtract a 
correction factor from the reading to correct for stray light. The Hach Company reports the 
correction for the 0.2-NTU scale to be on the order of 0.04 NTU for the Hach 2100PTM. The 
stray-light correction is determined by reading turbidity from an empty instrument (without 
cuvette). 

5 .  Quality control. 

a. Repeat discrete sample measurement on two additional samples and check that they fall 
within the * 10-percent criterion. Report the value of the first if two samples are measured, 
or report the median if three or more samples are measured. 

b. Using a clean sample cell, repeat the procedure, substituting turbidity-free water to run a 
blank. Run the blank either before or after the sample, following manufacturer's 
instructions. 

For measurement of sample with turbidity exceeding 40 NTU: , 

1. Obtain discrete sample. 

2. Dilute the sample with one or more equal volumes of turbidity-free water until turbidity is less 
than 40 NTU after mixing and degassing. 

3. For 100- and 1,000-NTU ranges only--place the cell riser into the cell holder before the sample 
cell. This decreases the length of the light path in orde'r to improve the linearity of measurements. 
Do not use the cell riserfor the lower NTU ranges. 

4. Follow procedures for samples with turbidity less than 40 NTU. 

5. Based on the dilution factor and original sample volume, compute the turbidity of the original 
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1 ' li;9, 

, 
I (  sample (see 6.7.2, "Calibration for ~urbidimeter," steps I 1 and 12): 

I 
) 

a. Add volume of dilution water (in mL) to sample volume (in mL). 

b. Multiply by NTU of diluted sample. 
, * * 4 ,  i 

L i , 1.1 1 
I : \  I c. Divide by the volume of sample (in mL) that was diluted. , , ,, ,' 

a* . : , 8.8 : 
%. ( I . .  . ". I 
, ... , '  

EXAMPLE: If 5 volumes of turbidity-free water were added to 1 volume of sample, and the diluted sample 
, , . :. , .: 

,:. , < j , J . , . '  c: ..{ I showed a turbidity of 30 units, then the turbidity otthe original sample is computed as 180 units. 
1, , 11 ,2 j% , I , i 

- 1 ,  

I I 
I I 

DETERMINATION BY SUBMERSIBLE SENSOR 
. 3  ,. l i l t  

. . 
. , *  (. . 

: $  :,g 2 " ,  
,.it.;t ., ,;,$ . Determination of turbidity using a multiparameter instrument with submersible sensor-containing sonde 
, . , , :- ,.(. ' is usefiil for water-quality studies in which the turbidity data will be udedq~alitativel~ and not for , 

I .  I ! , ,  
.,, ', , . 

,..,.. i. 
regulatory or compliance purposes.\ Turbidity sensors for these instruments utilize an LED with near 

$ ', ; ;, :J 
,.> , # ;< p:. ; 

infrared radiation. as the light source and turbidity values normally are repqrted , ,  as NTU. Current 
,,, . ,;!A; ... t . .  
.::,,.I.." 

, ' instrumentation of this type is not approved by ;the USEPA; 
1 j' ,,: . 
(. , ;' ',I . . , . 

i ,  , ', ! 
, , . . . 'Multiparameter instruments can be used with a flowthrough chamber, instead of being deployed in situ, 
..'::.4, ;. , . .  

, ~ , ,  for monitoring ground-water field measurements. If measurements will be made in a flowthrough 
, : ,.., , . v , ' ,:a - 0 .  chambkr, the turbidity probe is part of the sonde bundld that incluaes oth4r! field-measurement sensors, * ,  . ? "  . . 

. i: a{;!.:. 
' (for example, pH, conductivity, temperature, and dissolved oxygen) and a separate or parallel setup for 

, , turbidity measurement (fig. 6.7-2) is not needed. 
(I ! , . 

8 , , ..:i;l% : ' 
,,?!: . . '.$; 

< > : ' I  I 
, . < .  

, , : Multipbameter instruments with internal batteries and memory can be usedin surface-water studies that 
. <  . ,  

, , , require long-term deployment. Guidelines for long-term instrument deployment falls under the topic of 
,' :.,,,I,;' . 

!'. .,:> 
.: :.. ;/:;)I . , 

continbbus monitors, and isbeyond the :scope of this chapter--refer to manufacturer's ' 1 ,  , instructions and . , 

! recohendations and to guidance docuinents for continuous monitors. . ': ,.: 8 , 

' #  I , I 

' ' The following procedures apply to in situ determination and to determination of turbidity in a 
,! t ; flowthhough chamber: \ 

--i ! I , ',I' 

1. Calibrate the instrument in the laboratory or office before leaving for the field site (see-sL7-2). 
l L  

" $1 1 . 1  ; 
* 1 

! 

2. At the field site, follow procedures for selection of surface-water and ground-water sampling 
I locations and for in situ (Procedure A) or flowthrough-chamber (Procedure B) field 

measurements, as described in NFM- 6.0. 

' 1 .1  

I ,. , Procedure A: In situ measurement--Immerse the sonde with turbidity and other field- 
II . , 
i 

measurement sensors in the water body. 

Procedure B: Flowthrough ehimber--secure chamber cover over sondelprobe to form an air- 
tight and water-tight seal. Discharge first sample aliquot to waste, then open connection to 
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,lt i 

, ... . 
.m ' . , i . , ,  
! ':. . c:?. flowthrough chamber and pump sample from water source to flowthrough chamber. according to . , ,. 5 . .. ,.. . . . 

instructions in NF.~.6,4L3. .. ' . ~ . . .  
, f ' . . _  
i*. 

% L 

3. Activate instrument to display turbidity values in real time. ; ;. 
, 

, . :,. ', 
\ '. . (...' I 

4. Agitate the turbidity-containing sonde to remove bubbles from the optical surface: move sonde up y:.;,, . . .. f.,; t2 . :. 
and down or in a circular pattern and (or) activate wiper mechanism if available. ' , ..I:'. . . 'C. .. 

' ,  f.,.7,'..:. , 
. . . . 

. 

5. Monitor turbidity readings as described for other field measurements in NFM 6.0. ....,- ' 

, .. , 1 . .  .. , . . 2 .. ;.> 
a Allow at least 2 minutes before recording the required number of sequential readings. .!: 

A 1 h 
9 "  . 

'g?' ..::; 
. . ,1 ',' -. 
v:.:. . . 

a Stability is reached if values for three (for in situ procedure) to five (for flowthrough- . .,ae;. ,<a, ,%..., ,.-. :. 

chamber procedure) or more sequential readings, spaced at regular time increments, are ,t;,,'?,:,:\;<. 

, . ;',:?t,L, ,.! 
1 ! ,  . . .. 

within 10 percent. , ; j  . , ,  ., % ,  ",.!. r: 
1 . -  

' 3 %  . 
I ,  :(! ... ..' 

6. . Record turbidity readings on field form and in field notes. Log the'reading into instrument . 
, , 4 ,  !,. '. . -. 
":,;'.* . . , >  

memory, if applicable. ,. 6 , ... . ...: t 
, !,, ,, ; ' : 
C.:.' 
" < 

7. Surface-water sites--Repeat steps 2-5 for in situ measurements (Procedure A) at each vertical to .L:, .v' . .f . . ,~l ., J, . ..;, : 

be measured. ,.;.'!*... > .  
':'...>i. ' " 
' -:,.; 1:. .' 

4,.,,..,. 
'?: . , ' , .I 

8. Before leaving the field site, clean the sonde with a thorough rinse of deionized water and replace F ,& . ..... ..::-: 
. .,,. 

sonde in the storage vessel. p .;tr.?;'. 6 ., ~ 

. . i!,$%. e,:, 
;;:. ?<' . . ~ 

. ,  .%.. 

9. ~ualitycontrol .  Check instrument performance periodically by placing a check standard in the !,-r.; . , '  

'L . . instrument storage vessel and comparing standard value with the reading displayed. q..,b.~... . ,..,; .,,. * . , ,., , .J,. , 
,% 8. : , . I , ;  : " V .  <..,.. . ", , ..,( ,. .... ' .I . 

,,,;1 *-.. 

ABSORPTOMETRIC DETERMINATION 
\ <.- , : > ; ; , . , ' - d P , .  

, ,l:,::, :,s., . 
;. , ; r. .. 
.>.*: ' 

.L,, I :.;. 
.[ . , - .  

The absorptometric method described below uses a field spectrophotometer to provide a relative . .  f 
'..,, 1 . <. . ' .  

measure of the sample turbidity. The spectrophotometer shoots a beam oflight through the sample at a .. ,,:.,. :., : 
' .is,. 

'.,. .- id. . A. i!: :, . . specific wavelength and measures the amount of transmitted light absorbed by solids present'in the .,.. ..5., !.. - I  . . .; . . 
sample compared to how much of the transmitted light is absorbed by a Formazin standard. " .  . . . .. . (. ./. . .y;. . . ;  

This method is not approved by the USEPA. It is a useful method, for example, if the 
purpose for the turbidity determination is as an indicator of ambient or "stabilized" 
conditions during well development or purging. 

Spectrophotometric measurement of turbidity yields readings in FTU..Do not enter 
absorptometrically derived turbidity values into the data base. 
Turbidity values below 50 FTU--the range of most surface water and ground water- 
-are inaccurate using this method and the procedure is recommended only as a relative 
measure of sequential turbidity values. 

The absorptometric method for a Hach DRJ2000TM portable spectrophotometer is described below, 
because this is the instrument that currently is in use for most USGS field work. Check operating 
instructions if using an instrument of different make, model, or manufacturer--the position on the 
dial for wavelength of turbidity may vary for different instruments. 
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, .. *. ,,i .,&$ , ; 
, ,, 
,,,, ,;SL *,!:::( , : , ' * # ,  , . ' 8 ,  . , 

. ,.,*O:, . '. . I , .  ., .. 1. Enter the storid program number for turbidity and rotate the waveldgth dial until the display 
, , : :: . .c. ,!,, .<., 

' I ; . / :  
',.* , I , , ,  , 

indicates.the wavelength value in nanometers (nrn) for the instrument in use--450 nm for a Hach 
.,," .. , .., , DR/2000TM, for example. ir',7n"$;11~ 
,.. I ( , , 1, ,"';.'.*! ! 
:?#, :.;,!$,.,: 
'- ' , ! ,  , ' ,  -' / . . . ,. . . 2. put on gloves. Measure standards on the instrument that bracket the range anticipated in the 
i' ' .*, .;p , 8.'.,,:..~:*, f .. 

sample solution. This step checks the accuracy of the calibration scales. Change gloves with each 
change in standard and sample. .)tr.:; 1 't; 1 , . ,,.,; 3 ' , , 

S L . '  . 
. , ' * I  . I 
,', -, v:, ' 

a . '1 '  

(.. i , , I 

3. Pour 25 rnL of deionized water into a clean &miple cell for the blank: Hold the ceil by the rim--do 
!, 1. j 

, ,,, , I, ., I.,,; , I ? , ,  ! not touch the cell wall. , i 
' ..- I, , 

,L . 8 

8 ,  

' I . , ,  . . .  ,,,, ,!*.I 
i,. , .7: ,,, . -  . ,  4. Place blank sample into cell holder, close the light shield, and press zero. The display should show 
; ;:*:,.'<i. ,, "wait" and then "0. FTU turbidity." ,' 

7,, _ , b.. ' 

I ? '  

9, t 
1' I 

B ,, , ,, kj':.: 
.I. 

, . . , I  

'5. Shake environmental sample vigotously to suspend all solids and allow air bubbles to dissipate. 
.: 

,:I, "",, 
I . , I  

I I ! I r  . I , . . i .  I.j , 6. Pour 25 mLof sample into another clean sample cell, holding cell by the rim (top lip). 
!,,~.,:)'. r; ,j; . , ' Y $  8 . I ; 

1 1  

. %*J .,: , 
. ?  7. Carefully place sample into cell holder. 

a. Close the light shield. Press readenter. 

1: $ , ,  :.' ,. , .,,:..;'< . . 
% . *I, ,, . ,. , # , 

b. The display first will show "wait" and then show the turbidity value in FTU. 

c. Record the FTU reading. 
i . 7 , .  4' 

", , . . " . 
,, :.' ..,(.;l!... 

' * 1.' :<:;j;[.y)i.) 
, I . L J , , <  I !, .;;4 "" '; 
.. . ~ 2 .  ,, 
, ; ' i .t ' ~ l l e  nephelometlic method using a calibrated slit bbidirneter is not described--refer to American Society For Testing and 

s -. , , . : 'I; ,  
. ,., . ;. . , Materia.1~ ( I  990). 

, : ,,;,,,?.::{.t 
, , ,: i,:,>lit : , 

,,! ,. , r  4' I ' 
8. , .,); ,< 6 : . 6 section 6.7.4 . I,' 
. ,, 
!. .: . . 
.; .;:j!:" 

QReturn to Section 6.7.2 
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i ,".!,!!I< 
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INSTRUMENT READINO, IN NEPHELOMETRIC TURBlUlTY UNfrS 

Ftgure 6.7-1. Example of turbldlty callbration graph. 
1 I -.-.. - _ _ .. ..3 - - ..- . . - - . - " I 1 
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fiold mso6vrnmonls @ti ,  f ~01'1lthl6 llna 11 not 
tompamturo, d~ssolved oxygnn, + Waae u61ng flow-call 
condu aivity) turb~dimotar. 

I 
I 

Flgure 6.7-2. Example of parallel for turbidimeter with debubbler 
and flowthrough chamber. 
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' ,  Table 6.7-1. Equipment and supplies used for measuring turbidity 

, * / I /Turbidity atmk eolutions and standards: I 

. '- 
"! $f ~k, "I' ) 
+ * +  , 

: f 
) 1  

I I Formazin stocksuepension, commercially obtained or preparedwith hydr&ine sulfate 
and hexamethylenetatramine chemicals. 

IS, equal toor lesstlnn;~m, m'cromler; mL,rn~lliliters; in, inch] 

J Turbidimner or epedroplioto~neter or submersible-seneor instrument (such as a rmltipara- 
meter inetrument with e turbidity eensor~,~ 

I I Manufacturer-provided secondary standards! I 
1 I J Dsbubbler idegasaing sppardus, comrnemisl~ available or self-msde). I 

4 Inert (dry) gaa (for example, nitrogen] end gee deliven) appsratue; tanks muat be fitted with , 

regulators and filter. 

i I J Sample bottle (preferably a bottle that doee not sorb suspended material: i f  the ean-ple will 
be stored temporarily, use an arrber bottle). 1 I / Silicon oil,optical grade Lwith eame indexof refraction aseamplecells;eupplied by inatrunant 
manufacturer). 

1 ' 1  J Papertissues, extra lint free. , 

J Turbidity-free water,'deionized water filtered through a ~0 .2 -pm filter membrane with I I precision-aized pores. 
t 1 J Bottle t o  hold turbidity-free water, cleaned and rinsed three times with filtered water. I 

JVolumetric pipet, Clese 4 5.0 mL and pipet filler. 

d Filter flaaI( 500 mL: filter holder; filter pump, aspirator. 

JRubberatopper,onrhole, No.7:tubing,M6-in.insided1ameter. 

' Modify this list to meet the specific needs of the field effort. 
See text for description of USEPA-apprwed instrumentation. 

1, / I * 
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1 

1-1 Table 6.7-2. Measurement range and laboratory test results of selected 1 
I ( turbidity instruments I 

[Thls bbleis meant to serve as s guide by which study criteria for turbidlly inslrumnb can be de- 
veloped. Instrumnts listed were tested by t i e  USGS Hydrologic Inslrumn13tion Facility (HIF) urlless 
oUlewise noted. Tubidily inslrurm~ils are being i n p m e d  and n m  instrumnb sre in debelopmnt 
M U ,  nephelometrlc lurbidily unils; <, less lhi11i; k, plus or minus; >, g ~ a l e r  lhs11; -, approximlely; 
$6, pelrent; FTU, Formrln hrbldily units; I, less than or equal Lo; YSI, Yellow Springs Instrumnl 
 company, Inc.; 150, International Sbndards Oqjnlzation] 

I 

I 1 
I I I I 

I l J 1 !  ' 
1 Percent dMfir&li5e froom' 

I Instrument Y Measurement range M U  standards ' 1 

Hach 2100P. (Handheld portable <I0 to 1,000 NTU -5%, 20 to 950 NTU 
tubidim eter; 0.01 NTU reaolution.1' 

I 

Hach RatidXRvC (Flowthmugh cell, 0 to 2,000 NTU <5%,20 to 950 NTU 
bench turbidim eter--can be 
adapted for field with e generator; 
0.001 NTU resolution on 0-2 scale.) ' 

Hydrolab Datesonde 3 N  (DS-3)'. (Multi- 0 to 1,000 NTU <2%, 40 to 950 NTU 
param eter. eubmersible instrument >lo%, 20 NTU 
with internal logging and electronic 
corn munications capabilities.1 I , I 

YSI 3900TM. [Multiparam eter, subm er- 0 to 1,000 NTU S3%, 40 to 950 NTU 
sible: 1 NTU rasoluti0n.l > lo%, 20 NTU 

1 I 
YSI 6000TM. (Muitiparametar, subm ar- 0 to 1.000 NTU Manufacturer specifications 

sible instrument with internel logging (not tested by HIFI: 
and electronic communications capa- *5% of reading or 2 NTU 
bilitiea; probe equipped with m schan- (whichever is greater) 
ical viper.) 

ha l i t e  1521M and 1 56r1C (Fiber optic e l  0 to >30,000 NTU -5% or l e a  
portable nephelometer with 400 to 950 NTU 
wand-type eenaor, 1-foot long.) 

Hach DR2OOO"U. (Spectrophotom eter; 0 to450 NTU 5%orlase 20to400 NTU 
reading8 in FTUJ 

l ~ e e t s  USE PA regulatory epecificatione for turbidity meaaursm ents, has Ssdegree hatchure a"d 
vlaible radiation. 

2~ydrolab DateSonde3"". Analite 152N and lkt3y YSI €3OOOvA [not tatad), and Hydrolab HZ*: 
(not tested) use infrared technology, lnstrum ants that conform t o  IS0 7027 criteria for back1 
scatter angle of godegrees include theYSI 6000n&, Hydrolab DS-W", and Hydrolab H20rM. , 

S ' 1 ,I 
I . d- LLU 
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,I Table 6.7-3. Troubleshooting guide for field turbidity measurement I 
/ 1 1  

1 symptomg 

Erratic readings 

' Possible cause and lcorrectivk action : 1 ' 1  
Check voltage of the balterias: replace weak batteries 
with new batter~es. 
Condensat~on on cell $*tall: see fourth symptom. ' 
Bubbles in sampling system or on optical surface of 
probebased system: tapsample line to flowthrough 
cell or chamber systems to dislodge bubbles;adjust 
debubbler apparams; rembve bubbleaon prpk-  
based systttm by agitating the unitiepeatedly or , 
activating wiper mechanism. 

Unusually high or low turbidity Bubbles in sampling sytem or on optical surface 
of probe-based system: see corrective action for 
erratic readinas (first svmwtoml. 

Readings first appear stable, t h n  I ?Check far moisture oncell wall: see fourth symptom, 
begin to increase inexplicably I 1 1  



I Record to nearest 'I I '1 

Table 6.7-4. Guidelines for reporting 
nephelometric turbidity measurements 
(from USEPA, 1 990) . , 

Page 1 of 1 
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Third Edition 
I Edited by D.N. Myers and F.D. Wilde 

ABSTRACT , , 
, , 

The ~ i t i o n a l  Field Manual for the Collection of Water-Quality Data 
(~a t iona l  ~ i e l d  ~ a n u a l )  provides guidelines and standard'pfocedures 
for U.S. Geological Survey (USGS) personnel who coiibct d a d  used 
to assess the quality of the Nation's surface-water and ground-water 
resources. This chapter of the manual includes procedures for the 
(1) determination of biochemical oxygen demand using a' 5-day + bioassay test; (2) collection, identification, and enumeration of fecal 
indicator bacteria; (3) collection ~f samples and information on two 
laboratory methods for fecal indicator viruses (coliphages); and (4) 

' 

collection of samples for protozoan pathogens. 
I 1 

Each chapter of the National Field Manual is published separately and 
revised periodically. Newly published and revised chapteys are posted 
on the World Wide Web on the USGS page "National Field Manual 
for the Collection of Water-Quality Data." The URL for this page is 
http_://pubs.water.usgs.gov/twri9A/ (accessed November 25, 2003). 

L- 
I 

As part of its mission, the U.S. Geological Survey (USGS) collects the 
data needed to determine the quality of our Nation's water resources. 
A high degree of reliability and standardization of these data are 
paramount to fulfilling this mission. Documentation of nationally 

+ accepted methods used by USGS personnel serves to maintain 
consistency and technical quality in data-collection activities. The 
National Field ~ a n u a l  for the Collection of Water-Quality Data 

I '  1 1  
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(National ~ i e l d  Manual) describes protocols (required and 
recommended procedures) and provides guidelines for USGS 
personnel who collect those data on surface-water and ground-water 
resources. Chapter A7 includes procedures for the (1) determination 
of biochemical oxygen demand using'a 5-day bioassay test; 
(2) collection, identification, and en,umeration of fecal indicator 
bacteria; (3) collection of samples and information on two laboratory 
methods for fecal indicator viruses (coliphages); and (4) collection 
of samples for protozoan pathogens. Many of the equipment- 
sterilization and sample-collection pro'cedures are identical for fecal 
indicator bacteria, viruses, and protozoans; these nevertheless appear 
in eachrsection for the convenience of the user. 

The National Field Manlial is Section A of Book 9 of the USGS 
publication series "Techniques of Water-Resources Investigations" 
(TWRI) and consists of individually published chapters designed to 
be used in conjunction with each other. Chapter numbers are preceded 
by an "A" to indicate that the report is part of the National Field 
Manual. Other chapters of the National Field Manual are referred to 
in the text by the abbreviation "NFM" and the specific chapter number 
(or chapter and section number). For example, NFM 6 refers to, 
chapter A6 entitled Field Measurements, and NFM 6.4 refers to the 
section in Chapter A6 on field measurement of pH. 

PURPOSE AND SCOPE 

The National Field Manual is targeted specifically toward field 
personnel in order to (1) establish and communicate scientifically 
sound methods and procedures, (2) encourage consistency in the use 
of field methods for the purpose of producing nationally comparable 
data, (3) provide methods that minimize data bias and, when properly 
applied, result in  data that are reproducible within acceptable limits of 
variability, and (4) provide citable documentation for USGS water- 
quality data-collection protocols. 

/ I  I 

Data collectors must have foi-ma1 training and'field 8 ,.,.:;',..,; I 
:.:, ... 

apprenticeship in order to correctly implement the procedures , ,; ;; . . .. . . ,  
:. .!;. ; :. ,'. . described in this chapter. The National Field Manua1.i~ meant to . .# ., , ., : . ,<$! .<.> :, 

complement such training. A description of the determination for !.yqh. , .  j ~ , ;  L 

ultimate carbonaceous biochemical oxygen demand is beyond the i,;';!: ... . . .,. a;, + ' C  .. 
scope of Section 7.0 (Five-Day Biochemical Oxygen Demand), but is -. 6.p ,, ,, . :. $,j ;. ., :'),..!,' : 
provided in Stamer and others (1979, 1983). The information , , ' % P t  

; :.: .. . 
;.. . .,,'I.. 
! ,'., .. . fL  

91' ,, . 
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provided in ~ec t io"  7.1 (Fecal Indicator Bacteria) and in Section 7.2 
(Fecal Indicator Viruses) is to be used in conjunction wit'h Methods 

+ for Collection and Analysis of Aquatic Biological and 
Microbiological Samples edited by L.J. Britton and P.E. Greeson 
(TWRI, Book 5, Chapter A4, 1989), the 20th edition of Standard 
Methods for the Examination of Water and Wastewater, ,and with the 
other chapters of this National Field Manual series. 

' , 
It is impractical to provide guidance that would encompass the 
entire spectrum of data-collection objectives, site characteristics, 
environmental conditions, and technological advances related to 
water-quality studies. The hdamen ta l  responsibility of data 
collectors is to select methods that are compatible with the scientific 
objective for the field work and to use procedures that are consistent 
with USGS standard procedures to the extent possible. Whenever a 
standard procedure is modified or not used, a description,of the 
procedure used and supporting quality-assurance informition are to 
be reported with the data. 

. . -- B ,I!:, 

: . !,,g.,? .~ - 
8 t( , :v.';,~;$.;,+ 

REQUIREMENTS AND RECOMMENDATIONS 
#I I .  ' . +  ,..!,., $ + a ' l ,  ' 
, .  5 

' ; . ..' ?;< ,,." As used in the ~aJiona1 Field ~ a n i d l ,  the terms requiredland 
. . I' , ..:,,.,:.; 
I I . 3  (,. 

recommended have'the f o l l ~ w i n ~ ' ~ ~ ~ ~ - s ~ e c i f i c  meanings. . 
. , I 

Required (require! required, or requirements) pertains do USGS 
protocols and indicates that USGS Office of Water Quality policy has 
been established on the basis of research and (or) consensus of the 
technical staff and has been reviewed by water-quality specialists and 
selected ~ i s t r i c t '  or other professional personnel, as appropriate. 
Technical memorandums or other documents that define the policy 
pertinent to such requirements are referenced in this manual. 
Personnel are instructed to use required equipment or procedures as 
described herein. Departure from or modifications to the stipulated 
requirements that might be necessary to accomplishing specific data- 
quality requirements or study objectives must be based on referenced 
research and good field judgment, and be quality assured and 
documented in permanent and readily accessible records. 

' . I  ' "~is t r ic t"  refers to an orgnnizationnl unit of the USGS in any of the States or Territories of the 1 
. g United States. ,n.y . 

r +, I:!. . 
I I 

f 
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Recommended (recommend, recommended, recommendation) 
pertains to USGS protocols and indicates that USGS Office of Water 
Quality policy recognizes that one or several alternatives to a given- + 
procedure or equipment selection are acceptable on the basis of 
research and (or) consensus. References to technical memorandums 
and selected publications pertinent to such recommendations are cited 
in this chapter to the extent that such documents are available. 
Specific data-quality requirements, study objectives, or other 
constraints affect the choice of recommended equipment or 
procedures. Selection from among the recommended alternatives 
should be based on referenced research and good field judgment, and 
reasons for the selection must be documented. Departure from or 
modifications to recommended procedures must be quality assured 
and documented in permanent and readily accessible records. 

. .",?) '. ,; 
;;la;F..:k:' 
r .  .:. 
%,?. ? !.,:." ./, . I ' . . 

r l  i. ,,: i . .  ,-i y - .  
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I FIELD MANUAL REVIEW AND REVISION 

This is the third edition of Chapter A7, "Biological Indicators," 
dated November 2003; this edition updates and expands upon the 
second edition dated March 2003. As chapters of the National 
Field Manual are reviewed and revised to correct any errors, + 
incorporate technical advances, and address additional topics, 
dates of revisions appear in the footer of the report. Refer to 
"Comments and Errata" on the National Field Manual's Home page 

\. 

(http://pubs.water,usgs.gov/twri9A/) for each chapter's revision 
history. 

Comments on the National Field Manual, and suggestions for 
updates or revisions, should be sent to nfm-owq@usgs.gov. Newly 
revised and reissued chapters or chapter sections will be posted on the 
World Wide Web on the USGS page "National Field Manual for the 
Collection of Water-Quality Data." The URL for this page is 
http://pubs.water.usgs.gov/twri9A/ (accessed November 25,2003). 
This page also contains a link to the NFM "Comments and Errata" 
page that chronicles revisions to each chapter. 
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The information included'in this ~ a t i o n a l  Field ~ a n u a l '  ii based on 
. . :,. ,. 

;?,, Y . 
existing manuals, a'variety of reference documents, and a broad 

,.. ,'.,u.:.,. ! !I 
I 

' .  
,;,," 4.:. ' 

spectrum of colleague expertise. 1n addition to the references 
. :..'!,': 
. . 

provided, important source materials included unpublisied USGS 
,. . . 

, ? ,  ; ' % .  

* , <; * ".,,,y; training and field manuals and technical memorandums. The authors 
. ' ;: ,Ji" 

. I  / 

.wish to acknowledge the work of M.A. Sylvester, who was . ... _ 
, ,, :.;..< .. 

, . ,.,, .%.. 
instrumental in developing the original version of Section 7.1, Fecal 

! ,p f ::, Indicator Bacteria. I 
I ' \ . : , ?  . L:J>.. 

Technical critique and contributions that improved the section on 
Five-Day Biochemical Oxygen Demand were provided by C.R. 
Demas, D.N. My&, G.B. Ozuna, F.A. Rinella, J.K. Stamer, W.E. 
Webb, and W.G. Wilber. 

:; .,.,: -";:.,!I 
,,I ,! .,,,t.'','.;, . 
I LC&., ' I. 
" c!i ;:,; The authors wish to credit the following colleague reviewers, whose 
:. ;.;;?,;:,; 
a ,,,.* V . 8  .( 

.:%) .,'.,( 
contributions imprbved the sections'on Fecal Indicator Bacteria, Fecal 

. , ;,: ;* $$;' . . 
, .,.:-., Indi'cator Viruses, and Piotozoan Pathogens: T.A. Abrahanisen, J.V. 

