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2.0 INTRODUCTION 

This Quality Assurance Project Plan (QAPP) presents the organization, functions, 
procedures, and specific quality assurance (QA) and quality control (QC) activities for 
organphospl~orous (OP) pesticides monitoring of thirteen sites in the Lower San Joaquin 
Basin during January and February 2000. 

Data produced as a result of this study will be used as part of the develop~nent and 
imple~l~entation of an OP pesticide load reduction progain for the Sari Joaquin River 

Primary users of this QAPP are the staff perfonllinilaboratory analyses and fieldwork 
for this study. Guidelines used to develop the specifications and procedures in this plan 
are presented in: 

U.S. EPA Guiclallce 011 elralihl Assur(zrrce Psoject Plnlls Filial (U.S. EP44 QAJG- 
5)(Febsua1y 1998) 
Field Grride For Collectillg altd Processing SCI-eanl- JJfnter- Saniples~fo~. rile 
Natiollnl Water-Quality Assessllzent P~.ogram (U.S. Geological Survey Open-File 
Report 94-45 5) 
Field Guide For Collectillg alld Processing St/-enm- T4rarer,Sa~~~ple for t l~e  
Natioiial Water Qualig~ Assessnzent Progran~ (U.S. Geological Survey) (1994) 
Monitol-i~zg O~-ga~~opAospho~~ous Pesticides ir? Lower Sali Joaqui~i Basill du~-iii,o 
Janual?, and Febl-ua~y SO00 (Central Valley RWQCB- December 1999) 

2.1 QAPP Objective and use 

The goal of the procedures and specifications established in this QAPP is to 
provide standardized references, procedures and quality specifications for the 
sampling, analysis and data review procedures required for OP Pesticide 
Monitoring in the Lower San Joaquin River. This QAPP also establishes QA 
procedures for reviewing and documenting compliance with field and analytical 
procedures. 

2.2 Project Planning Documents 

This QAPP and the 'Field Guide For Collecting and Processing Stream- Water 
Sample for the National Water Quality Assessment Prog-am (U.S. Geological 
Survey) (1994) " are the two primary planning documents needed to conduct this 
study; the QAPP details the specific activities for this study, and the 'Field Guicle 
For Collecting and Processing Stream- Water Sample for tlze National Water 
Quality Assessment Program (U.S. Geological Survey) (1994) " is a reference for 
standard field procedures and specifications. The QAPP presents the site-specific 
data quality objectives (DQOs) and sampling plans that identify sampling 
locations, number of samples, field procedures and analytical methods to be used. 



A health and safety plan (HASP) lias also been prepared for this sampling event to 
establish the safety procedures and the level of personal protective equip~l~ent 
(PPE) required. This ensures that field activities are conducted in a manner that 
protects personnel perfonuing the work and others in the vicinity. 

3.0 SITE DESCRIPTION AND HISTORY 

Stonn water sanlpling and weekly sanlpling activities in the San Joaquin River Basin are 
undertaken to monitor organophosphate pesticides in the lower San Joaquin River Basin 

- during the donnant spray season during January and February 2000. 

Agricultural drainage and urban runoff enter the San Joaquin River and its tributaries 
from over 100 sites. Previous nlollitoring has demonstrated that agricultural drainage is 
the major source of pesticides entering the river. The focus of this monitoring effort is to 
collect data during the donl~ant spray season for additional monitoring of OP pesticides. 

3.1 Site(s) Description 

The study area iilcludes thirteen sites in the lower San Joaquin River Basin fiom 
the Sail Joaquin Rlver at ~ a n d e r  Avenue (near Stevenson) to the San Joaquin 
River near Vernalis. These sites includes: 

Ne~)mall Wastewa)) located in the county of Merced. It discharges into San 
Joaquin River immediately south of Stanislaus-Merced County line. Access to the 
Wasteway is at the Highway 33 over-crossing. 

01-estinzba Creek located in the county of Stanislaus. It discharges into the San 
Joaquin River 0.9 miles due south of the Crows landing Bridge. The discharge is 
by gravity flow. The best access poirlt is at River Road approximately 1.0 mile 
upstream of its discharge point. Orestimba Creek at River Road gives good access 
to the Creek and represent runoff water quality just prior to its entrance to the San 
Joaquin h v e r  at mile 109. 

Turlock6rigation District lateral No. 5 is located in Stanislaus County. Access to 
the site is via project levee off of Carpenter Road. 

Tuolunzlze River at Toulullz?ze City at Shiloh Road is on the left bank ofthe 
Tuolumne River, under the Shiloh Road Bride, approximately seven miles 
upstream of the confluence with San Joaquin River. 

Stanislaus River at Caswell Park is on the right bank of the Stanislaus River 
approximately seven miles upstream of the confluence with San Joaquin River. 
Access is at campsite 24. 



Merced River at River Road is-at the abandoned bridge upstream of River Road, 
approxin~ately one mile upstream of the conflue~lce wit11 the San Joaquin Ri\'ler. 

San Joaquin River near Stevirzson is located in Merced County approximately 
16.5 miles north of Los Banes on Lander Avenue bridge (Highway 165). 

Sa11 Joaquin River m a r  Vel-nalis is located on the Airport Way bridge. 

Del Puerto Creek at Vineyard Road is located in Sta~lislaus County 011 the 
Vineyard Road bridge. 

Dly Creek at Claus Road is located on the right bank, about 50 feet upstseaill of 
the Claus Road bridge in Modesto. 

Dry Creek at Gallo Bridge is located on a bridge to a Gallo facility about 2.0 
miles downstream of the Highway 132 (Yosemite Blvd.) bridge in Modesto. 

Higlzlirze Calla1 Spill is located along a Turlock Irrigation District levee along the 
right bank of the Merced River. 

Livingston Canal Spill is located at a weirlgage on Merced Irrigation District's 
Livingston Canal at the entrance to Livingston STP. 

Figure 3-1 shows the study area and the sampling sites. 



FIGURE 3-1. The study area and the san~pling sites 

Sample Sites 
Lower San JoaquinRiver 

1 San Joaquin  River  n e a r  V e r n a l i s  

2  S t a n i s l a u s  Riv. a t  Caswell S t a t e  Park 

. 3 Tuolumne R i v e r  a t  S h i l o h  Rd. 

4 1 ~ r y  Crk a t  Claus Rd b r i d g e  (Hwy 1 2 )  

5 Dry Crk a t  Gal lo  b r i d g e  below Hwy 132 

6 Del .  P u e r t o  Crk a t  v i n e y a r d  Rd 

7 Tur lock  I D  l a t e r a l  No. 5 n r  P a t t e r s o n  

8 Orestimba ~ r k " a t  River  Rd 

9 

10 

11 

Neman Wasteway a t  Hwy 33 

Merced Riv.  a t  River  Rd b r i d g e  

San Joaquin  Riv. n e a r  S t e v i n s o n  

12  H i g h l i n e  Canal S p i l l  n e a r  Hilmar . 

13 L i v i n g s t o n  Canal a t  L i v i n g s t o n  STP 



3.2 Type of Contaminants Reported 

Several studies of the Sari Joaquin River and its tributaries have identified OP 
pesticides in suspended sedirnent samples, dissolved samples, surface water, 
groundwater, and fish species. Contaminants include organochlorine (OC) 
pesticides, orga~~ophosphorous (OP) pesticides, polynuclear aromatic 
hydrocarbons (PAHs), volatile orgallic compounds (VOCs), and nitrate. 
Contalni~la~lts identified are reported in the following publications: 

Occurre~tce of Nitrate a d  Pesticides in Gronndlvnter Bemath TI~ree Agr-icultui*al 
Lalid-Use Settings irl tlie Eastern Sail Jonquiri Valley, California 1993-1 995 (U.S. 
Geological Survey Open File Report 97-4284). 

Pesticides ir7 Stol.1~1 Rti~lof f f ior~~ Agrict~ltural arid Urban Areas in the Trrolumite 
River Basin in the r7iciniht ofAdodesto, Califorrria (U.S. Geological Sunley Open 
File Report 98-401 7). 

Pesticides in St~rface'a~id Grourid Water of the Sa17. Joaqr~in-Ttrlar-e Basill, 
California: Ana1~)sis of Available data. 1966-1992 (U.S. Geological Sunley 
Water-supply paper 2468). 

occurrence and Distriblrtio~l of Dissolved Pesticicles in Sarz Joaq~rir~ Ril~el- Bcrsili, 
Califorlzia (U.S. Geological Survey Open File Report 95-4032). 

Aiz Ecological Risk Assessnlent of Diazinon in the San Joaquin Aud Sacr-anzento 
R i v a  Basins (Novartis Corp Protection, Inc. Report 11197). 



3.0 PROJECT ORGANIZATION AND RESPONSIBILITIES 

T\vo States and one Federal agency are involved in this study. The United States 
Geological Sunrey (USGS) and the California Regional Water Quality Corltrol Board 
(CRWQCB) Central Valley Region cooperatively direct this study. Direction includes all 
decisions related to field sanliling, analytical and field procedures and site safety. 
Depa~tnlent of Pesticide Regulations funds i m p l e m e ~ t a t o  of this study. 
'4 copy of the project documentations is presented in Attacl~~uent A of this QAPP. 

5.0 DATA QUALITY OBJECTIVES AND QUALITY ASSURANCE 
OBJECTIVES 

Data Quality Objectives (DQOs) and Quality Assurallce Objectives (QAOs) are related 
data quality planning and evaluation tools for all sampling and analysis activities. A 
consistent approach for developing and using these tools is necessaly to ensure that 
enough data are produced and are of sufficient quality to make decisions for this study. 

5.1 DQOs and Data Use Planning 

DQOs specify the ullderlying reasoil for collection of data, data type, quality, 
quantity, and uses of data collection. 

For this study, stonn water sanlpling is needed to document the magnitude of OP 
pesticide loading in the.lower San Joaquin River during the donnant spray period. 

5.1.1 Data Quality Category 

For this study, definitive data using standard US Enviromnental Protection 
Agency (EPA) or other reference methods is performed by USGS laborato~y. 
Data are analyte-specific and both identification and'quantitation are confinned 
by GCNS.  These methods have standardized QC and documentation 
requirements, providing information necessary to verify all reported results. 
Definitive data are not restricted to use unless quality problems are doc~imented 
and result in specific limitations and data qualifications. 

5.2 Quality Assurance Objectives (QAOs) 

Quality assurance objectives are the detailed QC specifications for precision, 
accuracy, representativeness, comparability and completeness (PARCC). The 
QAOs presented in this QAPP represent the minimum acceptable specifications 
for field and analysis that should be considered routinely for field and analytical 
procedures. The QAOs are then used as comparison criteria during data quality 
review (by USGS)'to determine if the minimum requirements have been met and 
the data may be used as planned. 



5.2.1 Developme~~t of Precision and Accuracy Objectives 

Laboratory control spikes (LCSs) are used to detel-nline the precisio~~ and 
accuracy objectives. LCSs are fortified with pesticides to monitor the 
laboratory precision and accuracy. The LCSs presented in this QAPP were 
developed by analyzing several reagent spikes at differed con cent ratio^^ 
levels. These data were compiled over a defined time period. Control 
charts were developed for all target compounds. 

Field duplicates measure sampling precision and variability for 
conlparison of project data. Acceptable relative percent difference (RPD) 
is less than 50 for field duplicate analyses. If field duplicate sample results 
vary beyond these objectives, the results are further evaluated to identify 
the cause of the variability. 

5.2.2 PARC Definitions 

Precisiorz measures the reproducibility of repetitive measurements. 
Precision is evaluated by calculating the RPD between duplicate spikes, 
duplicate sample analyses or field duplicate samples and comparing it with 
appropriate precision objectives established in this QAPP. Analytical 
precision is developed using repeated analyses of identically prepared 
control samples. Field duplicate samples analyses results are used to 
measure the field QA and matrix precision. Interpretation of precision data 
must include all possible sources of variability. 

~ c c u r a c ~  measures correctness, or how close a measurement is to the true 
or expected value. Accuracy is measured by determining the percent 
recovery of known concentrations of analytes spiked into field.sa~nple or 
reagent water before extraction. The stated accuracy objectives for 
Laboratory control spike or matrix spike should reflect the anticipated 
concentrations and, or middle of the calibration range. 

Representativeness is obtained by using standard sampling and analytical 
procedures in this QAPP to generate data that is representative of the sites. 

Completeness is calculated for each method and matrix for an assigned 
group of samples. Completeness for a data set is defined as the percentage 
of unqualified and estimated results divideh by the total number of the 
data points. This represents the usable data for data interpretation and 
decision-making. Completeness does not use results that are qualified as 
rejected or unusable, or that were not reported as sample loss or breakage. 
The overall objective for completeness is 95% for this project. 



Table 5-1 presents the quality control acceptance limits for this project. 

Table 5-1. Quality Control Acceptance Criteria for the Pesticides in Water by Selective 
Ton Monitoring (SIM) Gas Chromatography/ Mass Spectrometry (GUMS). 

Analyte 

Diazinon 

6.0 FIELD PROCEDURES 

Field Duplicate 
(% Recovery) 

I Cl~lorpyrifos 1 53-120- 

This section includes brief descriptions of field procedures used for this study. Detailed 
equipment and procedure descriptions are included in Attacl~n~ent B of this QAPP. 
Field coordinators ensure that field personnel have adequate training and a copy of the 
QAPP. All field activities are conducted following the health and safety procedures 
included in Attaclunent C of this QAPP. 

Laboratory 
co'ntrol spike 

Surrogate 
(% Recovery) 

(% Recovery) 
50-131 

6.1 Site Selection 
Proper site selection is critical to producing representative data. Locations 
selected for sampling must represent site, zone and matrix under study. Selection 
of sample locations and the number of samples is a cooperative effort between the 
USGS and RWQCB staff. 

Matrix Spike1 
Duplicate 

(a) No Limits have bcen established Ibr tlicse sites. 
a 

6.1.1 Sampling Locations 

(% Recovery) 
a 

Sampling locations for surface water and drinking water are selected using 
a jud,pental sampling approach. 
The criteria used to select sampling locations are: 

a 1 56-137 

Land Use 
Pesticide Application (historical use areas) 
Known contaminants 

A designated number of samples to be collected per location 

a 
. .. . 

6.2 General Field Sampling Requirements 

68-1 13 

The standard elements for field and sampling activities are addressed in this 
section. 

6.2.1 Decontamination Procedures 

All field and sampling equipment that may contact samples must be 
decontaminated after each use in a designated area. A detail description of 



cleaning of equipment for water sampling is included in the Ntrriorral Ficlti 
A4ariucrl- (U.S.Geologica1 Sunrey Book 9, Chapter 3). A copy of the 
Surface-Water Sampler Cleani~~g Procedures from Chapter 3 is presented 
in Attachll~ent B of this QAPP. 

6.2.2 Sample Storage, Preservation and Holding Tinies 
Sanlple containers are pre-cleaned according to United States 
Enviroiu~lental Protection Agency (U.S. EPA) specification for the 
appropriate methods. Table 6-1 Sample Storage and Preservations 
Requirements. 

. ... - . - .. - ... 

Table' G-1. Sa~llpleStora&and Presenration Requirements. 

I Reference I Methods I Holding I Container(s) 1 Preservations I Storage I 
Parameters 
Pesticides 

6.2.3 Docunlentation 

I I (a) 

All field activities must be adequately and consistently documented to 
support data interpretation and ensure defensibility of any data used for 
decision-making. Example of field data sheets and other documentations 
required for this field procedure are included in Attachment F of this 
QAPP. Field must record the following information: 

NWQL 
SOP # 
OD0250.P 

I 

Name(s) of field personnel; 

(3) Holdi~ig titlies very for each nnalyte after extraction according lo the study conducted by N\ilQL. See A./erlrorl.of 
A~inl).si.v b ~ ,  /he U.S. Geologicai Srrrvq. Nnfior~nl Il irrcr Qi~nl iry Inborn ro r :~~-Derer~~ t i~~n~ io~r  ojPcsricidcs iit M'ntcr 
C-IS solid-Plrnsc Esrrncrion n ~ r d  Cnpillnry-colurnri Gns Cltro~t~ntogrnplg~/A~lnss Specrrorlrerr:~~ 11.il11 sciecieri lo11 
~rro~tirorir ig Tor details. 

Sitel sampling location identification; 

Time 
7 days 
prior to 
extraction 

Date of sample collection; 

Field calibration 

1 -Liter 
amber glass 
bottle 

All field measurements such as pH, temperature, conductivity 
(when applicable); 

Observation of weather and condition that can influence sample 
results; and 

None 

Any problems encountered during sampling. 

4 degree 
C 



6.2.4 Sample Identification Scheme 

All samples n~ust be uniquely identified to ensure. that results are properly 
reported and interpreted. Samples must be identified such that the site, 
sampling location, matrix, sanlpling equipment and sample type (Non~lal 
field sanlple or QC sample) can be distinguished by a data reviewer or 
user. 