, 

, . .  I,. + Davis, E.A. Frick,'E.M. Godsy, J.J. Rote, F.W. ~chaefer ,  D.M. .r: ; !,f.[!- 
. : ., tiV ;: Stoeckel, M.A. Sylvester, and M.W. Ware. 
:?;#:.,,I. 1. 
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Editorial assistance was provided by ~ . ~ . . ~ o l l i e s ,  c.M.' Eberle, and 
L.N. Hout; production assistance was provided by G.H., Comfort, 
M.G. Cooke, and A.M. Weaver; and R.P. Frehs and C.T. ~ e n d e l s o h n  
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FIVE-DAY BIOCHEMICAL 7.0 
OXYGEN DEMAND 

by G.C. Delzer and S.W. McKenzie 

I Page 
7.0 Five-day biochemical oxygen demand .......................... BOD-3 

I 

7.0.1 Equipment and supplies ........................................ 6 

7.0.2 Sample collection and storage ............................... 9 

..... 7.0.3 Five-day test for biochemical oxygen demand 11 

7.0.3.A Sample preparation .................................. 11 

7.0.3.B Interferences ............................................. 13 

7.0.3.C BOD5 test procedure ................................ 14 

7.0.4 Calculations ............................................................ 19 

+ 7.0.5 Troubleshooting ...................................................... 20 

...................... 7.0.6 Reporting k .................................... 21 

Illustrations 

7.0-1. Biochemical oxygen demand curves: (A) typical - 

carbonaceous-demand curve showing the I 

oxidation of organic matter, and (B) typical 
carbonaceous- plus nitrogeneous-demand curve 
showing the oxidation of ammonia and nitrite'.. ...... 4 

7.0-2. Example of a 5-day biochemical oxygen 
demand worksheet ..................................................... 18 
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Tables 

7.0-1. Equipment, supplies, chemical reagents, and 
preparatibn of dilution watir and chemical 
solutions used in the procedure for 
determination of 5-day biochemical oxygen 
demand ...................................................................... BOD-7 

7.0-2. Recommended sample volumes for the 5-day 
biochemical oxygen demand test ............................... 13 

7.0-3. Troubleshooting guide for the 5-day 
biochemical oxygen demand test ............................... 20 

Notes: 

References for section 7.0, Five-day biochemical oxygen demand, are 
located at the end of Chapter A7 in the "Selected References and 
Documents" section, which begins on page REF-1. 

See Appendix A7-A, Table 1, for information on the parameter code 
for biochemical oxygen demand that is used in the National Water 
Information System (NWIS) of the U.S. Geological Survey. 

The citation for this section'(7.0) of NFM 7 is as follows:' 

Delzer, G.C., and McKenzie, S.W., November 2003, Five-day biochemical 
oxygen demand: U.S. Geological Survey Techniques of Water-Resources 
Investigations, book 9, chap. A7 (3d ed.), section 7.0, accessed 
- d a t e ,  from http:Npubs.water.usgs.gov/twri9A/. 
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BOD. 

OXYGEN DEMAND . 
. . ,  ir.: 

, ., ,$", 
., l *, . 

( .  , " .< ; .,,:,;I 
The presence of a sufficient concentration of dissolved oxygen is 

, ! 
. , ,  ,,... , 
! . . , .  , .  

critical to maintain{ng the aquatic lifeiand aesthetic q u h l i ~ y o ~  stream! 
;. . and lakes. Determining how organic matter affects the concentration 

9 ' I  

I 

.,;.;, t:<,4 , 
of dissolved oxygen (DO) in a stream or lake is integral to water- 

. " .:.. 
I ,? 

, , " * " ' l i ,  ., : quality management. The decay of organic matter in wafer is . . , 

.. .,, !: 
,'. ., : b y  ,. measured as biochemical or chemical oxygen demand.'Oxygen 

. I IY 
> , A .  

< ; .:,;:I " , 
',.I, 

demand is a measure,of the amount of oxidizable substances in a water 
',':...l?il/;'; , , <, * '. * 

, .  . . sample that can lower DO concentrations ~ ~ e m e r o w ,  ,1994; 
,. !'.: 

. , , ,  . . .  !.I .. _ Tchobanoglous and Schroeder, 1985). 
' :'.!.. . 
.a: ,;,:: 

(' , ,. ,,:. 
; *.a,8t t;:.j!::l: I . The test for biochemical oxygen , ,  I 

! ', i:: ~ 

, , I .  demand (BOD) is a bioassay 
. " .! ' 

'I . ,., . . .,. 
,. . , :: z 

~iochem'ical dxygen 
.,. ' : .! ": procedure that measures the 
,:*;;I . , , 4,.. lo. i , ' oxygen consumed by bacteria demand represents the 
:';;.?, >,<?, 

. . (,, , from the decomposition of amo~r i io f  Oxygen 
', , ,I . ' , " . . 
, , Y : . .  . + organic matter (Sawyer and, 

consumed by bacteria 
, < i i "b '  

,..; ,b #": 
\:., , .  .I.,,J,,.!, McCarty, 1978). The change in and. other micro,organisms 
~ .,,. '.' .'!,, , I . . . ;  DO concentration is measusd while th'ey~decompose ,',,' ' 
7 . ,.,fl.. 
,. , , , . .  over a given period of time in 

. . .? . organic matter under ' . a .  
, 1 ,xi, I water samples at a.specified : , aerobic conditions at a 

I & : . , ,  . . i,.., temperature. Proceaures used to 
). . i  . . k .  . determine DO concentration are , specified $kperature. 
r > ;, , k'' 

8 ' . . a .  described in NFM 6.2. It is rt ,; \ ; .li;<;l 1 
P .  

3 .  ,. ,, mml'j!., 
,\ ' . , ., ;'I.;, . important to be faniiliar with the , : I '  
, ,. ., > 1 ,"* 

,, ,;,!.:: correct procedures.for determining DO concentrations before making 
- , ,., b.. 

,.: , .,. , , :  BOD measurements. BOD is measured in a laboratory environ'ment, 
9 . . ;?: ;;,,,i;;:.: generally at a local or USGS laboratory. , , , ,&;$ :,,.' 1 6 .  ' I I ) I ,  

, 't' i. 
\ . (.., + 

5 - .  <,:,+ 8 ,. 
: ,? :,.$.I, ! ! I ,  

:,$::, ' I 

' ':. , . , . I .  . .<! . 
, ., , . . ' I  .. .. , 

..'. .r.r.':i . . . '  ,::,',.' " '  I 
. , 

,....,. .,:I!-: I 
.;* , , 
" . ,  .. . J L ., , !  USGS TWRl Bodk 9-A7 ( ~ h i r d  Edition) Five-Day ~iokhemical  ema and (1 112003) 
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I There are two stages of decomposition in the BOD test: a 
carbonaceous stage and a nitrogenous stage (fig. 7.0-1). 

I The carbonaceous stage, or first stage, represents that portion of 
oxygen demand involved in the conversion of organic carbon to 
carbon dioxide: 

b The nitrogenous stage, or second stage, represents a combined 
carbonaceous plus nitrogeneous demand, when organic 
nitrogen, ammonia, and nitrite are converted to nitrate. 
Nitrogenous oxygen demand generally begins after about 
6 days. For some sewage, especially discharge from wastewater 
treatment plants utilizing biological treatment processes, 
nitrification can occur in less than 5 days if ammonia, nitrite, 
and nitrifying bacteria are present. In this case, a chemical 
compound that prevents nitrification should be added to the 
sample if the intent is to measure only the carbonaceous 
demand. The results are reported as carbonaceous BOD 
(CBOD), or as CBOD5 when a nitrification inhibitor is used. 

I Five-Day Biochemical'Oxygen Demand (1 112003) USGS TWRl Book 9-A7 l ~ h i r d  ~ d i t i o n ) '  
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BOD 

The standard oxidation (or incubation) test period for BOD is 5 days 
at 20 degrees Celsius'('C) (BOD5). The BOD5 value has 6een used 

+ and reported for many applications, most commonly to indicate the 
effects of sewage and other organic wastes on dissolved oxygen in 
surface waters (see TECHNICAL NOTE). The 5-day value, however, 
represents only a portion of the total biochemical oxygen demand. 
Twenty days is considered, by con\;ention, adequate t ihe  for a 
complete biochemical oxidation of organic matter in a water sample, 
but a 20-day test often is impractical when data are needed' to address 
an immediate concern. 

b The BOD5 and CBOD5 tests have limited value by themselves 
in the assessment of stream pollution and do not provide 
all of the relevant information to satisfy every stud) objective 
(Nemerow, 1974; Stamer and others, 1983; Veltz, 1984). 
Additional analyses of water samples for chemical oxygen 
demand, fecal bacteria, and nutrients can aid in the 
interpretation of BOD5. 

b An ultimate carbonaceous BOD (CBOD,) test is needed 
to obtain additional BOD information, and can bk bsed for 

+ modeling DO regimes in rivers and estuaries (Hines and others, 
I 1978; Stamer and others, 1983). Guidelines for the CBOD, 

determination are described in Stamer and others (1979, 1983). 

b Note that B ~ D  results represbnt approximate stream oxygen 
demands because the laboratory environment does not 
reproduce ambient stream conditions such as temperature, 
sunlight, biological populations, and water movement. 

I 

I I 
TECHNICAL NOTE: A 5-day duration for BOD determination 

, has no theoretical grounding but is based on historical 
convention. Tchobanoglous and Schroeder (1985) provide the 
following background: "In a report prepared by the Royal 
Commissio? on Sewage Disposal in the United Kingdom at the 
beginning of the century, it was recommended that a 5-day, 
18.3"C, BOD value be used as a reference in Great Britain 
These values were selected because British rivers do not have 
a flow time to the open sea greater than 5 days and average 
long-term summer temperatures do not exceed 18.3"C. The 
temperature has been rounded upward to 2D°C, but the 5-day 

+ time period has become the universal scientific and legal 
reference "1 I 

USGS TWRl Book 9-A7 (Third Edition) Five-Day Biochemicnl Oxygen Demand (1 112003) 
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7.0.1 EQUIPMENT AND SUPPLIES 
Table 7.0-1 lists equipment and supplies commonly used in the BOD5 
test using amperometric determination of DO. For more detailed 
guidance on equipment, supplies, maintenance, and calibration of the 
DO.instrumerit, refer to NFM 6.2. If the iodometric (Winkler) method 
of DO determination is to be used, refer to table 6.2-3 in NFM 6.2 for 
a list of equipment and supplies. ~ q u i ~ m e n t  used for BOD sampling 
must be thoroughly cleaned with nonphosphate detergent and rinsed 
with tap water and deionized water, as described in NFM 3. 

. , ..<.. .:. , .. .. 
Five-Day Biochemical Oxygen Demand (1 112003) USGS TWRl Book 9-A7 (Third Edition) 



Table 7.0-1. Equipment, supplies, chemical reagents, and preparation of dilution water  and 
chemical solutions used in t h e  procedure for determination of 5-day biochemical~oxygen demand 

I 1 ,  

[*, plus or minus; "C, degrees Celsius; BOD, biochemical oxygen demand; mL, milliliter; mm, millimeter; 
NFM, National Field Manual for the Collection of Water-Quality Data; L, liter; g, gram; KH2P04. 
potassium dihydrogen phosphate; KHP04, potassium monohydrogen phosphate; Na2HP04, sodium 
monohydrogen phosphate; NH4C1, ammonium chloride; N, normality; DO, dissolved oxygen; KCI, 
potassium chloride; CoC13, cobalt chloride] . 

Item li. I t i  
Description I ;,y , 

I I j ~ ~ u i p m e n t  hnd supplies , i l l l  1 11 1 

chamber or water bath 

Aquarium pump, plastic air 
tubing, and air diffusion 
stones 

BOD bottles 

Glass beads 

~raduated cylinder 

Overcap 

I Pipet 

Thermostatically controlled to maintain 20 * I0C. During incubatton, 
exclude all light to prevent the possibility of photosynthetic production 
of oxygen. 

,Wash tubing and air diffusion stone thoroughly with' a 0.2-percent 
nonphosphate detergent solution and rinse thoroughly 3 to 5 ttmes wtth 
deionized or distilled water before use. 

300 mL. ground glass stoppered. Wash bottles thoroughly with a 0.2- 

1 percent nonphosphate detergent solution and rinse with deionized or 
distilled water before each test. Label bottles appropriately for sample 
identification. 

Borosilicate. solid spherical; 5-mm diameter. Wash thoroughly with a 0.2- 
percent nonphosphate detergent solution and rtnse with deionized or 
dtstilled water before use. 

Borosilicate. 50- to 250-mL capacity, depending on the volume of sample 
to be tested. 

Paper or plastic cup, or aluminum foil, to be placed over BOD stoppers to 
prevent evaporation of the water seal. 

. . 
Bacteriological, large bore, borosilicate, volume ranging from 

1 to 50 mL, depending on the volume of sample,to be tested. 
Thermometer Calibrated within temperature range of approximately 5 to 40°C with 0.5OC I graduations (NFM 6.1). I I I 
I Sample container(s) Wide mouth, screwtop lid, polyethylene, po~yprbpy~ene; or borosilicatd 

glass. Containers of I-L capacity are sufficient for most samples. I I 
I Waste disposal I Capped, and of appropriate material to contain sqecipd sample and 

containeds) 1 chemical wastes. ' I I . , I 

Cheniical reagents1 and preparation of dilution water I I 
Calcium chloride (C?CIz) 

solutionZ 
Dilution water 

Ferric chloride (FeCI3) 
solution2 

Magnesium sulfate (MgS04) 
solution2 

Phosphate buffer solution2 

Dissolve 27.5 g of CaCI2 in deionized water and dilute to 1 L. I I 
Deionized water of high quality; must be free from toxic substances such as 

chlorine or toxic metals. I 1 
I Dissolve 0.25 g of FeC13*6H20 in deionized water and dilute to I L. I 

' Dissolve 22.5 g of MgSO4.7H20 in deionized water and dilute to I L. I 
' 

\ I 
Dissolve 8.5 g of KH2P04, 21.8 g of KHP04, 33.4 g of Na2HP04*7H20. 

1 and 1.7 g of NH4CI in about 500 mL of deioniztdwater. Dilute to I L. 

+ (Table 7.0-1 continues on the next page.) 

I , 
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Table 7.0-1. Equipment, supplies, chemical reagents, and preparation of dilution water and - 
chemical solutions used in the procedure for determination of 5-day biochemical oxygen 
demand-Continued + 

1 %  Item 
$;*, 

l 1  , , Description ,. I I *, 

Chemical reagents for sample pretreatment and preparation of chemical solutions 

Sodlum hydroxide (NaOH) Add 40 g of NaOH to about 900 mL of delonlzed water. Mix and d~lute to 1 
for caustlc acidity L (1 N NaOH). Store in a plastic container. 
pretreatment 

Sodium sulfite (Na2S03) or Dissolve 1.575 g of Na2S03 or NaS203 in 1 L of deionized water. This 
sodium thiosulfate solution is not stable and should be prepared dally to weekly, as needed. 
(Na2S203) for residual Store refrigerated in a dark bottle. 
chlorlne pretreatment 
solutlon 

Sulfuric acld (H2S04) for Slowly and whlle stirring add 28 mL of concentrated H2SO4 to about 900 
caustlc alkalinity mL of detonized water. MIX and dilute acid solution to 1 L (1 N &So4). 
pretreatment 

DO equipment and supplies (refer to NFM 6.2) 

Callbratlon chamber Follow manufacturer's recommendat~ons. 
DO instrument system Temperature and pressure compensated. 
St~rrer attachment for DO Must fit ~n 300-mL BOD bottle. 

sensor 
Pocket alt~meter- Calibrated, ~ h o m r n e n ~ ~  model 2000 or equivalent 

barometer 
DO sensor membrane Membranes, 0-rlngs. KC1 filling solution. 

replacement k ~ t  
+ 

Oxygen solub~l~ty table Refer to table 6.2-6 ln NFM 6.2 
Zero DO cal~brat~on solution D~ssolve 1 g Na2S03 and a few crystals of CoCI3 in 1 L water. Prepare 

fresh zero DO solut~on before each use. 
I Properly dlscard chemlcal reagents if there is any sign of biological growth or if past the explratlon date. 

Can be purchased from the HACHIM Instrument Company in the form of nutr~ent buffer pillows ready for 
lmmedlate use. 



I 

SAMPLE COLLECTION 7.0.2 
A N D  STORAGE 

Samples can degrade significantly during extended storage. To 
minimize sample degradation, and thus avoid negative bias in the 
measurement of BOD5, analyze samples promptly or store chilled 
without freezing (maintain a temperature from 1 to 4"C).;Chilling the 
sample is not necessary if the analysis begins within 2 hours of 
collection (~mer ican  Public Health Association and others, 1995). 

b 1f a sample is refrigerated prior to analysis, allow the sample to 
warm to 20°C before starting the test. A sample may be removed 
from an ice chest or refrigerator during transit to allow it to 
warm to 20°C before analysis begins. ' 

b It is optimum to start the BOD5 analysis immediately after 
sample collection to minimize changes in bacterial 
concentration. I 

b The maximum holding time of a sample to be analyzed for 
BOD is 24 hours. 

I ' 
Bacteria are commonly associated kith suspended sediment, which 
can vary spatially and temporally along a stream crossi section 
(Britton and Greeson, 1989). Like suspended sediment,'the oxygen- 
demanding compounds may not be equally distributed along a cross 

I section. Where possible, use the equal-width-increment or equal- 
discharge-increment procedures described in NFM 4 to collect a 
BOD sample representative of the stream cross section. 

. i 

+ I 

I 
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I When using cross,-sectional, depth-integrating, or discharge- 
weighted methods: 

1. Use a DH-81 or D-77 sampler in most situations (NFM 2). If 
stream depths exceed 5m (meters) (16.4 feet), use the bag version 
of the D-77 sampler. 

I 2. Clean all equipment thoroughly and rinse with sample water 
before use (NFM 3). 

3. Collect samples using appropriate procedures and pour sample 
water into a compositing device (NFM 4; Edwards and Glysson, 
1999). 

4. Withdraw a composite sample from the sample-compositing 
device into a clean container of sufficient capacity to perform the 
desired BOD tests. The volume of sample depends on the number 
of BOD tests to be completed and any prior knowledge of BOD 
for the water of interest. Generally, a 1-liter (L) sample is 
sufficient. 

5. Cap the container securely and protect the sample from light 
during transport to the laboratory for analysis. 

/ 

6. Store the sample on ice if not processed a'nd analyzed within 
2 hours of collection. 

If depth-width-integrated or discharge-weighted methods cannot 
be used, collect a grab sample by the hand-dip method. A grab 
sample can be collected directly from the stream using a clean 
container of sufficient capacity (American public Health Association 
and others, 1995). 

. . 

When collecting a hand-dipped sample: 

1. Grasp the sample container near the base on the downstream side 
of the bottle. 

2. Plunge the bottle opening downward below the water surface. 
Avoid contact with the streambed during this process. 

3. Allow the sample container to fill with the opening pointed 
slightly upward into the current. 

1 4. Cap the container sqcurely and protect the sample from light 
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+ FIVE-DAY TEST FOR 7.0.3 
BIOCHEMICAL OXYGEN, 

DEMAND' 
The BODs test procedure is based on DO concentration and requires 
an accurate DO determination. Follow procedures described in 
NFM 6.2 to determine DO concentration. Iodometric titration or 
amperometric (DO meter) methods used to measure DO are used for 
the BODS test procedure (American Public Health Association and 
others, 1995). The procedures presented below incorporate the 
amperometric method for determining DO concentration. Refer to 
section 6.2.1 .B in NFM 6.2 if the iodometric method will be used to 
determine DO. 

I 

TECHNICAL NOTE: If using the iodometric titration method to 
measure 0 0  concentration, double the sample volume, number 
of dilutions, and number of bottles to account for determining 
an initial DO and a final DO 

+ 
SAMPLE PREPARATION 7.0.3.A 

Most relatively unpolluted streams have a BOD5 that ranges from 
1 to 8 mg/L (milligrams per liter) (Nemerow, 1974). If the BODs 
value of a sample is less than 7 mg/L, sample dilution is not needed. 
A BODs value greater than 7 mg/L requires sample dilution. Dilution 
is necessary when the amount of DO consumed by microorganisms is 
greater than the aniount of DO available in the air-saturated BODS 
sample (American Public Health Association and others, 1995). The 
BOD5 analyst is responsible for determihing the dilution(s) that will 

I be needed. Table 7.0-2 provides general dilutions based on anticipated 
ranges of BOD5 (Sawyer and McCarty, 1978). 

BOD5 values are acceptable only if the following criteria are met: 

b The DO condentration after 5 days mist be at lkist'l mg/L and 
at least 2 h g / ~  lowe; in concentration than the initial DO 
(American Public Health Association and others, 1995): . 

+ .  . , 

, 3 
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b ' ~ f l e a s t  three different dilutions are set per sample to cover the 
hnticipated range of BOD. The three sample volumes used are 
selected to provide an overlapping range in expected BOD 
concentrations. For example, if the BOD5 is known to range 
from 3 to 28 mg/L for a particular stream, then the sample 
volumes used for the test would be 50 mL, 100 mL, and 300 mL 
(no dilution). If there is no prior knowledge of the BODS of the 
stream water, use a minimum of four volumes to accommodate 
a range of BODS from 0 to 210 mgL.  

When less than a 300-mL sample is to be analyzed, sample volumes 
are added to a standard solution of dilution water to bring the total 
sample volume to 300 mL. Because bacteria need nutrients and 
micronutrients to survive, these compounds are added to the dilution 
water. Similarly, the pH of the dilution water needs to be maintained 
in a range suitable for bacterial growth (6.5 to 7.5). consequently; 
sulfuric acid or sodium hydroxide may need to be added to the 
dilution water to lower or raise the p ~ ,  respectively. 

. I  

Some types of sewage, such as untreated industrial wastes, disinfected 
wastes, and wastes that have been heated to a high temperature . . 

contain too few bacteria to perform the test. Thus, the samples must 
be seeded with a population of microorganisms to produce an oxygen 
demand. Discussion of the seeding procedure is beyond the scope of 
this chapter. Most natural waters contain an adequate amount of 
microorganisms. For guidance on seeding procedures, including the 
BODs equation when dilution water is seeded, refer to American 

I public Health Association and others (1995). 
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Table 7.0-2. Recommended sample volumes for the 5-day biochemical oxygen demand test 

(Adapted from Sawyer and McCarty, 1978. BOD5, 5-day b~ochemical oxygen demflnd] 

Anticipated range of BODS .,Milliliters ' 1 '" Milliliters 
(in milligrams per liter) " 

I f  
of sample 4 : ,of dilution water ' 

I 1 1  1 I 

0-7 300 0 

INTERFERENCES 7.0.3.B 
I 

Certain constituents present in a water sample can inhibit biochemical 
oxidation and interfere with the BOD analysis. Interferences in the 
BOD analysis include caustic alkalinity or acidity; the presence of 
residual chlorine; or the presence of toxic elements, including trace 
elements such as copper, lead, chromium, mercury, and arsenic, or'  
compounds such as cyanide. Procedures for pretreating samples for 
some common interferences are described in this chapter. Refer to 
American Public Health Association and others (1 995) for further 
guidance on sample seeding and pretreatment. 

I 
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' The following preparations are needed before'implementing the 
BODS test procedure: 

I 

1. Prepare dilution water 3 to 5 days before initiating BOD5 tests to 1 ensure that the BOD of the dilution water is less than 0.2 mgiL. 
Discard dilution water if there is any sign of biological 
growth. 

I 
2. Determine sample pH. Adjust sample to a pH between 6.5 and 

1 7.5, if necessary, using sulfuric acid (H2S04) for samples with pH 
greater than 7.5 or sodium hydroxide (NaOH) for samples with 
pH less than 6.5 (American Public Health Association and others, 
1995). 

3. Add sodium sulfite (Na2S03) to remove residual chlorine, if 
necessary. Samples containing toxic metals, arsenic, or cyanide 
often require special study and pretreatment (American Public 
Health Association and others, 1995). Samples must be seeded 
after pretreatment. 

BODtjTEST PROCEDURE 
Use the following procedure for the BOD5 test (troubleshooting 
suggestions are provided in section 7.0.5, table 7.0-3): 

1. Determine the amount of sample to be analyzed; if available, use 
the historical results of a previous test of BOD5 for a particular 
sampling site, and refer to table 7.0-2. 

2. Place a clean, calibrated thermometer into the constant 
temperature chamber. (See:NFM 6.1 for thermometer care and 
calibration.) 

3. Turn on the constant temperature chamber to allow the controlled 
temperature to stabilize at 20°C +l°C. 

4. Turn on the DO instrument, but not the stirring attachment. Some 
DO instruments need to be turned on 30 to 60 minutes before 
calibration-check the manufacturer's instruction man'ual. 

5. Aerate dilution water before adding nutrient solutions. 

I F~ve-Day Biochemical Oxygen Demand ( 1  112003) USCS TWRI Book 9-A7 (Third Edition) 
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6. After aeration, 

+ a. Add to dilution water 

1 mL each of the potassi~im phosphate, magdksihm sulfate, 
calcium chloride, and ferric chloride solutio'ns per 1 L of 
dilution water, 'or 

Hach Company nutrient buffer pillows to a selected 
volume of dilution water per the manufacturer's 
recommendation. 

b. Shake the container of dilution water for about 1 minute to 
dissolve the slurry and to saturate the water w i d  oxygen. 

c. Place the dilution water in the constant temperature chamber 
to maintain a temperature of 20°C until sample dilutions and 
analyses begin. 

d. The initial h d  final (after 5 days * 4 hours) DO tests of the 
dilution water is determined and recorded simultaneously 
with each batch of environmental samples. 

i 
7. Check the temperature of the air incubator or water bath using a 

laboratory thermometer to ensure that the temperature has been 
maintained at 20" + 1°C. A minimum/maximum recording 

+ thermometer can be used to audit the temperature during times , 
when checks cannot be made. 1 

8. Place the sample container in the constant-temperature chamber 
or water bath to begin warming the sample to 20°C k 1°C. While 

I 
the sample is &arming, insert thk air diffusion stone into the 
container and aerate the sample for about 15 minutes. After 
removing the air diffusion stone, allow several minutes for excess 
air bubbles to dissipate. The initial DO of the BOD sample needs 

I I 

to be at or slightly below saturation. 

9. Prepare dilutions as required-Measure the appropriate 
amounts of sample necessary for the analysis. BOD5 dilutions - 
should result in a DO residual of at least 1 mg/L arid a DO 
depletion of at least 2 mg/L after a 5-day incubation to produce 
the most reliable results. Prepare the dilutions to obtain a DO 
uptake in th i~~range  using the dilution water prepared earlier. 

1 

a. For each subsample, mix thoroughly by inverting 20 times. 
Use a large-bore pipet for sample volumes less than 50 mL. 
~ i t h d r k w  a subsample that is representativeof all the , 

particle sizes present. 

I ) I  
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Use a gaduated cylinder for sample volumes greater than 
or equal to 50 mL. 

b. Dilute two additional samples'to bracket the appropriate 
dilution by a factor of two to 'three. Prepare at least three, 
samples diluted according to volumes specified in table 7.0-2. 

c. Pour the sample from the pipet or graduated cylinder into a 
clean BOD bottle. 

Agitate the dilution water and fill the remaining portion of 
the BOD bottle with dilution water. 
Prepare three samples containing only dilution water. 
These samples serve as blanks for quality control. If two of 
the three samples meet the blank-water criterion, accept 
the data. 

10. Calibrate the DO instrument in accordance with the procedures 
outlined in NFM 6.2. 

I 11. After bringing the samples to saturation and preparing the 
dilutions (steps 8 and 9 above), measure the initial DO 
concentration (Dl) of each sample and each dilution blank. 

a. Carefully insert the self-stirring sensor into the BOD bottle, 
avoiding air entrapment. . ,  + 

.b. Turn on the stirrer and allow 1 to 2 minutes for the DO and . 

temperature readings to stabilize. 

I 12. Record the bottle number, date, time, and Dl  on a form similar to 
that shown in figure 7.0-2. 

13. Turn off the stirrer and remove the sensor from the BOD bottle. 
Rinse the sensor and stirrer with deionized water from a wash 

' I bottle. Discard rinse water into a waste container. 

14. Add glass beads to the BOD bottle, if necessary, to displace the 
sample up to the neck of the bottle so that inserting a glass stopper 
will displace all air, leaving no bubbles. 

+ 
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, , I 
BOD- 

15. Carefully cap the BOD bottle with the ground-glass stopper. Tip 
the bottle to on:e side and check for'an air bubble: , ' ' 

If an air bubble is present, add glass beads to the'bottle until 
the bubble is'removed. Cap the bottle and check again for an, 

8 .  

air bubble. kepeat if necessary. 

If no bubble is present in the sample, create a water seal by 
adding distilled or deionized water to the top of the BOD 
bottle around the glass stopper. Then place the bvercap over 
the stopper on the BOD bottle to minimize evaporation from 
the water seal. 

16. Place the sealed BOD sample ih the air incubator or'water bath 
and incubate the sample at 20°C * 1°C for 5 days. 

At the end,of 5, days * 4 hours, remove the BOD bottles from the 
incubator, remove the overcap, pour off the watei ieal, remove 
the ground-glass stopper, and measure the final DO concentration 
(D2)- - 

The DO uptake (DOo days - DO5 days) in the dilution water 
should not be greater than 0.2 mg/L and preferably not more 
than 0.1 mg/L. Exceeding the 0.2-mgL criterion could be 
grounds fdr rejecting results of the BOD analyhs of the 
environmental sample. 
Dilution water of poor quality will cause an oxygen demand 
and appear as sample BOD. Improve purification or get the 
dilution water from another source if DO uptake exceeds 

'0.2 mg/L (see section 7.0.5, Troubleshooting). , 

18. Complete the field form by recording the date, time, and D2 for 
each respective sample bottle (fig. 7.0-2). 

Quality control. The BOD5 test can be quite variable. Collect 
sufficient field and split replicates (10 to 20 percent) to provide an 
estimate of method variability. 

. , 
2 % .  I 

, ' ,! ' s,! ':, . . , . .. :; ', .! ;(,' ' 
, .. .',?, 4 .  
,, ,;,.f.,k;! , , I 
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I 
18-BOD 

If dilution-water demand is ~ 0 . 2  milligrams per liter (mgL), use 

Dl = initial sample dissolved-oxygen (DO) concentration (in m g L )  
D2 = sample DO (in mg/L) after 5 days 

P = decimal volumetric fraction of sample used 

Figure 7.0-2. Example of a 5-day biochemical oxygen demand worksheet. 
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I , I 

+ CALCULATIONS 7.0.4 
I 

The general equation for the determination of  BOD^ value is: 

where D l  = initial DO of the sample, 
D2 = final DO of the sample after 5 days,,and 
P = decimal volumetric fraction of sample', . ' 

used. 