6.2.5 .. . Field arid Laboratory Staff Training 

All staff perfonlling field or laboratory procedures shall receive training to 
ensure that the \vorR is conducted correctly and safely. At a minimiun, all 
staff shall be failliliar with the field guidelines and procedures and the 
laboratory SOP included in this QAPP. All work shall be performed under 
the supervisioil of experienced staff, field managers, laboratory managers 
or other qualified individuals. 

6.3 Sample Collection Methods 

Proper sampling techniques nlust be used to ensure that a sample is.representative 
of the flow in the cross section. Sanlples should be collected using a standard 
rnultive~tical depth integrating method to obtain the most representative isokinetic 
sample possible. By using this method the water entering the sampler is : 

hydrodynamically equivalent to the portion of the stream being sampled. 
Abbreviated sampling methods (that is, weighted-bottle or dip sample) can be 
used for collecting a sample representative of the stream chemistry. 

For this study the Equal-Width-Increment (EWI) sampling method will be used as 
recommended by NAWQA. The EWI sampling method is described in the "Field 
Guide for Collecting. and Processing Stream Water Samples for The National 
Water Quality Assessment Program" included in Attachment B of this QAPP. 

6.3.1 QC Sample Collection 

Field blanks and field duplicates are collected at a frequency of about 1 
per 20 normal samples. Matrix spikes are collected at frequency of about 1 
per 20 normal samples. 



6.3.2 Field measurenients 

For all water bodies sampled, the specific conductance is nieasured prior 
to collecting sa~llples for laboratory analyses. Calibration and operation of 
the instrun~ents are presented in Attachment B of this QAPP. 

6.3.3 Record keeping and Sample Handling Procedure 

All data collected in the field are recorded on sanlple field sheets. 
Pertinent field information, including (as applicable), the width, depth, 
flow rate of the stream, the surface water condition and location of the 
tributaries are recorded on the field sheets. Sample control infonnation is 
documented in a master sample log. Chain of custody record is completed 
subsequent to sanlple collection. 

7.0 SAMPLE CUSTODY AND DOCUMENTATION 

Sample possession during'all sampling efforts must be traceable from tile time of 
collection until results are reported and verified by the laboratory and samples are 
disposed. Sanlple.custody procedures provide a mechanisnl for documenting infonl~ation 
related to sample collection and handling. 

7.1 Documentation Procedures 

The USGS field activities coordinator is responsible for ensuring that the field 
sampling team adheres to proper custody and documentation procedures. A 
master sample logbook is maintained for all samples collected during each 
sampling activity. 

Field personnel have the following responsibilities: 

Keep an accurate written record of sample collection activities on the 
field form and logbook 
Ensure that all entries are legible, written in waterproof ink and 
contain accurate and inclusive documentation of the field activities 
Date and initial daily entries 
Note errors or changes using a single line to cross out the entry and 
date and initial the change 
Conlplete the chain of custody forms accurately and legibly 

A sample label is affixed to each sample collected. Sample labels uniquely 
identify samples with an identification number, analytical method requested; and 
date and time of sample collection. Figure 7-1 shows an, example sample label. 



FIGURE 7-1. Sa~uple Label 

I.D. NO. 
TREATMENT 
ANALYSIS 
DATE TIME 



.4 chain-of-custody form (U.S. Geological Survey- National Laboratory 
Analytical Services Request Fonn) is completed after sample collection, and prior 
to sainple shipment or release. The chain-of-custody fo1-111, sample labels, and 
field documentation are crossed checked to verify salnple identification, type of 
analyses, and number of containers, sainple volume, preservatives and lype of 
containers. 

Illfonnatioll to be included in the chain of custody fonns includes: 

San~ple identification; 

Date and time of collection; 

* Sanlple(s) initials; 

.4nalytical method(s) requested; 

Sanlple volume; 

Sample matrix; 

Preservatives; 

QC sample identification; 

Signature blocks for release and acceptance of samples; and 

0 ,  Any comments to identify special conditions or requests. 

Sample transfer between field staff and, courier, laboratory is documented by 
signing and dating "relinquished by" and "received by" blocks whenever 
sample possession changes. If samples are not shipped on the collection day, 
they are refrigerated in a sample control area. 
An example of chain-of-custody form is shown in Figure 7-2. 



GMAUN Off GUST O D V  
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SPECIAL INSTRUCTIONS I SUSPECTED CONSTITUENTS 

RELWWlSHED BY (Slgnaturo) DATE1 TIME RECEIVED BY (Slgnaturo) RELlNOUlSHED BY (Slgnsturo) DATE ITIME RECENED BY ( S l g w o )  



7.3 Sample Shipme~its and Handling 

All sample shipments are accompanied by the chain-of-custody forn~, \~~hicIi 
identifies the content. The original accompanies the shipmel~t and a copy is 
retained in the project file, 

All shipping containers are secured with chain-of-custody scals for tra~isportation 
to the laboratory. Samples are shipped to the USGS National laboratory according 
to Department of Tra~lsportation standard. Ice is packed with the samples; the ice 
 nus st contact each sample and be approximately 2 incl~es deep at the top and - 
bottom of the cooler. Tlle ice may be contained in recloseable bags, but must 
contact the samples to maintain temperature. The metl~od(s) of shipments, courier 
name, and other pertinent informatioil is entered in the "Received By" or 
"Remark" section of the chain of custody fonn. 

The following procedures are used to prevent bottle breakage and cross- 
contamination: 

0 Bubble wrap or other cushioning material is used'to keep bottles froin 
contacting one another to prevent breakage. 

Sample bottles are individually sealed in plastic recloseable bags. 

,411 samples are transported inside hard plastic coolers. 

The coolers are taped shut and sealed with chain-of-custody seals to 
prevent accidental opening. 

Prior to shipment of the samples field staff must notify laboratory sanlple 
control. 

7.4 . Laboratory Custody Procedures 

The following sample control activities must be conducted in the laboratory: 

Initial sample log-in and verification of samples received with the chain of 
custody form; 
Document any discrepancies noted during log-in on the chain of custody; 

Initiate internal laboratory custody procedure; 

Verify sample preservation such as 'temperature; 

Notify the project coordinator if any problems or discrepancies are 
identified; 



0 ~ h p e r  sa~mmple storage, including daily refrigerator temperature imionitorii~g 
and saimmple security; 

 ist tribute samples or notify tlle laboratory of sa~mmple arrival; and 

R ~ ~ U I T I  shipnment of coolers 

8.0 FIELD INSTRUMENT CALIBR4TION PROCEDURES 

A conductivity nm'eter is used in this study to moimitor and evaluate physical parameters in 
\\later. I 

I 

Routine calibration immust be perfornmed prior to and during use to ensure instruments are 
operating properli and produce accurate and reliable data. Calibration sho~ild be 
perfoinmed at a frequency reconlimlended by the manufacturer. Field calibration should be 
perfoillmed at least once per day, prior to instrunlent use. If field calibration reveals that 
tlme instrunlent is outside established accuracy limits, the instrui~~eimt sl~ould be serviced in 
the field. Back-up instruments must be available for each of the critical real-time 
instruments used 'in tlme field. 

8.1 Water Sampling Instrument Calibration 

The conductivity meter is used to measure salinity when collecting groundwater 
and surface water sanmples. The meter is calibrated prior to collecting samples. 
Conductiyity is calibrated with at least two standard calibration solutions that 
bracket the expected range of measurements. The field instrument calibration is 
described in detail in "Field Guide for Collecting and Processing Streanz- Water 
Sainples for the Natiorzal Vater-Qualiy .4ssessinent Pi-ogi-an2 " presented in 
~t tachme*t  B of this QAPP. 

9.0 ANALYTICAL PROCEDURES AND CALIBRATION 

This section describes the analytical methods and calibration procedures for the water 
samples that will be collected during this study. 

The analytical'methods included in this QAPP included the following two methods: 
Method of dnalys!s by The U S  Geological Survey National Water Quality 1aborato1j)- 
Determination of .Pesticides in Water by C-18 Solid-Phase Extraction (SPE) and 
Capillaly-Colunzri Gas Chromatography/ Mass Spectrolnet~y Witlz Selected Ion 
Monitoring- US Geological Survey Open report 95-181 that is used as sample preparation 
procedure, and the,National Water Quality Laboratory Standard Operatiizg Procedure 
for analysis ofpesticides in Water by SIM GUMS, SOP number OD0250.P, which is 
used for sample analysis. Attachment D of this QAPP includes a copy of both reports; 



they provide a detailed description of all aspect of the methods, including equipment, 
reagents, instrunlent calibration, and the SPE procedure required for sail~ple analysis. 

9.1 Detection arid Quantitation Limits 

The method detection limit (MDL) is the n ~ i n i ~ n u ~ n  analyte concentration that can 
be measured and reported with a 99% confidence that the concentration is greater 
than zero. The quatititation linlit (QL) represents the conce~~tratio~i of an analylc 
that can be routinely measured in the sample matrix within stated limits and 
confidelice in both identification and quantitation. Table 9 of the Open File 
Repol-t 95-181 (Attachment D) presents the 111ethod detection li~nii study 
conducted by NWQL. These detection limits will be used as project quantitation 
limits. 

10.0 DATA REDUCTION, VERIFICATION, AND REPORTING 

The laboratory data reduction, verification, and reporting procedures ensures that 
complete documentation is maintained, transcription and reporting errors are 
minimized, and data received from laboratory are properly reviewed. 

10.1 Laboratory Data reduction and Verification 

The laboratory analyst perfomling the analyses is responsible for the reduction of 
the raw data generated at the laboratory bench to calculate the concentrations. 
The analytical process includes verification or a quality assurance review of the 
data. This includes: 

Ver ibng the calibration samples for compliance with the laboratory and 
project criteria; 

* Verifylng that the batch QC were analyzed at a proper frequency and the 
results were within specifications; 

* Conlparing the raw data (e.g. chromatogram) with reported concentration 
for accuracy and consistency; 

* Verifylng that the holding times were met and that the reporting units and 
quantitation limits are correct; . 
Determining whether corrective action was performed and control was re- 
established and documented prior to reanalysis of QC or project samples; 
Verifying that all project and QC sample results were properly reported 
and flagged; and 

* Preparing batch narratives that adequately identify and discuss any 
problems encountered. 

The QC check is conducted at several levels by the laboratory analyst, 
supervisors, and laboratory quality assuranke staff. The specific procedures are 

. documented in the laboratory quality assurance manual. After the data have been 
reviewed and verified, the laboratory reports are signed for release and 
distributions. Raw data and supporting documentation is stored in confidential 



files by labdratory doculnent control. The laboratory will provide the electronic 
copy of thebe results. 

11 .O lNTERNAL QUALITY CONTROL (QC) 
I 

Internal quality control (QC) is achieved by collecting and1 or analyzing a series of 
duplicate, blank, sqike and spike duplicate sa~llples to ensure that analytical results are 
within the specified QC objectives. The QC sa~~lp le  results are used to quantify precision 
and accuracy and ihentify ally problem or limitation in the associated sanlple results. The 
internal QC corrrpdnents of a sampling and analyses program will ensure that the data of 
known quality are produced and documented. The internal QC checlts, frequency, 
acceptance criteriaiand corrective action required to meet project objectives are presented 
in the U.S. ~ e o l o ~ i c a l  Survey National Water Quality Laboratory (NWQL) Orgaliic 
Chemistry prosran! QNQC Guidance Manual included in Attachment E of this QAPP. 

11.1 ~ n a l ~ t i c a l  ~ a b o r a t o r ~  QC Samples 
I 

I 
~ a b o r a t o r y j ~ ~  is necessary to control the analytical process within method and 
project specifications, and to assess the accuracy and precision of analytical 
results. i 

! 
The laboratory will perform the following QC checks: 

I 

Calibration standards 
Laqoratory control samples 

* Method blanks 
Matrix spike and Matrix spike duplicates 
S y o g a t e  spikes 
Laboratory duplicates 

i 
The procedures for analysis and review of these QC checks samples are described 

in the ~ a b o r a t o r ~  QNQC Guidance Manual presented in Attachment E of this 
QMP.  , 

11.2 ~ i e i d  QC Samples 

Field QC samples are used to assess the influence of sampling procedures and 
equipment 'used in sampling. They are also used to characterize matrix 
heterogeneity. , 

The fo1low:ing field QC samples will be collected for this study: 

Field duplicate samples 
Equipment blanks, and 
Field Spikes 



) '4 summary of calibratioll and internal Quality Control Procedures for Pesticides by SIM 
GCIMS is presented in NWQL Standard Operating procedure for Analysis of Pesticides 
in Water by SIM GCIMS. This document is included in Attachi~lent D of this QAPP. 

12.0 AUDIT AND DATA \'ALIDATION 

The laboratory is audited by the U.S. Geological Survey quality assurance group on a 
yearly basis. U.S. Geological Survey field audit teal11 co~~ducts  the field audit 011 a 20 % 
of the projects conducted by U.S. Geological Sunley. These audits are independent of 
sample collection and analysis procedures. 

12.1 Technical System Audit: 

A technical system audit is a quantitative review of a sampling or analytical 
system. Qualified techul'ical staff ~nembers who have the autkority to act 
independently of the laboratory, field and project management perfonn audits. 

The laboratory system audit results are used to review operations and ensure that 
the teclmical and documentation procedures provide valid and defensible data 

Critical items for a laboratory system audit include: 

Sample storage procedures; 

Availability of and con~pliance with calibration procedures and docun~entatio~l 
requirements; 

Standard operating procedures; 

Source and handling of standards; 

Completeness of data fornls, notebooks and other records of analysis and QC 
activities; 
Data review and verification procedures; ' 

Data storage, filing and record. keeping procedures; 

Sample custody procedures; 

Establishments and use of quality control procedures, control limits and 
corrective actions that conlply with specification in this QAPP; 
Operating conditions of the facilities a d  the equipment; 

e Documentation of the instruments maintenance activities; and 
0 Laboratory staff training and documentation. 



Critical items for sampling syste1.n audits i~icludes: 

Calibration procedures and documentation for field meter; 
Field activity docunlentation in logbooks and sampling data sheets; 
Minimization of potential sample contamination in the field by using proper 
equipment decontan~inatioi~ procedures; 
Availability of SOPS and complialce to ensure proper sample collection, 
storage and trailsportation procedures; 
Conlpliance with establislied chain of custody procedures for saniple 
docu~nentation and transfer to the laboratory; and 
Field staff training and inlplementation of project-specific-requirements. 

The checklist for each audit contains detailed questions regarding the critical 
items, requesting yes1110 answers and comments. The laboratory manager and the 
field coordinator 111ust prepare a corrective action plan to address any findings or 
negative observations noted in the project audit report. The corrective action plan 
must address the inlmediate corrective actions and procedures that will be 
in~ple~lle~lted to prevent recurrence of the problems noted. 

12.2 Performance Evaluation Audits 

Peifonllance evaluation audits quantitatively assess the data produced by a 
measurement system. Performing an evaluation audit involves submitting 
certified samples for each analytical method. The matrix standards are selected to 
reflect the concentration range expected for the sampling program. The 
perfomlance evaluation audit evaluates whether the measurement system is 
operating within the project control limit specified in this QAPP and the data 
produced meet the project and analytical quality control specifications. 

The performance evaluation (PE) samples are prepared and submitted to the 
laboratory by U.S. Geological Survey quality assurance group: Critical items for 

the perfon~~ance evaluation audits are: 

Accurate identification of the analytes included in the PE samples 
Quantitation within acceptance limits 1 

Accurate reporting of results and any problems identified 
Acceptable analytical batch QC sample results 

These items are used to identify when a system is outside acceptable control 
limits. Any problem associated with PE samples must be evaluated to determine 
the influence on field samples analyzed during the same time period. The 
laboratory must provide a written response,to any PE sample result deficiencies. 



Data validation (data quality audit) is conducted to verify whether an a~~alytical 
method has been perfomled according to the method and project specifications, 
and the results have been correctly calculated and reported. The U.S. Geological 
Survey will co~lduct the data validation prior to submitting the data to RWQCB. 
Specific items that are reviecved during data validation are: 

Chain of custody records 
Docunlelltation of the laboratory procedures (e.g., standard preparation 

. records, run logs, data reduction and verification) 
Accuracy of data reduction, transcription, and reporting 
Adherence to method-specific calibration procedures and quality control 
parameters 
Precision and accuracy of recorded results 

12.4 Field Teclinical Audits 

U.S. Geological Survey field project managers routinely observe field operations 
t o  ensure co~lsistency and con~pliance with sampling specifications presented in 
the QAPP. Audit checklists document field observations and activities. 
A copy of the field audit checklist is included in Attachment F of this QAPP. 

13.0 PRE\I'ENTIVE MAINTENANCE 

A preventive maintenance program's primary objective is to assure the timely and 
effective completion of a measurement effort by minimizing the downtime of crucial 
sampli~lg andlor analytical equipment from unexpected component failure. The 
program's efforts are focused in the three principal areas: maintenance responsibilities, 
maintenance schedule and.inventory of critical spare parts and equipment. 