If 100 mL of sample are diluted to 300 mL, then P = % = 0.33. 
Notice that if no dilution was necessary, P = 1.0 and t i e  BODS is 
determined by Dl - D2. 

I 

If more than one di'lution of the sample results in residual DO of at 
least 1 mg/L and a DO depletion of at least 2 mg/L, and there is no 
evidence of toxicity at higher sample concentrations or the existence 
of an obvious anomaly, average the results that are in the acceptable 
range ( ~ m e r i c a n  Public Health Association and others, 1995). 

+ I 
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+ REPORTING 7.0.6 
When reporting results of a BOD5 test, be sure to use the correct . 
parameter code (Appendix A7-A, tab,le 1). 

1 
I 

,-- 

b Report BOD5 values less than 2 mg/L as <2 mg/L rather than as 
2.0 mg/L. 

1 

b Report ~ 0 ~ ~ ' v a l u e s  less than 10 mg/L to the nearest 0.1 mg/L. 

b Report BOD5 values greater than or equal to 10 mg/L to two , 
significant figures. 

b Report the results of replicate samples and dilution blanks with 
the BOD5 results. 
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Notes: 
1 I 

References for section 7.1, Fecal indicator bacteria, are located at the 
end of Chapter A7 in the "Selected References and Documents" 
section, which begins on page REF-1. 1 ,  

See Appendix A7-A, Table 2, for parameter codes for fecal indicator 
bacteria that are used in the National Water Information' System 
(NWIS) of the U.S. Geological Survey. 

The citation for this section (7.1) of NFM 7 is as follows: 

Myers, D.N., November 2003, Fecal indicator bacteria: U.S. Geological 
Survey Techniques of Water-Resources Investigations, book 9, 
chap. A7 (3d ed.), section 7.1, accessed d a t e - ,  from 
http://pubs.water.usgs.gov/twri9A/. 

+ 
I 

USGS TWRl Book 9-A7 (Th~rd Ed~t~on)  Fecnl lnd~caror Bacter~a ( 1  112003) 



Page left blank intentionally. 



FECAL INDICATOR 7.1 
BACTERIA I 

Fycal indicator bacteria are used to assess the microbiolog~cal quality 
of water because although not typically disease causing, they are 
correlated with the presence of several waterborne disease-causing 
organisms. The concentration of indicator bacteria (the term indicator 
bacteria is used synonymously with fecal indicator bacteria in this 
section) is a measure of water safety for body-contact recreation or for 
consumption. 

, 
I ' Fecal indicator'bacteria: 

used to measure the 

I 
I sanitary quality t i  of 1 water. 

.,. .!. . 
$ 

, ?{:',.: ;,; . ,. . . 
. , . ,; ;;I,,, t"(V,,. 

I + , Wastes from warm-blooded animals contribute a variety of ,:,> , &,!, ; 
; ' , . ,:: ' st 

intestinal bactkria that are disease causing, or pathogenic,' to 
I .  I I 

, ,; ." ., . , humans. 
,<.:;!, <;d \,;:>:~ 
I I ,*I ; ,,. .I' 

2 s ,,,l*..fi.y I ,  

',I ,.:.: t ,,2..:: ,., 

t ~ o d y  contact kith and consbiption of water that bbntains 
1 ,  " 4 ,  

, . ?  ". " ,, '> 
pathogens of the genera ~hlrnohella, Shigella, and. Vibrio, for 

. a 
;! ,;.,,, ? ,;itt , 

example;can result in several types of disease in humans, 
; I :,!, :4~,!+ 1 I S  

including gastroenteritis and bacillary dyskntery, t)6hoid fever, ;, ,,,; ,., :>-' 
, . I  .,:. , , .  I .  

, , 
" , l  '. 

t . . ,  and cholera. 
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b The presence of Escherichia coli (E. coli) in water is direct 
evidence of fecal contamination from warm-blooded animals ' 

and indicates the possible presence of pathogens (Dufour, + 
1977). A few,strains of E. coli are pathogenic, such as E. coli - 

. 
0157:H7, but most strains are not. 

b The presence of Clostridium perfringens (C. perfringens) 
in water, as spores and (or) vegetative cells, indicates the 
contamination of water with treated or untreated sewage or 
similar wastes (Bisson and Cabelli, 1980; Fujioka and 
Shizumura, 1985). 

Bacteriological tests are used to assess the sanitary quality of 
water and the potential public health risk from waterborne diseases. 

I 

This section describes tests that can be completed in the field for 
identifying and enumerating five types of fecal indicator bacteria: 
total and fecal coliform bacteria, E. coli, fecal streptococci, and . 
enterococci (Britton and Greeson, 1989; U.S. Environmental 
Protection Agency, 1985, 1991a, l996,1997,2000a, 2000b). These 
are the most widely used indicator bacteria. Information for collecting 
samples for analysis of C. perfringens is included in this section, 
although membrane-filtration analysis of samples for C. perfringens 
is to be performed in a microbiological laboratory and not in the field. + 
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Water-quality criteria have been developed by the U.S. Environmental 
Protection Agency (USEPA) for concentrations of indicator bacteria 

+ in recreational waters, shellfish-growing waters, and in ambient 
waters (U.S. Environmental Protection Agency, 1986). In 1986, 
E. coli and enterococci bacteria became the recommended indicator 
bacteria for recreational waters, replacing fecal coliform,and fecal 
streptococci bacteria (U.S. Environmental Protection Agency, 1986, 
2000b). Public Law 106-284 (Beaches Environmental Assessment 
and Coastal Health,Act of 2000) requires the use of E. coli and (or) 
enterococci to assess beach-water quality in all bathing beach 
monitoring programs. 

E. coli and enterococci are the preferred indicators to be used for 
primary-contact recreational waters because both are superior to total 
coliform, fecal coliform, and fecal streptococci bacteria as predictors 
of swimming-associated gastroenteritis in marine and fresh waters 
(Cabelli, 1977; Dufour and Cabelli, 1984). "Primary-contact 
recreational waters are waters where people engage in or are likely to 
engage in activities that could lead to ingestion or immersion in the 
water and are designated for use as'such in state and tribal water- 
quality standards" (U.S. Environmental Protection Agency, 2002). 

+ Examples of primary-contact recreational activities are swimming, 
I canoeing, and water skiing. ,. I '  

b Qpical concentrations of indicator bacteria in contaminated and 
uncontaminated surface waters are shown in table 7.1-1. 

b Ground watei typically contains substantially loher 
concentrations of indicator bacteria than surface water. 

b ~ l t h d u ~ h  membrine-filtration procedures for total Loliform and 
fecal coliform bacteria and E. coli are ac'cepted for analysis of 
potable water, the Most Probable Humber tests may provide 
superior results because they usually result in comparatively 
greater recoveries of microorganisms. 

. USEPA regulations stipulate the methods to be used for . 

monitoring and assessment of drinking water2 and recreational 
water (U.S. Environmental Protection Agency, 1991b, 2002). 

+  he term "drinking watir" is used when the information presented is within the context of 
U.S. Environmental Agency regulations; otherwise, the more general term "potable water" is 
used. I 

1 4  I 
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Sterile technique must be followed and documented when collecting 
and processing samples for fecal indicator bacteria. specific 
equipment and supplies are needed for collection and membrane- 
filtration analysis of samples for indicator bacteria. The equipment 
and supplies listed in tables 7.1-2 and 7.1-3 should tie sufficient to 
begin (a) membrane-filtration analysis of fecal indicator bacteria and 
(b) equipment cleaning and sterilization procedures, res'pectively. The 
equipment and procedures described in the following paragraphs may 
be used for fecal indicator bacteria and fecal indicator yiruses. 

,i;! . ! , . . 1 . ,, 
' ,  7 ,  .,.. 1 
,,, ! " ,, <; , ,, ,:I;, 

' + 
1 , ; $ I  .[.;; r; , , 

SAMPLING EQUIPMENT AN,D 7.1 .I 
EQUIRMENT STERILIZATION 1 t 

I ' , 
' "  .:. , 
, ,  ?,: 
, . ,  , , . - < .  . .  ,it , PROCEDUR,ES 

% ,: . ..? 
,.I- I 

r 1 .  

, . / I  . .  . ' . . .. . , . .  . ., 
, .., . b Equipment for collection and analysis of bacterial samples 
,,., i .. ,' 

.:. ,.t-,:q.: must first be cleaned and then sterilized (table 7.1-3). There 
A,$, . 4, 

?.:;;;,;Jfifl, , . j l  f , ,,(J' 
, are several sterilization methods, but autoclaving),is preferred. 

4:: '.;,#[I .. 
+ , - , I ,  kt.J.,  ;,a,: 

Before autoclaving, wrap clean equipment in krtift/paier, 
, , "  . , .  .. I ! ,,1. autoclavable bags, or aluminum foil. Steiilize and 'store the 
. . , ' , < i t  :: + 
1 ,:+4,!,,:l: ' ' 

equipment in a clean area. Resterilize equipment if the foil, bag, 
,, ;,; I!: ., or kraft paper is torn. , ,  ' 
, I I .  .:L'., ,.^ , . . , I I 1  

i 

b Quality assurance and quality control of sterilization 
procedures are mandatory. Keep a logbook of autoclave 
operation or other sterilization procedure(s) used. In the log, 

' include a brief description of the quality-assurance procedures 
used and quality-control tests run; note the date, the test results, 
and the name of the autoclave operator and (or) analyst. Record 
the autoclave temperature, pressure, date, and time of each 
autoclave run. If the autoclave does not reach the specified 
temperature and pressure or fails a quality-control' test, service 
the autoclave and then resterilize all materials (American Public 
Health Association and others, 1998, p. 9-2 to 9-14). 

I )  

b Add sodium' thiosulfate (Na2S203) to sample bottles before 
sterilization if the water to be collected contains residual 
chlorine or other halogens. Residual chlorine commonly is 
found in samples collected from sources such as tre,ated drinking 
water (withdrawn from taps), wastewater effluentii'and in the 
mixing zones directly downstream from wastewater-treatment 
plants. 

, 
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I To prepare a 10-percent solution of Na2S203: 

I 
. . 

1. In a volumetric flask, dissolve 100 g (grams) of Na2S203 into 
,.'., + '  . ,? .t:, ,;.;,' 

500 mL of.'deioni,zed or distilled water; stir until dissolved, and :f 1 G;":,'?,: ,,.. .. 
, (.;.;.) .; c 

fill flask to 1,000 mL (Bordner and Winter, 1978, p. 6; American . ..,u, . .?,. ,a,> p! :,, 

Public Health Association and otheys, 1998, p. 9-19). . ' 
:;:::; :. ,. 
f;.f;,.... ,.!' 

2. Using a pipet, dispense 0.5 mL of 10-percent Na2S203 solution 
for every 1 L of sample. 

3. Store the Na2S203 solution in a dark bottle and keep it 
refrigeratkd; discard after 6 months and prepare a fresh solution. 
The Na2S203 solution may be sterilized before storing, but will 
need to be autoclaved again if the bottle is left open and in contact 
with air. 

Add ethylenediaminetetraacetic acid (EDTA) to sample bottles 
when water to be collected contains trace elements. Although 
references to toxic concentrations vary somewhat, concentrations 
of trace metals such as copper, nickel, or zinc that are present at 
concentrations greater than 10-1,000 p g L  (micrograms per liter) can 
be toxic to bacteria (Britton and Greeson, 1989, p. 56; Bordner and 
Winter, 1978, p. 6; American Public Health Association and others, 
1998, p. 9-19). When in doubt, add EDTA to sample bottles prior to + 
collection. EDTA is prepared by dissolving 372 mg (milligrams) in 
1,000 mL of deionized or distilled water (American Public Health 
Association and others, 1998, p. 9-19). Before sterilization, add 
0.3 mL of the EDTA solution per 100 mL of sample to sample bottles. 
EDTA can be combined with the Na2S203 solution in the sample 
bottle before sterilization. Keep bottles tightly capped between uses, 
and prepare a fresh stock solution every 6 months; discard any expired 
stock solution. 

Sterilize the filtration apparatus and sampling equipment between 
sites or for each sample collected at the same site at different times. 
Table 7.1-3 shows specifications for sterilizing equipment and supplies 
using a variety of techniques, including autoclaving. Autoclaving is 
the preferred method. 

.,:;+; . I ,.. , , . .  . 
(L I ,. * 

I '.i'> '. 
$ /,gy, . ' 
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Table 7.1-2. Equipment and supplies used for membrane-filtration analysis of 
samples for fecal indicator bacteria testlng 

11 I 1 Absorbent pads (For use with total coliform test on mENDO medium and I 

I 
111 1 I with Escherichia coli on mTEC medium for urease 1 

[mENDO, total coliform medium; mTEC, Escherichia coli medium; mL, milliliters; "C, 
degrees Celsius; pm, micrometer; mm, millimeters; TD, to deliver; TTC, triphenyltetrazolium 
chloride; NIST, National Institute of Standards and Technology; NA-MUG, Escherichia coli 
medium; MI, total coliform and Escherichia coli medium; nm, nanometers; lblin2, pounds per 
square inch; cm, centimeters] 

11 I I 1 Alcohol burner I Glass or metal, containing ethanol for flame sterilizing 
test 

l l  I forceps 
I Alcohol bottle I Wide mouth, 100 mL. containing ethanol for forceps 

11 
( field work 
I Handheld. for counting bacterial colonies 

Buffered water 

Autoclave 
Bottles , 

sample dilution 

Specific to the test method and prepared in advance of 

sterilization 
For sterilization, capable of maintaining 12 1 OC 
Dilution bottles, 99 mL, with autoclavable screwcaps for 

A l 
I I - 
Filter di7k 

I 
11 1 I preparation 

(Graduated cylinders , IBorosilicate glass or plastic. 25 and 100 mL, wrapped in 

Sterile, disposable, 0.2-pm pore size for sterilizing 
reagents, to fit on 5-mL barrel s'yringe 

Forceps 
Hot plate 

I I sterile aluminum foil, autoclavable bag, or kraft paper 
1 Incubator I Aluminum heat sink (hdater block) or water bath, capable 

Filtration assembly 

,- I I I 

Flasks, stir bars 
media preparation, 250 or 500 mL : 

Stainless steel, smooth tips 
With magnetic stirrer or boiling.water bath for media 

- 
Filter funnel, filter base, and stainless steel, glass, or 

plastic filter holder; wrapped inlaluminum foil, 
autoclavable bag, or kraft paper; sterile; autoclavible 

Narrow mouth, Erlenmeyer type flasks with stir bars'for 

L I 0.45-pm (or 0.65-pm) pore size depending on the test I 
Membrane filters 

(Table 7.1-2 is. continued on the next page.) 
I , . I 

of maintaining specified tem6e;ature ranges during 
incubation 

47-mm, sterile, white, gridded, mixed cellulose ester, 
cellulose acetate, or cellulose nitrate composition. 
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I d Table 7.1-3. Equipment cleaning and sterilization procedures 

[DIW, distllledldelonized water; mL, milliliter; Na2S203, sodium thiosulfate; p@, micrograms per 
liter; EDTA, ethylenediaminetetraacet~c ac~d;  "C, degrees Celsius; m g k ,  milligrams per Ilter; >, 
greater than value shown] 

I 1 ! * ' -  I , " ! I %  

1 - Cleaning i * ' ! , I  

I1 I All equipment (this includes Wash equipment thoroughly with a dilute nonphosphate, laboratory- 
water-level tape measure, grade detergent. , 

all sam~le-collection and Rinse three times with hoi tap water. , ' I 

I ' sample-processing' ' Rinse again three io five times with deionized or distilled water. 
equipment used in the 
field and laboratory) Wipe down the wetted portion of water-level tapes with disinfectant 

(0.005 percent bleach solution or methyl or ethyl alcohol) and 
rinse thoroughly,with DIW. 

. , ,  , ,  , 
, . , , ,  ' I "', ' ', .s(triiization , , . : . I / j  . I  , /  , . 

. : : .  / . '  , . 
I . . 

A I Autoclavable glass, stainless If sample will contain residual chlorine or dther halogens, add 
steel, plastic, and Teflon ' 0.5 mL of a 10-percent Na2S203 solution per liter of sample to 
bottles and containers, sample bottle before autoclaving. 

I 
volumetric flasks, and If sample will contain greater than 10 pglL trace elements, add 
pipets and pipettors EDTA to sample bottle before autoclaving. 

Wrap equipment in kraft paper, aluminum foil, or place into 
autoclavable bags.' Autoclave at 12I0C for 15 minutes. 

Stainless steel field units Flame sterilize wlth methanol (Millipore Hydrosolw units only), or 
autoclave at 121°C for 15 minutes. 

Portable submersible pumps I Autoclavable equipment (preferred): I ~, - ' ,  1 1 
and pump tubing , wrap components in k a f t  paper, aIuminum foil, or place into . . ' 

autoclavable bags. Autoclave at 121°C for 15 minutes. 
Non-autoclavable'equipment: (1) Submerge sampling system in a 

50-m@,(0.005 percent) sodium hypochlorite solution prepared 
from household laundry bleach. (2) Circulate solution through 

, . pump and tdbing for 30 minutes. (3) ~ o l l b )  step 2 by thoroughly 
rinsing, inside and out, with 0.5 mL of a 10-percent sterile 
Na2S203 solution per liter of water and circulate solution for 
5 minutes. (4) Pump Na2S203 to waste, then circulate sterile 
deionized or distilled water through pump, followed by sample 
water pumped from the well. 

, I 1  
CAUTION: Prolonged orepeated use of a hypochlorite solutibn on 

interior or exterior metallic surfaces of a can cause . 
corrosion or other damage to the pump and compromise the 
quality of samples collected for a trace-element or organic- 
compound analysis. 

I ~ ~ u i G m e n t  to be wrafiped in kraft paper, aluminum foil, or placed into ahtbclavable bags includes. 
for example, bottles. tdbing, flasks, bailers, pump compbnents. The N ~ ~ s ~ o ~  solution is also 
autoclaved. 
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7.1 .I .A AUTOCLAVING 
- .! .,: - ', 

, * .  + :,:: ,. .? 
.i " 

*.or .. 
, %  : .,. . ;:;,,., ,., .: 

Use only autoclaves that have temperature, pressure, and liquid- and .fly:.:: .,, r '  ., :2,-"..:. ,; " ' 
',. pl.7> a 

dry-utensil-cycle controls (table 7.1-3). Steam sterilizers, vertical ,,.$$ . >.$7,':...+, ,,:%;., 

autoclaves, and pressure cookers without temperature controls are not .:, , % *. ,.;.'. .' . : L s  

recommended. r!.:,: ,Lj ... ,,. , $;<<. .>' 
:.;kk..< ,:, 

'..,>:+. , 

b Take care to ensure that materials to be autoclaved, such ,.:$.', . I  

,.>.:;;+;, {-*; 
as tubing and containers, are thermally stable. Plastic * ;; . ,'% ., . "..' ,. 2.- ",;: . .. 
polymers that can be autoclaved include polycarbonate, ,.,, .I<. .l... ,. y :> . ,.. - '  

3 ,'. . . 
polypropylene, polyallomer, polymethylpentene, TeflonB and 

, .!:,.,IF 5 ~ : . ,  : 
TefzelB (such as perfluo~oalkyoxy-polymers (PFA), ethylene + *,p,.: ,;. . '. 

tetrafluoroethylene (ETFE), fluorinated ethylene probylene I;$!!.~ ;;j$,,;i.. ,,;:.', 
(FEP), and polytetrafluoroethylene polymers (PTFE)). Note that , :,:J. w,f; ' .  . .. 

,b.*.&.. , 
each material type has different thermal characteristics and . .  i"." , . . 

, . I . .  

tolerances to repeated autoclaving. .* , "  I+ . .  .- ;:. . 
' ?  ",' ' 
. :;d .% . ' 

b Consult the 20th edition of "Standard Methods for the .,,k7p !, : 
Lt.:f: ,: 1 , 

Examination of.Water and Wastewater" (American Public ., .. . I >  . 
7 :,'a :,.' * . , 

Health Association and others, 1998, p. 9-2 to 9-14) for ;2:ai " 
,, ., 

. A:{,);.: <. specifications for the length of time, temperature, and pressure 3.;: '. ,c 

for autoclave sterilization of various media and materials. ... -. .$ ,. ,.$: ;$,f; 
6 ,;;; I::". 

b In addition to the guidance listed above, it is necessary to: .x. ,. ,:,. .I: 5 , 
... . ;;I;; ' *. .i". 

- Use a sterilization indicator tape with each load. ,.- . ., IJ 7 . ... . .;.,. .:.! . .! 
, .. - Use commercially available biological indicators at least 7,?j;:i ,, , dt- ..: ,) : -;:,! . ., 

quarterly to test autoclave pe)formance. Biological .:t i.., .+ .' 
,$;;L:.*;, , 
. ,%.? 

indicators are composed of endospores-living cells ,- c:.,,. 011 r,:. . .! -, b .# . '  
that are resistant to heat but are destroyed by autoclaving. - - , < v . \ -  

a 9::' 

;.7;;.,. i. 
,;,a+':; . .-" - Wrap silicone tubing, in addition to other autoclavable ,,,:,.:t, di,--h~ d '. ' .! .c 

-. ,*::-.. . 
equipment, in kraft paper, aluminum foil, or place in an .. : ,  . ,;., .,.: .:I . . . .L,& - l : 
autoclavable plastic bag. , ,:% ,fh;f.. 'L- . . ' 

.;:. , : ,... i - . . - Drain the autoclave at the end of each period of use. Clean ., . ,. . 
; ?.. - . : .  

with mild soap and water once per week during pefiods'of , py, .?" : 
,,, )? ,f :'. ' . 

daily use. Record cleaning procedures in the logbook. ,,iy,k$:. : ,? . . .  ..'I.: , 
., - Avoid overloading the autoclave with equipment or :. . .. *,,., ,$.? :.' s . 

. . ,.?? !:*. 
materials; overloading will result in incomplete sterilization. . I .+,-:. . . .,.. '..:,, , 

.'I,.," .., 2 -. 
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FLAME STERILIZATION OF THE 7.1 .I .B 
HYDROSOL" FIELD FILTRATION UNIT 

The older style Millipore Hydrosol@ field filtration units are 
designed to be flame sterilized with methanol. Formaldehyde gas, a 
byproduct of methanol combustion, kills all bacteria in the unit. The 
following sterilization procedure is acceptable for the Hydrosol@ unit 
(fig. 7.1-1) in field situations where other sterilization techniques are 
not practicable (Millipore, 1973, p. 48-49).When following these 
procedures, work in a ventilated area and wear appropriate protective 
equipment such as safety glasses, face mask, and gloves. Avoid 
breathing noxious fumes. 

To flame sterilize the Hydrosol@ unit, carefully: 

1. Remove the stainless steel flask from the base of the filter-holder 
assembly. 

2. Saturate the asbestos ring (wick) around the base assembly with 
methanol dispensed from a Teflon squeeze bottle or with an eye 
dropper from a screw-top glass container. 

3. Ignite the methanol on the asbestos wick and allow'to bum for 30 
seconds. 

4. Invert the stainless steel flask over'the funnel and /the burning 
asbestos ring, and seat the flask on the base of the filter-holder 
assembly. Leave the flask in place for 15 minutes. Before filtering 
the next sample, riise flask a id  funnel thoroughly ki th  sterile 
buffere'd water to remove all residues of formaldehyde. 

5. Repeat the sterilization procedure before processing the next 
sample. 

I 

.; v r . 
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SAMPLE COLLECTION,' 7.1.2 
PRESERVATION, STORAGE, 

' A N D  HOLDING T I M E S '  
Sterile conditions must be maintained during collection, preservation, 
storage, and analysis of indicator bacteria samples. Specific 
procedures have been developed thyt must be strictly followed; these , 
vary with types of equipment and sample source (surface water, 
ground water, treated water, or wastewater) (table 7.1-4). 

Table 7.1-4. Summary of equipment for sample collection, procedures for sample 
preservation, and holding times for indicator bacteria 

[EWI, equal-wrdth Increment, EDI, equal-d~scharge increment; L. liter; mL, mrllrliter, EDTA, 
ethylenediamrnetetraacetrc acid, 'C, degrees Celsius; E. colr, Eschenchra colr, C. peflringens, 
Closlndrum perfringens1 

I 

, , 1, 1 'I ~duipment forlsample collection 1rS1 jb, j' 1 1 I 

To collect EWI or ED1 surface-water samples: US D-95, US DH-95, or US DH-8 1 w ~ t h  sterlle. 
I-L wrde-mouth bottle, wrth ster~le caps and nozzles. US D-96 with'sterile autoclavable bag. 

To collect surface-water and ground-water samples using a pump, point smnplers from a tap or 
by the hand-d~pped method: a sterile, nyrow-mouth container, 125-, 250-, 500-, or 1,000-mL 
capacity, depend& on the number of tests and samples. I I 

I All containers must be composed of sterilizable materials such as borosilicate glass, 
polypropylene, stainless steel, or ~eflon'. 

I 1 Procedures for sample preservation I.~, 1 j 1 
1 / 11 I 

I I I lf necessary, add 0.5 mL of a 10-percent sodium thiosulfate solution pkr 1 L of I 
sample for halogen neutralization. 1 ' 

If necessary, add 0 . 3 ' m ~  of a 15-percent EDTA soiution per 100 mL of sample for chelation of 
trace elements. 

I chill all samples at 1 - 4°C before analysis. I 
~ a x i m u m  holding~times !or ~~pla$btainedl, from iUfiace8water, 4:; 1 I iroulid water, or treated drinkind watei; li:li :/ ,' i' 

Do not exceed the 6:hour myimum holding time period after sample collection and initiation of 
analysis for E. coli, fecal coliform bacteria, total coliform bacteria, enterococci, and fecal 
streptococci in surface water and ground water (Bordner and winter, 1978, p. 30; U.S. 

, , 
Environmental ~(otection Agency, 200Ob, 2002). ' I ,  : .  

A 24-hour holding time for C. perfringens may be used. A 6-hour max/$m holding time period 
after sample collection for C. perfringens (U.S.Environmental ~rbtection Agency. 1996. 
p. XI-8) is recommended if comparisons between C.  perfringens an'd other fecal indicator 
bacteria collected at the same time are planned (U.S. Environmental Protection Agency. 
3 996). 

Do not exceed the 30-hour maximum holding time period after samp~k collection for total 
col~form bacterid, fecal coliform bacteria, and E. coli collected from treated drinking-water 
sources (Bordner and Winter. 1978 P. 30). 

, 
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7.1.2.A SURFACE-WATER SAMPLE 
COLLECTION 

The areal and temporal distribution of bacteria in surface water can be 
as variable as the distribution of suspended sediment because bacteria 
commonly are associated with solid particles. To obtain representative 
data for bacteria analysis, follow the same methods used to collect 
surface-water samples for suspended sediment analysis (Edwards and 
Glysson, 1999; NFM 4.1 and table 7.1-4). 

b Flowing water-use depth-and-width-integrating sampling 

methods (NFM 4.1.1 . A ) . ~  

b Still water (lakes or other surface-water conditions for which 
depth-and-width-integrating methods may not be applicable)- 
use the hand-dip method or a sterile point sampler (NFM 
4.1.1 .B). 

b Beach water-use a hand-dip method in shallow wadable water 
and a sterile point sampler for deeper water. Collect samples by 
the hand-dip method at knee depth, a depth of approximately 6 to 
12 inches (15 to 30 centimeters) below the water surface. 

- Sample near known or suspected pollution sources, in areas 
of concentrated activity (for example, near lifeguard chairs), 
or for every quarter mile (approximately every 500 meters) 
of beach length (U.S. Environmental Protection Agency, 
2002) and record sampling location. 

- Position the sampler downstream from any water currents to 
collect the sample from the incoming flow (U.S. ' 
Environmental Protection Agency, 2002). Avoid 
contaminating the water sample with bottom material 
dislodged by disturbing the bottom while sampling. 

- A Chain-of-Custody record is recommended for beach 
sampling done in support of beach closures or posting of 
warnings to swimmers (U.S. Environmental Protection 
Agency, 2002, Appendix J). 

'sample-collection methods may be modified to ensure consistency with study objectives and 
as appropriate for site conditions. 

I Fecal Indicator Bacteria (1 112003) USGS TWRI Book 9-A7 (Third Edition) 
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FIB- 

CIepth-and-width-integrating methobb 

Depth-and-width-integrating sampling methods (the equal-discharge 
increment (EDI) method or the equal-width increment (EWI) method) 
are the standard me'thods to use bhen sampling flowing;waters and 
generally are required unless study objectives or site characteristics 
dictate otherwise (NFM 4.1.1 .A and table 7.1-4). 

1. The ED1 method is preferred to the EWI method for sites 
where the velocity distribution across a stream section is well 
established; for example, at a gaging station or at a section where 
the depth variqs (~dwards  andlGlysson, 1999). I 

2. Select the appropriate sampler and equipment. Sampling 
equipment must be sterile, including the collection bottle, 
nozzle, and cap (or bag for the bag sampler) (table 7.1-3). 

' 1 
For streams with depths of 5 m or less,' use a US D-95, 
US DH-95, or a US DH-8 1 sampler (NFM 2.1 .'l). 

For stream,sections where depths exceed 5 m, use the ' 

US D-96, with either autoclavable ~ e f l o n @  bais pr 
autoclavable cooking bags. Thermotolerant polymers are 
described in more detail in 7.1.1 under "Sampling Equipment 
and Equipment Sterilization Procedures." I 

To composite subsamples, ;se a sterile 3-L or larger bottle. For 
wide channels, several samples, each composed of subsamples 
composited into a sterile large-volume container, may be 
needeg. 

For narrow channels, collect subsamples at 5 to 10 or more 
vertical locations in the cross section without overfilling the 
bottle. 

Use the proper nozzle size and transit rate for the velocity 
conditions in the section to ensure isokinetic collection of the 
sample. 
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Hand-dip method 

If the stream depth and (or) velocity is not sufficient to use a depth- 
and-width-integrating method to collect a sample, then use the hand- 
dip method (table 7.1-4). Sampling still water or sampling at depth in 
lakes, reservoirs, estuaries, and oceans requires a sterile point 
sampler. Niskin, ZoBell, and Wheaton point samplers hold a 
sterilizable bottle or bag. Wearing laboratory gloves, collect a-hand- 
dipped sample as follows: 

1 .  Open a sterile, narrow-mouth borosilicate glass or plastic bottle; 
grasp the bottle near the base, with hand and arm on the 
downstream side of the bottle. 

2. Without rinsing, plunge the bottle opening downward, below the 
water surface. Allow the bottle to fill with the opening pointed 
slightly upward into the current. 

3. Remove the bottle with the opening pointed upward toward the 
water surface and tightly cap it, allowing about 2.5 to 5 cm of 
headspace (American Public Health Association and others, 
1998, p. 9-19; Bordner and Winter, 1978, p. 8). This procedure 
minimizes collection of surface film and avoids contact with the 
streambed. 

L 

Fecal Indicator Bacteria ( 1  112003) USGS TWRl Book 9-A7 (Third Edition) 



I 
FIB- 

Quality control in surface-water sampling. Depending on the 
d'ata-quality requirements of the study and site conditions,, quality- 
control samples (field blanks, procedure and filter blanks, positive and 
negative controls, and field replicates) generally constitute from 5 to 
20 percent or more ,of the total number of samples collected over a 
given period of time. Quality-control terms (shown below in bold 
type) are defined at the end of this chapter, beginning on page CF-2. 

b Field blank-collect and analyze field blanks at a frequency 
of 1 in every 10 to 20 samples to document that sampling and 
analysis equipment have not been contaminated, If sampling 
'in a beach environment, collect a field blank at least'once per 
sampling trip (U.S. Environmental Protection Agency, 2002, 
p. 5-2). Process field blanks before collecting the water sample. 

1. Pass sterile buffered water through sterile sampling 
equipment and into a sterile sampling container. I 

2. Analyze sterile buffered water for fecal indicator bacteria. If 
I 

' no growth is observed; then the sample was collected by use 
of sterile proce'dures; 

. I 
b Filter blank, procedure blank-Collect and analyze filter 

+ blanks and procedure blanks during sample processing to 
document that filtration equipment and buffered water were 
sterile and not contaminated by the analyst. A filter blank is 
processed for each sample before the sample is filtered. A 
procedure blank is processed through the filtration apparatus 
after the sample has been filtered at a frequency of I in every 10 
to 20 samples. I 

b - Positive and negative controls-These types of quality-control 
samples are required if media are prepared from basic 
ingredients (not dehydrated media) by field or laboratory 
personnel. The analyses of positive and negative controls are 
performed in the laboratory, and not in the field. 

b Field replicate-Collect and analyze 1 field replicate for every 
10 to 20 samples. A split sequential replicate is re'commended. I 
Two samples are collected and each sample is analyzed in 
duplicate by ;membrane filtration. 

, 8 ,  . . 
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7.1.2.8 GROUND-WATER SAMPLE. 
COLLECTION . , 

As with surface water, most bacteria in ground water are associated 
with solid particles. Stable values of field measurements (turbidity, 
temperature, dissolved-oxygen concentration, pH, and specific 
conductance), especially turbidity and dissolved oxygen, are 
important criteria for judging whether a well has been sufficiently 
purged for collection of a representative ground-water sample for 
indicator bacteria analysis (NFM 4.2 and 6.0.3.A). Sampling 
equipment that has been subjected to chlorinating and dechlorinating 
agents can affect the chemistry of samples collected for non-microbial 
analysis; therefore, collect blank samples to be analyzed for chloride, 
sulfate, and other constituents, as appropriate, to document that 
sample quality has not been compromised. 

b Collect samples for analysis of bacteria after all other water- 
-quality sampling has been completed. 

b If using the same equipment for chemical-analysis and bacteria- 
analysis samples, then clean the equipment by first using 
standard procedures (NFM 3), followed by the disinfecting and 
rinsing procedures described in section 7.1.1. Purge the well as 
described in NFM 4.2 before collecting samples. 

b If different equipment will be deployed in a well for bacteria 
sampling, then first check for stable turbidity and dissolved- 
oxygen readings to ensure collection of a representative sample. 

Supply wells 

If samples are to be collected from a water-supply well (see definition 
in NFM 4.2), select a tap (spigot) that supplies water from a service 
pipe connected directly tb the main: do not use a tap that leaks or one 
that is.attached to a pipe served by a cistern or storage tank (American 
Public Health Association and others, 1998, p. 9-19 to 9-20; Britton 
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and Greeson, 1989, p. 5; Bordner and Winter, 1978, p. 5-16). Avoid 
sampling after downhole chlorination. Dechlorination with Na2S203 

+ is required if you cannot avoid collecting the sample before the water 
has passed through the treatment unit (refer to Section 7.1.1). 

1 

, To sample a suppl? well for indicator bacteria: 

1. Before collecting the sample, remove screens, filtkrs, or. other 
devices from the tap. 

I 

2. Before sampling, swab the inside and outside rim &the tap with ' 
ethanol. Flame sterilize the tap and allow it to dry and cool. Rinse 
the tap with sterile deionized or distilled water. . 

3. Collect a sample directly from the tap into a sterile bottle without 
splashing or allowing the sample bottle to touch the tap. 

Supply wells commonly are equipped with permanently 
installed pumps. If the well is pumped daily, then + 1 

(a) purge the tap water for a minimum of 5 minutes, 
discarding the purged water appropriately; ' 

(b) monitor field measurements and record stabilized 
, values {NFM 6); and , I 

(c), collect .the sample directly from the tap into ra 
sterile container (described in table 7.1 -4).' 

If the well is used infrequently, then , 

(a) purge the tap or well of water until a minimum of 
three borehole volumes are purged and stable field 
measurements are obtained in sequential ' 

measurements (NFM 4.2 and 6.0.3.A); and 

(b) collect the sample directly from the tap into a 
I I 

sterile 'container (table '7: 1-4). I 
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Monitoring wells 

If a monitoring well does not have an in-place pump, then obtain 
samples by using a portable sampler, such as submersible pump or 
a bailer (U.S. Environmental Protection Agency, 1982). The sampling 
devices, as well as the sample line, must be sterilized if possible or 
else disinfected (table 7.l-3). If disinfected, then the sampler and 
sample line must be dechlorinated and rinsed with sterile deionized or 
distilled water. In either case, finish by flushing the sampler and 
sample line with native ground water before samples are collected into 
sterile bottles. 

b Use autoclavable samplers, if possible. After flushing the 
sterilized pump lines with sample water, collect the sample 
directly into the sterile sample bottles. 

b Check data-collection objectives before using a disinfectant.. 
Disinfectants are corrosive; they can damage the metal parts of 
a pump, and can render the pump inadequate for trace-element 
sampling and other constituent sampling. 

b Some sampling equipment does not require chlorine + 
disinfection. If the water level in a well is less than 7 to 10 m 
(roughly 20 to 30 ft) below land surface, then a sample 
can be collected without contamination and without chlorine 
disinfection by use of a peristaltic or vacuum pump, as long as 
the tubing is sterile. 
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I 
To disinfect a pump: 

1. Submerge the pump and pump tubing in a 0.005' percent 
(50 mgL)  sodium hypochlorite solution prepared from 
household laundry bleach. Most bleach is about 5 to 7 percent 
sodium hypochlorite (50,000 to 70,000 mgL), but bleach in a 
container that has been opened'for more than 60 daxs before use 
may not be full strength. Prepare solutions fresh with each use, 

. because concentrations will diminish with time. Add 1 mL of 
household laundry bleach to 900 mL of water and bring to a 
volume of 1,000 mL for a 0.005 'percent disinfectant solution 
(U.S. Environmental Protection Agency, 1982, p. 253 and 1996, 
p. VIII-41). This concentration is sufficient for waters with a 
range of pH between 6 and 8 and for temperatures, greater than 
20°C. Outside'of these ranges, a more concentrated 'disinfectant 
solution, up to 0.02 percent (200 mg/L), should be used (U.S. * 

Environmental Protection Agency, 1982, p. 253). 

2. Circulate the disinfectant through the pump and tubing for 
30 minutes. 

3. Afterwards, rinse the pump thoroughly with a sterile Na2S203 
solution. The Iba2s203 solutioh is prepared by adding 0.5 mL of + a 10-percent sterile solution to every 1 L of sterile deionized or 
distilled water. Recirculate this solution for 5 minutes. 

4. Rinse the exterior of the pump slid tubing thoroughly with sterile 
deionized or distilled water. 

5. Lower the pump carefully into the well. Purge the residual 
chlorine and Na2S203 from the system by pumping three 
tubing volumes of well water through the system; contain 
or appropriately discard this waste water. Take care not to 
contaminate samples for chemical analysis with residual 
disinfectant or Na2S203. The pump must have a'backflow 
check valve (an antibacksiphon device) to prevent residual 
disinfectant from flowing back into the well. 

1 

I 
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To use a pump that cannot be disinfected: 

1. Handle the pump and tubing carefully to avoid contamination. 
If the pump is-a downhole dedicated pump, skip to step 3. 

2. Collect field blanks through the sampling equipment. Lower the 
pump in the ,well to the desired intake location. 

3. Purge the well with the pump used for sampling to allow the 
pump and tubing to be thoroughly flushed with aquifer water 
before sampling (NFM 4.2 and 6.0.3.A). 

4. An alternative to sampling with the pump is to remove the pump 
after purging the well, complete the collection of other samples, 
and then collect the bacteria sample using a sterile bailer (U.S. 
Environmental Protection Agency, 1982, p. 252-253). When 
using the bailer method, the potential for bias exists from stirring 
up particulates during pump removal and bailing.that would not 
otherwise be included in the sample. 

Sampling-preparation activities, such as purging, must be carried out 
in such a way as to avoid contaminating the well, the e,quipment, or 
the samples. Avoid collecting surface film from the well water in the 
sample, and ensure that the sampler intake is within the screened 
interval targeted for study. Select a point-source sampler, such as a 
bailer with a double-check valve. Do not use a bailer unless the bailer 
can be sterilized. 

Be aware that the type of well, its use, construction, composition, and 
condition can lead to alteration or contamination of samples. For 
example, a poor surface seal around the well opening can allow 
contaminants to move quickly from the land surface into the well water. 
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Exercise the following precautions when collecting samples from 
monitoring wells: I I 

1. Avoid collecting samples from wells with casings made of 
galvanized materials; such casings can contain bacteriocidal 
metals. If samples must be collected from these types of wells, 
add 0.3 mL of EDTA solution per 100 mL of sample to the sample 
bottle prior to autoclaving. Collect the sample directly into the 

I /  

bottle. 

2. Purge the well (see N F M ~ . ~  and 6.0.3.A) while monitoring field 
measurements. Measurements of turbidity and dissolyed oxygen 
are especially relevant. For wells in which field measurements do 
not stabilize after increasing the total number of measurements, 
record measurements and proceed with sampling. 

Quality control for ground-water sample collection. Depending 
on the data-quality requirements of the study, quality-control samples 
(field blanks and field replicates) will constitute from a small to a 
large percentage of the total number of samples collecied over 
a given time period. Quality-control terms (shown below in bold type) 
are defined at the end of this chapter, beginning on page'GF-2. 

i 

b Field blanks-Collect field blanks with ground-water samples at 
a frequency of 1 in every 10 to 20 samples, if\required by data- 
quality objectives. Process field blanks before collecting the 
water sample by passing sterile buffered water through sterile 
sampling equipment and into a sterile sampling container. 
Analyze sterile buffered water for fecal indicator bacteria and 
record results. If no growth is observed, the use of sterile 
procedures is confirmed and documented. I 

! . I  % .' . ?, 

.>.:!,, I . ; , '*  I 
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TECHNICAL NOTE: The field blank discussed herein is  
equivalent to the "pump blank" described in NFM 4.3.1. Refer 
to NFM 4.3.1 for more information on collecting a field blank 
for ground-water sampling. A standpipe may be used to collect 
a field blank, but first must be cleaned and then disinfected. 
This type of blank should be collected a week  or more 
ahead of sampling so that results can be evaluated 
before field sampling. 

b Filter blank, procedure blank-Collect and analyze a 
filter blank and procedure blank to document that filtration 
equipment and buffered water were sterile and not subsequently 
contaminated by the analyst. A filter blank is processed with 
each sample through the filtration apparatus before the sample 
is filtered. A procedure blank is processed through the filtration 
apparatus after the sample has been filtered at a frequency of 
1 in every 10 to 20 samples. 

b Field sequential replicates-Collect and analyze one set of 
sequential field replicates for every 10 to 20 samples. (Usually, 
a single 100-mL sample is collected from ground water.) 
Because few ground-water samples test positive for indicator 
bacteria, it may be necessary to collect field replicates at a 
higher frequency to determine variability. 

> 
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"t; ,  + SAMPLE PRESERVATION, STORAGE, 7.1.2.C 
AND HOLDING TIMES 

I 

After collection, immediately chill samples in an ice chest or 
refrigerator at 1 to 4OC. Do not freeze samples. Except for samples 
collected from drinking-water sources, process samples as quickly 
as possible, preferably within 1 hour but not more than 6 hours 
after sample collection for initiation of analysis for tdecoliform 
and enterococci groups (U.S. Environmental Protection Agency, 
1985,20OOa, 2000b, and 2002). Adhering to holding times minimizes 
changes in the condentration bf indicator bacteria. For trehted 
drinking water, do not exceed 30 hours prior to initiation of analysis. 
C. perfringens spores can survive for extended periods of time, and a 
24-hour holding time is acceptable if a relation between, C. perfringens 
and other fecal indicator bacteria is not part of the 111anne'd 'study; 
otherwise, observe the same holding time as for the other indicators 
(U.S. Environmental Protection Agency, 1996). Holding times are 
summarized in table 7.1-4. 1 I 

C. perfringens is analyzed at the laboratory, and not in'the 
field. Ship samples for C. perfringens analysis to the ladoratory 
in a double-bagged sample container separate from any 
bagged ice in the ice chest. Include a chain-of-custody form 
with sample identification and relevant information for yse by 
the laboratory. Information on analysis of C. perfringens can be 
accessed at http://oh.water.usgs.gov/micro/clos.html (accessed 
November 25,2003). 

I 
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7.1.3 iI'DENTIFICATION AND 
'ENUMERATION METHODS ' 2 .. 

Membrane-filtration (MF) and most probable number (MPN) 
methods are used for the presumptive identification, confirmation, 
and enumeration of indicator bacteria. Procedures to analyze water 
samples using the MF method are described in this section. For 
general use, the MF method is preferable to the MPN method, with a 
few exceptions. The MPN method is preferred if toxic substances are 
present in the sample or if, after filtration, a residue heavy enough to 
block the micropores of the membrane filter is visible. The MPN 
method also is preferable for the analysis of treated drinking water. 
The MPN method is not typically used in the field. Instructions 
for the MPN method are described in "Standard Methods for the 
Examination of Water and Wastewater" ("Standard Methods"), 
20th edition (American Public Health Association and others, 1998, 
p. 9-47 to 9-56) and in Britton and Greeson (1989). 

Fecal indicator bacteria are operationally defined by the method 
employed for identification and enumeration, as shown in table 7.1-5. + 
Presumptive identification and enumeration are made from colonies 
that develop on selective media after filtration of one or more sample 
volumes onto gridded membrane filters. Detailed confirmation, 
identification, and enumeration of these bacteria require additional 
culturing and biochemical testing, the details of which are beyond the 
scope of this manual. Additional confirmation methods are needed 
under certain circumstances, such as use of the data in support of 
environmental regulation and enforcement. Although all of the 
methods described herein are suitable for analysis of water, methods 
should be selected that are appropriate for the source of water. For 
example, methods for analyzing total coliform and E. coli in ground 
water and drinking water are different from those recommended for 
surface water and recreational water (table 7.1-5). 
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Table 7.1-5. Fecal indicator test definitions, incubation times, and incubation temperatures 

[mENDO, total coliform meditm; *, plus or minus; rC. degrees Celsius; MI, total coliform and 
Escherichia coli medium; MgCI2, magnesium chloride; NA-MUG, E.  coli medium; mTEC, E.  coli 
medium; mFC, fecal coliform medium; KF, fecal streptococci medium; mE, enterococci medium; EIA. 
enterococci medium; mEI, enterococci medium; mCP. Clostridium perfringens medium 

lFypical Incubation time , $ 1  I Test (medium) ,7 , {,, 6uffered water type, .'application . uan~, !a~peratun 1 ,  , 
?;) ; 1, i?b , , , , i k l  1 * 

Total col~form Drinking water and 24 f 2 hours at 35.0 f Phosphate-buffered water wlth 
bacteria ground water 0.5"C peptone 
(mENDO) 

Total coliform Drinking water and 24 f 2 hours at 35.0 f Phosphate-buffered water with 
bacteria (MI) ground water 0.5"C MgC12 

Escherichia coli . Drinking water and 4 hours'at 35 f 0.5"C after Phosphate-buffered water with 
(NA-MUG) 

' I  
ground water primary culture on peptone 

mENDO medium 
Escherichia coli (MI) Drinking water and 24 f 2 hours at 35.0 f Phosphate-buffered water wlth 

ground water 
Escherichia coli Recreational and 

(modified mTEC) surface water 

(on urea surface water 
substrate broth 

culture on mTEC) 

Fecal coliform All waters 
bacteria (mFC) 

Fecal streptococci '. All waters 
(KF) 1 

Enterococci All waters, but 
(mE and EIA) primarily 

recreational 
witers I 

I 
Enterococci (mEl) All waters, but 

primarily 
recreational 

I waters 
I 

Clostridium All waters 
perfringens (mCP) , 

I 0.5"C 
First resuscitate for 2 hours 

at 35.0 f 0.5"C. then 
incubate for 22 to 24 
hours at 44.5 f O.Z°C 

First resuscitate for 2 hours 
at 35.0 f 0.5'C. and then 
incubate for 22 to 24 
hours at 44.5 f 0.2"C 

After 22 to 24 hours, 
transfer filter to urea 
substrate broth for 15 to 
20 minutes before 
counting 

24 f 2 hours at 44.5 f 
o.z0c 

48 f 2 hours at 35.0 f 
0.5"C 

48 to 50 hours at 41.0 f 
05°C on mE medium. 
Transfer filter to EIA 
medium for 20 minutes 
at 4 1 . y C  before 
counting ' 

24 hours at 41 .O°C f 0.5"C 

24 f 2 hours at 44.5 f 
0.2"C 

MgCI2 
Phosphate-b~iffered saline 

water or phosphate-buffered 
water with MgCI2 

, , 
. , 

Phosphate-buffered saline 
water or phosphate-buffered 
water with MgC12 

' I 

Phosphate-buffered water with 
, peptone 

Phosphate-buffered water with 
peptone 

Phosphate-buffered saline 
water or phosphate-buffered 
water with MgCI2 

Phosphate-buffered saline 
water or phosphate-buffered 
water with MgCI2 

Phosphate-buffered water with 
M ~ C I ; .  
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CULTURE MEDIA AND REAGENTS 
MF analysis requires the use of several types of culture media and 
reagents, the types being dependent on the indicator bacteria and 
method. The necessary media and reagents include sterile buffered 
water, agar- or broth-based selective and differential growth media, 
and media and reagents for additional biochemical identification. The 
preparation of selective and differential culture media for 
indicator bacteria is an important part of analysis. Adhering to 
proper preparation, storage, and holding-time requirements will 
help ensure the quality of the analysis. Instructions for the 
preparation of 100 mL of primary culture media for MF tests and 
additional confirmation media or broth for three MF confirmation 
tests are described in section 7.1.5, "Instructions for Media 
Preparation." 

Sterile buffered water (distilled or deionized water that has been 
buffered and autoc~aved)~ is used to dilute samples and to rinse the 
membrane-filter apparatus and utensils. USGS personnel can 
purchase sterile buffered water from the Ocala Water Quality and 
Research Laboratory in Ocala, Fla. (OWQRL or Ocala Laboratory). + 
Sterile buffered water is provided in 250-mL bottles and in 99-mL 
dilution bottles. Three types of buffered water are available: 
(1) phosphate-buffered water with peptone, (2) phosphate-buffered 
saline water, and (3) phosphate-buffered dilution water with 
magnesium chloride (MgC12). Table 7.1-5 provides information on the 
types of buffered water to use with various types of media. Buffered 
water that exceeds the expiration date indicated on the label 
should not be used. Buffered water not obtained from the Ocala 
Laboratory should be prepared and autoclaved ahead of time. 
Instructions for preparing sterile buffered water are described in 
Britton and Greeson (1989, p. 18). 

Culture media for enumeration of fecal indicator bacteria for USGS 
studies are provided in kits from the Ocala Laboratory. These kits 
include instructions for media preparation. Dehydrated media also 
can be purchased .from scientific suppliers. 

4~teri le  buffered water is described in Britton and Greeson (1989, p. IS), "Standard Methods" + 

I (American Public Health Association and others, 1998, p. 9-1 8). and USEPA (1996, 1997,2000a, 
2000b), 
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To store media and reagents: 

+ 1. Store media kit (supplied by the Ocala Laboratory) or 
dehydrated, commercially prepared media in a desiccator. Store 
other reagents in a dust-free laboratory cabinet (not in a field ' 

vehicle). 

2. Label all media with the date received, date opened, and analyst's 
ihitials. Discard media and reagents that have an e~b i red  shelf 
life. 

3. Refrigerate reagents when necessary. When diluting a sample, 
use the sterile buffered water immediately after opehinb the bottle 
and discard any remainder. 

4. Label all prepared petri dishes to identify the media type, the 
preparation date, and the analyst. I I 

5. Store prepared petri dishes upside down in a plastic bag and 
refrigerate before use. 

Quality control for culture media and reagents. subplies of 
dehydrated media purchased either from the Ocala Laboratory or 
through established vendors of scientific supplies have been quality- 

+ control tested. Each batch of media that is prepared from basic 
ingredients by the analyst also must be quality-control tested. If sterile 
buffered water is prepared by the user, it should be prepared under 
laboratory conditions. In addition, quality-control procedures must be 

2 used to ensure that! the sterile briffered water will piodudd a buitable 
medium for transfer of bacteria from samples to filters. To test the 
sterility of the buffered water, collect 100-mL blank samples and 
process them along with each set of environmental samples. Use the 
quality~control procedures applicable to microbiological testing 
found in the 20th edition of "Standard Methods" (American Public 
Health Association and others, 1998, p. 9-18). 

If field work is conducted on a daily or weekly schedule,l then analyze 
a positive control and negative control at least quarterly, when media 
are prepared from basic ingredients by field personnel. Analyze 
positive- and negative-control samples annually if sam~ling is 
performed intermittently. The positive-control sample tests the ability 
of the medium and reagents to support growth of the target 
microorganism. Negative-control samples are used to ensure that the 

+ test does not support the growth of nontarget organisms. 'Additional 
detailed information on positive and negative controls can be found in 
the 20th edition of "Standard Methods" (American Public Health 
Association and others, 1998, p. 9-10). I 



'1  7.1.3.8 MEMBRANE-FILTRATION METHOD 
After collecting the sample and selecting the appropriate sample 
volumes, label the.petri dish with the station number (or other site 
identifiers), the volume of sample filtered, and the date and time of 
sample collection. Select those sample volumes that are anticipated to 
yield one or two filters in the ideal colony count range. 

, . 

TECHNICAL NOTE: It is useful to review the historical data 
for each site to help determine the number of sample volumes 
to be filtered. Where past analyses of samples from a site have 
shown a small variation in  the number of fecal indicator 
bacteria, the filtration of as few as three or four different 
sample volumes may suffice. However, where past analyses 
have shown the variation to be large or where the variation is 
not known, filtering five or more different sample volumes is 
recommended. 

I To prepare to Jiller, samples and make colony counts: 

I 1. When collecting and processing samples, work inside the field 
vehicle, if possible, and out of direct sunlight and wind. 

I 2. Prevent contamination of the work area. Before and after 
processing the samples, 'clean counter tops in field vehicles with 
an antibacterial'cleaning solution, such as a 7-percent phenolic 
solution; 50- to 70-percent isopropyl or ethyl alcohol; 5-percent 
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I 

3. Before beginni)lg analysis, preheat incubators for at least 2 hours, 
, . , , o.., .: 

4 ,a,, ;I,;.;;+ I according to specifications for each test (table 7.1-5). Portable 
,.,, . , , ; ? ' ~ ~ :  , S! . 8 

, , ,.?..'.?:, 
+' 

. ~ . .  
. heater-block incubators must not be left inclosed, unventilated 

. ,  , - <' 
,<. . <, ..-: vehicles when the outside air temperature is less than 1 5 " ~ ' ( 6 0 " ~ )  
., .; .i '!: . ' 

, . .r ,  ,,a+?. 
,2. ,,'8$/,;$ ,,; ', or greater than 37°C (98°F). 
1, ..;-i". 
i , !, ';. ', ,: ! . 4. Using sterile equipment, collect field, filter,and prodi!buie blank 
0 ,, . : :, J, 

,; ', : ,:;iq8; samples. 
,'i;'(. . . 

!.1 ,,. i. $..,. 
. ,  L ,. 

. . . .. , 
One or more coionies on the field or filter blanklindibates , 

7.; :, 4:':: , , , . inadequate sterilization of either the equipment or the, sterile 
'i,! ;;: ': ,~4:71 . 
.! , ..,,;> :' 

buffered water or.contamination during the sampling and 
.'. ', ' ... ' , 
a a. ,.. analysis process. . , 

* ! j ,  ,,$-!t 

\L :, t,:~;;j, One or more colonies on the procedure blank indicates either, 
i' :.+,* 
c?. "I::.,.? inadequate iinsing or colita*inition of thi: equip&ent or the : 
.; '\<; .4. , . d ? . , , . .  

I , ._ buffered water during sample processing.. 
;: ..,!).o:8&d . . . . ' , I  I 

,!, i!:;a , '  To filter samples and make colony 'counts: . , :; , ,:. , .I.! .. 

1. Select sample volumes (table 7.1-6, fig. 7.1-2) to provide at least 
one filter having colonies in the ideal counting range. The ideal 
range and number of sample volumes to filter depend on the test 
and the expected bacterial concentrations. 

I I + 
Record the'site name, date, time of sample collection, and 
sample volume on the petri dish and on the record sheet or 
field form. Record the time of sample processing on the record 
sheet or field form. 

4 : " .  Label replicates, blanks, filter blanks, and procedure blanks 
, ,  . (  and other quality-control samples. 
.:*:y4 ,,,; 

2 ,  ;,!.;?i! 
.-,. . ,, # ... , , , . 

, . )  .,. 
2. Assemble filtration equipment,by inserting the basee, of the filter-, 

, L "  \. ..I. 
,:; .;'. 

.,  . . ! I :  ' 

holder ,assemlily into a flask or manifold (fig. 7.1-3). ~ i a w  a 
',. a',J, ,:$ vacuum by use of a hand-held pump, vacuum pump, or battery- 
,,, ;;, </, ,::;,<k, 

3 , . + I J ; + ~  operated peristaltic pump. If flame sterilization is used, rinse the 
-. . .mb,.,, t!-, .'! :i~:,,~ inside of the filtration apparatus with sterile buff&ed water to 
,. , .,;,.%$ . - , remove any residue of formaldehyde. 

>$j {> r;!,,'.'., , ' / . ,  . 
, L '.. , SIP ; 

, . . ' ...' i 

.$ ;.-, !;,;. 
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Sample volumes smaller than those indicated may be needed when bacterial concentrations are greater than 
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n WATER 

1 mL - SAMPLE 

. > 
1 . ,  . 

3. Sterilize stainlkds steel forceps: I I 

I 
a. Im.merse tips in a small bottle or flask containing 70' or 90- 

1 I percent ethanol. 

0.3 mL 0.1 mL 0.03 mL 0.01 mL 

Figure 7.1-2. Preparation of sample volumes by dilution. 

b. Pass forceps through the open flame of an alcohol burner. 
Allow the alcohol to burn 'out and allow the forceps to cool 
for several seconds to prevent heat damage to the membrane 
filter. i 

ci Resterilize forceps beforeeach use. Return co,oled forceps to 
alcohol container between transfers. Do not'set 'forceps on 
the countertop. 

, , 

Remove the sterilized funnel from the base. ~ l w i ~ s  hold the 
funnel in one hand while placing or removing the membrane 
filter. (Placing the funnel on anything other than the filter 
apparatus might result in contamination of the funnel.) Using 
sterile forceps, place a sterile, gridded membrane filter (47 mm 
(millimeters)) on top of the filter base, gridded side up (fig. 7.1- 
3). Be sure to'use the correct pore-size membrane filter for the 
test procedure (table 7.1-7). 

5. Carefully replace and secure the filter funnel on the filter base. 
Avoid tearing or creasing the membrane filter. 

+ Quality control. Rinse the funnel with 100 mL1of sterile 
buffered water before filtering sample volumes to obtain a 
filter blank. 
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A 

PROCEDURE 

I.  Preheatthe incubator; prepare 11 
work areas. . . 

2. Select sample volumes. If needed, 
prepare dilutions for filtration of 
sample volumes less than 1.0 mL I (tables 7.1-6 and 1.1-8: and fioure 

I I 3. Label petri dishes. 

- 4. Assemble sterile filtration . 
apparatus. 

I 5. Place sterile filter on filtration 
apparatus using sterile forceps 
(A). 

C 
6. Shake sample 25 times and 

deliver to filtration apparatus 
by use of graduated cylinder 
(0) or pipet (C). Add 20 mL 
sterile buffered water to filtration 
apparatus before filtering sample 
volumes less than 10 mL. 

7. Apply vacuum; afterwards, rinse 
filtration apparatus and cylinder 
twice with sterile buffered water. 

I Figure 7.1-3. Steps in membrane-filtration procedure. 
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6. Filter the sample in order of smallest to largest sample volume. If 
the sample volume is less than 1.0 mL, prepare dilutions with 
sterile buffered water in a 99-mL 'dilution bottle and transfer the 
appropriate volume of dilution to the membrane filter (fig. 7:l-2 
and table 7.1-8). 