Maintenance performed on the analytical instruments used for this project are described 
in Section 8.0 of NWQL Standard Operating Procedure for analysis of pesticides in 
Water by SIM GC/MS. A copy of this SOP is presented in Attachment D of this QAPP. 

14.0 DATA ASSESSMENT PROCEDURES 

Measurement data must be consistently assessed and documented to determine whether 
project quality assurance objectives (QAOs) have been met, quantitavely assess data 
quality and identify potential limitations on data use. 

The laboratory is responsible for following the procedures and operating the analytical 
systems within the statistical control limits. These procedures include proper instrument 

,maintenance, calibration of the instruments, and the laboratory QC sample analyses at the 

a\ required frequency (i.e., method blanks, laboratory control samples, etc.). Associated QC 



saniple results are reported with all sample results so the project staff can e ~ ~ l u a t e  the 
analytical process perfo~-~na~ice. 

All project data must be reviewed as part of the data assessment. Review is conducted on 
a preparation batch basis by assessing QC samples and all associated fi.eld sample results. 
Project data review established for this project includes the fo l lo~~ing  steps: 

Initial review of analytical and field data for complete and accurate 
documentation, chain of custody procedures, analytical holding times colnpiiance, 
and require frequency of field and laboratory QC samples; 
Evaluation of analytical and field blank results to identify random and systematic 
contamination; 
Comparison of all spike and duplicate results with project objectives for precision 
and accuracy; 
Assigning data qualifiers flags to the data as necessary to reflect limitations 
identified by the process; and 
Calculating conlpleteness by matrix and analyte. 

U.S. Geological Survey staff conducting the data assessment is responsible for 
ensuring that data qualifier flags are assigned, as needed, based on the established QC 
criteria. Staff is also responsible for con~nlunalizing any linlitations to data users. 

15.0 CORRECTIVE ACTION 

During the course of sample collection and analysis in this study, the laboratory 
supervisors and analysts, and field supervisors and team members will nlake sure that all 
measurements and procedures are followed as specified in this QAPP, and measurements 
meet the prescribed and acceptance criteria. If a problem arises, prompt action to correct 
the immediate problem and identify its root causes is imperative. Any related systematic 
problems must also be identified. 

Problems about analytical data quality that may require corrective action are documented 
in the U.S. Geological Survey, NWQL Organic Chemistry program; QNQC Guidance 
Manual is presented in Attachment E of this QAPP. Problems about field data quality that 
may require corrective action are documented in the field data sheets. 

16.0 ANALYTICAL DATA AND QUALITY ASSU'RANCE REPORT 

The U.S. Geological Survey will prepare a report after conducting a data validation. 

The elements described below will be addressed and included in the report: 

Description of the project includingthe number of samples, analyses, 
completeness and any significant problems or occurrences that influence 
data use. 
The QAIQC activities performed during this project. 



QC sample results, type and nu~nber of saniples including tlie results that 
did not meet tlie projective objectives, and tlie iiiipact on usability. 
Tables of a~ialytical results for usable and unusable data. 

17.0 SITE MANAGEMENT 

The U.S. Geological Survey field manager will observe field activities to ensure tasks are 
conducted according to the pro-ject specifications. The iield coordinator is equipped with - - - 
a cellular teleplioiie for improved communication among tlie team members. 
Decontatiiination of field equip~iients will occur at a designated area assigned by tile field 
manager. Access for sites is coordinated tl~rougli the RWQCB and U.S. Geological . . 

Survey. This ilicludes obtaining any necessary pemiits aiid coordi~lating with facilities - - 

aiid units where site activities will take place. 
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a1 R4onitoring Organophosl~hate I'esticides in the 
L o ~ l e r  San Joaquin River Basin during January and February 2000 

Esecutive Sumniary 1 Scope of.MIork 

This is a proposal to monitor organophosphate pesticides in the lower San Joaquin River 
Basin during the dormant spray season in January and February 2000. Sampling will 
commence in the first week of January with weekly sampling 14 sites. In addition to the 
weekly sampling, two storm events will be sampled beginning in mid-January. The 
frequency and number of samples collected at each site will depend upon the duration of 
the flood wave at each site, with more samples collected over a longer time period at the 
larger river sites. The weekly sampling will put the storm transport in context with 
overall transport during the dormant spray application period. 

Study Area 

The study area includes fourteen sites in the lower San Joaquin River Basin from the San 
Joaquin River (SJR) at Lander Avenue (near Stevinson) to the SJR near Vernalis. A 
summary of these sites is presented in table 1. 

Sari Joaqui~z River Sites 

The fourteen SJR sites include two sites along the main stem of the SJR: Lander Avenue 
near Stevinson and Airport Way near Vernalis. Both sites have real time flow and 
Electrical Conductivity (EC) data. Three major east side tributary sites will be sampled: 
Stanislaus River at Caswell Park, Tuolumne River at Shiloh, and the Merced River at 
River Road. Although flow data is not available at these sites, both flow and EC d a h  is 
available nearby at three USGS gage stations. Five small tributaries and drains will be 
sampled on the east side of the SJR: Dry Creek at Gallo Bridge, Dry Creek at Claus 
Road, Turlock Irrigation District Lateral 5, Highline Canal Spill, and the Livingston 
Canal. Of these sites, only Dry creek at Claus Road, I-lighline Canal Spill, and the 
Livingston Canal have continuous flow measurements. ' Four small tributaries and drains 
will be sampled on the west side of the SJR: Del Puerto Creek at Vineyard Road, Spanish 
Grant Drain, Orestimba Creek at River Road, and the Newman Wasteway. 

Sampling Program 

Samples will be collected at 14 sites (table 1) during the dormant spray season starting 
with.the first storm event after the application of dormant sprays in mid-January 2000. 
Instantaneous streamflow measurements will be made for each sample collected at 
ungaged sites. 
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Sunil~litig for the dormant spra!. season \ \ t i l l  commcnce in mid-January with sampling of 
the first stomm following the application or dorn~ant sprays. One additional storni will 
thcn he sampled. Sampling will occur at 14 sites for thc two storm events. The 
frequency and number of san~ples collected at each site will depend upon the duration of' 
the flood wave 3t each site, with more sr~mples collected over a longer time period at the 
1:lrger liver siles. Six samples will be collected per storm event at the SJR near Vernalis. 
Five san~ples per stom1 event will be collected for the Slanjslaus, Tuolumne, and the 
h4erced Rivers, and four samples each a1 the SJR near Lander Avenue, Orestimba Creek 
at Rlvcr Road, and Highline Canal Spill. Three samples per storm event will be collected 
at the seven remaining storm sampling sites. 

\Veekly samples \vil1 be collected at the same 14 sites commencing with the first week in 
Januar),. These samples will be collected weekly during January and February when 
storm samples are not being collected. These samples will help put the storm transport in 
context of transport before, between, and after storms. These will provide non-storm 
background loads in the system from which to calculate storm transport and will also 
provide total transport for the dormant spray application period. These samples also 
provide a "safety net" for storm sampling in case the storms sampled were prior to the 
main application period, or if there are more than two major storms during January and 
Februasy, or if storm hydrographs are drawn out for days due to overlapping storms. 

Analytical Methods 

To provide the most reliable information for both diaiinon and chlorpyrifos, as well as 
additional information for 45 other pesticides, Gas Chromatography-Mass Spectrometiy 
(GC-MS) will be used for all sample analyses. All samples will. be analyzed at the USGS 
National, Water Quality Laboratory (NTVQL) in Denver, Colorado. USGS schedule 200 1 
(table 2), whch includes solid phase extractions by the NWQL, will be used for all 
samples collected during the dormant spray season because field staff will not have 
sufficient time to perform the extractions. Cost of this analysis is approximately $430 per 
sample. The method detection level for diazinon is 0.002 pg/L and for chlorpynfos is 
0.004 pg/L. 

Deliverables 

Pesticide and flow data will be made available electronically to the DPR and CRWQCB 
within four months of the sample collection. A draft interpretive USGS Water Resources 
Investigations Report will be available for review ;by late September, assuming the 
pesticide application data for the study area is available from DPR by May. This report 
wilI include a calculation of loads for diazinon and chlorpyrifos for the January and 
February sampling period. Major sources will be prioritized in terms of overall loads and 
yields. The loads will be related to application, runoff, and land use in each subbasin 
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a, using GIs co\leruges of drainage basin boundar-ies, daily pesticide applications, land use, 
and precipitation data. The analysis will be similar to that done in Kratzer. 1999 
("TI-ansport of diazinon in the San Joaquin River Basin, California", Journal of the 
American Water Resources Association, vol. 35, no.2, pp. 379-395). 

Costs 

Full cost of the proposed monitoring is $229,300 for Federal Fiscal Year 2000. This 
includes collection and analysis of 221 samples, per diem (field sampling), support 
(storni tracking, sample tracking, data processing, and reporting), data 
interpretation/report writing, report editinglprinting, equipment and supplies, and 
~niscellan~ous expenses. A detailed breakdown of the costs is shown in table 3. 
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Table 1. Proposed Monitoring for Organophosphate Pesticides in San Joaquin River Basin 
.(dormant spray perlod only; January 2000 - February 2000) 

Map 
No. Site Name Agency Stahon ID Conlinuous Data Frequency No. of S tom NO. of Annual 

Samples 

6 
6 

,... 
6 .................................... 

6 
6 
6 
6 
6 

6 ........ 
6 

6 
6 
6 
6 

84 

ST= storm sampling, W = weekly sampling (Jan, Feb, May, Jun, Jul, Aug), 

............ 

................. 

............ 

.......................................................................................................................................................................... 
W,ST 
W,ST 

W,ST .. ................................ 

W.ST 
W,ST 
W,ST ..................................................................................................................................................................................... 
W,ST 
W,ST 
W S T  
W,ST 

W S T  
W,ST 
W,ST 
W,ST 

Samples 

12 
10 

10 ................... .. -......... 
6 
6 
6 
6 
6 ..................................................................................................................... 
8 
10 

8 
6 .  ........................................................................................................ 
6 
8 

108 

SJR sites 

............................... .. .................................... 
SJR nr Vernalis 
Sianislaus R at Caswell ............................................... .. 
Stanislaus R at Ripon 
Tuolurnne R at Shiloh .............................. ................................................ 
Tuolumne R at Modesto - - - 

Dry Creek at Gallo Bridge 
Dry Creek at Claus Road 
Del Puerto Cr at Vineyard Rd ......................................................................................................... 
Spanish Grant Drain .................................... .. .......... .. 
Turlock ID lateral 5 ...................................................................................................................... 
Orestimba Cr at River Road 
Merced R at River Road 
Merced R nr Stevinson 
Hiqhline Canal Spill .,. 

g on Canal L!"!". S! ........................................................................................ 
Newman Wastewav 
SJR at Lander Ave 

Total Samples 

Flow. EC, Temp ................................................................................................................................................................................................................................................................................................ 
............................................................................................................................................................................................................................................... 

Flow, Temp 

....- ......................... 
Flow, EC, Temp ................................................................................................................................................................................................................................................................................................. 

.............................................................................................................................................................................................................................................................................................. 
Flow ............................................................................................................................................................................................................................................................................................... 

......................................................................................................................................................................................................................................... 
..................................................... 

Flow. EC, Temp 
.................................................................................................................................................................................................................................................................................................. 

Flow, EC. Temp .................................................................................................................................................................................................................................................................................................. 
Flow 
Flow ................................................................. 

................................................................................................................................................................................................................................................................................................. 
Flow, EC, Temp .................................................................................................................................................................................................................................................................................................. 

........................................ 
USGS 
RWOCB 
USGS 
RWOCB ................. 
USGS 

DWR 

" 

USGS 
USGS 
DWR 
TID 

RWQCG 

1 1303500 
STC514 
11 303000 
STC513 ........................ 
11290000 

11274500 
1 1273500 

MER522 
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Table 3. Costs for dormant per~od sampl~ng only 

Total cost 

$46,440 
$6,966 

$36,120 
1 $5,418 

$1 5,000 
$1 4,400 
$1 5,000 

$35,000 
$20,000 
$1 5,000 
$1 0,000 
$1 0,000 

$229,344 

'1 Quality Control (QC) adds 15 percent more samples to sampl~ng program 
'2 storm track~ng, sample tracking, data processing, data reports 

Task Descr~ption 

Analyt~cal costs 
Dormant spray season (storm) 
Dormant spray season QC '1 

Dormant spray season (weekly) 
Dormant spray season QC '1 

Sampllng costs (storm) 
Sampl~ng costs (weekly) 

Labor cost 

15,000 
14,400 

Other costs Sample cost 

$430 
$430 

$430 
$430 

- 
$1 5,000 

$35,000 
$20,000 
$1 5,000 
$1 0,000 
$1 0,000 

$1 05,000 

per d~em 

Sampl~ng support '2 
Data ~nterpretat~onlreport writing 
Report edit~nglpr~nting 
Equipment and suppl~es 
M~scellaneous 

Quantrty 

108 
16 

84 
13 

-- 

Analyt~cal cost 

$46,440 
$6,966 

P 

$36,120 
$5,418 

- 

Total $29,400 $94,944 
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TO: Marshall Lee FROM: Jerry Bruns 
Department of Pesticide Regulatio~~ Environmental Program Manager 

SIGNATURE: 
DATE: 15 October 1999 

SUBJECT: MONITORING NEEDS FOR COMPLETlON OF TMDLS FOR OP PESTICIDES 

This memorandum is in response to recent discussions between the Department of Pesticide Regulation, 
State Board and Regional Boards regarding monitoring that is needed to facilitate development of 
TMDLs for OP pesticides. The Regional Board must complete TMDLs within the next few years for 
diazinon and chlorpyrifos in the San Joaquin hver ,  the Delta and urban creeks in Stockton and 
Sacramento. In addition, a TMDL for diazinon in the Sacramento and Feather Rivers must be completed 
within the same time frame. To accomplish this, some key elements that must be addressed are the 
development of numeric targets (water quality objectives), identification of principal sources, 
determinations of loads and load reductions necessary to meet water quality objectives, identification of 
practices or conditions that result in elevated pesticide levels in surface waters, development of new 
andlor modified practices to reduce pesticide levels in surface waters, analysis of the costs and 
environmental consequences of implementing such practices (as compared to existing practices), 
development of a program to assure that appropriate practices are implemented, and follow-up 
evaluations to confirm the success of progams. 

The Regional Board is responsible for determining what pesticide concentrations are unacceptable in 
surface waters. As the Department is responsible for regulating pesticide use, it seems appropriate that 
the Department determine what practices 'cause pesticide loading to the rivers, determine the amount of 
loading and concentrations attributable to the practices identified, assure that practices are developed and 
implemented to reduce the loads, and conduct follow-up evaluations to confirm that loadings have been 
reduced to appropriate and specified levels.. Because of the short time schedules that we have for 
development of the OP pesticide TMDLs and the high level of stakeholder interest, it will be necessary 
to complete most of the data collection to characterize and define sources within the next 18 months. 
The following is a brief description of the monitoring and special studies that would be the most critical 
in assisting with the development of the TMDLs. 

San Joaquin River Watershed 
Agricultural drainage and urban runoff enter the $an Joaquin River and its tributaries at over 100 

k sites. Monitoring has demonstrated that the agricultural drainage is the major source of 
pesticides entering the river. Monitoring should focus initially on the agricultural drainage and 
the problems associated with diazinon and chlorpyrifos. Monitoring should be initiated this 
winter and include approximately 20 representative sites that could also serve as sites for longer- 
term monitoring (several years) to document the success of programs to control pesticide runoff. 

A California Eizviroizineiztal Protectiorz Agency 
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Tllc monitorilig efforts sliould focus 011 twb critical periods; winter application of dormant sprays 
and irrigation season use of these two chemicals. • 
The irrigation season n~onitori~lg should be designed to document the type of use or application 
practices that results in runoff with the irrigation water. Under this progarn, the goal should be 
to define whether the application practice or the use of irrigation water is the cause of the 
pesticide entering surface waters. 

The domlant spray program should focus on characterizing collcentrations and loads entering the 
river in runoff, the agricultural use practices responsible for this load and how the n~aterial finds 
its way into the surface waters. 

Sacramen to River Watershed 
Limited monitoring is proposed for this year to characterize concentrations and loads of 
pesticides entering the Sacranlento and Feather kvers  during the winter. More sources need to 
be evaluated. 

Delta 
More data is needed on OP pesticide loadings to Delta sloughs to determine the significance of 
problems and to define sources. 

Applicable to all watersheds 
Studies are needed to document the specific activities, practices or conditions associated with 
dormant spray applications and in-season use that result in elevated OP pesticide levels in the 
rivers and Delta (i.e., crop type, slope, soil characteristics, drift, tailwater and stormwater runoff, 
pesticide formulations, application rates, modes of application, etc.). Studies have been 
conducted in Orestimba Creek to identify practices, use patterns and pesticide transport 
processes, but results are inconclusive. Information is needed to determine which practices need 
to be modified or eliminated and to develop alternative practices. 

Work is in progress to evaluate management practices that can be implemented to reduce OP 
pesticide levels in the rivers (UC Cooperative Extension, DPR and others). We would like the 
Department to take the lead in evaluating and guiding these efforts to assure that all of the 
options are fully evaluated (i.e., reduced use alternatives, changes in application patterns, using 
different pesticides) and that they address all si,gnificant activities or actions that contribute to the 
problem. We would like a report prepared by the Department that includes a description of all 
the practices that are under evaluation, including an analysis of what additional practices should 
be considered. Economics and associated environmental impacts should be a part of this 
evaluation. We recommend that this evaluation be completed this winter and evaluation of 
additional practices be initiated soon after. Adequate monitoring should be associated with these 
efforts to allow us to determine the expected load reductions for each practice, along with the 
costs and any associated environmental impacts. 

, Volatilization of OP pesticides during and after application and subsequent deposition in rainfall 
may be a significant source of pesticides to surface waters, and appears to exacerbate problems in 
urban creeks. More information is needed to characterize the origins and loads attributable to 
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a this source and strategies need to bc developed (i;e., different formulations, etc.) to reduce the 
loads. 

Baseline ino~litoring is needed in the Sacramento River, Feather River, San Joaquin River, 
Merced River, Tuolumne River, Stanislaus River and the Delta to document the efficacy of 
control efforts. 

Urban Runoff 
Urban sources of pesticides need to be better defined to determine the urban uses that result in 
elevated concentrations in urban creeks (i.e., use on lawns, structure or in gardens) and whether 
they result from legal or illegal uses. Exhaustive studies do not need to be completed in every 
urban area. We recommend that the Regional Board and Department work through the Urban 
Pesticide Colnnlittee to develop generic studies that will be applicable in most urban areas. 
More nionitoring is not needed in this Region's urban areas to document that OP pesticides are 
often detected at toxic concentrations. 

We are anxious to start working with you to develop the details of monitoring efforts. We want to 
discuss what studies and monitoring the Department is willing to undertake in order to determine how 
other resources will be spent. In this memorandum, we have suggested monitoring and special studies 
that ivould facilitate the development and implementation of load reduction proganls. 

Please call me at (916) 255-3093 if you have any questions or wish to discuss any of the topics in this 
memorandum. 
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.3.8 SURFACE-WATER SAMPLER 
CLEANING PROCEDURES 

I 
Disassemble surface-water samplers for cleaning and follow t h e  
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: 

1. Periodically disassemble samplers for office-laboratory cleaning. 
Discard t h e  bag sampler bag af ter  one use-do not 
attempt to scrub or detergent wash the used bag. Prepare 
cleaning solutions, cleaning equipment, and cleaning area as 
described in section 3.2. 

2. Soak components-in detergent solution for 30 minutes. Put on 
appropriate 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 .  Check the sequence of cleaning procedures shown in figure 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 npt contact the metal collar on the DH-81 
sampler. . 

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 01: EQUIPMENT FOR WATER SAMPLING- 

When using field-site procedures for cleaning surface-water 
san~plers: 

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 t he  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 
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 corhponent 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 
thoroughly 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), collecting the used methanol 
into an appropriate container for safe storage until 
appropriate disposal is arranged. 

Cleaning of Equipment for Water Sampling 9/98 Cleaning Selected Types of Equipment 



:LEANLNG OF EQUIPMENT FOR WATER SAMPLING 

... 
111. 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. 

c. If sampler will be used for collecting samples for both organic 
and inorganic analyses, change gloves and 

i .  Proceed with a detergent wash and thorough tapwater 
and (or) DIW rinse. 

i i .  Acid rinse and DIW rinse nonmetallic components, as 
described above, discarding used solutions appropriately. 
Change to solvent-resistant gloves. 

i i i .  Rinse with methanol, if needed, as described above. 
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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Temperature is given in degrees Celsius ("C), which can be converted to degrees Fahrenheit (OF) by the 
following equation: 

"F=1.8("C)+32 

Vertical Datum 

Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929-a geodetic 
datum derived from a general adjustment of the first-order level nets of the United States and Canada, formerly 
called Sea Level Datum of 1929. 
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cm, centimeter 
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filtered acidified 
filtered chilled 
filtered untreated 
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high-pressure liquid chromatography 
normal 

Quality Water Service Unit, USGS, Ocala, FIorida 
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GLOSSARY 

Bnsic Fixed Sites-Sites on streams at which streamflow is measured and samples are collected for 
temperature, salinity, suspended sediment, major ions and metals, nutrients, and organic carbon to 
assess .the brond-scale spatial and temporal chnracter and transport of inorganic constituents of stream 
water in relation to hydrologic conditions and environmental settings. 

Bed-Sediment and Tissue Studies-Assessment of concentrations and dismbutions of trace elements and 
hydrophobic organic contaminants in stream bed sediment and tissues of aquatic organisms to identify 
potential sources and assess spatial distribution. 

Depth-integrating sampler-A sampler that will integrate and represent the area of a stream section. 

Discharge-weighted samplers-A sampler that will isokinetically represent the stream flow. 

Ecological Studies-Studies of biological communities habitat characteristics to evaluate the effects of 
physical and chemical characteristics of water and hydrologic conditions on aquatic biota and to 
determine how biological and habitat characteristics differ among environmental settings in Study 
Units. 

Equal-width increment (EWI) sarnpling-A composite sample across a section of stream with equal 
spacing between verticals and equal transit rates within each vertical that yields a representative sample 
of stream conditions. 

Gaging station-A fixed site on a stream or river where hydrolo~ic and environmental data are collected. 

Indicator Sites-Stream sampling sites located at outlets of drainage basins with relatively homogeneous 
land use and physiographic conditions. Basins are as large and representative as possible, but still 
encompassing primarily one Environmental Setting (typically, 50 to 500 krn2). 

Integrator Site-Stream sampling sites located downstream of drainage basins that are large and complex 
and often contain multiple Environmental Settings. Most Integrator Sites are on major streams with 
drainage basins that include a substantial portion of the Study Unit area (typically, 10 to 100 percent). 

Intensive Fixed Sites-Basic Fixed Sites with increased sampling frequency during selected seasonal 
periods and analysis of dissolved pesticides for 1 year. Most Study Units have one or two integrator 
Intensive Fixed Sites and one to fow indicator Intensive Fixed Sites. 

Isolcinetic sampling-The water entering the sampler is hydrodynamically equivalent (velocity, area, and 
direction) to the portion of the stream being sampled. 

Occurrence and Distribution Assessment-Assessment of the broad-scale geographic and seasonal 
distributions of water-quality conditions for surface and giound water of a Study Unit in relation to 
major contaminant sources and background conditions. 

Solid-phase extraction (SPE)-A procedure to isolate specific organic compounds onto a bonded silica 
extraction column. 

Study Unit-A major hydrologic system of the United States in which NAWQA studies are focused. 
NAWQA Study Units are geographically defined b a combination of ground- and surface-water Y features and usually encompass more than 10,000 km of land area. The NAWQA design is based on 
assessment of 60 Study Units, which collectively cpver a large part of the Nation, encompass the 
majority of population and water use, and include diverse hydrologic systems that differ widely in 
natural and human factors that affect water quality. 

Water-Column Studies-Assessment of physical and chemical characteristics of stream water, including 
suspended sediment, dissolved solids, major ions and metals, nutrients, organic carbon, and dissolved 
pesticides, in relation to hydrologic conditions, sources, and transport. 

Glossary VII 
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y's National Water-Quality Assessment program includes extensive 
ess the quality of the Nation's streams. These studies require 

analyses of stream samples for major ions, nutrients, sediments, and organic contaminants. For 
the information to be comparable among studies in different parts of the Nation, consistent 

ned to produce uncontaminated samples for trace analysis in the 
field guide describes the standard procedures for collecting and 

r ions, nutrients, organic contaminants, sediment, and field analyses 
ty, and dissolved oxygen. Samples are collected and processed using 
ed equipment made of Teflon to avoid contamination, including 

7 and DH-81) and a Teflon sample splitter. Field solid-phase 
oped to process samples for organic constituent analyses produce an 
ized compounds for more accurate results. Improvements to standard 

lude the use of processing chambers and capsule filtering systems. A 
processing procedure for organic carbon is designed to avoid 

uipment cleaned with methanol. Quality assurance is maintained by ,strict 
g procedures, replicate sampling, equipment blank samples, and a rigid 

detergent, hydrochloric acid, and methanol. 

The National Water-Quality Assessment (NAWQA) program of the U.S. Geological Survey (USGS) 
s designed to assess the status and trends in the quality of the Nation's ground- and surface-water 
sources and to develop an understanding of the major factors th'at affect water-quality conditions (Hrsch 
d others, 1988; Leahy and others, 1990; Gilliom and others, 1994). The design is based on balancing 

irements of individual hydrologic systems with a nationally consistent design 
orates a multiscale, interdisciplinary approach. Investigations of water quality in 60 

ins and aquifer systems, referred to as NAWQA Swdy Units, form the building 

d Distribution Assessment, described in Gilliom and others (1994), is the largest 
most important component of the first intensive study phase in each Study Unit. The goal of the 

nce and Distribution Assessment is to characterize, in a nationally consistent manner, the broad- 
easonal diskbution of water-quality conditions in relation to major contaminant 
d conditions. The national study design for streams has three interrelated 
umn Studies assess the occurrence and distribution of major ions, nutrients, and 

d pesticides and their relation to hydrologic conditions, sources, and transport. Bed-Sediment and 
tudies assess the occurrence and spatial distribution of trace elements and hydrophobic. organic 
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contaminants. Ecological Studies evaluate the physical, chemical, and biological characteristics of streams '$ 

d relative to environmental settings. Sampling designs for these components coordinate sampling of varying -t 
4 intensity and scope at common sites. The glossary at the front of this report includes brief definitions of ,, 

the NAWQA study components, indicated throughout the report with capital first letters, and other key ;$ 
terms. 1 

)t 

, 
This report describes standard methods for collecting and processing water-column samples from 

streams as part of the Occurrence and Distribution Assessment component of the NAWQA program. ,'- 
Complimentary methods and procedures are .described for collecting and processing biological tissues 'g 
(Crawford and Luorna, 1992; Meador and others, 1993) and bed sediments (Shelton and Capel, 1994). j$ 
The methods and techniques described in this report are intended to enable investigators to meet the :% 
specific goals of the NAWQA program and are briented to specific USGS equipment, practices, and 
support facilities. However, they also can be adapted for use b y  other Federal and state agencies, as well $! 
as by other programs of the USGS. a<&?$ 

<*'K . :% 
."I 

The procedures described conform to methods presented in the USGS Techniques of Water-Resources "'5 
Investigations (TWRI) series and in the technical memorandums of the Office of Water Quality (OWQ) :: 
and the Office of Surface Water (OSW) of the USGS (see appendix A). The procedures are based, in part, 
on guiclelies released by the OWQ and on a field manual prepared by M.A. Sylvester and others of the 

, :! ., 
U.S. Geological Survey (see appendix B). New material has been added for selected procedures, and some .' 
guidelines have been modified to conform with the NAWQA Study-Unit design guidelines. The 
development of new and improved field techniques is a continuing process; therefore, this field guide will 
require periodic updating. If these updates outline a different or improved procedure, investigators in each 
Study Unit will evaluate the effect on the resulting data. Compatibility with previously collected data is 
essential for the duration of each project. 

Trade names used in connection with equipment or supplies do not constitute an endorsement of the 
product. References are made throughout this document to the U.S. Geological Suvey's National Water 
Quality Laboratory (NWQL); Quality Water Service Unit at Ocala, Florida (OCALA); and the Hydrologic 
Instrumentation Facility (HIF). - i 
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OVERVIEW OF WATER-COLUMN STUDY DESIGN 

Water-Column Studies in NAMrQA focus on assessing physical and chemical characteristics of stream 
water, including suspended sediment, dissolved solids, major ions and metals, nutrients, organic carbon. 
and dissolved pesticides, and on relating these characteristics to hydrologic conditions, sources, and 
transport. The sampling designs for Water-Column Studies rely on coordinated sampling of varying 
intensity and scope at two general types of sites, Integrator Sites and Indicator Sites. Integrator Sites are 
chosen to represent water-quality conditions of streams and rivers in heterogeneous large basins that often 
are affected by complex combinations of land-use settings, point sources, and natural influences. Indicator 
Sites, in contrast, are chosen to represent water-quality conditions of streams in relatively homogeneous 
and usually smaller basins associated with specific individual environmental settings (for example, a 
 articular combination of land-use and geological setting). 

Water-column conditions are assessed by three primary sampling strategies employed at the selected 
Integrator and Indicator Sites: 

i 
1. Basic Fixed-Site assessments characterize the spatial and temporal distribution of general water- 

2 quality and constituent transport in relation to hydrologic conditions and contaminant sources; 
i 
P 2. Intensive Fixed-Site assessments characterize seasonal and short-term temporal variability of 
E general water quality and constituent transport and determine the occurrence and seasonal patterns 
C 
.C in concentrations and transport of dissolved pesticides; and 
b < t 
4 3. Synoptic studies are investigations of the geographic hstribution of selected water-quality 
? 
3 characteristics in greater detail during specific seasons and in relation to sources. 
$ .  

Site choices and sampling strategies for Basic Fixed Sites and Intensive Fixed Sites are particularly 
success of the stream-water design for national water-quality assessment because in this 

dy design a l l  components are integrated by a nationally consistent strategy in all Study 
The focus of this report is on field procedures for collecting and processing samples from Basic 

Intensive Fixed Sites. 

h Study Unit typically has three to five integrator Basic Fixed Sites and four to eight indicator 
ed Sites. Intensive Fixed Sites usually are composed of.one or two Inte-mtor Sites and one to 
ator Sites. Samples are collected from each site at fixed intervals and at extreme flows. The 
strategy for samples collected at Basic Fixed Sites is summarized in table 1; the strategy for 
ollected at Intensive Fixed Sites is the same, but with the addition of laboratory analyses of 
pesticides (table 2). 
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Table 1. Analytical strategy for Basic Fixed Sites 

Field measurements 

Dissolved oxygen 
pH and Alkalinity 
Specific conductance (hourly or daily if local conditions require) 
Temperature (hourly for 1 year) 

Laboratory analyses 

Suspended sediment 

Major constituents: 
Dissolved solids 
Major ions and metals: 

Calcium 
Chloride 
Fluoride 
Iron 
Magnesium 
Manganese 
Potassium 
Silica 
Sodium 
Sulfate 

Nutrients 
Nitrogen: 

Total 
Total dissolved 

Ammonia 
Nitrite 
Nitrate 

Phosphorus: 
Total 
Total dissolved 

ortho 

Organic carbon: 
Suspended 
Dissolved 

4 Collecting and Processing Stream-Water Samples for the National Water-Quallty Assessment Program 
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Table 2. Analytical strategy for Intensive Flxed Sites In addition to the Basic Flxed Slt0 analyses 

Field mcnsurements 

Specific conductance (hourly or daily for 1 year) 

Lnboratory analyses: dissolved pesticides 

Amides : 
Alachlor 
Metolachlor 

Napropamide 
Pronarnide 

Propachlor 
Propanil 

Carbamates: 
Aldjcarb 
Aldicarb sulfone 
Aldicarb sulfoxide 
Butylate 
Carbaryl 

Carbofuran Molinate 
Carbofuran, 3-Hydroxy Oxamyl 
EPTC Pebulate 
Methiocarb Propham 
Methomyl Propoxure 

Thiobencarb 
Triallate 

Chloropheoxy herbicides: 
2,4-D (acid) 2,4-DB 
Dichlorprop (2,4-DP) MCPA 

MCPB 
Silvex (2,4,5-TP) 

2,4,5-T 
Triclopyr 

Dinitroanalins: 
Benfluralin 
Ethafluralin 

Trifluralin 

Organochlorines: 
Chlorothalonil 
Dacthal (DCPA) 

Decthal (mono acid) 
p,p'-DDE 

Dichlobenil 
Dieldrin 

Organophosphates: 
Azinphos-methyl 
Chlorpyrifos 
Diazinon 

Dimethoate 
Disulfoton 
Ethoprop 

Fonofos 
Malathion 
Methyl parathion 

Parathion 
Phorate 
Terbufos 

Triazine herbicides: 
Atrazine Cyanazine 
Atrazine, desethyl Metribuzin 

Prometon 
Sirnazine 

Uracils: , 
I - -  Bromacil Terbacil 
.'. ,!.. . " ' P. :< . . -  a .'.i 

2. .;i. : _ _  -. s. ;c',-, , 
Ureas: 

2. ::,,, 
i ::, . ,, . ..%. 