I When preparing dilutions, use a sterile pipet to measure each 
sample volume. 

I After each sample-volume transfer, close and shake.the + 
dilution bottle vigorously at least 25 times. 

Filter the diluted samples within 20 minutes after 
preparation. Keep dilution bottles.out of sunlight and do not 
transfer less concentrated sample volumes with pipets that 
were used to transfer concentrated sample volumes. 

I 7. Shake the sample vigorously at least 25 times before each sample 
volume is withdrawn in order to break up particles and to ensure 
an even distribution of indicator bacteria in the sample container. 

a. Pour or pipet the shaken sample into the filter funnel within 
5 seconds (fig. 7.1-3B or C). Pipet the sample from the center 
of the sample volume. You can use the upper and lower 
graduations (line-to-line) to measure the volume. 
Proceeding from smallest to largest sample volume, deliver 
the sample volume to the membrane filter by use of a 
pipettor or pipet bulb with a valve for volume control. 

+ 
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If thb volume of sadPle to be filtered is from 1 
to 10 mL, pour about 20 mL of sterile buffered 
water into the funnel before pipetting the sample to 
facilitate distribution of bacteria on the membrane 
filter. 

If the volume of sample to be filtered is more 
than 10 mL, transfer the sample with a sterile 
pipet or graduated cylinder directly into the funnel. 

b. Allow theipipet to drain, touching the pipet to the inside . 
of the funnel to remove remaining sample (fig. 7.1-3C). 

, However, if a serological pipet is used, a small amount of 
liquid will remain in the tip after the liquid is dispensed. 
Gently force out the remaining liquid using a pipettor or ' 
pipet bulb! taking care not to produce an aerosol by blowing 
out the pibet too forcefully. 

Table 7.1-8. Preparation guidelines for dilution of samples to volumes 
less than 1.0 milliliter for fecal indicator bacteria analysis 

[I [mL, milliliter] 

Volume ( m ~ f  sample added i:; /,$ii4!iis diluti&,n.l 
I 

to 99 mL sterile dilution j, filter this volume 
water I I 

11.0 mL of original for 0.3, usd 3.0 mL of 1: 10 
sample for0.l.l use 1.0mLofl:lO 

1.0 mL of original sample for 0.3, use 30 mL of 1: i00 
for0!1,; 'use 10mLof 1:100 
for 0.03, use 3.0 mL of 1 : 100 
forO01, use I OmLof1:IOO 

1.0 mL of 1:10 d~lution foi 0.003. use 3.0 mL of 1 : 1.000 
for' 0.00 1, use 1.0 mL of 1 : 1,000 





Quality control. Verify the incubator temperature on a regular 
schedule against a National Institute of Standards and 

+ Technology (NIST) thermometer or thermometer certified to a 
NIST thermometer. Record results in a logbook with the date 
and analyst's name. Do not use incubators that fail to meet 
temperature criteria until they are repaired or the problem is 
corrected. - 

I 
I 

, :; ; .. i ,., 
, ,. 1,:';' 15. After the prescribed length of incubation, remove the petri , q;,; !;$'I . 
.., ;; .< 

, :< -3 . 
dishes from the: incubator. For each sample volume filtered, count 

:: F:..,: and record on the field forms the number of typical colonies 
;J.*' t.$;,;{;;ii '4 

, *. .., ..' ..,.:.,.* ,, (table 7.1-9). Recount the colonies until results agtee within 5 
'..,, g::i 
,.. ,, v , percent, and record the results. Recounting is accomplished by 

v2 ,,) ,:; ,i. ''<. 
; - ,;>,t:yb 

.., ..:I!', 
turning the plate 90 degrees'to obtain a slightly di;fferent angle. 

., *.':.. ., 
' , ,,"& 

Count by use df a preset plan.(a side-to-side pattern 'along grid 
,8.::, [:!;,:$:! lines is suggested; fig. 7.1-4). Count the colonies with the aid of 
!I. :' ;,:;I,?.:: .!, . <.;.a1 

:'. . .!' .. \ 
5 to 15 magnification and a fluorescent illuminator or other light 

- , ' < .:, 
;.,, ,ti ,,J$!, . ,(.  source placed directly above the filter. , , 
;, .,;;c.)$:< .* .", -$)., , 

Count wlth a preset pattern along Expanded view turned 90 
grid )ines as indicated by the degrees (count left to rlght 

arrow (count top to bottom by rows) 

1 I 

+ I 

I 



For total coliform colonies on mENDO medium, enhance 
sheen production by removing filters from media and placing 
them on absorbent pads to dry for at least 1 minute before 
counting (fig. 7.1-5A). 

For total coliform on MI medium, count under a long-wave 
ultraviolet light in a completely darkened room .(U.S. 
Environmental Protection Agency, 2000a) or in a viewing box 
(fig. 7.1 -5B). 

For E. coli on MI medium, count under natural light (with 
magnification) (fig. 7.1-5C). 

If the NA-MUG test is done for E. coli, transfer thetotal 
coliform filter onto NA-MUG petri dishes and incubate 
for 4 hours at 35OC. Afterwards, count under a long-wave 
ultraviolet light in a completely darkened room (U.S. 
Environmental Protection Agency, 199 1 b) or in a viewing 
box (fig. 7.1-50). 

For E. coli on mTEC medium, transfer the filter to a filter pad 
saturated with urea-phenol reagent; co,unt only yellow 
colonies after 15 to 20 minutes at room temperature (U.S. 
Environmental Protection Agency, 1985; fig. 7.1 -5E). 

For E. coli on modified mTEC medium, count colonies 
directly from the petri dish under natural light (fig. 7.1-5F). 

For fecal coliform on mFC medium and fecal streptococci on 
KF medium, count colonies, using magnification, under 
fluorescent or incandescent light (fig. 7.1-5G and H, 
respectively). 

For enterococci on mE medium, transfer the filter to EIA 
medium after incubation for 20 minutes at 41°C; count 
colonies from the underside of the petri dish placed over a 
fluorescent illuminator (fig. 7.1-51). 

1 For enterococci on mEI medium, count colonies directly 
from the petri dish under fluorescent or incandescent light 
(fig. 7.1-54. 

For C. perfringens on mCP medium, count colonies directly 
from the petri dish under magnification, and under fluorescent 
or incandescent light (7.1-5K). 
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16. Check quality-control blanks for colony growth, and report 
results on the field forms. The presence of colonies on blanks 
indicates that results of the bacterial analyses are suspect and 
should not be reported or the results should be clearly qualified. 
It is not valid to subtract colony counts on blanks from results 
calculated for samples. Discard sample results bracketed by 
contaminated blanks. 
Quality control. A second analyst should recount the colonies on 
the petri dishes,and record the results for 1 in every 120 samples. 
Table 7.1-9 and figure 7.1-5 contain information on Colony 
identification. ; 

17. Calculate the number of colonies per 100 mL of sample as 
described in section 7.1.4, "Calculation and Reporting of Fecal 
Indicator Bacteria." 

18. Put all petri dishes to be discarded into an autoclavable bag. 
Freeze or chill any petri dishes ;to be discarded until ,they can be 
autoclaved in tde laboratory. Autoclave all culture4 dt12l0c for 
a minimum of 30 minut& before discarding. 

+ 
, 
I 

I 
I 

I 

I 

I 

I /  
I I 

+ i 

I I 

I I 
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(A) Total col~form bacter~a ( 6 )  Total col~form bacter~a 
on mENDO med~um on MI medium 

(C) Escherichia coli on (D) Escherichb colion 
NA-MUG medium 

(E) Eschench~a colion (F) Eschenchia colion 
mTEC med~um mod~f~ed mTEC med~um 

igure 7.1-5. Photographs of typical colonies of fecal indicator bacteria on culture 

I Fecal Indicator Bacteria ( 1  112003) USGS TWRl Book 9-A7 (Third Edition) 





Table 7.1-9. Test (medium type), ideal colony count, and typical colony color, size, and 
morphology for indicator bacteria colonies h 
[m-ENDO, total coliform medium; mm, millimeters; MI, total coliform and Escherichia coli medium; nm, 
nanometer; NA-MUG, Escherichia coli medium; mTEC, E. coli medium; m ~ ~ , ? e c a l  coliform medium; 
KF, fecal streptococcus medium;,mE, enterococcus medium; EIA, enterococcus confirmation medium; 
mEI, enterococci medium; mCP, Clostridium perfringens medium] 

I I ~ o t a l  coliform bacteria 120 to 80 / I colonies are ro"nd, raised, and smooth; I to 4 mm in I Im 

I 
(mENDO) diameter, and red with a golden-$reen metallic sheen. 

Total coliform bacteria 20 to 80 , Colonies are blue white, blue green, or blue green with 

(MI) fluorescent halos under long-wave ultrayiolet light 
(366 nm); 1 to 3 mm in diameter. Count under a long- 
wave ultraviolet lamp in a completely darkened room. 

Escherichia coli Much fewer in Colonies are cultured on m-END0 media as total 
After primary culture number than coliform colonies. After incubation on NA-MUG. 
as total coliform total coliforms colonies have blue fluorescent halos with a dark 
colonies on mENDO on the same ' center. Count under a long-wave ultraviolet lamp at 
(NA-MUG) filter 366 nm in a completely darkened room. 

Escherichia coli (mTEC) 20, to 80 Colonies are round, raised, and smooth; 1 to 4 mm in 
diameter, remain yellow to yellow brown after urease 
test; may have darker raised centers. 

Escherichia coli 20 to 80 Colonies are round, raised, and smooth; I .to 4 mm in 

I 

(modified mTEC) diameter, deep pink to magenta. 
Escherichia coli (MI) Much fewer in Colonies are blue under ambient light, and blue green 

number than with or without fluorescent edges under long-wave 
total coliforms ultraviolet light (366 nm); 1 to 3 mm in diameter. 
on the same 
filter . 

Fecal coliform bacteria 20 to 60 Colonies are round, raised, and smooth with even to 

(mFC) lobate margins; I to 6 mm in diameter, and light to 
dark blue in whole or part. Some may have brown or 
cream-colored centers. 

Fecal streptococci (KF) 20 to 100 , Colonies are small, raised, and spherical; about 0.5 to 
3 mm in diameter; glossy pink or red. 

Enterococci 20 to 60 Colonies are round, smooth, and raised; I to 6 mm in 
(mE and EIA) diameter; pink to red with a blackor red dish-brown 

precipitate on underside. 
Enterococci (mEI) 20 to 60 Colonies have blue halos regardless of colony color; 1 to 

6 mm in diameter. Count under a fluorescent.lamp. 
Clostridium 20 to 80 a Colonies are round and straw yellow before exposure to 

perfringens ammonium hydroxide, dark pink to magenta 

Typical colony color, size, 
and morphology 

i 

- 
I 

,Test (medium type) 

I 

I afterward; l to 4 mm in diameter. 

Ideal count 
range 

per 
filter) 

\ 

I 

Fecal lnd~cator Bacter~a ( 1  112003) USGS TWRI Book 9-A7 (Third Edition) 



+ CALCULATION AND REPORTING 7.1.4 
OF FECAL INDICATOR BACTERIA 

I 
The range of ideal colony counts depends on the fecal indicator group 
to be enumerated (table 7.1-9). Crowding and insufficient media to 
support full development of colonies can result if the bacterial 
concentration on the filter exceeds the upp& limit of the jdeal range. 
The lower limit of t'he ideal range is set as a number below which 
statistical validity becomes questionable (Britton and Greeson, 1989, 
p. 14). For potable haters, results are routinely reported from counts 
of less than 20 colonies per filter. Consult table 7.1-9 and figure 7.1-5 
for information on typical colony color, size, and shape. The 
computation for concentration is the sum of the colony counts for each 
sample volime, multiplied by 100, and divided by the sum of the 
sample volumes. I , 

I 
.I.,, ..,I , .,: 

,,, :,,i 4.; 

;.J~:!~ .* b Enumeration results for the membrane-filtration method are fi,.;.;/.;; . 
;,! .,j::,.p,,! 

expressed as a I concentration in units of co1/100mL., 
c.,. "I .;,i : . 4 1 :  . , . * .  
I.. . : . I 

b Whole numbers are reported for results less than 10, and two 
4 ,,', 11tq;:,, :''>. 
c ;; ,:;7i?.slb!; 

+ significant figures are reported for results greater than or equal , 1 

+ ?<+r:.L to 10. , . ,:I. r\-• ... 
; ' , , , I .  , I : .  1; , , . I 1  .;j;,.-;$ ,.. 

P ,,.+., ,.i;;'$;; Parameter codes for use in reporting fecal indicator bacteria, 
. I : ' .  

, ,. , < : " '4::; 
: , ,. ,,.,,;L.s in the USGS National Water ~nformation System are list'ed in 

.I . _ ! : I  ' Appendix A7:A, table 2. !,. : j  ,-'., 
. . . [.I.:.:' !. 
:,, 1 

(* ;!d,$f;[. 
i :.,! .:;2,2$., 

I ., .: . ..!..:I Examples of scenaiios thst are commonly experien=ed bhkn counting 
: . I  ,.:; , i ,  :: , .,. 

colonies are presented in the following five cases: 
; . .. , '.*,,I 

I ,J.!c.;; i,;j';!i, ; I. I .  I 

, . * "  I.";;. !? , 
Case 1. Ideal colony counts. ,,,.,, ;. 

I .. , ,  
' 'i '""' ,,~;>{,::~:;f,i., ; . , 

:? ,:.-.I ,;ypq . :;It:.!* : 
, , . ,. .s,s, 

Case 2. Colony counts less than or greater thanthe ideal range but not 
: '4 t', ,,:,., . , :  ,.,. ,v,t&n.,; zero or too numerous to count. ! ' 
. ,, *, 

s ,.,T. 
~:,..,{:*C;~.!.I: 

, t 4  ,;,$i6 .' ' Case 3. No typical/colonies on any of the filters. 
".' ;,, . ' I :, 4 .\ " '1 

, I  , I :,,:.I. Case 4. Less than the ideal range, including some zero counts but no 
.lr,.:,,.~~~,j\F..: 

, ,. I (yf, filters with colonies that are too numerous to count. ' ' 
' 

. , . , I .  

s ,', : >, 
, . t ' ' . : : '  ;;;> I ; : ' , . .  

, .\A! + 
'; #,pi' 

Case 5. Colony counts on all filters are too numerous to count. 1 ,  I :  

c;:! ,,$,;. 

. ; i,<'.: 
, I.., , I .  I ;. 

1 . . ' ?  i;,':. 
i I ' ,  

I 
8 .  ': , 

l!' , USGS TWRl Book 9-A7 ( ~ h i r d  Edition) Fecal Indicator ~acteria ( 1  112003) - .  . , 
I! .. 4'. 

, ,.:*)-? 
, ,,;, ':\I,? ! I i  J .  ..>I. 

v ,  . 
$1 + 8 

+ , , * ~ ' 1  
. . , ' i  ! . . . A .  





Case 2: Colony counts less than or greater than the ideal 
range but not zero or TNTC (Too Numerous To Count). 

Results are reported with ttie stat'elhknt, 
"Estimated count based o'ri non-ideal colony count." 

11 panlple I :  Less than the ideal rnnge on all filters ' 

Sample volhie 

I 3.0 ' 

10 
30 

Colony count 
2 
6 

18 

11 Example 2: Either greater than or less than the ideal range 

II Sample volun~e . Colony count 

I i  
Sum 24 

' . ( .  

' 18 
101 
TNTC (do not use) 
119 

I , 

,Case 3: No typical colonies on any of the filters. 
Assume a colony count of one on the filter,with the 

largest sample volume. 

I 
Result is reported as less than the calculated number 

per 100 mL. It is a maximutn estimated number. 

1 ,  Sample volurne 
3.0 

~01c-h~ count 

0 (do not use) 
11 .I 0 0 (do not usej 

30 

Sum 30 

assume I 
" I  1 
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m 

Case 4: Less than the ideal range-including some 
zero counts-and no.filters with colonies that are TNTC 
(Too Numerous To Count). 

The result is reported as "Estimated count based on 
non-ideal colony count." 

. . 
Saniple volume 

3.0 
10 

Colony count 
0 (do not use) 
0 (do not use) 

Case 5: Colony counts on all filters are TNTC. 

Assume maximum ideal count on filterwith the 
smallest volume filtered. 

Result is reported as greater than the calculated number 
oer 100 mL. It is a minimurn estimated number. 
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I I 

FIB- 

+ 
I INSTRUCTIONS 1 PREPARAT~ON FOR MEDIA ! ;, 7.1.5 , 

. , 

1. mENDO medium for total coliform analysis. 

a. Empty the vial containing 4.8 g of dehydrated mENDO 
medium into a 250-mL flask and add 100 mL of a 2-percent 
ethanol solution. I ! 

b. Stir the mixture well for several minutes to break up clumps 
and prevent agar from adhering to the flask. 

c. Place foil-covered flask in a heated water bath or on a hot 
plate and heat slowly to boiling. If using a hot plate, stir the 
mixture constantly or use a stir bar and magneti~~stirring hot 
plate to prevent scorching. Do not autoclave. ' I 

d. When medium reaches the boiling point, promptly remove 
from the heat. Do not boil. 

e. Cool the medium to a temperature of about 50qC and pour 6 
to 7 mL into 50-mm petri-dish bottoms. Quickly, place petri- 
dish tops loosely onto the bottoms to allow condensation to 
escape. 

f. When the medium has solidified (about 10 minutes), close 
the petri dishes by pressing firmly on the tops. The plates are 
suitable for use after the medium has solidified. About 15 to 
20 plates can be prepared from. 100 mL of medium. Label 

1 . :' and date the petri dishes. 1 1 )  

g. Petri dishes that are not used immediately after preparation 
should be placed into small plastic bags to prevent drying 
and stored in darkness in a refrigerator for a maximum of 
5 days. 

I 
I I 

/ 1 

t 

1 

I 

I 
1 1 /  / 

I 
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2. NA-MUG medium for confirmation of E. coli after primary 
culturing of total coliform bacteria with mENDO medium. + 

a. Add 2.3 g of NA-MUG medium to 100 mL of deionized or 
distilled reagent-grade water in a 250-mL flask. 

b. Stir the mixture well for several minutes to break up clumps 
and prevent medium from adhering to the flask. 

c. Place the flask into a heated water bath or on a hot plate and 
heat slowly to boiling. If using a hot plate, stir the mixture 
constantly or use a stir bar and magnetic stirring hot plate to 
prevent scorching. 

d. Autoclave at 121°C and 15 lb/in2 for 15 minutes. Allow to 
cool to 44-46"C, or when the flask is cool enough to pick up 

' barehanded. 

e. Pour 6 to 7 mL of medium into the bottom of a 50-mm petri 
dish. About 15 to 20 plates can be prepared from 100 mL 
NA-MUG medium. Quickly place petri-dish tops loosely 
onto the bottoms to allow condensation to escape. 

f. When the medium has solidified (about 10 minutes), close 
petri dishes by pressing firmly on the tops. The plates are 
suitable for use after the medium has solidified. Label and + 
date the plates. Prepared petri dishes that are sealed in small 
plastic bags to prevent drying can be stored in a 
refrigerator for up to 2 weeks. 
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FIB- 

3. MI medium for total coliform bacteria and E. coli analysis. I , 
+ Commercial medium may be available; if so, prepare according 

to instructions. If not, prepare fresh medium in the,laboratory 
prior to departing for the field site. Information on'reagents and 

. , media preparation can be obtained from the U.S. ~nvironmental 
Protection Agency (2000a). 

a. Prepare fresh agar according to U.S. Environmental 
Protection Agency (2000a) by weighing and adding 36.52 g 
of the combined reagents to 900 mL of reagent-grade 
deionized or distilled water. Mix to break up clumps. Adjust 
the volume to 1,000 mL. If dehydrated medium is used, add 
36.52 g of dehydrated MI medium to 1 L of reagent-grade 
deionized or distilled water in a flask and heat to boiling 
until the ingredients dissolve. This volume ~i~l1;~produce 
approximately 200 petri dishes. To prepare fewer, 
proportionately reduce the quantities of reagents and volume 
of deionized or distilled water. I 

b. Prepare Cefsulodin (which is added to the MImedium after 
the medium is autoclaved and cooled). To prepare 
Cefsulodin solution, add 0.02 g of Cefsulodin to 20 mL of 
reagent-gfade deionized or distilled water, sterili'ze the 
Cefsulodin solution by aseptically filtering through a 
disposable, sterile 0.22-pm-pore-size syringe Ifilter. Store in 
a sterile tube in the refrigerator at about 5°C until needed. 
Prepare fresh solutions each time the test is used. Do not 
save any unused portion. Write the preparation'date on the 
tube. 

c. Dispense MI medium into 100-mL dilution bottles. 
Autoclave the medium for 15 minutes at 121 "C, then cool in 
a 50°C water bath. 

d. Allow the medium to cool to 4550°C.  Add (0.5 mL of 
freshly prepared Cefsulodin solution to each Idilution bottle 
of tempered agar medium. The final pH should be 6.95 k 0.2. 
Store medium in dilution bottles for up to 6 months in the 
refrigerator (about 5°C). Prepare petri dishes as needed from 
individual bottles of medium. I 

I ' I 
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e. When ready'to prepare petri dishes, melt the medium by 
autoclaving dilution bottles containing modified mTEC 
medium for 5 minutes at 121°C or by placing them in a 
boiling water bath. Cool the medium to 45-50°C. Pour 6 to 
7 mL of the medium into each 50-mm petri dish. Be sure to 
loosen the screw tops on the bottles prior to heating to allow 
air to escape. 

f. When the medium has solidified (about 10 minutes), close 
the petri dishes by pressing firmly on the tops. These dishes 
are suitable for use after the medium has solidified. About 15 
to 20 plates can be prepared from 100 mL of medium. 

g. Label and date the petri dishes. Prepared petri dishes, sealed 
in small plastic bags to prevent drying, can be stored in a 
refrigerator for up to 2 weeks. 

h. All freshly prepared medium must be quality-control 
checked by the preparing laboratory through the use of 
positive and negative controls. Refer to 'Standard Methods" 
(American Public Health Association and others,, 1998, 
p. 9-1 to 9-78) for instructions. 

4. mTEC medium for E. coli analysis. 

a. Empty the vial containing 4.53 g of dehydrated mTEC 
medium into 100 mL of deionized or distilled water in a 
250-mL flask. 

b. Stir this mixture for several minutes to break up clumps. 
Make sure that none of the medium adheres to thelbottom or 
side of the flask. 

c. Place the flask containing the medium solution' in a heated 
water bath or on a hot plate and begin heating slowly to 
boiling. If using a hot plate, stir the mixture constantly or use 
a stir bar and magnetic stirring hot plate to prevent 
scorching. After boiling begins, remove the flask from the 
hot plate or boiling water bath and autoclave at 121°C and 15 

lb/in2 for 15 minutes. Allow to cool to.45-500~. 

d. Pour 6 to 7 mL of the medium into 50-mm petri-dish 
bottoms. Quickly place the petri-dish tops loosely onto the 
bottoms to allow condensation to escape. 

4 

I Fecal Indicator Bacteria ( I  112003) USGS TWRl Book 9-A7 (Th~rd  Edition) 



L , .'I, '. L . : . .! , '  

I <  1,~: i,:, : 
e. When the,medium has solidified (about 10 minutes), close 

:, j ; it,.; ;. , I  the petri dishes by pressilig firmly on the tops. These plates 
'; ... ':fi ;:,,c .,; + , '  k r  
L ., ..,". 

are suitable for use after the medium has solidified. About 15 
I '  , 8 1 . )  . *. , .4 . .,, .: . . .'+ 

to 20 plates can be prepared from 100 mL of medium. Label 
,,! ,,.+.. j5$.! and date. ( . . I .  . :. 
(, ,, k ,I : 
,I\ .'.C' 
,,,! i I 

f. Prepared petri dishes, sealed in small plastic bhgs to prevent 
l drying, can be stored in a refrigerator for up to 2 weeks. 
, . ' , ' 3 ,  
,,# IT.%., ' 

, i;. ,\ ', 
, ,J: q: ?hb$i  

g. Begin preparation of urea-phenol broth for mTEC. 

G ;::,.!.; ,:,:;;#- 
' . 

, '  Identification of E. coli using urea-phenol broth is required. 

i. After sample incubation, prepare the urea-phenol red 
broth by adding 100 mL of sterile deionized or distilled 
water fo,2.0 g of urea and 0.01 g phenol r<dlcrystals in a 

1 250-mL flask and mix thoroughly. Although all the 
phenol red crystals will not dissolve, the solution is 
nevertheless acceptable to use. 

I I 

ii. Adjust the pH of the urea-phenol solution to 5.0 with a 
few drops of 1 N HCl (hydrochloric acid). The substrate 
solution should be a straw-yellow color at this pH. 

iii. ~ h e r i  preparing the filter pads for counting colonies, use 
a clean pipet or dropper and add 2.0 mL of the solution 
to each absorbent pad before placing the filter on the pad. 
~ e f o h  transferring the filters from ~ T E C  td area-phenol 
broth, clarefully drain excess solution from each pad by 
tiltini the petri dish against a clean lab wipe. 

iv. Urea-phenol broth can be stored in the refrigerator for up1 
to 2 weeks, as long as the solution remains straw-yellow 
in color. 

I 
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5. Modified mTEC mehium for E. coli analysis. 

Commercial dehydrated medium may be available; if so, prepare 
according to instructions. If not, prepare fresh medium in the 
laboratory prior to departing for the field site. Information on 
reagents and media preparation can be obtained from the U.S. 
Environmental Protection Agency (2000b). 

a. Prepare fresh agar by weighing and adding 45.6 g of 
combined reagents/to 900 mL of reagent-grade deionized or 
distilled water. Stir the mixture to break up clumps*. After the 
reagents are dissolved, adjust the volume to 1,000 mL. This 
volume will produce approximately 200 plates. To prepare 
fewer petri dishes, proportionately reduce the quantities of 
reagents and volume of deionized or distilled water. 

b. Autoclave the medium at 121°C for 15 minutes. Cool the 
medium. Store the medium in dilution bottles for u p  to 
6 months in the refrigerator (at about 5°C). Prepare petri 
dishes as needed from individual bottles of medium. Write, 
type of medium and date prepared on bottles. 

c. When ready to prepare petri dishes, melt the modified mTEC 
medium by autoclaving dilution bottles containing MI 
medium for 5 minutes at 121°C or by placing them in a 
boiling water bath. Be sure to loosen the screw tops on the 
bottles prior to heating to allow air to escape. 

d. Cool the medium to 45-50°C. Pour 6 to 7 mL of the medium 
into each 50-mm petri-dish bottom to a depth of about 
118 inch (0.32 mm). Allow to cool 4 to 8 minutes and replace 
petri-dish tops tightly. 

e. When the medium has solidified (about 10 minutes), close 
the petri dishes by pressing firmly on the tops. The'plates are 
suitable for use after the medium has solidified. About 15 to 
20 plates can be prepared from 100 mL of medium. Label 

' 

and date the plates. Prepared plates, sealed in small plastic 
bags to prevent drying, can be stored in a refrigerator for 
up to 2 weeks. 
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f. All freshly prepared medium must be quality-control 
checked by the preparing laboratory by means of positive 

+ and negative controls. Refer to American Public Health 
Association and others (1998, p. 9-1 to 9-78) for 
instructions. 

g. Sterile agar petri dishes prepared ready for use can be 
purchasedlfrom commercial suppliers and do not need to be 
refrigerated during shipping. These plates can be stored in 
the refrigerator at about 5°C for up to 1 year. Write the date 
received on the plates. 

? , 1 . 6 ,  
i: , 

1 ' 
6. mFC medium for fecal coliform bacteria analysis. 

,-: 7 .;is. I . ' .. ,.<* 
C ,  :;. I.' 

I>:4 ;, <:.$ 

a. prepare a rosolic acid solution by adding 10 mL of 0.2 N 
I ,  . 
!+..':,,:-. ,A. 

NaOH (sodium hydroxide) to 0. I g of rosolic acid crystals. 
a . v; . .*.. 

is .,.. Y ;. Shake the mixture to dissolve crystals. Do not heat. The . . 

+$ :, .:;v crystals will dissolve in 15 minutes. Prepare a new solution 
,; !.* L.:, ,. ' 

,: :<;,.T, 
for each analysis. . 

" .. :. >,.,.$,! , : :- x~,..?~ ! 'b. Empty the vial containing 5.2 g of dehydrated medium into 
;+;;',,( "r': . , . .;...".,: 
;z$,!k;:':i? 100 mL of deionized or distille'd water in a 250LmL flask. 
,,, :, ,. , *,# '-!. 
5%. . ;<~:J?.!& !3;,$$j"p\; c. Stir the mixture well for sdveral minutes to break up clumps 
Q,,,:::~ '* and prevent medium from adhering to the flask: 

*.<z ?i41f.t .+ , , ,,* .Y ,, t . : , '  , +:c~;;: ,;y,;: . , , d. Place the flask in a heated, water bath'or on a, hiti.plate and i;p$;;,;;l!;, , . 
!;:,F.. .,, , heat slow1,y to 90°C. If using a hot plate, stir thkhixture 
p ,  $; :$,;;b 

y. ,. it$..4t ., : . .I constantly or use a:stir bar and magnetic stirfihg hot plate to 
$.'.;.;j,. %$:. 
.I . .  prevent scorching. Do not autoclave. .. 
. i i 

, . ..?$ 

1; ..",.. . ,,2 <, 
, . ..,.. e. With a clean pipet, add 1 mL of rosol'ic acid solution 
, ,:;J,>,,:, 
..,] : ., i:, ,... . per 100 mL of medium when the medium reaches, 9OoC. 
: ;.:!!.,.. 

. , I ,  i ..+.- ?.j.,:;,:) . . Continue . heating until boiling begins; then remove from the 
., . ,. : .> i. heat. 

!.-,,,::,;..;;., 
. t _  I, 

, :':(~.c . , 
... , , 4 . f: Cool the medium to a temperature of about 45-50°C and 
.:.;?,. ;' 

,,,I$.::\, 

pour6 to 7 mL in 50-mm petri-dish bottoms. Quickly place 
. '.. . i; i"'. 
%. ..: ! ,* ',' petri-dish tops' loosely on petri-dish bottoms to ,allow 
; , $:;!~ \' 
s .2.,:j+,<;q~k, condensation' to escape, , . 
'. . .' '. &.d;' 
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g. When the medium has solidified (about 10 minutes), close 
petri dishes by pressing firmly on the tops. The plates are 
suitable for use after the medium has solidified. About 15 to 
20 plates can be prepared from 100 mL of medium. Label 
and date the petri dishes. Prepared petri dishes, sealed in 
small plastic bags to prevent drying, can be stored in a 
refrigerator for up to 72 hours. 

7. KF medium for fecal streptococci analysis. 

a. Empty the vial containing 7.64 g of dehydrated medium into 
100 mL of deionized or distilled water in a 250-mL flask. 

b. Stir the mixture well for several minutes to break up clumps 
and prevent medium from adhering to the flask. 

c. In a separate small bottle, add 10 mL of deionized or distilled 
water to the 0.1 g of TTC (triphenyltetrazolium chloride 
crystals). 

d. Place the flask in a heated water bath or on a hot plate and 
heat slowly to boiling. If using a hot plate, stir the mixture 
constantly or use a stir bar and magnetic stirring hot plate to 
prevent scorching. After boiling begins, reduce to a simmer 
for 5 minutes. I 

e. Remove the medium solution from the heat and cool to 50- 
60°C. Sterilize the TTC solution by aseptically filtering 
through a disposable sterile 0.22-mm pore-size membrane 
filter. Add 1 mL of sterile TTC solution to 100 mL of 
medium and stir. Prepare a fresh TCC solution each time the 
medium is prepared. 

f. Cool the medium to a temperature of about 50°C and pour 6 
to 7 mL into 50-mm petri-dish bottoms. Quickly place the 
petri-dish top's loosely on the petri-dish bottoms to allow 
condensation to escape. I 

Fecal Indicator Bacteria ( 1  112003) USGS TWRl Book 9-A7 (Third Edition) 



g. When the medium has solidified (about 10 minutes), close 
the petri dishes by pressing firmly on the tops. The plates are 
suitable for use after the medium has solidified. About 15 to 
20 plates can be prepared from 100 mL of medium. Label 
and date the plates. Prepared plates, sealed in small plastic 
bags to prevent drying, can be stored in a refrigerator for up 
to 2 weeksiif a sterile TTC solution is used. If the TTC 
solution is not sterilized, use the medium within 24 hours. 

8. mE medium, followed by EIA medium, for enterococci bacteria 
analysis. 

a. Pour 5 to 10 mL of deionizkd or distilled water i'nto a bottle 
containing 0.015 g of TTC crystals. Cap and shake the bottle 
to dissolvelthe crystals. If using a USGS kit, retain the 
remaining 90 mL of deionized or distilled water. Do not heat. 

b. Empty the vial containing 7.12 g of mE mediuni into the 
remainder of the deionized or distilled water (approximately 
90 mL) in 250-mL flask. Stir this mixture for jeveral 
minutes to break up clumps. It is important that none of the 
medium adheres to the bottom or the sides of the flask. 

c. Prepare a nalidixic acid solution by adding 10 m~ of 0.2 N 
NaOH solution to a bottle containing 0.25 g of nalidixic acid 
crystals. Shake the bottle to dissolle the crystais. Do not 
heat. Make sure all'of the crystals dissolve. 

d. Place the flask containing the medium solution in a heated 
water bath or on a hot plate and stir the solution~constantly, 
or use a stir bar and magnetic stirring hot plate to prevent 
scorching. $After ingredients dissolve, autoclave at 121°C 

and 15 lb/in2 for 15 minutes. Allow to cool long enough to 
pick up barehanded. I 

I 

e. Once cooled, the dissolved reagents can be added. Using a 
I sterile pipet, add 1.3 mL of the nalidixic acid solution. If the 

medium is intended to be used within 24 hours, add all of the 
i 

TTC solution directly from the bottle. If the prepared 
medium will be stored for a longer period before use, 
sterilize the TTC solution by passing it through a 0.22-mm 
membrane-filter syringe in an aseptic manner. 

I I 

+ 

I 
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Pour 6 to 7 ~ ~ ' o f  the medium into 50-mm petri-dish 
b o t t o m s , . ' ~ ~ d k l ~  place the petri-dish tops loosely on the 
petri-dish bottoms to allow condensation to escape. 

When the medium has solidified (about 10 minutes), close 
the petri dishes by pressing firmly on the tops. The petri 
dishes are suitable for use after the medium has solidified. 
About 15 to 20 petri dishes can be prepared from 100 mL of 
medium: Label and date the petri dishes. Prepared petri 
dishes, sealed in small plastic bags to prevent drying, can be 
stored in a refrigerator for up to 2 weeks, if sterile TTC is 
used. If the TTC solution is not sterilized, use the medium 
within 24 hours. 

Begin preparation of EIA medium for enterococci bacteria. 
Use of the EIA medium is required. 

i. If using the USGS kit from the Ocala Laboratory, a 
second bottle of 100 mL deionized or distilled water is 
used to pre.pare the EIA medium. 

, 

ii. Empty the vial containing 1.65 g of EIA medium into 
133 mL of deionized or distilled water in a 250-mL flask. 

iii. Stir this mixture for several minutes to break up clumps. 
Make sure that none of the medium adheres to the 
bottom or the side of the flask. 

iv. Place' the flask containing the medium solution in a 
heated water bath or on a'hot plate and stir the solution 
constantly, or use a stir bar and magnetic stirring hot 
plate to prkvent scorching. 

v. After ingredients dissolve, autoclave at 121°C and 

15 lb/in2 for 15 minutes. Allow the flask to cool long 
enough to pick up barehanded. 

vi. Pour 6 to 7 mL of EIA medium into the bottom of a 
50-mm petri dish. Quickly place the petri-dish tops 
loosely on the petri-dish bottoms to allow condensation 
to escape. 
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vii. When the medium has solidified (about 10 minutes), 
close the petri dishes by pressing firmly on the tops. 
The plates are suitable for use after the medium has 
solidified. About 15 to 20 plates can be prepared from 
100 mL of medium. Label and date the plates. Prepared 
plates, sealed in small plastic bags to prevent drying, can 
be stored in a refrigerator for up to 2 weeks. 

9. mEI medium fbr enterococci bacteria analysis. I 
a. Prepare the nalidixic acid solution by adding a few drops of 

I 0.1 N NaOH solution to a bottle containing 5 mL deionized 
or distilled water and 0.24 g of nalidixic acid.! Shake the 
mixture thoroughly to dissolve. Do not heat. 

b. In another bottle, add 0.1 g of TTC to 10 mL of reagent- 
1 

grade deionized or distilled'water. Cap and shake for about 
30 seconds to~dissolve. Do not heat. I 

c. Add 7 1.2 g of mE agar to 900 mL of reagent-grade deionized 
or distilled water in a 1,000-mL flask. Add 0.75 g of the 
indoxyl p l ~ - ~ l u c o s i d e  reagent (rinsing thoroughly), and 
adjust the volume to 1,000 mL. I 

d. Stir this mixture for several minutes to break up clumps. It is + important! to make sure that none of the agar gdhbres to the 
bottom or sides of the flask. I 

e. Place the flask containing the agar solution on a stove or 
burner and begin heating slowly. Stir the solutiyn constantly 
to prevent scorching. After ingredients have dissolved, I 
autoclave at 121°C and 15 lb/in2 for 15 minutes. Allow the I 
solution to cool to 4446°C.  The pH of the medium should 

I I I 
I be 7.1 * 0.2. 

I 

I 



f. The dissolved reagents may now be added. If the medium is 
to be used within 24 hours, add the nalidixic acid solution 
and mix thoroughly. Add 2 mL of the TTC solution per 1 L 
of medium using a clean pipet. If, however, the prepared 
medium will be stored for a longer period prior to use, 
sterilize the nalidixic acid and TTC solutions by passing 
them through a 0.22-pm pore-size membrane filter 
aseptically, using a sterile syringe. Mix thoroughly. 

g. Pour 6 to 7 mL of mEI medium into 50-mm petri-dish 
bottoms. Quickly place the petri-dish tops loosely on the 
petri-dish bottoms to allow condensation to escape. 

h. When the medium has solidified (about 10 minutes), close 
the petri dishes by pressing firmly on the tops. The plates are 
suitable for use after the medium has solidified. About 15' to 
20 plates can be prepared from 100 mL of medium. Label 
and date the plates. Prepared plates, sealed in small plastic 
bags to prevent drying, can be stored in a refrigerator for up 
to 2 weeks. 

10. mCP media for C. perfringens analysis. 

The mCP medium for the analysis of C. perfringens is prepared 
by the analyzing laboratory, so preparation instructions are not + 
included in this section. A culture of C. perfringens requires 
anaerobic conditions and a special incubator, as well as a fume 
hood in which to expose colonies to the ammonium-hydroxide 
reagent for identification. 

+ 
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Tables 

7.2-1. Equipment cleaning and sterilization 
................................................................... procedures FIV-6 

7.2-2. Summary of equipment for sample collection 
and procedures for sample preservation of 
fecal indicator viruses ............................................... 10 

Notes: 

References for section 7.2, Fecal indicator viruses, are located at the 
end of Chapter A7 in the "Selected References and Documents" 
section, which begins on page REF- 1. 

See Appendix A7-A, Table 3, for parameter codes for somatic and 
. F-specific coliphages that are used.in the National Water Information 
~ ~ s t e m ' ( ~ ~ 1 ~ )  of the U.S. Geological Survey. 

The citation fo'r this section (7.2) of NFM 7 is as follows: 

Bushon, R.N., November 2003, Fecal indicator viruses: U.S. Geological 
Survey Techniques of Water-Resources Investigations, book 9, 
chap. A7 (3d ed.), section 7.2, accessed d a t e ,  from 
http://pubs.water,usgs.gov/twri9A/ 
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FECAL INDICATOR 7.2 
VIRUSES 

More than 100 types of human pathogenic viruses may be present in 
fecal-contaminated waters, but only a small number of them can be 
detected by currently available methods (Havelaar and others, 1993). 
Coliphages are used as indicators of fecal contamination and of the 
microbiological quality of the water.5 Coliphages are viiuses that 
infect and replicate in coliform bacteria and are not path:ogenic to 
humans; coliphages have been suggested as potential indicators of 
enteric viruses because of their similar structure, transport, and 
persistence in the environment (Gerba, 1987). 

Two main groups of coliphages 
are used aivifal indicators: Coliphages: viruses that 
b Somatic coliphages infect infect and ,replicate 

coliform bacteria by in coliform bacteria. 
attaching to the outer cell Coliphages are used 
membrane or cell wall. They as indicators of fecal 
are widely di'stributed in contamination in water. 
both fecal-contaminated and 
uncontaminated waters. 

b F-specific coliphages attach only to hairlike projections (called 
F pili) of coliform bacteria that carry an extrachromosomal 
genetic element called the F plasmid; F pili are produced only by 
bacteria grown at higher temperatures. F-specific coliphages 
presumably come from warmyblooded animals or sewage 
(Handzel and others, 1993). I 

I ! ; ' I '  

, , 
I /  

+ 5 ~ h e  tirm "fecal indicator viruses" is used sybonymously 'with coliphdgtfs in this report, as , 

coliphage analysis currently is the only standard viral method used by' the U.S. Geological 
Survey for indicating fecal contamination. 
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Somatic and F-specific coliphages are found in high numbers in sewage 
and are thought:to be reliable indicators of sewage contamination of 
waters (1nteriiBtGnal Association of Water Pollution Research and + 
Control Study'Group on Health Related Microbiology, 1991). Raw 
sewage typically contains somatic and F-specific coliphage 
concentrations of about 1,000 plaque-forming units per milliliter 
(Sobsey and others, 1995). , 

I Two methods are commonly used to analyze samples for somatic and 
Frspecific coliphages: 

I b The single-agar layer (SAL) method is recommended for use 
with surface-water samples. It is a quantitative, plaque assay 
method that can analyze sample volumes of 100 mL (milliliters). 

I b The two-step enrichment method is recommended for use with 
ground-water samples. It is a presencelabsence method that can 
analyze sample volumes of either 100 mL, 1 L (liter), or 4 L. 

The type of coliphage detected by these methods depends on the 
bacterial host strain used. Two host strains commonly used for the 
detection of somatic coliphages are Escherichia coli (E. coli) C and 
E. coli CN-13. Both hosts are equivalent in coliphage detection; 
however, E. coli CN-13 is resistant to nalidixic acid and is preferable 
for analyzing samples with a high background or unknown level of 
indigenous bacteria (Sobsey and others, 1995). Antibiotics such as 
nalidixic acid are used to minimize overgrowth of indigenous bacteria 
in environmental samples; this overgrowth may mask the detection of 
coliphage. Three host strains commonly used for the detection of F- 
specific coliphages are E. coli F-amp, E. coli C3000, and Salmonella 
typhimurium WG49. The E. coli F-amp strain appears to be the most 
reliable host for detecting only F-specific coliphages; the F-amp strain 
is resistant to ampicillin and streptomycin, so it is less susceptible to 
bacterial contamination in water samples (Sobsey and others, 1995). 
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Sterile techniques must be followedland documented whyn collecting 
and processing samples for fecal indicator viruses.   he spkcific 
equipment and supplies that are needed to collect and analyze 
samples for fecal indicator viruses must be kept clean and sterile 
(tables 7.2-1,7.2-2). The equipment and procedures described in the 
following paragraphs are applicable to fecal indicator viruses and to 
fecal indicator bacteria (NFM 7.1). Equipment to be autoclaved must 
first be wrapped in 'aluminum foil, autoclavable bags, or 'kraft paper. 
Non-autoclavable equipment must be cleaned and, if possible, 
sterilized and then similarly wrapped for storage and transport. 

I I I 

b 'sterilize and store the equipment in a clean area. 

b Resterilize equipment if foil,'bag, o i  kraft paper is ,torn. , I I 
1 I 

Add sodium thiosulfate (Na2S203) to sample bottles before + sterilization if the water to be collected is suspected to contain 
residual chlorine or other halogens. Na2S203 also may be added to 
the sample bottle immediately after sample collection. Residual 
chlorine commonly is found in treated (disinfected) potable water (for 
example, public water systems), and in sources such as wastewater 
effluents or mixing zones directly downstream from wastewater- 
treatment plants. Most taps or wells (for example, small private water 
systems) do not contain residual chlorine. 

I 
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.'1; .) . I 

.'. ' : F J ;  USGS TWRI Book 9-A7 ( ~ h i r d  Edition) . ' I ~ e c a l '  lidi'cildr Viruses ( I  112003) ' , , . '. , . ,  . :  
. , 



I 

Fecal lndlcator V~ruses ( 1  112003) USGS TWRI Book 9-A7 (Th~rd Ed~t~on) 

' 

I '  
Table 7.2-1. Equipment cleaning and sterilization procedures 

[NFM, National Field Manual for the Collection of Water-Quality Data; DIW, distilled or 
deionized water; mL, milliliter; Na2S203. sodium thiosulfate; "C, degrees 

volumes.of well water to waste (discard appropriately) tiefore 
collecting the sample. 

CAUTION: Prolonged or repeated use of a hypochlorite 
solution on interior or exterior surfaces of a pump can cause 
corrosion or other damage to the pump and compromise the 
quality of samples collected for trace-element or organic- 
compound analysis. 

'Equipment to be wrapped in aluminum foil, kraft paper, or placed into autoclavable bags 
includes, for example, bottles, tubing, flasks, bailers, pump'components. The Na2S203 solution 

Celsius; mg/L, milligrams per - , . 
..e . , ~ i " i ~ r n e n t  . 

All equipment (this includes 
water-level tape measure, 
all sample-collection and 
sample-processing 
equipment used in the field 
and laboratory) 

Autoclavable glass, plastic, 
and Teflon bottles 

c 

Portable submersible pumps 
and pump tubing 
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. . ',. Cleaning Gd sterilization procedures 

Wash equipment thoroughly with a dilute nonphosphate. 
laboratory-grade detergent (NFM3). 

Rinse three times with hot tap water. 
Rinse again three to five times with DIW. 
Wipe down the wetted portion of water-level tapes with 

disinfectant (0.005-percent bleach solution or methyl or ethyl 
alcohol) and rinse thoroughly with DIW. 

If sample will contain residual chlorine or other halogens, add 
0.5 mL of a 10-percent Na2S203 solution.per liter of sample 
to the sample bottles. 

Wrap all autoclavableequipment in aluminum foil, kraft paper, 
or place into autoclavable bags.' 

Autoclave at 121°C for 15 minutes. 
Autoclavable equipment (preferred): 
Wrap components in aluminum foil, kraft paper, or place into 

autoclavable bags. 
Autoclave at 121 "C for 15 minutes. 
Non-autoclavable equipment: (1) Submerge sampling system 

into a 50-mg/L (0.005 percent) sodium hypochlorite solution 
prepared from household laundry bleach. (2) circulate" 
solution through pump and tubing for 30 minutes. (3) Follow 
step (2) by thoroughly rinsing, inside and out, with 0.5 mL 
of a 10-percent sterile Na2S2O3 solution per liter of water 
and circulate solution for 5 minutes; (4) pump Na2S203, 
discarding this waste appropriately; pump sterile DIW 
through the pump, followed by pumping three tubing . . 
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To prepare for collecting a halogenated sample: 

1. Prepare a 10-percent solution of Na2S203 as follows: 

a. In a vo~umktric flask, dissolve I00 g of ~ a 2 ~ 2 0 3  into 500 
mL of deionized or distilled water (DIW). 

b. Stir until . dissolved. , 

' c. Fill the flask to 1,000 mL (Bordner and Winter, 1978, p. 6; 
American Public Health ~ssociation and others, 1998, 
p. 9-19). Autoclave at 121°C for 30 minutes (U.S. 
Environmental Protection ~ g e n c ~ ,  1996, p. VIII-11). 

d. Store the Na2S203 solution at room temperature or under 
refrigeration. After 6 months prepare a fresh solution. 

2. Before collectiig the sample, pipet into the sample bottle 0.5 mL 
of 10-percent Na2S203 solution for every 1 L of sample. If the 
sterile Na2S203 is used, be sure to use only sterile pipets and 
sterile sample bottles. If the Na2S203 is not sterile,! dispense the 
required volume of Na2S203 into the sample bottle and autoclave 
at 121°C for 15 minutes. , I 
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b Take care to ensure that materials to be.autoclaved are . 
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b The 20th edition of "Standard Methods for the Examination of 
Water and Wastewater" (~mer ican  Public Health Association 
and others, 1998, p. 9-2 to 9-14) contains specifications for the 
length of time, temperature, and pressure for autoclave 
sterilization of various media and materials. 

Quality control in sterilization procedures is mandatory. Keep a 
logbook of autoclave operation. Enter into the logbooklthe quality- 
assurance and quality-control procedures used, noting the date, the 
test results, and the name of the autoclave operator and (or) analyst. 
Record the autoclave temperature, pressure, date, and time of each 
autoclave run. If the autoclave does not reach the specified , 

temperature and pressure or fails a quality-control test, then the 
autoclave should be serviced and all materials resterilized (American 
Public Health Association and others, 1998, p. 9-2 to 9-14). 

SAMPLE COLLECTION, 7.2.2 

"' ., , : 1 .: 
>. ? *  , 

;. ,.  !,, i; Sterile conditions must be maintained during collection, preservation, 
, . .;:..; ,.? ; , 
, ;$, transport,and analysis of fecal indicator virus samples. Specific 
i;,,".":'::~ ", . , 
t ',.;.,I.!. !* 

, . ' .  procedures hive bekn developed that must be strictly followed. These 
, I : . , ,  , 

, , ,  , !; .jt; :. procedures vary with types of sampling equipment and sources of 
,, . . I  . .. 'b, . . 4 . sample (surface water, grbund water, treatedwater, or wastewater). 
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A summary of requirements for sample-collection containers and 
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procedures for sarriple preservation is given in table 7,212: 
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I 
1   able 7.2-2. Summary of equipment for sample collection and procedures for sample I I preservation of fecal indicator viruses + 

[EWI, equal-wldth-increment, EDI, equal-discharge Increment; L, I~ter. NFM, National Field 
Manrtal for the Collection of Water-Qualify Data, mL, rn~ll~l~ter ,  Na2S203, sod~um thlosulfate, OC, 
degrees Celslus] 

I , Equipment for sample collection , q 

(411 containers must be composed of sterilizable materials'such as 
borosilicate glass, polypropylene, stainless steel, or ~ e f l o n @ )  

To collect EWI or ED1 surface-water samples. US D-95, US DH-95, or US DH-81 wlth stenle I-L 
w~de-mouth bottle, caps, and nozzles. US D-96 with stenle autoclavable bag (NFM 2.1 .I). 

To collect surface-water and ground-water samples uslng polnt samplers from a tap, or hand-dlpped 
method a sterile. narrow-mouth container, 500 mL to 1 L capacity, or a stenle 3-L contalner ~f 
both types of collphages are to be analyzed 

To collect pumped samples. Use sterlle tublng, clean and ster~le pump components (autoclaved, ~f 
poss~ble, see text) 

\ * '  Procedures for sample presewation 

Before sample collection, if halogen neutrallzatlon is necessary, add 0.5 mL of a 10-percent 
Na2S203 solutlon per 1 L of sample. 
- If sterile NazS203 is used, dispense wlth sterlle plpet Into stenle bottle. 
- If Na2S203 1s not sterile, dispense wlth plpet into sample bottle and autoclave (table 7.2-1). 

Chill all samples a t  1-4'C before analysis. 

' 7.2.2.A SURFACE-WATER SAMPLE 
COLLECTION 

The areal and temporal distribution of fecal indicator viruses in 
surface water can be as variable as the distribution of suspended 
sediment because viruses commonly are associated with solid - 
particles. To obtain representative data for fecal indicator virus 
analysis, follow the same methods used to collect surface-water 
samples for suspended sediment analysis (Edwards and Glysson, 
1999; NFM 4.1 and table 7.2-2). 

I b Flowing water-use depth-and-widthiintegrating sampling 
methods6 (NFM 4.1.1 .A). 

b Still water (lakes or reservoirs, or othermrface-water 
conditions for which depth-and-width-integrating methods are 
not applicable)-use the hand-dip method or a sterile point 
sampler (NFM 4.1.1 .B). 

6~ample-collection methods may be modified to ensure consistency with study objectives and 
as appropriate for site coriditiond. It is necessary to describe any methods modifications in a 
report of the results of the study. 
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I 
FN- 

I 

b Beach water-use a hand-dip method in shallow wadable water 
and a sterile point sampler for deeper water. Collect samples by 
the hand-dip method at knee depth, a depth of appro'ximately 15 
to 30 cm (6 to 12 in.) below the water surface. 

- Collect samples near known or suspected pollution sources, 
in areas of concentrated activity (for example, near lifeguard 
chairs), or for approximately every 500 m (every quarter 
mile) of beach length (U.S. Environmental Protection 
Agency, 2002). 

- Position the sampler downstream from any water 
currents to collect the sample from the incoming flow 

' (U.S. Environmental Protection Agency, 2002) and record 
sampling location. Avoid contaminating the water sample 

, with bottom material dislodged by disturbing the bottom 
while sampling. 

- A Chain ,of Custody record is recommended for beach 
sampling done in support of beach closures or posting of 
warnings to swimmers (U.S. Environmental Protection 
Agency, 2002, Appendix J). I 

Depth-and-width-integrating methods 

Depth-and-width-integrating sampling methods (the equal-discharge- 
increment (EDI) method or the equal-width-increment (EWI) 
method) are the standard USGS methods used when sampling flowing 
waters, and are recommended unless study objectives or site 
characteristics dictate otherwise (NFM 4. I. 1 .A and table 7.1-4). 

I 

Select the EDI or EWZ method: 

1. The ED1 method is preferred to the EWI method for'sites 
+ where the velocity distribution across a stream section is well 

established or at a section where the depth varies; for example, at 
a gaging station (Edwards and Glysson, 1999). 

.. . 
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I 2. Select the appropriate sampler and equipment. Sampling 
equipment must be sterile, including the collection bottle, 
nozzle, and cap (or bags for the bag sampler) (table 7.2-1). 

. For streams with depths of 5 m (16.4 ft) or less, use a US D- 
95, US'DH-95, or a US DH-81 sampler (NFM 2. l .  l). 

For stream sections where depths exceed 5 m (16.4 ft), use the 
US D-96, with either autoclavable ~ e f l o n @  bags or 
autoclavable cooking bags. Thermotolerant polymers are 
described in more detail in section 7.2.1 under "Sampling 
Equipment and Equipment Sterilization Procedures." 

I For compositing subsamples, use a sterile 3-L or larger bottle. 

- For wide channels, several samples, each composed of 
subsamples cornposited into a sterile large-volume 
container, may be needed: 

- For n&ow channels, collect subsamples at 5 to 10 or 
more vertical locations in the cross section without 
overfilling the bottle. 

Use the proper nozzle size and transit rate for the velocity 
conditions in the section to ensure isokinetic collection of the 
sample. 

I Hand-dip method 

If the stream depth and (or) velocity is not sufficient to use a depth- 
and-width-integrating method,.collect a sample using a hand-dip 
method (table 7.1 -4). Sampling still water or sampling at depth in 
lakes, reservoirs, estuaries, and oceans requires a sterile point 
sampler. Niskin, ZoBell, and Wheaton point samplers ho1d.a 
sterilizable bottle or bag. 

( Wearing laboratory gloves, collect a hand-dipped sample aS follows: 

I 1. Open a sterile, narrow-mouth borosilicate glass or plastic bottle; 
grasp the bottle near the base, with hand and arm on the 
downstream side of the bottle. 

2. Without rinsing, plunge the bottle opening downward, below the' 
water surface. Allow the bottle to fill with the opening pointed 
slightly upward into h e  current. 

I 
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3. -Remove the bople with the opening pointed upward from the 

1 
I water surface and tightly cap it, allowing about 2.5 tb 5 cm of 
I + headspace ( ~ d e r i c a n  Public Health Association And others, 

1998, p. 9-19; Bordner and Winter, 1978, p. 8). This'procedure 

I minimizes collection of surface film and prevents dontact with 
the streambed. 

I 
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7.2.2.B GROUND-WATER SAMPLE 
COLLECTION 

As with surface water, most viruses in ground water are associated 
with solid particles. Stable values of field measurements (turbidity, 
temperature, dissolved-oxygen concentration, pH, and specific 
conductance), especially turbidity and dissolved oxygen, are 
important criteria for judging whether a well has been sufficiently 
purged for the collection of a representative ground-water sample for - 

fecal indicator virus analysis (NFM 4.2 and 6.0.3.A). Sampling 
equipment that has been subjected to chlorinating and dechlorinating 
agents can affect the chemistry of samples collected for non-microbial 
analysis; therefore, collect blank samples to be analyzed for chloride, 
sulfate, and other constituents, as appropriate, to document that 
chemical sample quality has not been compromised. 

, , 

b If using the same equipment for chemical-analysis and virus- 
analysis samples, clean the equipment by first using.standard 
procedures (NFM 3), followed by disinfecting and rinsing 
procedures described in section, 7.2.1. Purge the well as 
described in NFM 4.2 before collecting samples. 

b If different equipment will be deployed in a well for virus 
sampling, first check for stable turbidity and dissolved-oxygen 
readings to ensure collection of a representative sample. 

Supply wells , 

If samples are to be collected from a water-supply well (see definition 
in NFM 4.2), select a tap (spigot) that supplies water from a service 
pipe connected directly to the main; dd not use a tap on a pipe served 
by a cistern or storage tank (American Public Health Association and 
others, 1998, p. 9-19 to 9-20; Britton and Greeson, 1989, p. 5; 
Bordner and Winter, 1978, p. 5-16). Avoid sampling after downhole 
chlorination. Dechlorination with Na2S203 is required if you cannot 
avoid collecting the sample before the water has passed through the 
treatment unit. 
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To sample a supply /well for fecal indicator viruses: 
I ( 1  I 

1. Before collectiAg the sample, remove screens, filters; 6r other 
devices from the tap. 

2. Before sampling, swab the inside and outside rim of the tap with 
ethanol. Flame sterilize the tap and allow it to dry and cool. Rinse 
the tap with sterile DIW. 

3. Collect a sample directly from the tap into a sterile bottle without 
splashing or allowing the sample bottle to touch the tap. 

I 

Supply wells commonly are equipped with permanently 
installed pumps. If the well is pumped daily, then ( k )  purge the . 
tap water foi a minimum of 5 minutes, discarding the purged 
water appropriately; (b) monitor field measurements and 
record stabilized values (NFM 6); and (c) collect the sample 
directly from the tap into a sterile container (described in table 
7.2-2). 

If the well is used infrequently, then purge the tap or well of 
water until a minimum of three borehole volumes are purged 
and stable field measurements are obtained in seqhintial 
measurements (NFM 4.2 and 6.0.3.A). 