Fenuron 
.,' :A,. . ., .. , .. - .;..i.. 
$1 ;:;: : 

Diuron 
; 2;. . 
?. :,-: :;- 
S'. . .2.:+ ;, 
e .  .X*l..... $;,%r,:; . Miscellaneous: 
rv .,+f+;?l.-:. 

..%.". .-- e.>..;; . - ., . -. Actifluorfen 
!. .-.Q?-. . 

I .. .,.. . 
:. ;!+<- . .. . * Bentazon 
. Bromoxy nil 
:, :.: ... ' . .,. , Chlorarnben 

Fluometuron 
Linuron 

Neburon 
Tebuthiuron 

Picloram 
Propargite 

Clopyralid 
Dicamba 
2,QDiethy lanaline . 

Dinoseb 

DNOC ' 
Esfenvalerate 
1-Napthol 
Norflurazon 
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PREPARATION FOR SAMPLE COLLECTION 

SITE SELECTION 

All Basic Fixed Sites and Intensive Fixed Sites should be at or near streamflow gaging stations because 
stream discharges associated with chemical-constituent concentrations are needed to compute constituent 
transport and to evaluate relations between streamflow and water-quality characteristics (Gilliom and 
others, 1994). The sample collection site should not be more than a few hundred feet from the site of the 
gage, unless no appreciable inflow is between the sampling site and the gaging station. 

Criteria for selecting a site for water-sample collection are different from those for selecting a site for 
measurement of streamflow. Greater accuracy in computing constituent transport may be attained by 
selecting a cross section based on sedirnent-transport and mixing characteristics rather than hydraulic 
measurements such as velocity. Collection sites should be located in relatively straight channel reaches 
where the flow is uniform. Collecting samples directly in a ripple or from ponded or sluggish water 
should be avoided. Sites upstream or downstream of confluences or point sources also should be avoided 
to minimize problems caused by backwater effects or poorly mixed flows. Samples collected directly 
downstream from a bridge can be contaminated from the bridge structure or runoff from the road surface. 

SAMPLING EQUIPMENT 

The standard samplers used in the NAWQA program for collecting water samples include the DH-S 1, 
D-77 TM, D-77 Bag, and weighted- and open-bottle samplers with Teflon or glass components. These 
samplers will collect representative water-chemistry samples in most stream environments; however, their 
limitations must be carefully considered when collecting isokinetic samples (see OSW technical 
memorandum 94.05, appendix A). For a more thorough discussion of the proper use of each sampler, see 
the "Collection Methods" section. 

Knowledgeable, independent field judgement is essential for collecting a sample representative of the 
stream chemistry. The following information should be considered before malung a decision on which 
sampler to use: 

-Understand the sampling purpose and the desired results, 
-Evaluate the stream conditions (depth, velocity, and distribution), 
-Know the limits and consequences of the available samplers, and 
-Decide which sampler and procedure will give the best results for the stream conditions. 

Whichever sampler and procedure is used, document the stream conditions, sampler limitations, and 
method used. The equipment and supplies used in the collection procedures are listed in table 3. 
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Table 3. Llst of equlpment and supplies for sampllng and processing stream-water samples 

\SQU~CCS for some items are listed to maintain qualily standards or when volume discounts are available. HIF, 
Hydrologic Instrumentation Facility; OCALA, Quality Water Service Unit at Ocala, Florida; DIW, deionized 
water; NWQL, National Water Quality Laboratory; FMI, Fluid Metering Incorporated; OWQ, Office of Walcr 
Quality; ASTM, American Society for Testing and Materials; DO, dissolved oxygen; SPE, solid-phase cxlraclion. 
ft, foot; gal, gallon; g/L, gram per liter; in. inch; L, liter; mL, milliliter; mm, millimeter; pm, micrometer; 
pS/cm, microsiemens per centimeter at 25 degrees Celsius] 

Sampling equipment 

D-77 TM (HIF) 
DH-81 (HIF) 
D-77 Bag (plans from HIF) 
karnmerer sampler, Teflon - 

Weighted-bottle sampler (plans from HIF) 
Support for D-77--bridgeboard, reels, cranes, and so forth (HIF) 
Wading rod, plastic, shrink wrapped (HIF) 
Cap, Teflon (for D-77 and DH-81) (HIF) 
Nozzles, Teflon (114 in., 5/16 in.) (HIF) 
Adaptor, Teflon (for 3-L bottle) 
Adaptor, Teflon (for 1-L bottle) 
Bottle, sampling, Teflon, 3 L 
Bottle, sampling, Teflon, 1 L 

Cleaning equipment and supplies 

Gloves, vinyl, powderless (OCALA-130 HWS) 
Detergent, phosphate free, 0.2 percent by volume (OCALA-62 FLD) 
Acid, hydrochloric, trace element-free grade; 5 percent by volume 
Methanol, organic-free grade 
DIW (see OWQ technical memorandum 92.01, appendix A) (OCALA-378 FLD) 
DIW, organic-free (NWQL) 
Bottles, wash, plastic 
Bottles, wash, Teflon (OCALA-377 FLD) 
Basins, wash, plastic (three per site) 
Brush, scrub, nonmetallic 
Brush, small bottle, nonmetallic 
Bag, plastic, sealable, small (OCALA-24 FLD) 
Bag, plastic, sealable, medium (OCALA-23 FLD) 
Tape, Teflon, 2-in. wide 
Foil, aluminum, heavy duty 
Container, waste, acid, 5 gal 
Container, waste, solvent, 5 gal 

Processing equipment and supplies 

Cone splitter, Teflon (decaport) with fitting (Geotech-0901) 
Tubing, Teflon, 114 in. (for cone splitter) 
Chamber, processing (.from plans) 
Bottles for splitting, amber glass, prebaked, 1 L (NWQL) 
Bottles, sediment, plastic, 1 L (NWQL) 
Bottles, subsample, (NWQL) 
Bags, plastic, large clear (for processing chamber7 

Filtration-inorganic constituents 

Chamber, processing (plans from HjCF) 
Pump, peristaltic, head (OCALA-20 FLD) 
Pump, peristaltic, motor assembly (OCALA-20 FLD) 
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Table 3. Ust of equipment and supplies for sampllng and processing stream-water 
samples-Continued 

Filtration-inorganic constituents--Continued 

Tubing, pump, Tygon or silicon 
Forceps, nonmetallic 
Camidges, capsule filter, 0.45 pm (OCALA-398 FLD) 
Gloves, vinyl, powderless, (OCALA-130 HWS) 
Bags, plastic, large clear (for processing chamber) 
Battery, 12-volt hotshot, dry cell (OCALA-82 FLD) 
Bottles, plastic, brown, 125 mL (NWQL) 
Bottles, plastic, clear, 250 mL (NWQL) 
Bottles, plastic, clear, 500 mL (NWQL) - 

Filtration-orpanic carbons 

Filter assemble, pressure barrel, stainless steel, 500 mL 
Hand vacuurn/pressure pump (OCALA-361 FLD) 
Tubing, Tygon, 114 in. by 5 ft 
Forceps, stainless steel, (OCALA-347 BACT) 
Filters, silver, 47 mm by 0.45 pm (OCALA-68 FLD) 
Cylinder, graduated, glass, 100 rnL 
Cylinder, graduated, glass, 250 mL 
Bottle, sample, amber glass, prebaked, 250 mL (NWQL) 
Bottle, analyses, amber glass, prebaked, 125 mL (NWQL) 
Petri dishes (OCALA-5 BACT) 
DIW, organic-free (NWQL) 
Bag, plastic, sealable (OCALA-24 FLD) 
Gloves, vinyl, powderless (OCALA-130 HWS) 

Filtration-organic compounds (kit available OCALA-386 FLD) 

Balance, portable, 6,000 by 1.0 grams (Ohaus-CT6000) 
Pump, metering, 118-in. adapters (FMI-QB-1-CSC) 
Pump, metering, fitting (FMI-RHB-0-CKC) 
Filter support, aluminum, 147 rnm, fittings (Geotech-0860) 
Tubing, Teflon, corrugated, 114 in. by 5 ft 
Tubing, Teflon, 118 in. by 10 ft 
Bottles, wash, Teflon, 250 mL (OCALA-377 FLD) 
Dispenser, bottle top, bottle (1.0 by 10 mL) 
Valves, Teflon. flow control, (NWQL) 
Cylinder, graduated, glass, 25 mL 
Cylinder, graduated, glass, 50 mL 
Forceps, stainless steel (OCALA-347 BACT) 
Syringe, disposable, 50 mL (OCALA-105 FLD) 
Micropipette, fixed volume, 100 mL 
Fitting, union, adaptor for SPE cartridge (NWQL) 
Filters, glassfiber, prebaked, (137 mm by 0.7 p) (OCALA-375 FLD) 
Bottles, amber glass, prebaked, 1,000 mL (NWQL) 
Methanol, organic-free grade 
DIW, organic fiee (NWQL) 
Spike mixture, vials, 4 mL (NWQL) 
SPE cartridges, analytichen C- 18 (NWQL) 
SPE cartridges, carbopak-B (NWQL) 
Bores, glass, disposable, for micropipette (NWQL) 

' 

Surrogate mixture, vials, 200 mL (NWQL) 
Acid, ascorbic, 10 g f L  
Beaker, plastic, 1,000 mt 
Foil, aluminum, heavy duty 
Gloves, vinyl, powderless (OCALA-130 HWS) 
Battery, hotshot, 12 volt, dry cell (OCALA 82 FLD) 
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Table 3. Llst of equipment and supplies .for sampllng and processing stream-water 
samples-Continued 

Preservation 

Chamber, preservation (2) (from plans) 
Gloves, vinyl, powderless (OCALA-130 HWS) 
Nitric acid, ampules (NWQL) 
Nitric acidlpotassium dichromate, ampules (NWQL) 
Sleeves, foam (OCALA-136 FLD, 358 FLD) 
Ice 

Field analyses equipment and supplies 

- .. 
Thermistor, electronic thermometer . . 

Therniometer (ASTM) 
. . Meter, specific conductyce, elecaode 
L .  Meter, pH 

Elecaode, pH, combination, liquid filled (OCALA-351 FLD) 
. . Meter, dissolved 'oxygen 
f .::.. F, ;.:,:: 

Probe, dissolved oxygen (OCALA-116 FLD) 
Standards, specific conductance, 100 to 50,000 pS/cm (OCALA-42 

$. ': 
F Buffers, pH 4 (OCALA-123 E D )  
@ i Buffers, pH 7 (OCALA-125 FLD) 
5' - .  . Buffers, pH 10 (OCALA-127 FLD) ;< . ; -.  .:. ...,. A 

I .  .=. - . - Membrane repair fit, DO (OCALA- 115 FLD) 
Solution, zero, DO (OCALA-119 FLD) 
Titrator, digital (OCALA-145 FLD) 
Acid, sulphric, titrator cartridge (OCALA-142 FLD, 143 FLD) 
Stirrer, magnetic, portable (OCALA-356 FLD) 
Stirring bar, Teflon, magnetic 
Beakers, glass, 100 mL 
Beakers, glass, 250 mL 
Beakers, glass, 500 mL 
Barometer 
Chamber, air-calibration (Wand) 
Pipet, volumetric, 50 mL 
Pipet, volumetric, 100 mL 
Bottle, wide mouth, plastic, 1,000 mL 

FLD--54 FLD) 

LA-378 FLD) 
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HAND-HELD SAMPLERS 

The DH-81 or an open-bottle sampler should be used when streamfl 
to be waded. The DH-81 sampler consists of a polypropylene collar screw 
rod. The collar is notched to accept the D-77-type Teflon cap and nozzl 
the sampling position. A 1- or 3-L Teflon bottle can be used with the appropri 
DH-81 can use a 114- or 5116-in. Teflon nozzle. An open-bottle sample 
collecting a water sample. An uncapped glass or Teflon bottle is submerge 
"Weighted Bottle" section). 

SUSPENDED SAMPLERS 

The following suspended samplers can collect depth-integrated samples when used wi 
recommended limits. These samplers are suspended from, and lowered into, the stream by a rop 
and usually require the use of additional equipment because of their weight (see "Support E 
section). 

D-77 TM 

This 75-lb sampler (epoxy coated to prevent trace-element contamination) collects lar 
(nearly 3 L) samples. This sampler is approved for flow velocities from 2.0 to 8.0 ftls, th 
instability has been noted in turbulent flow velocities exceeding 6.0 ftts. Depth limitations 
TM sampler are dependent on a combination of depth and velocity, preventing the s 
overfilling when used with the recommended transit rate and the required nozzles. The 
operating depth is between 3 and 15 ft. The Teflon cap has standard Mason-jar threa 
compatible with a large glass sample bottle. The older Teflon caps requir 
when using the 3-L bottle. Caps purchased after July 1994 will not require the use o 
adaptor. The recommended nozzle sizes for the D-77 TM sampler is 114- and 5116-in. an 
of Teflon. However, in extremely high flows or-when sampling depths cause the 3-L 
overfill in a single vertical, a 3116-in. nozzle can be used. Thls sampler was counte 
manufacturing for specific-sample bottle use. Always check the balance to ensure that th 
when fitted w ~ t h  an empty bottle, cap, adapter, and nozzle. 

D-77 Bag 

This sampler is designed to collect large-volume (up to 8 L) samples. Counte 
below this sampler allow for sample collection in streams where depths exc 
and where the combination of depth and velocity cause other samplers to 
standard D-77 Teflon cap and nozzles. Teflon bags attached to the cap are held in 
bottle, a frame, or both. The bag enables. this sampler to collect larger volume 
currently are being tested. It is not known if the sampler collects samples isoki 
inside the nozzle must be greater then the pressure outside the nozzle for the bag t 
difficult to use because of the collapsible bag and the sediment is hard to re 
recommended when velocities are less .than 2 ftls and should be used only 
inappropriate. Plans and operating instructions for this sampler are available fr 
use of this sampler. 

Under Ice 

Under-ice samplers that use the D-77 bottle, cap, and nozzle are c 
sampler is based on the DH-81 design and pivots into a vertical~position, allowin 
ice hole. Contact the HIF for more information. Until this sampler is availabl 
bottle sampler should be used. A hand-held ice chisel should be used when 
avoid leaving residual contamination from the power equipment. ' 
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Welahted bottle - 
A weighted bottle is a simple way to collect o water sample in slow moving streams. Weights are 

added to an uncapped glass or Teflon bottle suspended from a rope for depth sampling. The sampler can 
be handmade (plans are available from HIF) and consists of a plastic basket or frame with a weight 
attached that holds a specific-size bottle. These samplers do not collect a depth-integrated, isokinetic 

. :I sample; the sampling depth is mainly dependent on the capacity and inside diameter of the bottle opening. 
?>: 
'J'$, *. 

However, a representative sample usually can be collected from shallow streams when the suspended 
k8 + 

sediment is dismbuted uniformly in the vertical and the velocity is less than 2.0 Ws. These samplers are 
+ $ \  : i most appropriate where differences in water-quality distribution within the cross section of the stream are 

7' "Ti: 
a I t  insignificant. 
;= $,$ 
2. :. . , i.r .., .:;; .', :,., 
:,. , , I  , . ' 7. 

A Teflon Kemmerer sampler can be used to composite depth-integrated samples from various depths. 
i ". A Kernrnerer sampler is a 4- by 18-in. tube with end caps that close by means of a messenger and entrap 
. :  L,,, . - <,s.!.. ,;., .. _+ .. . a 4.2-L water sample inside. This sampler collects a point sample from a specific depth. Composite 
':I? ;;. . " 
,.9 . r",t 

several point samples from one vertical for a depth-integrated sample. 
..<. -< .,,- ' 
,.,. ;;:;. ,;>?,<:, 
..A- ...,,. '.  . - 
;;%; 2:'; 
:--A ,z: . , 

NOTE: When suspending a weighted-bottle sampler, use a single-filament line or rope (for example, a 
j,:; .;::&. $;. , ,$;;? 

synthetic fiber such as nylon or Kevlar). Attach the line to the comer of the sampler to hold the bottle 
L,;:;, ....3?.-.: .* ' 
<,ki: mcl .:. at a slight angle to avoid dripping river water from the line into the sample bottle. 
S?:$,  ...:. r;,. . g&, ~:z$:f.: 
&,. %.% , ' .~..., .' .:.*. , ,$-:::. ;$ .,;;;;;,::: 
?;4;'.:":LL, -.';* 

SUPPORT EQUIPMENT 
:.>* , '.,ti%:. 

monitoring also is used as support equipment for 
ous types of support equipment is presented in a report 

ded when using multipurpose equipment for water-quality 
handsfdirty hands technique outlined in OWQ technical 

wed, when using metal support equipment. With this 
support equipment and another person (clean hands) 

Many field vehicles are used for more than one purpose (that is, streamflow measurements, gage 
nstruction, stream sampling, and sample processing). Sample contamination is more, likely 
ultiuse vehicles are used to collect and process water samples. Therefore, it is strongly 
t all water-quality sampling and processing be restricted to vehicles designed for that 
cessing area in the vehicle needs to be free of contaminants, metallic objects, dirt, and 
ate storage areas for the sampling equipment, acids, and solvents should be available, 

ral specially designed vehicles are currently in use. One 
esigned for use at the Rocky Mountain Arsenal by USGS 

pare and preserve the stream samples for laboratory analyses is specific 
des processing chambers, splitters, fiitering systems, and preservation 

. A complete list of processing equipment and supplies is given in table 3. 

e possibility of contamination and is required during the 
Q technical' memorandum 94.09, appendix A). Sample 

s to avoid cross contamination. These processing and 
ailable from HIF). Generally a 2- by 2- by 2-ft frame 

(PVC) to support a clear plastic bag, which forms a 
g and preserving samples. 

Preparation for Sample Collection 1 1  



SAMPLE SPLIllERS 

Two types of splitters are available for compositing and splitting, the cone (decaport) and the churn. 
The cone splitter is a positive pour-through device that composites and splits the sample in one step. A 
funnel-shaped reservoir receives the sample and directs it into a splitting chamber. The splitting chamber 
is a solid block with 10 outlet ports (placed at 36" intervals around the circumference and drilled at 45" 
angles) that meet in the center to form an inverted cone. The resulting configuration splits samples into 
10 equal subsamples. Tests have shown that the cone splitter can split sample volumes as small as 
250-mL into 10 equal subsamples, each subsample volume within an accuracy of 5 percent (see OWQ 
technical memorandum 80.17, appendix A). Tests of the distribution characteristics of the cone splitter 
(Cape1 and Nacionales, 1993) indicate that, even with a slight difference in the volume of the subsamples, 
the relative percent of sediment mass to sample volumes are within 3 percent at each port, and the 
particle-size distribution of the finer than coarse-sand fraction is within 5 percent. 

Tests indicate that the chum splitter does not produce equivalent subsamples for sediments coarser 
than 63 rnm. There is concern that a metal spring in the spigot may contaminate the samples for trace- 
element analyses (see OWQ technical memorandum 94.09, appendix A). The chum should be used only 
as a compositing vessel for dissolved inorganic samples withdrawn from the top (see OWQ technical 
memorandum 94.13, appendix A). The chum is limited in sample volume and currently is available only 
in a plastic version. 

Based on all available information, the Telfon cone splitter is the best available equipment for 
compositing and splitting whole water samples for analyses of major ions, nutrients, trace elements, 
pesticides, and sediment. It is presently the only alternative for splitting pesticide and sediment samples. 
However, when methanol is used for cleaning the cone, it is not suitable for splitting samples for total 
organic compounds (TOC), dissolved organic compounds (DOC), and volatile organic compounds (VOC). 
Those samples must be collected separately, directly from the stream, to avoid contamination. The churn 
is suitable for compositing dissolved, inorganic constituent samples, but NAWQA studies seldom sample 
for these constituents in isolation. Thus, for the multipurpose needs of NAWQA, the use of the Teflon 
cone splitter is required. 

FILTER SYSTEMS 

Some samples collected for inorganic constituents and most samples for organic constituents must 
be filtered in the field. Filtration equipment and procedures vary slightly depending on the type of 
constituents the filtration process is intended to isolate. The equipment basically consists of a 
variable-speed, battery-operated pump fitted with a peristaltic pump head or a metering pump that forces 
the sample through Tygon, silicon, or Teflon tubing into a filter assembly. A capsule filter system with 
an effective pore size of 0.45 p is used for filtering inorganic constituents. The filter type used to 
process the dissolved organic-carbon samples has the same pore size, but uses a stainless-steel pressure 
filter unit to hold a 47-mm-diameter silver filter. The plate filter used for organic-compound analyses is 
142 rnrn in diameter and is made of glass fiber with a pore size of 0.7 p. 

2 

.z 
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EQUIPMENT CLEANING 

@ ,  INORGANIC CONSTITUENTS AND ORGANIC COMPOUNDS 

The collecting and processing equipment are soaked in dilute phosphate-free detergent solution, rinsed 
with tap water, soaked in 5.0 percent hydrochloric acid (HCl), rinsed with deionized water ( D W ,  rinsed 
with methanol, and then air dried prior to each field trip and between sites (see OWQ technical 
memorandum 94.09, appendix A). Detergents, methanol, and acids should be used with care to avoid 

ossible contamination of the sample by their residue. A thorough native-water rinse is required at each 
ie ld  site before sampling to remove any remaining cleaning agents and equilibrate the equipment to the 
sampling conditions. A list of the supplies needed for equipment cleaning is given in table 3, and details 
on procedures are outlined below. 

The sampler bottle, cap and nozzle, cone splitter, chum splitter, filter support, pumphead, tubing, and . 

any other equipment (except the aluminum filter support used for organic-compound filtering) that will 
contact the sarriple are cleaned prior to each field trip and between sites as follows: 

1. Disassemble (if necessary) wearing vinyl gloves. 
2. Soak for 30 minutes in a 0.2-percent solution of phosphate-free detergent and scrub with a 

, . 
... 

nonmetallic brush. Use a small bottle brush for the cone-splitter parts. 
. . .  . . 3. Change gloves and rinse throughly with warm tap water to remove all soap residue. 

,:; NOTE: FOR EQUIPMENT USED EXCLUSIVELY FOR ORGANIC-COMPOUND PROCESSING 
OMIT STEPS 4 AND 5. 

, . 4. Soak for 30 minutes in a solution of 5.0-percent hydrochloric acid. Swirling the equipment in 
the acid solution will adequately desorb any metals not removed during the washing process. 

. . The used acidlwater solution should be placed in a waste container for proper disposal (see 
OWQ technical memorandum 94.06, appendix A). .\. 

.. .,. 
(< :... . 5. Change gloves and rinse three times with DIW water. 

N O E :  IF ORGANIC-COMPOUNDS SAMPLES ARE NOT COLLECTED, OMIT STEPS 6 AND 7. 
6. Rinse the equipment used for the collection of samples for organic-compound analyses with a 

minimum amount of methanol. The used methanol should be placed in a waste container for 
proper disposal (see OWQ technical memorandum.94.07, appendix A). 

7. Allow to air dry. 
8. Protect areas of the equipment that will contact the sample with Teflon tape and place in a 

sealable plastic bag for storage and transport. 
9. Rinse sampling and splitting equipment at the site with 2 to 3 L of native water before 

ling and splitting equipment with DIW immediately after each use. 

quipment used for filtering the organic-carbon samples should be baked at 450°C for 2 hours or 
ed using organic-free DIW and aggressive scrubbing. USE NO DETERGENT OR METHANOL as 

. Protect and keep equipment away from any procedure using methanol (even the 
nate the equipment). If this equipment is contaminated and requires additional 

g, scrub with a 0.1-percent solution of phosphate free detergent, then soak and rinse several times 
e volumes of organic-free DIW. 
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COLLECTION METHODS 

Proper sampling techniques must be used to ensure that a sample is representative of the flow in 
cmss section. A discussion of sampling techniques is presented in reports by Edwards and Glysson (1 
and Ward and Hair (1990). Some aspects of sampling also are included in other USGS TWRXs, 
technical memorandums (see list of references, appendix A), and in the recommended methods for 
data acquisition (U.S. Geological Survey, 1978). A discharge measurement should be made p 
sampling if a rated discharge is not available. 

Collect s a . l e s  at the same cross section throughout the period of record, if possible. 
eliminate many of the potential problems that might arise during the interpretation of water-qu 
For example, measuring streamflow in a pool and sampling in a nearby riffle might prevent 
hydraulic information to compute constituent transport. Sand may move through the pool as b 
through the riffle as suspended load. This does not mean that the same section used during th 
wading stage must be used during higher stages that require the use of a bridge or cableway 
the flow characteristies at the different cross sections can result in incomparable data if the 
are not located near each other or in the same flow regime. 

The number of verticals sampled at a site should be based primarily on the requirement 
sample representative of cross-sectional chemistry and secondarily to obtain the volume o 
required. Samples usually should be collected using a standard multivertical depth-integra 
obtain the most representative isokinetic sample possible. However, abbreviated samplin 
is, weighted-bottle or dip sample) are sometimes the best procedures for collecting a sampl 
of the stream chemistry. Single vertical, dip, or other point-sampling methods can be 
cross-sectional transport characteristics of the site are documented adequately or extreme fl 
exist that preclude the use of standard methods. The Telfon bag sample might not provide a sample 
representative of stream hydrodynamics; however, it can collect a representative noncontaminated sample 
in deep or fast moving streams. Considering the limits of the other samplers, the D-77 TM might be the 
most appropriate sampler under many conditions, even when used beyond its limits. All samples collected 
by nonstandard methods should be checked periodically against standard cross-sectional samples to 
develop correction coefficients for the data. 

Prior to initial sampling at a site, and again 3 to 4 times per year, obtain a stream profile of .field 
measurements (velocities, specific conductance, temperature, pH, and dissolved oxygen). Record 
observations from several verticals and depths in the .cross section to determine the uniformity of these 
characteristics. These measurements should be used as guides in selecting an adequate number of verticals 
for obtaining a representative sample. 

The vertical transit rate and operational depth of each sampler is a function of the stream velocity, 
sample-container volume, and nozzle size. The following chart gives the recommended vertical transit 
rates and the maximum depths for isokinetic sampling based on samplers and nozzles. Specific limitations 
of the samplers are in OSW technical memorandum 94.05 (see appendix A). 

Nozzle 
Ratio Sampler diameter 

(inches) 
114 DH-8 1 0.4 

DH-8 1 5/16 0.4 
114 D-77 TM 0.1 

D-77 TM 5/16 0.2 - 
Srream velocity x ratio = maximum vertical transit rare 

14 Collecting and Processlng Stream-Water Samples for the National Water-Quallty Assessment Program 



Because of the limits of existing samplers to collect an isokinetic sample, considerable independent 
judgement is necessary to collect a sample representative of the stream chemistry. The entire stream cross @! section must be represented in the final sample to avoid the potential loss d pollutants that might be 
seeping from the streambanks or streambed. Therefore, it might be necessary to increase the vertical 

. - transit rate or use a smaller nozzle to avoid overfilling the sampler when representing the entire stream 
s.: depth. A weighted-bottle or D-77 bag sampler also might be used. Figure 1 illustrates the recommended z .  
22; -.,- 

sampler options for the NAWQA program based on stream depth and velocity. 
'."'a> ;:. .<I.. ; ..,.. , 
.+I - .~i: Intermittent streams require special consideration because little opportunity exists to study conditions 
.I..'' 

;$, . . or sample in detail prior to a flow event. Rapidly changing stage, discharge, and constituent 
3% concentrations dictate that abbreviated sampling schemes and techniques be planned carefully in advance :&i:. 

.-,.. to ensure that the most representative samples possible are obtained. 
72fi"T. 
. ., - 

Schen natic 

STREAM VELOCITY, IN FEET PER SECOND 
2 8 

I - OPEN BOTTLE 

I - 
I 

DH - 81 

----------- 

WEIGHTED 

D-77TM 

D - 77 
BAG 

KEMMERER 
SAMPLER 

D - 77 BAG 

D - 77 
BAG 

of suggested water-quality samplers for various stream regimes. 
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EQUAL-WIDTH-INCREMENT SAMPLING 

The equal-width-increment (EWI) sampling method is the recommended procedure for NAWQA. The 
EWI method must be used during any sampling condition where a discharge measurement is not made 
before sampling; where the period of discharge record is insufficient to develop stage-discharge rating 
curves; where the streambed material is mobile, resulting in a poor stage-discharge relationship; or where 
inflow from a tributary is not well mixed in the sampling section. Detailed information on EWI sampling 
is presented in a report by Edwards and Glysson (1988). 

The EWI method requires equal spacing of a number of verticals across the cross section and an equal 
transit rate, both upward and downward, in all verticals. The stream width is divided into a number of 
equal-width intervals; the number of intervals is dependent on results of water-quality profiles, uniformity 
of sediment distribution, channel width, and the depth and velocity distribution across the stream. Use 
5 to 10 increments for cross sections less than 5 ft wide and a minimum of 10 increments in streams 5 
ft wide or greater. A maximum of 20 increments should be used in extremely wide, shallow cross 
sections. The sample verticals should be spaced at least 6 in. apart. 

Samples from several verticals can be accumulated in the same bottle. Do not allow the bottle to 
overfill because secondary circulation and enrichment of heavy particles can occur and bias the sample. 
Empty the bottle and resample the EWI stations if overfilling should occur. 

The same transit rate must be used for all verticals. When additional verticals cannot be sampled 
. without overfilling the bottle, empty the bottle directly into the cone splitter or use another bottle and 

continue sampling in the same manner until all of the verticals have been sampled. Transverse the EWI 
verticals as many times as necessary to ensure collection of the volume of sample required for analysis. 
When more than one traverse of each vertical is required, the composited cross-sectional sample will be 
proportional to the flow if each EWI vertical is transversed an equal number of times. 

EQUAL-DISCHARGE-INCREMENT SAMPLING :e 
The equal-discharge-increment (EDI) sampling method can be used on large streams only if the 

streamflow distribution within the cross section is known; that is, a discharge measurement is made prior 
to sampling. This method is not preferred, however, because it limits the number of verticals and could 
misrepresent a stream with stratified chemical characteristics. A discussion of this method is in a report 
by Edwards and Glysson (1988). 

NONSTANDARD SAMPLING 

Most samples collected for NAWQA are obtained by the depth-integrating samplers, DH-81 and D-77 
TM. The quality of samples collected using nonstandard methods is likely to be inferior to those obtained 
with depth-integrating samplers (see the "Sampling Equipment" section). Identify all instances of 
nonstandard sampling in the field notes. Below are instances where other samplers ormethods might be 
needed. . .- 

..  21 
. ;  1 

. . .. 
". ;. 

ORGANIC-CARBON SAMPLING ;. . .! ...... , :; ., 
. -, ..:: .? . .. * 

Special care must be taken when collecting samples for organic carbon analyses because the use of , :;%, ;.!.".. .:. .- 

methanol as a cleaning agent will contaminate the DOC sample. Collect the sample directly into a baked .; . -... ::I , 

..Z? ; 250-rnL amber @ass bottle using a weighted-bottle or open-bottle sampler at a single midstream vertical :... ..,.. .; 

to avoid contarmnation from equipment or cleaning procedures. Because the sample probably will be .. .!; :czi .. < ; 

more representative if the entire vertical is sampled, lower the sampler into the stream as quickly as . i;:: .-= 
. f . k; : possible. This compromised 'nonisokinetic collection pro.cedure, designed to prevent equipment .... 4;: ad. 

contamination, could affect the integrity of the suspended-organic-carbon (SOC) sample because the '?, 7c .! 
suspended sediments are not represented correctly. :a,: 

.. .- , 70 i r 

. . 
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LOW-FLOW SAMPLING 

In very shallow or low-flow water where a depth-integrating sampler cannot be submerged, a 
representative sample usually can be obtained by immersing a hand-held open bottle (dip sample) in the 
centroid of flow or at multiple verticals with the mouth of the bottle directed toward the current. A dip 
sample should never be taken when it is possible to obtain depth-integrated samples. In natural streams 
when velocity is greater than 1.5 fds, suspended sediment normally has a higher concentration near the 
streambed than near the surface. The bias introduced hy dip sampling can be considerable if the sample 
is analyzed for trace elements or other constituents that can sorb onto sediment particles. 

HIGH-FLOW SAMPLING 

If the velocity of the stream is so great that the sampler is pulled downstream and cannot be lowered 
in the vertical or the combination of depth and velocity cause the sampler to overfill, alternate sampling 
methods are necessary. Under these conditions, sample with a D-77 bag sampler or exceed the limit of 
D-77 TM sampler and document the procedure. The number of sampling verticals should be kept to a 
minimum during periods of storm runoff when the stage is rapidly changing and it is necessary to collect 
a large number of samples from several locations within a relatively short period of time. Under these 
conditions, collect the samples at a reduced number of verticals at each site and document the 
circumstances and number of verticals on the field notes. 

SAMPLING FROZEN STREAMS 

During periods of extreme cold when nozzles or air exhausts in samplers freeze up, use a sampler 
designed for collection under ice (such as described under section, "Sampling Equipment") or collect 
directly into an open bottle through a hole in the ice. 

AUTOMATIC SAMPLERS 
. .(. .. . 

. . 
Automatic pumping samplers with a single-fixed intake are sometimes used to collect samples at remote 

.. ,. 
.. . . sites or small streams with flashy hydrologic response. Pumped samples must be compared to EWI 
.. . . . . .  . ., , ,. . . .., . 2 .  . 

samples collected over the range of flow conditions at the site. EWI samples are used to develop 
. >.-., . , j .  

.:,a ,, 
coefficients for the point samples ,collected by the automatic pumping sampler. Analyze comparison 

- .  -!,,, - .  
,: :5.->.. . . . . samples for the same constituents as the pumped samples to determine the relation between the constituent 
f- ,:...,.. ., 

..I.,.,; 
7.7 -'". concentrations at the single fured-intake location and their respective mean concentrations in the cross 
'- 3 .  -. . . 