Monitoring wells 

If a monitoring well does not have an in-place pump, then obtain 
samples by using a portable sampler, such as a submers'ible pump or 
dbailer (U.S. Environmental Protection Agency, 1982). Samplers and 
sample lines must Be sterilized or disinfected (table 7.2;l). If 
disinfected, then the sampler and sample line must be dechlorinated 
and rinsed with sterile DIW. In either case, finish by flushing the 
sampler and sample line with native ground water before samples are 
collected into sterile bottles. 

b Use autoclavable samplers, if possible. After flushing the 
sterilized pump lines with sample, collect the sample directly 
into the sterile sample bottles. 

b Check data-collection objectives before using a disinfectant. 
Disinfectants are corrosive; repeated use can result in damage to 
the metal and plastic parts of a pump, thus rendering the pump + inadequate for sampling trace elements and other constituents. 
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1. Submerge the pump and pump tubing in a 0.005 percent ..?.:*!';. ".,,?+,. ; ' i' 

, , ! .!, s, . ; 
(50 mg/L) sodium hypochlorite solution prepared froin *. . 
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, :"? ...A " 

for more than 60 days may not be full strength. , ' L,:?,;";*; 
. . \  

.:;.;:.I ,:. :t i  *-<it 

Prepare solutions fresh with each use, because they will , $;;.?f::,? 
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diminish in concentration with time. Add 1 mL of household 
, i y  ..,,?ti! 7 
J, %, \na,,, *, 
;:i.'. rzg, . ".* ,:$.,. ; 3 

laundry bleach to 900 mL of water and bring to a volume , ,:$ $Q 
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of 1,000 mL for a 0.005 percent disinfectant solution (U.S: * :.-a!. ; ., s;<;,;$:c> 
Environmental Agency, 1982, p. 253 and 1996, p. VIII-41). . v,, . '.+ 
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This concentration is suficientfor waters with pH*between 6 .< .i i,i.::...' , , , I -  . . 
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percent (200 mg/L), should be used (U.S. Environmental I;-;-.> *, 
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Protection Agency, 1982, p. 253). ,g<c; , " :i 
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2. Circulate the disinfectant through the pump and tubing for 30 "k-.5. ..> %,. ..t,. 
: ,'*;!".:".:: !. 

minutes. ,.* ,.,? :g:!h~i; P% % 
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3. Next, rinse the pump thoroughly with a sterile Na2S203 solution. ! ' J , ,  . .. ..'.,,j.i' ,?:: . 
The Na2S203 solution is prepared by adding 0.5 mL : :,r:.,". ::' : .., '>I ;,!: ... ' - .  

.*,? !. 
of a 10-percent sterile solution to every 1 L of sterile DIW. * '  ) .!,<..: 
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Recirculate for 5 minutes and rinse with sterile DIW. .. _ . 
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4. Lower the pump carefully into the well. Pump some well water to .*., .b . . .; .?. 
:,*< 2 . .  * ,>.>..<; *,& 

waste to remove any residual chlorine and Na2S203. Take care :.:c.p. .. . :.,,$;;;$! < 
not to contaminate samples for chemical analysis with residual j;! ii$: : . ..:. ,!* .'.. 
disinfectant or Na2S203. The pump must have a backflow ,$; ;;:;&, ', 
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check valve (an antibacksiphon device) to residual . ;r.'iq, , . ,  d,: . r :I+ 5: . ,.?:, 
disinfectant from flowing back into the well. xi?z. 
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b Purge the well (see NFM 4.2 and 6.0.3.A) while monitoring 
field measurements; especially measures of turbidity and 
dissolved oxygen. For wells in which field measurements do not 
stabilize after increasing the total number of measurements, 
record the final measurements and proceed with sampling. 

I 

~ualit icontrol  for ground-water sample collection. Depending on 
the data-quality requirements of the study, quality-control samples 
(field blanks and matrix spikes) generally constitute from 5 to 20 
percent or more of the total number of samples collected over a given 
time period. See "Selected Terms and Symbols" in the Conversion 
Factors section at the end of this chapter, which contains definitions 
of the quality-control terms shown below in bold type. . 

b Field blanks-Collect field blanks at a frequency of 1 in every 
10 to 20 samples if required by data-quality objectives. Process 
field blanks before collecting the water sample. Pass sterile 
DIW through the sampling equipment and into a sterile sample 
container. Analyze the field blank for fecal indicator viruses and 
record the results. If no viruses are observed, the use of sterile 
procedures is confirmed and documented. 

TECHNICAL NOTE: The f ield blank discussed herein is 
equivalent to the "pump blank" described in NFM 4.3.1. Refer 
to NFM 4.3.1 for more information on collecting a field blank 
for ground-water sampling. A standpipe may be used to collect 
a field blank, but first must be cleaned and then disinfected. 
This type of blank should be collected a week or more 
ahead of time so that results can be evaluated before 
field sampling. 
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b Field replicates (sequentially collected samples)-Field 
replicates for hround-water samples are optional and'their use 
depends on study objectives and site conditions. Ground-water 
samples typically are negative for coliphage. 

b Matrix spikes--Collect a set of matrix spike samples for each 
coliphage type when samples are first received from a water 
source or aquifer type. Once received from a water source or 
aquifer type, collect a set of matrix spike samples after every 
20th sample f+m that source or type. The matrix spike samples 
are spiked with known amounts of coliphage by the, analyzing 

I I 1 '  I laboratory. I 

I ,  

SAMPLE PRESERVATION, 7.2.2.C 
TRANSPORT, AND 

HOLDING TIMES 
After collection. im!mediately chill safnples in an ice chest or 
refrigerator at I to 4OC. Do not freeze samples. To ship samples to the 
laboratory, double bag the sample containers before placing them into 
the bagged ice in the ice chest. Seal the analytical services request 
form and chain-of-custody form in double plastic bags and tape this 
to the inside lid of the ice chest being shipped to the laboratory. Check 
that the sample identification and relevant information for use by the 
laboratory have been recorded correctly. The laboratory must begin 
the analysis of samples within 48 hours of sample collection. 

I 
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7.2.3 LABORATORY METHODS +. 
Two methods described in this manual for the detection of fecal 
indicator viruses are the single-agar layer (SAL) method and the two- 
step enrichment method. The host bacteria recommended for use by 
these methods are E. coli CN- 13 for the detection of somatic coliphage 
and E. coli F-amp for the detection of F-specific coliphage. Analytical 
protocols are available in more detail from the USGS Ohio :District 
Microbiology Laboratory (U.S. Geological Survey, website: 
http://oh.water.usgs.gov/micro/lab.html#am) (accessed November 25, 
2003). 

7.2.3.A SINGLE-AGAR LAYER METHOD 
The SAL method detects and enumerates somatic and F-specific 
coliphages in water. It is a plaque assay method that is recommended 
for use with surface-water samples. 

USEPA Method 1602 (U.S. Environmental Protection Agency, + 
2001b) is a SAL method that requires the addition of host bacteria, 
magnesium chloride, appropriate antibiotics, and double-strength 
molten agar to the sample, followed by pouring the total volume of the 
mixture into plates. After an overnight incubation, the plates from a 
sample are examined for plaque formation (zones of bacterial host 
lawn clearing). The plaques are counted and summed for all plates 
from a single sample. The quantity of coliphage in a sample is 
expressed as plaques per 100 milliliters. This method requires one 
overnight incubation; therefore, results are available 24 hours after the 
beginning of the analysis. 

Quality Control. Each laboratory and analyst that uses USEPA 
Method 1602 must fulfill the following general quality-control 
requirements, as described in the method: 
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. .., 
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,.. . 8 )f, ' + results by performing an IPR test before analyzing any 
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b Method Blanks-The laboratory must analyze reagent water 
samples containing no coliphage to demonstrate freedom from 
contamination. Method blanks should be run with each batch of 
samples. A batch is defined as all samples analyzed during a 
single day, up to a maximum of 20 samples per coliphage type. 

b Ongoing Precision and Recovery (0PR)-The laboratory 
must demonstrate that the method is in control on an ongoing 
basis through analysis of OPR samples. OPR samples are 
reagent-water samples spiked with known amounts of coliphage 
and analyzed exactly like environmental samples: The 
laboratory must analyze one OPR sample for each batch of 
samples. A batch is defined as all samples analyzed during a 
single day, up to a maximum of 20 samples per coliphage type. 
The OPR serves as the positive'control for Method 1602. 

TWO-STEP ENRICHMENT METHOD 
;; j;, ':, $,, , 
, ,. s,P;:, { ' 

, ;,. u ;. , yf1-i '. P.,$ .: . I, .... .  he two-step enrichment, method determines thepreseede or absence ' 
s!; ,<? $:; . . of somatic and F-s~ecific'coliphages in water. This method is 

.,. ' j .  ""I. 
& $ /',$,!.,+ .., 8 ,( ;,?,, . . recommended for use with ground-water samples. ; 

I 
7f ; . , ,. :''?:; I !  I 

. I  . . . . ,., 

USEPA Method 160 1 (U.S. Environmental Protection Agency, 
200la)'is a two-step enrichment method that requires the enrichment 
of coliphage in tryptic soy broth supplemented with magnesium 
chloride, appropriate antibiotics, and host bacteria. After an overnight 
incubation, samples are spotted onto a lawn of host bacteiia specific 
for each type of coliphage. The spot plates are incubated and 
examined for lysis zone formation in the lawn. Lysis zone formation 
indicates the presdnce of coliphages in the sample. This method 
requires two overnight incubations; therefore, results are available 48 
hours after the beginning of the analysis. 

. .  > . 
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Quality control. Each laboratory and analyst that uses Method 1601 
must fulfill the following general quality-control requirements as 
described in the method. 

b Initial Demonstration of Capability (1DC)-The laboratory 
and analyst must demonstrate the ability to generate acceptable 
results by performing an IDC test before analyzing any 
environmental samples. 

b Method Blanks-The laboratory must analyze reagent-water 
samples containing no coliphage to demonstrate freedom fro'm 
contamination. The laboratory must analyze one method blank 
per spot plate. 

b Positive Controls-The laboratory must analyze positive 
control samples (reagent water spiked with a known amount of 
coliphage) to demonstrate that method reagents are performing 
properly. The laboratory must analyze one positive control per 
spot plate. 

b Ongoing Demonstration of Capability (0DC)-The 
laboratory must demonstrate that the method is in control on an 
ongoing basis through analysis of ODC samples. The laboratory 
must analyze one set of ODC samples after every 20 field and + 
matrix spike samples. For each coliphage type, at a minimum, 
one out of three reagent-water samples spiked with a known 
amount of coliphage must be positive. 
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+ CALCULATION AND REPORTING 7.2.4 
OF FECAL INDICATOR VIRUSES 

The .calculation and reporting protocols differ, depending on the ,. 
laboratory method used. A list of parameter codes for reporting ' 
coliphages in the USGS National Water Information System (NWIS) 
are given in. Appendix A7-A,, table 3. 

b SAL method-Count the total number of plaques from all 
1 plates for a sample. If the plaques are not discrete, results should 

be recorded as "too numerous to count" (TNTC), and the 
remaining sample should be diluted and reanalyzed if possible 
within 48 hours of collection. Record the result as the total 
number of plaques per 100 milliliters (plaques/100 mL). 

I 

b Two-step enrichment method-Record results as presence 
(I-) or absence (2) of coliphage. 
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Notes: 

I References for section 7.3, Protozoan pathogens, are located at the 
end of Chapter A7 in the "Selected References and Documents" 
section, which begins on page REF- I .  

See Appendix A7-A, Table 4, for parameter codes for protozoan 
pathogens that are used in the National Water Information System 
(NWIS) of the U.S. Geological Survey. 

The citation for this section (7.3) of NFM 7 is as follows: 

Bushon, R.N., and Francy, D.S., November 2003, Protozoan pathogens: U.S. 
~ e o l o ~ i c a l  Survey Techniques of Water-Resources Investigations, book 
9, chap. A7 (3d ed.), section 7.3, accessed d a t e ,  from 
http://pubs.water.usgs.gov/twri9A/. 
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PROTOZOAN 1 PATHOGENS 7.3 1 
Protozoan pathogens are widely distributed in the aquatic 
environment and have been implicated in several outbreaks of 
waterborne diseases (Lee and others, 2002; Rose and othefs, 1997). 
Cryptosporidium and Giardia are the principal protozoan pathogens 
that are known to affect the acceptability of water supplies for public 
use within the United States (U.S.). Cryptosporidium and Giardia 
produce environmentally resistant forms (oocysts for 
Cryptosporidium and cysts for Giardia) that allow for the extended 
survival of the organisms in natural and treated waters. 

PROTOZOAN PATHOCENS, such as 
Cryptosporidium and Giardia, a re 
unicellular microorgb/iisms that 

cause disease in humans and 
other animals. 

In co'mparison with fecal indicator bacteria, oocysts and'cysts are 
more resistant to disinfection, survive longer in the environment, and 
are much larger-and more complex. Fecal indicator bacteria are, 
therefore, inadequate as indicators for Cryptosporidium and Giardia 
in source waters. The presence of protozoan in witer must 
be verified by identification of the pathogens themselves. 

. . 
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A sampling prigram for Cryptosporidiurn oocysts and Giardia cysts 
should be conducted over an extended period of time because of 
cyclical and seasonal variations in their environmental concentrations + 
(LeChevallier and Norton, 1995). For example, seasonal differences 
in the volume and intensity of precipitation or in the shedding of 
parasites by animals can account for elevated occurrences of oocysts 
and cysts in water (Atherholt and others, 1998). The average 
percentages of Cryptosporidium and Giardia occurrence in U.S. 
waters vary considerably among published studies, ranging from 10 to 
60 percent for Cryptosporidiurn and 16 to 90 percent for Giardia 
(Atherholt and others, 1998; LeChevallier and Norton, 1995; 
LeChevallier and others, 2003; Rose and others, 1988; Rose and 
others, 1991). In these studies, concentrations of protozoan 
pathogens in environmental waters were considerably lower than 
concentrations of fecal indicator bacteria; average concentrations of 
Cryptosporidium ranged from 0.7 to 10 oocysts per 10 liters (L) of 
water and of Giardia from 0.8 to 7 cysts per 10 L. Higher 
concentrations of Cryptosporidium and Giardia were found in waters 
rec&iving industrial and sewage effluents than were found in waters 
not receiving these wastes and (or) having more extensive watershed- 
protection practices (LeChevallier and others, 1991). 

The U.S. Environmental Protection Agency (USEPA) ~ e t h o d  
1623 (Method 1623-filtration/immt~nomagnetic separation 
(IMS)/fluorescent antibody (FA)) currently is the method of choice 
for detecting Cryptosporidium oocysts and Giardia cysts in water. 
This method does not identify the species of Cryptosporidiurn and 
Giardia, nor does it determine the viability or infectivity of the 
detected organisms. Method 1623 is a performance-based method, 
which means that alternative components not listed in the method may 
be used, provided that the results meet or exceed the acceptance 
criteria described in the method. Aspects of the method that may be 
modified can include, but are not limited to, the type of filter used, the 

- manufacturer of the magnetic beads, and the protocol used to separate, 
the oocysts and cysts from the magnetic beads. Because the method is 
complex, only experienced analysts should use it (U.S. Environmental 
Protection Agency, 2001 a). 

I Protozoan Pathogens (1 112003) USGS TWRl Book 9-A7 (Third Edition) 



, Recoveries of Cryptosporidium and Giardia are determined in the 
I same manner as are recoveries of chemical constituents, such as 

+ pesticides. A suspension is prepared of Cryptosporidium oocysts and 
Giardia cysts and quantified by use of an accurate method, such as 

. flow-cytometry, which uses a particle-sorting instrument capable of 
counting protozoa. The suspension with known concentrations of 
organisms then is used to spike an environmental water sample in the 
laboratory. Recoveries of oocysts and cysts from environmental water 
samples using Method 1623 can vary greatly, which is an important 
consideration for data interpretation. 

TECHNICAL NOTE: Recoveries of Cryptosporidium ranged 
! 

from 2 to 63 percent in  11 stream-water samples (Simmons and 
others, 2001), 20 to 60 percent in 430 samples from 87 source 

I waters (U.S. Environmental Protection Agency, 2001 b), and 9 to 
88'percent in samples from 19 surface:water sites (Kuhn and 
Oshima, 2002). In one large study. average recoveries of 

. . Giardia were 47 percent, with a relative standard deviation of 
32 percent (U.S. Environmental Protection Agency, 2001 b). 

I 
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7.3.1 STERILIZATION PROCEDURES 
FOR SAMPLING EQUIPMENT 

Sterile technique must be implemented and documented when 
collecting and processing samples for protozoan pathogens. In 
addition, the specific equipment and supplies that are needed to 
collect and analyze samples for protozoan pathogens must be 
kep't clean and sterile before sampling at each site and for each 
sample collected at the same site at different times (table 7.3-1, and 
table 7.3-2 in section 7.3.2). 

b All equipment should be cleaned with nonphosphate, 
laboratory-grade .detergent and. rinsed thoroughly with 
deionized/distilled water (DIW) before being sterilized. 

b Procedures to sterilize equipment involve either: (1) cleaning 
selected equipment with a 12-percent sodium hyplochlorite 
(bleach) solution (section 7.3.1 .A), or (2) rigorous washing 
followed by autoclaving ("Alternative Sterilization Method," 
section 7.3.1 .B). 

b Equipment must be wrapped. 

- Wrap equipment that has been sterilized using the sodium 
hypochlorite method in sterile aluminum foil, sterile 
autoclavable bags, or sterile kraft paper. The equipment is 
then ready for storage or for transport. 

- If the sodium hypochlorite method is not used, then 
equipment first must be wrapped in aluminum foil, 
autoclavable bags, or kraft paper, and then autoclaved. After 
autoclaving, equipment must remain wrapped for storage or 
transport. 

b Resterilize equipment if foil, bag, or kraft paper is torn. 

Autoclaving kills oocysts and cysts and eliminates infectivity; 
however, epitopes (proteins on the surface of cells) are not inactivated 
by autoclaving. Epitopes attach to the fluorescent stain used in 
Method 1623 and are detected microscopically. To avoid false 
positives that are caused by residual epitopes from a previous sample, 
use a strong (12-percent) sodium hypochlorite solution (full-strength 
swimming-pool bleach) to sterilize the equipment (section 7.3.1 .A). 

I Protozoan pathogens ( 1  112003) ' USGS TWRl Book 9-A7 (Third Edition) 

..,, ' ,J?< ." ' " 
.. . 
q: 1 ." ;? p*: 
,:@! - :<,I.;, 
..?.Vl>, : .'5 
. a , ,  . 
.I ?j.. p, ..:, ' , 
,, P"." " 
. .... t :. : 
,. ?@,y. 3 p.; .-I. . ...,, - 

. i .C  . 
. ; ,  ' . . , .  . .'$ ., , , .. .. . .'*1', ..In 
.'!! - $,; . .  , . . qc 
?;;, ' 

,.*.+ 
:,:;&;',' . 8 .  

aii,..k2.. , 
<I.  ,. 
, q;? '! . . 
;:A,.  . 
".'! 1. ; $3: A'; " 

,:).,,<'. , $:$?;:!Y 
,>.:,+:,:, .: 
, $;,. , , , ' 

t,- > ' ,.', 
3 % .  . I 

: ;jj;*; , , : 
<> I;' . ' 

*. , ::: 
- 1 ,  . .  

. . ,  ' (  .* i '  . 
: .4..: : . r; ,,,$ .,:: 
>.tY'., ,, '. 

L,;'~:'M, ,. . 
.&,. . . 

I' , ' 1:p:1..1 ,, 
*.:: , , * : J ( , , ,  , . %'.<:>'r,' ';$;;*:if,,.i . -. .I 

1 , :  *,, a,' 

:;<-:: ,,." 
:%; .SG .: ; - ;;%;<); ,:> 
5 .  ' 

! ;?; :. ,?, 
:$,:..:.;; 

. .  ! 
' ;, . 

t,.t 2.; :,$2 ; $ .. . .ai .,:.:.$: 

, ".;:. . ' s; :' * 
',P: , ' 

. +:g$::,,:.:' :"+. ,-', , , 
;,.\.:?' 
,?;.I ." 

.:.vi,. . 
+;: , .;., 
.>;p' .-r 7 . .  
t";$J:. '.&A , 
;.:: <': ;, , , , 
11. ;, 

. I .  .. , 
I!;:: ; ; s. 

&(? .), :. 
3<: >.: 
. ... ' '- , ' .!.' . , ': , . : ,  .( 
.g>:j' 
: :$?:...'.:: 
&+,. .. ,,'. 
.I r : 

, ':;r<',$ ' . 
',f: :.' ... . 

..$,b'$.,', . %, Y ,. 

, .+; , , , 
..'a :: #:l' ,q . 
';<,',:. 
,,t;.; '.,:I;, 

' U  , J  : 
;/*o: -. . , ... . .. , . ,".:' ,. ., 
gc*, .  ' , .: ,: . ,. *,.. ,,;:.I ! - 

:.:; ,;;~;,, :1 
,v:> ., *" , 

' : , , .>J . . '  
, ;G > '. 
t-+;*i:..? 

;;$?%.>,: 
,..&, , .:' 
' .. *#' ' I 
r.d. : <.p::: -,.' , 
A, ,.. .I .I!  .',I , ',>> ' , ' ,.. ' r  : , 
$5 - .. 
--.. - 

. . 

;.i.: .\+, *. ..'? 
.,,*' - 1 .  .:$., ;. :>. '. .. 

> ' . 
,.L. . . . .  . .  . 



*,  '"L" , ., . ~ I ,  I 

Q ? ,  
I i ,  .,. 
: I , . , .  . : . .' .:!.,: .+ . 
.:', i ' *  . . *  . A 
> !, :a , 
,I, " .' , 
!? ..' : . 

ii,,,;. 
, ..I, f(;;t;,,,b,l;k,* ., ,, 

1; , $?,, 
< s ., v., .i , .. ( y ,:I 2 , , a .  .;,: .' 
. . */4'.. ' :  ,, 1, ct ...,. 
/ ., ' : . , 

l li ,...:. ' 
k,'.. I , ,  . , .  ,;:+;;.';~: 

, $'fyG!i j i i  
, , !! h: i. ,!I " 

;:< ?.'c.;; 
-,,: ,. 

,.' ,,/ !.:.:. . 
r: ! '.;1:'. 

,;, 
/ ,, ,:, '. .. 1 
( " I I.. ..1. 

, < i ,  .!..[! 
,,,: ,,.1,l .,t $' 

, , ?, T, t;,; 
>, , ,  !,,4: ' 
!;.:,I?:;;, 
, i ,  2 , ,  !,, 1,. . . 

' I .( ,'. ' 

. *'., 
? , , I .  : ' 7  

, ., ..l, ' ,p: 
8 ' . . , I  . * .. . .  

':,,;;i !. ?'. ' 
; ,', ;?( ;*" 1 
'I.,., ,<y I, @!,!, 
,;) 0 ,,!#<, 

" ; b.. 
, ,. ,- ., 6 

- 1 ,  !;.; 
' ,.:" . .. , ' 

i" ., . . 
.',,..', ;. 

I .>' . ' 
'I;.." ,, , 

.:I.;.! .,. , 
;,,i :!.;:A; ~(;$,p)~~ 41' 4 i ,  
*,#, ? r,l : , , 
:, ,;. & ! , s 
,,,.r , :'$,, . .t,: !;;: 

I ,. . >['' . 
. , . 1 ,  1 1  . 1  

.; .,:. '.* 
l.', :.,,,,,y 

8 , .  4. 
, ,..: ,&, %, f ! ! 
: , :!;,,;:$ 
'# ,;:.:! A<, , , ,,. >:, .+,., < 

4j.I) 
!I., .,.* 'L 

1 
3 %,  , 

, .., !,. ' , 
< , . ,  

.,.it : , .  .. ,' .;. . 
L;, I f'! 
.. .': :..'; 
3, ' , 2 ,  ' 

, [, ,, :;;,.i,*, 
d,,l:%,,';7; ,-, 
:.,;j":, ,y; .>:. *,. $T . S,',!,,, ,p,;.' 
, .!.., 

,,:.I) . . , . .,['! 
% , .  

, <. k: ,:..;'.it 

:; :,. ;:, 1.; . ,, I'' , , .., ' .' 1 
.' ' ,. c ,  
it .. ..I , 

I , .  . '  
8 \ ,*;. 

, $t,l:? 
a:, ; '>, ,o ".,>' : 
1, ', ; '' : .?. 

' &J,'.,, f 

'.;!,>, :j 
(,, ' ./. .,,. " ,.1, 

fi4 I ,? :,,@. : ' 8  . . , .j  >- < :,*:,.,;, . " 
11, !,.$, ,$ *.: 

; i;k,;2!.i,w$: 
,,, ,,:-,I. 1; 
- *,:. 

:;': . ' . ' 
. j  i,, :',  

' t .', , .! :t .. . 
\ j ' 1 ' .  

I ,, ,. . % si.>. 
, . '  . .  
, 8  ,'>~,.'!, 

, . ' 

.,-s', ..' , 
", ( , I.. 

8, * 

. , *, 

1 Table 7.3-1. Summary of equipment cleaning and sterilization procedures I 
1) [L, liter; DiW, distilled or deionized water; gIL, per liter; "C, degrees Celsius/ 1 

I Collapsible low-density polyethylene cubitainer for collection of a 10-L bulk sample. 
Regular and sterile DIW. 
Nonphosphate, laboratory-grade detergent. 
12-percent sodium hypochlorite solution. 

I 
1) I *  Wrap equipment in sterile aluminum foil or sterile kraft paper, or place into a sterile bag. 1 )  

Aluminum foil, autoclavable bag, or kraft paper. 
I 

1 Cleaning end sterilization procedures jj / ' 1 ' 
I 

Sodium hypochlorite sterilization method: 

I 
11 1 Do not use this method to disinfect equipment used to collect samples for subsequent 

determination of trace elements and organic substances - metallic and plastic I I 

Scrub equipment with a dilute (I-percent) nonphosphate, laboratory-grade detergent 
solution. 

* Rinse three to five times with tap water. 
Submerge equipment in a 12-percent (120 glL) sod~um hypochlorite solution for 30 
minutes. 
Using sterile DM', rinse thoroughly, inside and out, at least three times. 

equipment components can be damaged and subject to early deterioration after 
repeated sterilization with a strong sodium hypochlorite solution. I 1 
- -- 

I I I ~ l t e r n a t i v e  sterilization method: 
(Use if equipment contact with sodium hypochlorite should be avoided). 

Soak equipment in a dilute (I-percent) nonphosphate, laboratory-grade detergent ' solution for 30 minutes. 
Scrub well and rinse three to five times with tap water. 
Rinse again three to five times with DIW. I 

Wrap equipment in aluminum foil or kraft paper, or place into autoclavable bags. 
Autoclave at 121°C for 20 minutes. 



I 7.3.1.A SODIUM HYPOCHLORITE 
STERILIZATION METHOD 

I As noted previously, to avoid false positives that are caused by 
residual epitopes from a previous sample, it is necessary to immerse 
the equipment in a strong.sodium hypochorite solution. 

To sterilize sampling equipment using the bleach sterilization 
method: 

1. Set up a clean area and assemble the needed equipment and 
supplies. 

2. Scrub equipment with a dilute (I-percent) nonphosphate, 
laboratory-grade detergent (if equipment is being cleaned in the 
field, use a 0.1-percent detergent solution and rinse thoroughly 
with DIW). 

3. Rinse three to five times with tap water. 

4. Soak equipment'for 30 minutes in a 12-percent (120 grams per 
liter) sodium hypochlorite (full-strength pool bleach) . solution. . 

5. Rinse the equipment a minimum of three times with sterile DIW. 
Use only sterile DIW to rinse the equipment-do not use a ,  
sodium thiosulfate solution to neutralize the sodium 
hypochlorite when rinsing the equipment. 

6. Wrap equipment in sterile aluminum foil or sterile kraft paper, or 
place into a sterile autoclavable bag. 
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ALTERNATIVE STERILIZATION, 

To avoid deterioratibn of equipment that also is used to collect 
samples for trace-element or organic-compound analyses, an 
alternative sterilization method should be used. As a result of repeated 
exposure to a strong sodium hypochlorite solution, metallic surfaces 
can corrode and plastic equipment components can become brittle, 
shortening the life of-the equipment. The alternative sterilization 
method described below consists of two major steps: (1) rigorous 
equipment washing, and (2) autoclaving. I 

Equipment Washing 
Rigorous washing of sample-collection and sample-processing 
equipment is essentiial before equipment is autoclaved. , 
To sterilize sampling equipment using the alternative 

+ sterilization method: 

1. Soak equipment in 1-percent honphosphate, laboratory-grade 
detergent for 30 minutes. Scrub the equipment well, using a soft 
brush. . 

2. Rinse all parts of the equipmeit thoroughly three (?,five times 
with tap water, followed by three to five rinses with DIW. 

3. Wrap equipment in aluminum foil or kraft paper, or place into 
autoclavable bags. 

4. Autoclave equipment, following the guidelines described below. 
I ' 

5. Collect additional quality-control samples (for example, 
equipment andl field blanks) to determine whether the alternative 
sterilization method was effective. Use sterile DIW as the blank 
solution, 
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Autoclaving 

Sampling equipment must be autoclaved for 20 minutes at 121°C 
before use. (If the sodium hypochlorite sterilization method is used, 
autoclaving is not necessary.) 

b Use only autoclaves that have temperature, pressure, and liquid- 
and dry-utensil-cycle controls. Do not use steam sterilizers, 
vertical autoclaves, and pressure cookers without temperature 
controls. . . 

b Ensure that the materials to be autoclaved are thermally stable. 
Autoclavable materials include plastics (such as polycarbonate, 
polypropylene, polyallomer, and polymethylpentene) and 
TeflonB and Tefzela (such as perfluoroalkyoxy-polymers 
(PFA), ethylenetetrafluoroethylene (ETFE), fluorinated 
ethylene propylene (FEP), and polytetrafluoroethylene 
polymers (PTFE)). Note that each of these materials has 
different thermal characteristics and tolerances to repeated 
autoclaving. 

b Consult the 20th edition of "Standard Methods for the 
Examination of Water and Wastewater" (American Public 
Health Association and others, 1998, Section 9020 B, table 
9020:III) for specifications regarding the length of time, 
temperature, and pressure for autoclave sterilization of various 
materials. 
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b When using the autoclave, it is necessary to: ,, 
I 

I 
PP- 

+ - Use sterilization indicatorstape with each load. I 
- Test the autoclave performance at least quarterly, using 

commercially available biological indicators. Biological 
indicators are composed of endospores-living cells that are . 
resistant to heat?but that can be destroyed by autoclaving. 

1 )  - Drain theJautoclave at the end of each period of use. 
I - Clean the autoclave with mild soap and water once a week 

during periods of daily use. I 

- Avoid overloading the autoclave with equipment or 
materials; overloading will result in incomplete sterilization. 