!.. -. .--,5:. ... -:-.-.: section. Use this information to select the best location in the channel for the pump intake. Retrieve 
samples from the automatic sampler at the earliest possible time to reduce the chance of chemical or 
biological alteration of the sample. - Refrigerated Teflon automatic samplers are available to help maintain 

le integrity. Flow-composite samples can be obtained by withdrawing a s m d  aliquot of sample from 
bottle collected during an event and compositing into a single bottle for analyses. 

SAMPLE PROCESSING 

The EWI sampling method produces a composite sample that is representative of flow in a cross 
When sampling for multiple chemical constituents, the sample must be subdivided within a short 

er collection into a number of subsamples, each equivalent in concentration of suspended and 
dissolved constituents. A complete list of the equipment and supplies used in processing water samples 
(splitting, filtration, and preservation) is given in table 3, 

precautions must be taken to avoid contamination from the atmosphere during the processing procedure. 
Sample processing equipment should be kept covered (when not dispensing sample), and subsample bottles 
should be covered or capped. All sample preparation and processing should be done in a field processing 

or inside a clean field vehicle. 
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SPLITTING 

The cone splitter is being used as the primary splitter to divide the collected sample into subsamples 
for inorganic-constituent, organic-constituent, and suspended-sediment analyses. Subsamples for filtered 
inorganic-constituent, organic-compound, suspended-sediment, and field analyses should be collected from 
the first set of split samples from the cone splitter. Subsequent splits should be used to collect subsamples 
for raw (unfiltered) inorganic-constituent analyses. If samples are collected only for dissolved inorganic- 
constituent analyses, the chum splitter may be used instead of the cone splitter (see OWQ technical 
memorandum 94.09, appendix A). The plastic chum splitter should not be used for compositing or 
splitting samples for the analysis of suspended sediment or organic compounds. 

Individual samples collected in a D-77 TM sampler can be poured directly into the cone splitter from 
each vertical, or each time the D-77 bottle is full. Alternatively, the entire sample can be collected in 
several (three or four) D-77 sample bottles and later poured into the cone splitter. Either method allows 
the cone splitter to .function as both a splitter and compositor. The sample should be well mixed in the 
D-77 sample bottle when dispensing the cornposited sample into the cone splitter. A~itate the bottle to 
resuspend adequately the sediment and pour rapidly into the splitter. Make sure all sedment is removed. 

The splitting process is as follows: 

1. Set up the cone splitter on a flat, open area. A level splitter is critical to performance. All 
Teflon tubes should be approximately, the same length. 

2. Field rinse all sample-collection and splitting equipment with native water. Collect the rinse 
water near the shore to avoid heavy suspended sediments. Pour rinse water from the D-'17 
sample bottle through the Teflon cap and nozzle and into the cone splitter. Three 1-L rinses 
are more effective then one 3-L rinse. 

3.' Place subsample containers under each outlet tube. The tubes need only extend into the 
receiving containers far enough to prevent spillage. 

4. Cover the reservoir of the cone splitter and seal each port (with Teflon tape) as it enters the 
subsample bottle to prevent airborne contamination. A large plastic bag should be placed over 
the splitter and subsarnple bottles when not in use. 

5. Agitate the sample (10 to 15 seconds) in the D-77 bottle to resuspend the sediments. Invert 
the bottle over the cone splitter reservoir. Sample transfer should be rapid. Maintain a head 
of water above the standpipe to prevent air from entering the splitting block. 

6. Remove subsarnple containers from cone splitter and cap immediately. 
7.  An additional split is necessary to obtain the smaller volumes of some required subsamples. 

Reload splitter ports with the required bottles and pour a subsample from the first set of split 
samples. 

8. Disassemble the cone splitter after completing the sample processing and clean before reuse 
or storing. 
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Below is an exan~ple of the splitting techni ue. Consider that an S- to 9-L con~posite snrrlple nlust 
he split to achieve a set of final subsamples as 9 ollows: 

2,000 mL - FU, pesticide analyses 
250 mL - RU, laboratory conductance, pH, and alkalinity 
500 mL - FU, major anions and dissolved solids 
250 mL - FA, major cations 
125 mL - RC, total nutrients 
125 mL - FC, dissolved nutrients 
250 mL - FU, field alkalinity 
500 mL - ' RU, field measurements (conductance and pH) 

1,000 mL - RU, suspended-sediment analyses 

a- 4% 
3.'~ X where 
%A, F = filtered, 
yq: 
L *A- U = untreated, .&, A = acidified, 

@: R = raw (unfiltered), 

$$ C = chilled 

One l-L bottle under each of the splitter ports will generate a set of subsamples with 800 to 900 mL in 
each bottle. If additional volume is desired in the l-L subsamples, pore one of the subsamples back 
through the splitter to top off the volume in the remaining 9-L subsamples with an additional SO to 90 rnL. 
Set aside three of the 1-L bottles for filtering the pesticide samples and save one 1-L bottle for 
suspended-sediment analyses. Use one l-L bottle for field measurements of conductance and pH. Two 
l-L bottles can be used to filter samples for major ions, nutrients, and field alkalinity. Place a ,125-mL 
bottle for the nutrient sample (RC) under one splitter port and combine two ports into a 250-mL bottle 
for the RU sample. Pour one of the 1-L subsamples from the first split through the splitter to fill the 
secondtset of subsamples with the approximate volumes. The remaining two l-L bottles can be used for 
extra samples or for rinsing the equipment in the filtering process. An example of the first set of 
subsamples (approximately 850 mL each) follows: 

3 - Pesticides (to be filtered), 
2 - Major ions, nutrients, and field alkalinity (to be filtered), 
1 - Sediment (RU), 
1 - Field measurements, conductance, and pH (RU), 
1 - Resplit for 250-mL RU and 125-mL RC samples, and 
2 - Extra samples. 

arger total-volume sample is required, use 2- or 3-L bottles under the ports of the cone splitter 
g the first split instead of the l-L bottles. Additional cone splits may be necessary to achieve the 
r volume of subsamples; 

ee important issues to remember when using the cone splitter: never overfii a subsample bottle, 
pour all of the sample into the splitter, and be careful not to spill any sample water when pouring. 
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D. Suspected suspended-sediment concentrations greater than 1,000 mglL: 

Follow procedure C when processing samples suspected of having a suspended-sediment concentration 
greater than 1,000 mgL, except use a 10-mL sample volume at step 3 for the SOC analyses. Step 11 then 
will require an additional 90 rnL for the DOC sample. 

Clean all equipment immediately after use, wrap with aluminum foil, and store in a sealed container 
(sealable plastic bag). Avoid working and storing in areas where methanol vapors might contaminate the 
equipment. The filter assembly ond any other equipment (tweezers, graduated cylinder, and so forth) 
should be routinely cleaned ONLY with organic-free DIW accompanied by an aggressive scrubbing with 
a nonmetallic brush. DO NOT USE METHANOL OR DETERGENT for routine cleaning. 

Reg;ular inspection of the filter assembly is important to determine if additional cleaning is necessary. 
.4 dirty filter unit or a suspected contaminated filter unit will require additional cleaning. Scrub filter unit 
with a solution of 0.1-percent Liquinox and rinse with GALLONS of tap water (you MUST remove 9 e  
detergent). Scrub and rinse with organic-free D W .  Remember that three 1-L rinses are more effectwe 
than one 3-L rinse. Double wrap the equipment with aluminum foil for storage. .r 

ORGANIC COMPOUNDS 

Organic contaminants are manmade, synthetic compounds, many of which control insects (insecticides) 
and weeds (herbicides). The capillary-column gas chromatography/mass spectrometry (GCMS) method 
is used for pesticide analyses of organonitrogen herbicides (NWQL schedules 2001 and 2010). Samples 
collected for chorophenoxy-acid herbicides and carbamates (NWQL schedules 2050 and 2051) use the 
high-pressure liquid-chromatography (HPLC) method. These synthetic-organic compounds in stream water 
interact with sediment particles through sorptive processes; therefore, it is important to separate the solid 
phase from the sample as soon as possible after collection. Depth filters made from glass fibers with a 
0 . 7 - p  pore size are used to filter samples for analysis of organic compounds because they can be 
precleaned with organic solvents or baked at 450°C. Depth filters have a high-loading capacity, making 
them more suitable for filtering the larger sample volumes (1 to 3 L) are needed for organic analysis. 
More detailed information on filtering samples is found in OWQ technical memorandum 91.09 (see 
appendix A) or in a report by Sandstrom and others (1992). 

. 

The pumping system should be either a valveless metering pump with a ceramic piston (FMI- 
QB-1-CSC) or a Teflon diaphra,m head mounted on a 12-volt electric pump drive. The filter support 
should be made,of aluminum, Teflon, or stainless steel with a 142-mm diameter. The filter support is 
connected to the pump with 114-in. convoluted or corrugated Teflon tubing and Teflon or stainless-steel 
fittings. 

All equipment and components should be made of materials that will not contaminate or sorb analytes 
and are suitable for use with organic solvents such as ceramics, glass, fluorinated polymers (Teflon), 
stainless steel, or aluminum. The equipment should be precleaned with a Liquinodtap-water solution 
(approximately 0.2-percent Liquinox by volume), rinsed with tap water and then with high-purity 
methanol, ,and air dried. Do 'not use the hydrochloric-acid .cleaning step for equipment used in this 
procedure. The following procedures. should be done in a clean workplace, free from fumes and dust. 
The samples processed here should be subsamples directly from the cone splitter. 

1. Rinse the filter, tubings, and the filter support by passing AT LEAST 100 mL of native water 
through the system; use a precleaned (oven baked at 450°C for 2 hours), glass-fiber, 0 . 7 - p  
pore-size filter (part OCALA-375FLD). Remove the air from the filter support and tubing by 
opening the vent located on the top of the filter support. 

2. Tare weigh a precleaned 1-L amber glass bottie (from NWQL). Filter sample without rinsing 
the bottle. Collect approximately 1 L of the filtered sample for each schedule (do not 
completely fill the bottle; leave about a 2-cm headspace to add conditioner and surrogate). 

3. Weigh and record the amount of sample filtered; that is, the total weight minus the tare weight 
of the bottle. 

4. Refrigerate or store filtered sample on ice (approximately 4°C) for additional processing. 
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Changlng Fllter Paper 

High sediment and colloid concentrations can slow the filtration rate by clogging the filter paper prior 
to achieving the volume necessary for analyses. Clogging might require changing the filter paper during 
the filtration procedure. To do this, remove the pump intake line from the stream-water sample bottle and 
pump dry the filter unit before disassembling. Remove the filtered sample from the filter unit. The 
unfiltered sample must not come in contact with the bottom half of filter unit while the filter paper is 
being changed. Fold the clogged filter in half with tweezers, carefully remove, and discard. Rinse the 
inside of the filter unit with organic-free D W .  Install a new filter paper and condition prior to continuing 
the filtration process. 

Cartrldge Processlng 

Samples collected for analysis of organic compounds must be processed through a solid-phase 
extraction (SPE) cartridge within 4 days of collection. Schedules 2001 and 2050 require 
laboratory-processed SPE, and schedules 2010 and 2051 require field processed SPE. The SPE method 
utilizes bonded silica, packed into an extraction column, which absorbs specific organic compounds. 
These compounds subsequently are removed from the extraction column using a solvent. This procedure 
produces a small sample that is analyzed for selected compounds. This extracted sample can be stored 
for extended periods before analyses. 

1. Record the precleaned SPE cartridge type, lot number, and weight. Condition the SPE 
cartridge. Use approximately 2 mL of methanol for schedule 2010 and approximately 2 mL 
of ascorbic acid for schedule 2051. Follow with approximately 2 mL of organic-free DlY to 
remove excess conditioner. Allow the conditioner and water to flow by gravity through the 
cartridge. At no time should the cartridge go dry once conditioning has started. If it does, 
repeat the conditioning process. Maintain the water in the cartridge bed by replacing the water 
that drains through or by using an on-off valve to prevent the cartridge from draining 
completely. 

2. Add to the filtered sample (from above) approximately 10 mL of methanol for schedule 2010 
or approximately 10 mZ, of ascorbic acid for schedule 2051 using a bottle-top dispenser. 
Weigh and record the sample-plus-methanol weight. 

3. Add the surrogate mixture (1.25 mg/pL) contained in the 2-rnL amber vial. Use a different 
surrogate and micropipette for each schedule. Withdraw the solution into the glass bore using 
a 100-pL rnicropipette and a clean glass bore. Insert the tip into the sample bottle below the 
surface of the water and press the plunger to deliver the surrogate to the sample. Withdraw 
the rnicropipette, remove and discard the glass bore. Rinse the orange-colored Teflon tip with 
solvent. Cap and swirl the sample to mix. 

4. Process the filtered sample through the SPE cartridge with a valveless, piston-type metering 
pump (FMI-RHB-O-CKC) fitted with 118-in. Teflon tubing. Insert the tubing from the inlet 
side of the pump into the sample bottle. Turn on the pump, allow the air to be rinsed from 
the tubing, then attach the outflow pump line to the SPE cartridge with a Luer-Lok fitting. 
For schedule 2010, use a female Luer-Lok fitting attached to the small end of the cartridge 
and invert the cartridge to discard any conditioning waterremaining in the SPE reservoir. For 
schedule 2051, use a male Luer-Lok fitting and cartridge adapter attached to the large barrel 
end of the camidge. Pump the sample through the cartridge at 20 to 25 mLJmin. Collect the 
extracted water that passes through the cartridge in a plastic l-L beaker. After the sample has 
been pumped through the cartridge, turn off the pump, and disconnect the SPE cartridge. 

5. Remove excess water from the SPE cartridge using a syringe to blow out the water. Record 
the final weight of the sample. Write the sample identification number on the side of the 
cartridge and store in a 40-mL amber glass ampule. Store cartridges in a cool place 
(approximately 4°C). 

Clean all  equipment after use by rinsing with a phosphoms-free detergent (0.2 percent) and then 
several rinses with tap or distilled water to remove the detergent and approx~mately 30 mL of methanol. 
Wrap all openings with Teflon tape or aluminum foil. 
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PRESERVATION 

Many of the ions normally present in natural waters change due to chemical and physical reactions, 
such as oxidation, ieduction, precipitation, adsorption, and ion exchange, before analyses in a laboratory. 
Therefore, samples for many constituents must be stabilized by preservation. Some examples of 
preservative treatment are refrigeration to minimize chemical change caused by biologic activity and the 
addition of acid to prevent the precipitation of cations. 

Below are some examples of bottles, caps, and treatments for various analyses. 
Andy ses Bottle type Bottle cap Treatment 
Anions Clear plastic Black FU 
Cations Clear plastic Clear FA 
Nutrients Brown plastic Black RC,FC 
Trace elements Clear plastic Clear FA 
Organic compounds Brown glass Tefloil lined FC 
F = - filtered 
U = untreated 
A = nitric acid (HNO,) 
R = raw (unfiltered) 
C = chill and maintain to 4°C 

Preservatives, such as nitric acid (HNO,), sulfuric acid (H,SO,), hydrochloric acid (HCI), nitric 
acidfpotassium dichromate (HNO,/&Cr,O,), sodium hydroxide (NaOH), and phosphoric acid (H,PO,), are 
available in ampules from OCALA supply. Every measure should be taken to reduce the possibility of 
contaminating samples and equipment during the preservation process. A preservation chamber will assist 
in this effort. Be sure the outside of the preservative ampules are clean. Bottles that require no 
preservation should be set aside in the shipping container. Do not add mercuric chloride (HgC1,) to the 
samples that will be analyzed for nutrients (RC and FC). Samples collected for nutrient analyses should 
be chilled only (see OWQ technical memorandum 94.16, appendix A). The order in which the 

f presenfatives are added also should be considered. ALWAYS WEAR PERSONAL-PROTECTIVE 
EQUIPMENT (GOGGLES, GLOVES, AND APRON). 1 :, 1. Preserve samples that require acids (nitric, sulfuric, hydrochloric, and phosphoric) inside a 

preservation chamber,. 
2. Use the same chamber to add nitric-acidlpotassium-dichromate solution to the samples that will 

be analyzed for total and dissolved mercury (RAM and FAM). Discard the gloves worn during 

4 i d -  

these procedures along with the ampules. Wash hands thoroughly. 
i G 3. Change processing chambers and complete any other preservation techniques, such as the 1 -g, -. .a 

addition of sodium hydroxide, zinc acetate, or copper sulfate. If any of these bottles or 
? 4:. 
$ i ,~-~ remaining bottles require chilhg, place them on ice. Discard the gloves worn during these 
i, y.: 
, -+, procedures along with the acid ampules. Wash hands thoroughly. 