I 
b Keep ii logbobk of the autoclaveoperation. .. . ' 1 ' 1  

- Record the temperature, pieisuie, date, and t ihe  of each I 
autoclave run. 

.. ' /! 

- Record t i e  date of each clelning and the prodeilures used. I 
- Enter into the logbook the results from the regularly 

scheduleb quality-control~(biological-indicator) checks, 
noting thk date, the test results, and the name of the + autoclave operator and (or) analyst. 

3 

If the autoclave doks not reach the specified temperature and pressure 
or fails the quality-control test, then service the autoclave, retest the 
autoclave, and resterilize all materials (American Public Health 

I I 
Association and others, 1998, p. 9-2 to 9-13). 

1 

1 I 
I ( 

+ 
4 I /  
I 1 

I 
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7.3.2 SAMPLE COLLECTION. 
P~ESERVATION, TRANSPORT. A N D  
HOLDING TIMES 

The specific procedures that have been developed for the collection, 
preservation, transport, and holding times of water samples before the 
samples are analyzed for protozoan pathogens must be followed 
strictly. These procedures can vary with types of sampling equipment 
and source of sample (surface water, ground water, treated water, or 
wastewater). 

Currently, samples for analysis of protozoan pathogens are collected 
primarily f rob  surface water. Protozoan pathogens are not commonly 

+ 
found in ground water, although they have been known to occur in 
ground water that is in direct hydraulic connection with ("under the 
influence q f  ') surface water. A summary of requirements for sample- 
collection equipment, procedures for sample preskrvati,on, and 
holding-time requirements is given. in table 7.3-2. 
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1 7.3.2.A SAMPLE COLLECTION . 

The spatial and temporal distribution of microorganisms can be as 
vaiiable as the distribution of suspended sediment in water because 
microorganisms generally associate with solid particles. Collection of 
quality-control (QC) samples is an essential component of the 
sampling process. 

b Ground Water: Follow the guidelines described in NFM 
7.1.1 .B for the collection of fecal indicator bacteria in ground 
water, but collect a 10-L bulk sample. The use of the alternative 
sterilization method is recommended when using a pump with 
metallic components (see section 7.3.1). 

b Surface Water: To obtain data that accurately represent the site 
at the time of sampling; use the same methods for collecting 
surface-water samples for protozoans as for suspended sediment 
(Edwards and Glysson, 1999; NFM 4.1). 

- For the isokinetic or hand-dip sample-collection methods 
described below, collect the water using 1-L bottles or 3-L 
bags and prepare a 10-L bulk composite sample by pouring 
the bottle or bag contents into a collapsible, low-density 
polyethylene cubitainer (fig. 7.3-1). 

Flowing water: use isokinetic depth-and-width- 
integrating sampling methods7 (NFM 4.1.1 .A). 

I 7~ample-collection methods may be modified to ensure consistency with study objectives and 
as appropriate for site conditions. It is necessary to describe any modifications to methods in a 
report of the results of the study. 

. . .  
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Still water (lakes or reservoirs, or other surface-water 
conditions for which depth-and-width-integrating methods 

+ ' are not applicable): use the han 
I point sampler (NFM 4.1.1 .B). 

, , - Be sure to 411 the kubitainer,bompletely, to ensure collection of 
a full 10-L sample. 

, 8 
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i 
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1-liter or 3-liter bottle and cornposited 
into a 10-liter sterile cubitainer. 
(Photograph. by Richard P. Frehs.) 
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PP- 

- Collection of a 10-L matrix-spike sample along with the 
first 10-L sample that is collected from a water source is 

+ required (U.S. Environmental Protection Agency, 2001a, 
Section 9.5). 

- Although USEPA guidelines stipulate the collection of 
additional matrix-spike samples from the same source water 
after at least every 20th sample, the USGS recommends 
collecting matrix-spike samples more frequently, as is 
appropriate for specific study objectives, st'reamflow 
conditions, and chemical characteristics. 

lsokinetic sampling Methods 
, 

Isokinetic sampling methods, including the equal-discharge- 
increment (EDI) method, equal-width-increment (EWI) method, and 
single vertical at centroid-of-flow (XCF) method, are the standard 
USGS methods used for sampling flowing waters and are 
recommended unless study objectives or site characteristics dictate 
otherwise (NFM 4.1.1 .A). 

1. Select the appropriate isokinetic method (NFM 4.1). The ED1 
method is preferred at sites where the velocity distribution across 
a stream section is well established or at a section where the depth 
varies (for example, at a gaging station) (Edwards and Glysson, 
1999). , 

2. Select the appropriate sampler and equipment and prepare the 
equipment forruse (section 7.33). Sampling'equipient must be 
sterile, including the collection bottle (or bags for the bag 
sampler), nozzle, and cap (table 7.3-1). 

For streams with depths of 5 meters (m) (approximately 
16.4 feet) or less, use a US D-95, US DH-95, or US DH-81 
sampler (NFM 2.1.1). I 
For stream sections where depths exceed 5 m (16.4 feet), use 
the US D-96, with either autoclavable ~ e f l o n @  bags or 
autoclavable cooking bags. Thermotolerant polymers are 
described in section 7.3.1 .B under "Autoclaving." I 
Use the proper nozzle size and transit rate for the velocity 
conditions in the section to ensure isokinetic collection of the + sample (NFM 4.1.1 .A). 

. . 
U S ~ S  TWRI Book 9-A7 (?bird Edition) Protozoan Pathogens (1 112003)8 I 



I ' ~ a n d - ~ i ~  Sampling Method, 

If the stream depth and (or) velocity are not sufficient to use an 
isokinetic sampling method, collect a sample using a hand-dip 
method. Sampling still water or sampling at depth in lakes, reservoirs, 
estuaries, and oceans requires a sterile point sampler. For example, 
Niskin, ZoBell, and Wheaton point samplers hold a sterilizable bottle 
or bag. Wearing nonpowdered nitrile or latex gloves (NFM 2), collect 
a hand-dip sample as follows: 

I 1. Open a sterile, plastic bottle; grasp the bottle near the base, 
keeping hand and aim on the downstream side of the bottle. 

I 2. Without rinsing it, plunge the bottle opening downward, below 
the water surface, with the opening pointed slightly upward into 
the current. Allow the bottle to fill. 

3. Remove the bottle with the opening pointed upward from the 
water and tightly cap it. Composite several bottles into a 10-L 
cubitainer until it is full. 

Protozoan Pathogens ( I  l/2003) USGS TWRI Book 9-A7 ( ~ h i r d  Edition) 
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+ SAMPLE PRESERVATION, 7.3.2.B 
TRANSPORT, AND HOLDING TIMES I 

Halogens and trace metals that are firesent in the source bater can 
compromise an accurate analysis of the sample for protozoan 
pathogens. Residual chlorine commonly is found in treated 
(disinfected) potable water (for example, public water systems), and 
in sources such as wastewater effluents or mixing zones directly 
downstream from wastewater-treatment plants. Most taps or wells (for 
example, small pri-kite water systems) do not contain residual 
chlorine. Trace metals such as copper, nickel, and zinc that are 
present at concentrations from 10 to greater than 1,000 micrograms 
per liter (pg/L) can be toxic to microorganisms; the concentration at 
which toxicity occurs varies in the literature (Britton and Greeson, 
1989, p. 56; Bordner and Winter, 1978, p. 6; American Public Health 
Association and others, 1998, p. 9-19). The sample must be treated at 
the time of collection to prevent halogen and trace-metal 
interferences. 

I 

I 

b Add sodium~thiosulfate (Na2S203) to sample bottles, either 
before sterilization or immediately after sample collection, if the 
water to be collected is suspected to contain residual chlorine or 
other halogens. , 

b Add ethylenkdiaminetetraacetic acid (EDTA) t( sample 
bottles befor; filling the bottles with sample, if trace-metal 
concentration is suspected at levels that could be toxic to 
protozoan pathogens. 



To prepare foi collecting a halogenateti sample: 

1. ' Prepare a 10-percent solution of Na2S203 as follows: 

a. In a volumetric flask, dissolve 100 grams (g) Na2S203 into 
500 milliliters (mL) of DIW. Stir until dissolved. Fill flask to 
1,000 mL with DIW (Bordner and Winter, 1978, p. 6; 
American Public Health Association and others, 1998, 
p. 9-19). 

b. Autoclave at 121 "C for 30 minutes (U.S. Environmental 
Protection Agency, 1996, p. VIII-11). 

c. Store the Na2S203 solution at room temperature or under 
refrigeration. After 6 months, prepare a fresh solution and 
label the bottle -with the contents and date of preparation. 
Discard unused solution that has expired, either through 
a certified laboratory or according to existing regulations 
for your locale. 

2. Before collecting the sample in the sample bottle, pipet into the 
sample bottle 0.5 mL of 10-percent Na2S203 solution for 
every 1 L of sample. If the sterile Na2S203 is used, then 
be sure to use only sterile pipets and sterile sample bottles. If the 
Na2S203 is not sterile, then dispense the required volume of + 
Na2S203 into a sample bottle and autoclave at 121°C for 15 
minutes. 

To prepare for collecting samples with potential trace-metal toxicity: 

1. Prepare the EDTA stock solution as follows: 

a. Dissolve 372 milligrams (mg) of EDTA in 1,000 mL of DIW 
(American Public Health Association and others, 1998, 
p. 9-19). 

b. Store the EDTA stock solution at room temperature. 

c. Keep the bottles tightly capped between uses. After 6 
months, prepare a fresh solution and label the bottle with 
the contents and date of preparation. Discard unused 
solution that has expired, either through a certified 
laboratory or according to existing regulations for your 
locale. 
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, . .,, 
, I  , I . , .  . . .,., ; . " ; ?),, , 
. . *.l,;: 
4, , , .. 2. Before sterilization, add 0.3 mL of the EDTA stock s,olution per 
. * 1: 
, ' ! ' .  ,..,{< 1 0 0  mL of sample to sample bottles. EDTA can be combined with 

, $;J4,i, ,,..<. . I ' + 
, . , , j i : : . .  

the Na2S203 solution in the sample bottle. ' , I 

3. Autoclave the sample bottle containing EDTA stock so'lution at 
1 2 1 ° C  for 1 5  minutes. 

I 1  

,A. , :, ,: , 
,-J ,, , . .  

6 4, .)& ;j;;?jt . fi' 
. To prepare the samples for transport: 

I 
,, , ' $ ,  'C 

1.  Chill-do not freeze-the 1 0 - L  sample cubitainer in an ice chest 
or refrigerator at 0 to 8OC immediately after the saAPles have 
been collected and treated. , 

' l ' . 'n'  

;,s,c:;j~!?L 4, 2. Check that the sample identification and relevant'information for 
,,,I;.' ,,.+ ,:, 
a .~ . !,..,. use by the laboratoryhave been ~ e c o r d e d c ~ r r e c t l ~  owthe sample 

.::-: , , a :-:::. 
,: t.;:$>. 

container and on the analytical services. request (ASP9 form and, 
:: \:.:;!I '! I ,  ' 

! :I;f ;.$;! , 
if being,used, on a chain-of-custody form. 

,, 3% *; ' I '  . , .  + ! t .:; ,;$;;;( 
I:.. ... . ,.,, , ..:. *, Seal the ASR form and chain-of-custody form inlpistic bags 
,; , ;;: ..$3 ! .. 
, :>I,-, 

and tape the bags to the inside lid of the ice chest \ o  be shipped 
1,: . *;+& ' ., : 

., . to the laboratory. 
\ I  f> , ,...<I1 

~::,,i;p,.+'~ 
1 t,.,' I . ' , .  
! I .,,, :,( *:v., ' Upon receipt, the laboratory should'record the temperature of 
, :h,;,?,,', 

,\I $ 4 7. j 
-.-. . the samples and store them..at.O to 8O.C until processed. 

,,,:!,,.{!;ql. 
( . . ? : .  .. 

,)'iy:i! t; 0 It is best for the laboratory to process the.sampl6l is' soon as 
I .a 1:. , 

:,;,,b:$i:; possible, butisample analysis must be within 96 hours of 
' .  . f , .  . I .>(i ,? ,Jh:,,, , sample collection. 
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7.3.3 LABORATORY METHOD: USEPA 
METHOD 1623 

Project personnel should be aware of the analytical method to be used 
by a laboratory on samples to be analyzed for protozoan pathogens, 
and the requirements for quality control for the method. The field and 
laboratory procedures for protozoan samples that are described in this 
chapter are specific to analysis by USEPA Method 1623: 
Cryptosporidium and Giardia in water by filtration/IMS/FA (U.S. 
Environmental Protection Agency, 2001a). Method 1623 must be 
performed in a certified laboratory by a qualified analyst, and involves 
the following steps: 

1. Filtration-Cryprosporidiurn oocysts and Giardia cyits from the 
water sample are concentrated on a filter, eluted from the filter 
with an elution buffer, and reconcentrated by centrifugation. 

2. Immunomagnetic separation (1MS)-The oocysts and cysts 
are magnetized by attachment of magnetic beads conjugated to 
antibodies and then separated from extraneous materials in the 
sample with a magnet. I 

3. I,mmunofluorescence assay (FA)-Fluorescently labeled 
antibodies and vital dye are used to make the final microscopic 
identification of the oocysts and cysts. The organisms are 
identified when the size, shape, color, and morphology agree with 
specified criteria. 

Quality Control. Laboratory performance is compared to established 
performance criteria to determine whether the results of the analyses 
meet the performance characteristics of the method, as described in 
U.S. Environmental Protection Agency, 2001a, Section 9.0. Any 
laboratory that uses USEPA Method 1623 must fulfill the following 
minimum quality-control requirements: Initial Precision and 
Recovery (IPR) tests, Ongoing Precision and Recovery (OPR) tests, 
and the use of method blanks. 

I Protozoan Pathogens (1 112003) USGS TWRI Book 9-A7 (Third Edition) 
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b Initial Precision and Recovery (1PR)-Each analyst in the 
laboratory must establish the ability to demonstrate control over 
the analytical bystem and to generate acceptable precision and 
recovery. IPR tests consist of reagent-water samples that are 
spiked with known amounts of Cryptosporidium and Giardia 
and that are analyzed exactly like environmental samples. 
The IPR test kust  be completed before the analysis of any 
environmental samples (U.S. Environmental protection Agency, 
2001a, Section 9.4). 

b Ongoing Precision and Recovery (0PR)-The laboratory 
must demonstrate that the method is under control Gy analyzing 
OPR samples. OPR samples consist of reagent-water samples 
that are spiked with known amounts of Cryptosporidium and 
Giardia and that are analyzed exactly like environmental 
samples. The laboratory must analyze one OPR sample for each 
week in which environmental samples are analyzed, or after 
every 20th enbironmental sample, whichever comes first (U.S. 
Environinental Protection Agency, 2001a, Section 9.7). 

, b Method Blank-The laboratory must analyze reagent-water 
samples containing no protozoans to demonstrate freedom 
from contamination. Method blanks should be analyzed 
immediately before conducting the IPR and OPR tests. The 
laboratory should analyze one method blank for e?ch 
week in which environmental samples are analyzed, or after 

( 1  I 
every 20th enSironmenta1 sample, whichever comes first (U.S. 
Environmental Protection Agency, 2001a, section 9.6). 



7.3.4 CALCULATION A N D  REPORTING 
OF PROTOZOAN PATHOGENS 

AS' prescribed by USEPA Method 1623, report the total number of 
Cryptosporidiurn oocysts and (or) Giardia cysts counted. 

b Record the result as the total number of oocysts or cysts per 
10 L. 

b ~ e c o r d ' t h e  percent recovery for matrix spikes analyzed. 

Use the list of parameter codes shown in Appendix A7-A, table 4, 
when reporting protozoans in the USGS; National Water ~nfbrmation 
system (NWIS). 
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CONVERSION FAC~ORS,  
SELECTED TERMS, SYMBOLS, I 

. CHEMICAL FORMULAS, AND I 
ABBREVIATIONS I I 

CONVERSION FACTORS I 
Multiply BY To obtain 

micrometer (pm) 3.937 x lo-' inch (in.) 

3.3 x 1 0 - ~  foot (ft) 
I 

millimyter (mm) 0.03937 inch 
I 

centimeter (cm) 0.3937 inch I , 

square centimeter (cm2) 0.155 square inch (in2) 

meter (m) 3.281 foot 

nanometer (nm) 3.93 x 1 0 ' ~  inch 

liter (L) 0.264 gallon (gal) 

milliliter (mL) 0.0338 ounce, fluid (02) 
/ I  

gram (g) 0.03527 ounce, avoirdupois 

microgram (vg)  3.527 x ounce, avoirdupois 

milligram (mg) 3.527 x ounce, avoirdupois 

1 kilopascal (kPa) 0.1450 pound per square inch 

(lb/in2) I 
! 

I 

Temperature: Water and air temperature are given in degkees Celsius 
(OC), which can be converted to degrees Fahrenheit (OF) by use of the 
following equation: 

USGS TWRl Book 9-A7 (Third Edition) Convers~on Factors ( I  112003) I 



SELECTED TERMS 

Distilled or deionized water: ASTM type 1 water or better. 

Equipment blank: A quality control sample that consists of a blank 
solution processed sequentially through each component of the 
equipment system to be used in sample collection, processing, 
preservation, and handling in a controlled environment. The sample is 
prepared by passing sterile water or buffer through the sampling 
equipment (if applicable) and into a sterile sample container. Positive 
results for the equipment blank indicate sampling and analytical bias 
caused by contamination from equipment and supplies. 

Field blank: A quality-control sample that consists. of a laboratory 
certified blank solution ,processed through all the equipment used in the 
various stages of sample collection, processing, preservation, and 
handling under field conditions. For quality control of water samples 
for microbial analyses, the blank sample is prepared by passing either 
sterile deionized or distilled water (DW) or sterile buffered water 
through the sampling equipment (if applicable) into a sterile sample 
container. Positive growth on the field blank indicates sampling and 
analytical bias caused by contamination from equipment, supplies, and 
(or) ambient environmental conditions. 

Field-generated sequential replicate and split replicate: Quality- 
control samples that measure the variability in all or part of the 
sampling and analysis system. Replicates-environmental samples 
collected in duplicate, triplicate, or higher multiples and collected close 
in time and space-are considered identical in composition and are 
analyzed for the sanie properties. For quality control of water 
samples for microbial analyses, two samples are collected 
sequentially in the field (sequential replicates) and each sample is 
analyzed twice (split replicate). The relative percent difference 
between the results is calculated as a measure of variability. 

Filter blank (membrane-filtratih): As applied to the quality control 
of water samples for microbial analyses, the filter blank measures the 
sterility of the equipment. and supplies used during the membrane- 
filtration procedure for bacterial indicators. A 50- to 100-mL sample of 
sterile buffered water is passed through the filtration apparatus onto a 
sterile membrane filter before processing the sample. Positive growth + 
on the filter after incubation on selective media indicates poor 
technique in analysis and positive bias (contamination) of results. 

Conversion Factors (1 112003) USGS TWRI Book 9-A7 (Third Edition) 
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,, ,,, , I.':, 
, ,., , 8 ' ,  !$; 

* t; , I ,  " J J 
G ,.J;;.. . 

Matrix spike (laboiatorymatrix spike): A quality-cc$rpl sample 
!, ,!i{;..,, 

t .+ , . , ; ; ; .  
that determines the lffect of the samble composition (m&ii) on the 

> ' '  : . v . ,  
3 %  . . I  . ., . + recovery efficiency of the analytical method. For quality control of 

' :  ' ...{:;.,,; water samples for microbiological analyses, a sample is prepared in the 
,, ,?; :).T . <+;{ 

I '.. ; fi ,c!: , 
laboratory by adding a known quantity of,organisms to a. specified .- 

:,*y. d.1 ,, 
,I,.(;<( :id! 

amount of sample matrix for which &independent estimate , I of target 
6 . ;  !;' 

. ., . . .  ,analyte concentration is available. 
. .  , ,:* . , I , .  

, . <  . , iil , 

it . ' b ; ; : , ,  Micrometer (pm): The millionth part of the meter. The pore diameter 
t*,:,.', .:<'':. , 

' ;,!&j?;i ; of filter mediais expressed in microlneter units. 
,r';, 1 ,  

I / ..; !?I, 
! ,' ,I.:, 

;.' :i F.,;.. 
Negative control: A quality-control sample that measures the 

.;< :.,.>";d3 
1 .tt: 9 '.' . 3, . selectivity of the membrane-filtration medium for the test organism. A 

,,, <I!-: . , L,!h:. 
!:, 9*t , ,. -rL,:: ,,, , G ~ ,  ,;, : , 

pure culture of nontbget organisms is passed through the filtration 
,j(;. , ($*' I 
r ,. w 2 

apparatus onto a membrane filter and cultured on aselective medium. 
'i. . .,:.;>:: . . 

'I. I. , , . The absence of growth on the filter after incubation on a selective 
. . I  8 
. , $:;i:: . - 
',? +'.: L: 

.inedium indicates the selective medium is meeting its specifications for, 
, , ' " .+, ti:.: 
a-, . I . . % .  culture of the target organism. , ';;>,'y ,. , 
, ,,:; 4,) $ , 

, i !I:., 4 ; ;~ : :  !$ i 
@ . . Norniality, N (equivalents per liter): The number of egupalents of 

,.,,.;];;, 
,' . .,i;, , 

, .' ' , I, 1; i. acid, base, or redox-active species per liter of solution. Examples: a 
! . , . *  , : %  solution that is 0.01 F (formal) in HCI is 0.01 N in the hydronium ion 
. ." 
; -;:;+ :,;;, + (H'). A solution- that is 0.01 F in H2S04 is 0.02 N in acidity. 

\I % ,  $pi:',':,, ; i 
' I , , , 

f ,,'Y ><I, 
i. h. 

).. I , .  

.:-. .:. . -, 
, .; ; , $ .?: 

c. , 
2. ?,,,: 
t-, $::, ; 

;.I , !. 
$!;,I:: 

2 ,  :g,<!,-..'tt ' ' , 4: 
,p f ;';i:t., ,. 
..' ' ;: Z,'.., 
. . ,  ', .. , . I / : . .  ,., ,'.!.,'i? 

, ; f .:,:b!;, 
:::.. . 

; ;t!. d,.yt$!i.; 
, . . t i  

Positive control: A quality-control sample that ensures the analytical 
method is correctly performed and that target organisms are correctly 
identified and detected. A pure culture of the target organism is passed 
through the filtration apparatus onto a membrane filter and cultured on 
a selective medium. 'Positive growth within a recommended range is 
considered indicative of the quality of the test medium and procedures 
to support growth under typical working conditions. 

I . /  . ,- . . . , . 
.':j , ;:, ,j; ;;;:, * , 

;,: ; , ' . r ' l , : i  
Procedure blank: A quality-con~ols~mple that meashel the 

. t, ' 3 
.:. > ,,. . . effectiveness of the analyst's rinsing technique during the'membrane- 
;:,: '< ., . " .,. .%t..  

.< ,. 
,.,,, .., .,;.. 

filtration proceaure for bacterial indicators. A 50- to 100-mL'sample of 

I!!..&, ?;&r ..sterile buffered water is passed through the filtration apparatus onto a 
;,;;I*,$ ,I;' 
yJ:, b.:,?,e,5~J,. .',,i::.+i . ' .  

sterile membrane filter after processing the sample. ~osi t i$  growth on 

.,: 1 $'t,,. .: . the filter after incubation on a selective medium ,indicates ,poor rinsing 
, . . . , . ..., l.,, .; technique. "'I . .' i ., . 

? , , < , . , a ,  

; .  1 1  
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SELECTED SYMBOLS AND CHEMICAL FORMULAS 

< 
I 
+ - 
g k  
Pm 

CaC12 
Cu 
FeC13 

H2S04 
K2HP04 

MgS04 
Na2S03 

Na2S203 
NaHP04 
NaOH 
Ni 
NH4Cl 
Zn 

greater than 
equal to or greater than 
less than 
equal to or less than 
plus or minus 
gram per liter 
micrometer 
microgram per liter (equivalent to parts per billion) 
calcium chloride 
copper 
ferric chloride 
sulfuric acid 
potassium hydrogen phosphate 
potassium dihydrogen phosphate 
magnesium sulfate . 
sodium sulfite 
sodium thiosulfate 
sodium phosphate 
sodium hydroxide 
nickel 
ammonium chloride 
zinc 

ABBREVIATIONS 

BOD 
BOD5 
CBOD 
CBOD, 
colll OOmL 
D m  

DO 
E. coli 
ED1 

biochemical oxygen demand 
biochemical oxygen demand (5 day) 
carbonaceous biochemical oxygen demand . 
ultimate carbonaceous biochemical oxygen demand 
colonies per 100 milliliters 
deionized or distilled water 

dissolved oxygen 
Escherichia coli 
equal-discharge increment 

Conversion Factors (1 lt2003) 
- - 
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, . 
! EDTA ethyleiediaminetetraacetic acid 

EIA enterococcus confirmation medium (esculin iubstrate) 
+ ETFE ethylenetetraflouroethylene 

EWI equal-width increment 
FEP fluorinated ethylene propylene 
GWUDISW ground water under the direct influence of surface water 
IPR initial precision recovery 
KF streptococcus medium 
mCP Clostridium perfringens medium 
mE membrane filter-Enterococci medium 
mEI enterococcus medium 
mENDO membrane filter-total coliform medium 

- mF membrance filter technique 
mFC membrane filter-Fecal Coliform medium 
MI total coliform and Escherichia coli medium 
MPN most probable number 
mTEC membrane filter-Thermotolerant Escherichia coli media 
N normal 
NA-MUG nutrient agar-4-methylumbelliferyl-b-D-glucuronide 

+ NFM National Field Manual (National Field Manual for the 
Collection of Water-Quality Data) , I 

NWIS National Water Information System of the 
U.S. Geological Survey 

OPR ongoing precision recovery 
OWQRL USGS Ocala Water Quality & Research Laboratory, 

Ocala, Florida 
PDF personal flotation device 
PF A perflouroalkyoxy polymers 

I 

PTFE polytetraflouroethylene polymers ("Teflon") 

Qc quality control 
TCMP 2-chloro-6-(trichloro methyl) pyridine 
TD to deliver 
TNTC Too Numerous To Count 
TTC triphenyltetrazolium chloride 
USEPA U.S. Environmental Protection Agency , 
USGS U.S. Geological Survey 

-- - 
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+ APPENDIX h7-A. 
Parameter Codes Used in the 

I 

National Water Information s y s t e m ' ( ~ ~ l S )  
of the U.S. Geological Survey 

' I 

1 

Table 1. ~arametdr code for 5-day biochemical oxygen demand. 

Table 2. Parameter codes for fecal indicator bacteria. 

Table 3. Parameter codes for somatic and F-specific coliphages. 

Table 4. Parameter codes for Cryptosporidium and Giardia. 

I 

I 

I 

1 

I 
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I 
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1 
Table 1. Parameter code for 5-day biochemical oxygen demand 

a 

Table 2. Parameter codes for fecal indicator bacteria 

[mENDO, total coliform medium; MI, total coliform and Escherichia coli medium; mFC, 
fecal coliform medium; pm, micrometer; mTEC, Escherichia coli medium; NA-MUG, 
Escherichia coli medium; mEI, enterococcus medium; EIA, enterococcus confirmation 
medium; mE,'enterococcus medium; KF, fecal streptococcus medium; mCP, Clostridium 
perfringens medium] 

, ' Fecal indicator . ., : ,..-. :' . ' Parameter 
, bacterih,typel: , , 

'; . Medium . ' 

. .  : code2 . - 
Total coliform bacteria mENDO 31501 

MI - 90900 
Fecal coliform bacteria mFC. 0.65-pm pore-size filter 3 1625 

mFC, 0.45-pm pore-size filter 31616 

. Escherichio coli mTEC followed by urea phenol 31633 
Modified mTEC 90902 
MI 9090 1 
NA-MUG 50278 

Enterococci bacteria mEI followed by EIA 90909 
mE 31649 

Fecal streptococci bacteria KF 31673 
Clostridium perfringens mCP 909 15 
'Membrane-filtration method: all units are in colonies per 100 milliliters. 
 he parameter codes listed are those that are in common (2003) use in the National 
Water Information System (NWIS) of the U.S. Geolo~ical Survey. I 

+ 
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Table 3.l~arameter codes for somatic and F-specific coliphages 

[SAL, single-agar layer; E. coli, Escherichia coli; mL, milliliter; L, liter] 

#I \ I I SAL method 

11 1 Somatic 1 E, coli CN-13 ' 1 90903 (plaques1100 mL I I 
11 1 F-specific I E. coli F-amp 1 90904 ~plaquesl100 mL 

Somatic I E. coli C 1 90905 1 olaauesllO0 mL I 
11 1 

I I .  . . 
Two-step enrichment method' I I 

Somatic E. coli C 99328 Presence or absence1 100 mL 
Somatic E. coli C 99329 Presence or absence11 L 
Somatic E. coli C 99330 Presence or absence14 L 
Somatic I E. coli CN- 13 1 9933 1 1 Presence or absence1100 mL 
Somatic I E. coli CN-13 . 1 99332 1 Presence or absence11 L I 1 

11 I Somatic i E. coli ~ ~ - ' 1 3  i '99333 i Presence or absence14 L I I 

Il F-specific E. coli F-amp 99334 Presence or absence11 00 mL 
F-specific E, coli F-amp 99335 Presence or absencell L 
F-soecific E, coli F-amp 99336 Presence or absence14 L 

I ' ~ ic te r ia l  host itrain used to detectke specified coliphage type. ' 1  
 he parimeter,dodes listed ar6.those that are in common 'uik (200'3) in the National 
Water Information System of thk U.S. Geological Surve);. i 
3~arameter codes vary by the sample volume associated with'the,unit of repoiing. I 

I 

, 

~able.4. Parameter codes for Cryptosporidium and Giardia . 

[Parameter code: Analysis by U.S. Environmental Protection Agency 
Method 16231 

I 
"nit of measurement Parameter name ; Code I , 

I 

, 

+ 

I 
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