By following this sequence for sample preservation, the risk of contaminating a sample with the 
residue of a preservative left in the air or on the gloves is reduced. Clearly, great care must be exercised 
in the field to prevent cross contamination. Acid and potassium-dichromate ampules should be stored and 
transported separately. Dispose of used ampules properly. If there are any questions concerning the 
correct preservation technique or the proper disposal of used ampules, consult your District Water-Quality 
Specialist or refer to OWQ technical memorandums 90.01, 92.11, 94.09, and 94.16 (see appendix A). 
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DISTRIBUTION 

All bottles must be clearly labeled with a waterproof marker or preprinted labels so the 
sort the bottles for the appropriate iyalyses. The minimum information required is the site ide 
number, date and time, sample designation (bottle type), and schedule number or lab code 
below: 

09498500 
01-31-1993 @ 1200 

RA 
SCH-2001 (or LC001 14) 

A NWQL analytical services request form needs to be included with each sample. The forms 
instructions for completing the form are available from the NWQL. Be sure to retain the carbon 
the form. .. . 

Place all glass containers in padded sleeves or pack in some other suitable manner to prev 
during shipment. Chilled samples need an adequate amount of ice. Good results have bee 
packing the chilled bottles in a volume of ice equal to approximately twice the volume 
sainple. The amount of ice necessary varies depending on the length of time in transit 
laboratory and the time of year. Insulated water coolers from 1 to 5 gal in volume make 
containers if the integrity of the container is ensured by removing the spigot assembly an 
a silicon or epoxy sealer. Larger volumes of chilled samples can be sent in ice che 
maximum weight restrictions of the carrier are not exceeded. Guidelines on shippin 
discussed in OWQ technical memorandum 92.06 (see appendix A). 

Samples should be sent to the NWQL on the day collected when possible. The NW 
to have all bottles for a single sample sent in one container. However, nutrient samples 
a separate container. Unchilled samples can be sent separately from the chilled samples. 

The NWQL has issued the following guidelines: 

1. Lnspect and replace any broken or leaking coolers. Spouts must be seale 
program to enhance relations with the post office, the laboratory will not re 
leaking coolers. 

2. Line each shipping container with a plastic bag. 
3. Make sure all bottle caps are screwed on tightly. 
4. Place all 1-L glass containers in individual foam sleeves or in a foam box designed for 

shipping to prevent breakage when samples are sent in coolers. 
5. Ice should be placed inside a double plastic bag in the shipping container. 
6. During the summer, in particular, the cooler and samples should be pre 

samples with fresh ice, at least a volume of ice equal to the volume occupied by the samples, 
but preferably twice the volume of ice to samples. 

7. Protect the log-in forms and return labels from the ice by placing them 
plastic bag should be sealed and fastened to the lid of the cooler with 

8. The plastic liner bag must be carefully sealed with a wire tie and the ship 
.. . . . .. shut:- - 
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FIELD ANALYSES 

Measurements of specific conductance, water temperature, dissolved oxygen,pH, and alkalinity could 
change dramatically wlthin a few minutes or hours after sample collection. Immediate analysis in the field 
is required if results representative of in-stream conditions are to be obtained. 

Water temperature and dissolved oxygen should be measured directly from the stream, and several 
readings are required in the cross section to obtain a stream average. Specific conductance, pH, and 
alkalinity should be measured kom a cone-split subsample so that these results will be from the same 
water mamx as the other chemical analyses. A single field meter that measures specific conductance, 
water temperature, pH, and dissolved oxygen directly in the stream may be used if stream profiles are 
performed regularly. These profiles must confirm that the direct in-stream measurements are comparable 
to the values from a cone-split sample. 

Field water-quality instruments, support equipment, and the reagents used for analyses are listed in 
table 3, in reports by Fishman and Friedman (1985) Ward and Hair (1990), and in selected OWQ technical 
memorandums (79.10, 81.08, S1.17, 82.05, and 89.01, see appendix A). 

Maintain an instrument log and review it prior to each field trip. The operation and calibration of all 
field instruments (including back-up meters and electrodes) should be checked to ensure that all are in 
good working condition. 

TEMPERATURE 

The stream water temperature can affect density and gas solubility, and density affects the mixing of 
different water masses, especially seasonal stratification. Temperature also affects the rate of chermcal 
reactions, biological activity, conductivity, dissolved oxygen, and pH. 

Because of possible environmental contamination if broken, mercury-filled thermometers are not 
acceptable for field use (see OWQ technical memorandum 94.02, appendix A). The recommended 
procedure for determining field temperatures is a thermistor, an electrical device made of a solid 
semiconductor with a high temperature coefficient of resistivity. Thermistors can be constructed with a 
high sensitivity, but are subject to a variety of errors. Therefore, the calibration should be checked in the 
laboratory at several temperatures using an. American Society for Testing and Materials (ASTM) 
thermometer to ensure the required accuracy. Never carry a mercury-filled ASTM thermometer in the 
field. 

Field measurements of temperature should include both air-temperature and water-temperature readings. 
Air-temperature readings should be made by placing a dry thermistor in a shaded area protected from 
strong winds, but open to adequate air circulation. Avoid areas that may have radiant heat such as near 
metal walls or sides of vehicles. Allow the thermistor to equilibrate 3 to 5 minutes before recording the 
temperature .' 

Water temperatures should represent the mean temperature of the stream at the time of observation. 
A horizontal and vertical cross-section profile will determine the variability, if any, that exists. Streams 
with highly variable temperature profrles should have several readings averaged to use as the mean and 
those variations should be documented. Streams with a fairly uniform temperature (less than 2°C variance 
95 percent of the time) generally will have one measurement that caD be made and reported as the stream 
temperature. Make this measurement by suspending (from a weighted line) or placing a thermistor in 
midstream. Shade the thermistor probe to prevent erroneous readlugs caused by direct solar radiation. 
The thermistor should be' immersed in the stream for a minimum of 1 minute prior to making 
measurements. Report all routine temperature measurements to the nearest 0.5"C. For special studies 
where more precision is required, venfy the accuracy and report temperatures to the requested precision. 
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SPECIFIC CONDUCTANCE 

Conductance is the reciprocal of resistance in ohms and is a measure of the capacity of water or other 
substance to conduct an electrical current. Specific conductance is the conductance measured at 25OC and 
is reported in microsiemens per centimeter at 25OC. The specific conductance of water is determined by 
the types and quantities of dissolved substances in the water. Thus, specific conductance indicates the 
concentration of dissolved solids in water. 

The specfic conductance of water may change significantly with time because of pollution, 
precipitation, adsorption, ion exchange, oxidation, and reduction. Therefore, specific conductance should 
be measured in the field with an accurate conductivity meter. Many commercial conductivity meters are 
available on the market. All meters come with operating instructions, and users should be totally familiar 
with these instructions. The following are some important features and characteristics of a 
specific-conductance meter: 

1. Automatic temperature compensating (direct specific-conductance reading). 
2. Multiple measurement ranges from 0 to 200,000 pS/cm at 25°C with 1-percent accuracy and 

three-dumber digital readout. 
3. Platinum, carbon, stainless-steel, or gold electrode. 
4. Dip-type electrode. 

Conductivity electrodes must be clean to produce accurate results. Because of the wide variety of 
electrode material, the instructions provided by the manufacturer should be followed. Rinse the electrode 
thoroughly with D W  after cleaning. 

CALIBRATION 

Specific-conductance standards, 10 to 50,000 pS/cm at 25"C, are available from OCALA supply for 
meter calibration. Prior to every water-quality field trip and again onsite, standards should be used to 
calibrate the meter and to check meter callibration. Document calibration checks in the insmment log. 
Used standards should not be returned to the stock container. 

Calibration and operating procedures vary with meter types and manufacturers. The procedures 
described below are generalized steps that should be followed and will apply to most meters used for field 
measurements: 

1. Presoak electrode in D W  at least overnight. 
2. Choose two specific-conductance standards that will bracket the expected value of the sarnple 

to be measured. 
3. The standards should be approximately the same temperature as the sample to be measured. 
4. Use the calibration standard closest to the expected value of the sample to be measured. Rinse 

the container and electrode with standard. Pour calibration standard into container holding the 
electrode. Allow a minute or two for equilibration and then discard the standard. 

5. Calibration setting: Pour fresh calibration standard into the container holding the electrode. 
The electrode should not touch the sides or bottom of the container. Note the meter readins 
and ADJUST meter to the known standard value. 

6. Discard calibration standard into a waste container. 
7. Rinse electrode and container with the second standard. The second standard will bracket the 

range of expected stream conductance. Pour check standard into rinsed container holding the 
electrode. Allow to equilibrate, and then discard check standard into a waste container. 

8. Calibration check: Pour second standard into the rinsed container holding the electrode. This 
check reading should be within 5 percent of the known standard value. If not, repeat entire 
calibration procedures. Electrode cleaning or replacement, a different meter, or both might be 
needed. 

NOTE: Switching meter calibration range will require recalibrating. 
9. Discard check standard into a waste container and then rinse electrode and container with DIW. 

10. Record all calibration information in the instrument log and on the field notes. 
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Measurements of specific conductance at stream sites should be made from an unfiltered subsample 
' from the cone splitter. If a direct in-stream measurement is made, several readings are necessary 
'.. (vertically and horizontally) in the cross section to determine a mean vdue. 

1. Rinse electrode and container with sample water. Pour sample water into container holding 
the electrode. Allow to equilibrate for a minute and then discard the rinse sample into a 
waste container. 

2. Sample measurement: Pour fresh sample into the rinsed container holding the electrode. 
Record the specific-conductance value on the field notes. 

3. Discard sample into a waste container and then rinse electrode and container with DIW. It 
is advisable to store electrode in Dm. 

4. Conductivity measurements are reported as specific conductance and are expressed as 
rnicrosiemens per centimeter at 25°C. Results are reported to three significant figures, whole 
numbers only. 

tion is a measure of the effective hydrogen-ion concentration (aitivity). In aqueous 
olled primarily by the hydrolysis of salts of strong bases and weak acids or vice 
ssed in logarithmic units using.a scale from 0 to 14. Solutions having a pH of less 
s acid; solutions with a pH of more than 7 are described as basic or alkaline. 

as carbon dioxide, hydrogen sulfide, and ammonia, appreciably affect pH. 
n (for example, loss of carbon dioxide), precipitation [for example, calcium carbonate 
d other chemical, physical, and biological reactions may cause the pH of a water sample to 
cantly within several hours or even minutes after sample collection. Immediate analysis of 
Id is REQUIRED if dependable results are to be obtained. A thorough discussion of pH 
a report by Wood (1981), and low ionic-strength water (less than 50 @/cm conductance) 

er (1987). Some important features of the meters and 

1. Digital (LCD) meter readout with 0.02 pH unit accuracy. 
nt of slope readout). 

or glass, liquid-filled, combination Ag/C1 electrode. 

e a large variety of pH meters and electrodes are available on the market, it is extremely important 
erators are thoroughly familiar with the instruction manual provided by the manufacturer. 

o produce accurate results. The liquid junction also 
the electrode must be at the proper level. Because 
cleaning and storing instructions provided by the 

rane with anything or store it dry (check manufacturer's 
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CAUBRAnON 

Buffers used to calibrate and check pH meters are available from OCALA supply. The s 
buffers have values of pH 4, 7, and 10 with a relatively high ionic strength. Two pH buffers are 
to calibrate the pH meter (4 and 7 or 7 and 10). Document calibration checks in the instrument lo 
standards should not be returned t o  the stock container. 

Because calibration and'operating procedures vary with meter types and 
described below are generalized steps that will apply to most meters used for fie1 

1. Remove filling plug on refillable electrodes prior to use. Use only the solution reco 
by the electrode manufacturer when filling solution must be added. The liquid 
electrodes should always be stored upright. 

2. Bring pH buffers to the temperature of the sample to be 
Apply temperature-correction factors when calibrating the p 

3. Rinse electrpde, thermistor, a small Teflon-coated magnetic s 
pH-7 buffer. Pour buffer into rinsed container holding elec 
Allow temperature to equilibrate for a minute and then disc 

4. Calibration: Pour fresh pH-7 buffer in the .same beaker holding the equipm 
electrode must not be resting on the bottom or touching the sides of the con 
beaker on a magnetic stirrer. Measure temperature, remove thermist 
temperature of the buffer. With the stirrer on low (do not create a vortex), adj 
to the known buffer value at the specific temperature. Discard pH buffer into 

NOTE: Turn pH meter to "standby" (or "off' on meters without standby) position 
electrode from a solution. 

5.  Select a second buffer to bracket the expected stream pH. Use a pH-10 bu 
pH is greater than 7 and a pH-4 buffer when the expected pH is less th 
pH-4 buffer as the second buffer when titrating for alkalinity. Rinse elec 
stirring bar with DIW. Rinse another clean beaker, electrode, thermistor 
the second buffer (pH 4 or 10). Pour second buffer into ,that container. 
equilibrate for a minute and then discard buffer into a waste container. 

6. Slope adjustment: Pour fresh pH buffer in the same beaker holdin 
temperature and remove thermistor. Set meter temperature to the b 
the stirrer on low, adjust slope to the value of pH buffer. (Some 
slope-adjustment knobs, whereas others use the temperature knob. Alw 
manual when uncertain.). Discard pH buffer into a waste container. 

7. Rinse electrode, thermistor, and stirring bar with DIW. Repeat steps 3 and 4 to ensure that any 
slope adjustments did not change the calibration adjustment. This is a check so adjustment 
should not be needed. If adjustment is required, repeat the entire calibration procedure. 

8. Record all calibration information in the instrument log and on the field notes. 

MEASUREMENT 
.;I?, ' "-%I 

Measurements of pH at stream sites should be made from a raw (unfiltered) subsample from the cone . ::&$t ..*- 
splitter. If a direct in-stream measurement is made, several'readings are necessary (vertically and ;&:+ .a* .t. 
horizontally) in the cross section to determine a mean value. '., PC. ,$ 

- .  $&% :: 
. .  . e ., ... 

. - .  . . .  ;,g ." . -  2 . 3  

1. Rinse electrode, thermistor, stirting bar, and container with stream water. Pour stream water 
into container holding the electrode, thermistor, and stining bar. Allow the temperature to 
equilibrate and the electrode to precondition itself to the sample. Discard sample in waste 
container. 

2. Measurement: Pour fresh sample into the same container holding the equipment. Measure and 
set temperature and remove thermistor. Measure pH and record on field notes. Discard sample 
in waste container. 

3. Rinse electrode, thermistor, and stirring bar with Dm, and store electrode as recommended by 
the manufacturer. 

4. Measurements of pH are reported in pH units. Results are reported to the nearest 0.1 pH unit. 
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QUALITY ASSURANCE AND QUALITY CONTROL 

The sources of variability and bias introduced by sample collection and processing affect the 
interpretation of water-quality data. Establishment of quality-assurance plans ensure that the data 
collected are compatible and of sufficient quality to meet program objectives. This field guide and 
accompanying references, along with the study-unit design guidelines for NAWQA, should be used by 
the study units when preparing quality-assurance plans. Specific details for quality-assurance plans are 
described in a report by Shampine and others (1992). 

Investigators in each study unit must document the quality of their data by collecting quality-control 
samples. A series of quality-control samples (field blanks, replicates, and field-matrix-spike samples) is 
obtained in water-quality investigations (Shampine and others, 1992) because the quality of the data 
collected and the validity of any interpretation cannot be evaluated without quality-control data. Quality- 
control samples should include the same sample set as the routinely scheduled samples. For the detailed 
procedures for preparing quality-control samples for organic compounds and the required percent of 
samples necessary, consult the NAWQA quality-assurance memorandums cited in appendix B. Quality- 
control requirements for inorganic constituent sampling and processing are discussed in OWQ technicd 
memorandum 94.09 (see appendix A). 

FIELD BLANKS 

Field blanks are designed to demonstrate that (1) equipment-cleaning protocols adequately remove 
residual contamination from previous use, (2) sampling and sample-processing procedures do not result 
in contamination, and (3) equipment handling and transport between periods of sample collection do not 
introduce contamination. 

Field blanks for pesticides are collected immediately before processing native water through the 
sample-processing sequence for field samples. Preparation of field blanks requires passing a volume of 
organic-free D W  through all sample equipment contacted by the actual sample. 

\ 
Field blanks for major ions and nutrients should be collected by the same approach, but using - inorganic-free DIW after preparation of the organic blank. 

a .  

REPLICATES 

Sample replicates are designed to provide information needed to (1) estimate the precision of 
concentration values determined from the combined sample-processing and analytical scheme and (2) 
evaluate the consistency of identifying target analytes for pesticides. Each replicate sample is an aliquot 
of native sample water from a splitter and is processed immediately after the primary cone-split sample 
using the same equipment; placed into the same type of bottle; prepared in the same way by SPE, if 
apphcable; and stored and shipped in the same way. 

FIELD-MATRIX SPIKES 

Field-matrix spikes are designed to (1) assess recoveries from field matrices and (2) assist in evaluating 
the precision of results for the range of target analytes in different matrices. 

A field-matrix spike is prepared by adding a standard spike solution provided by NWQL to a split of 
sample water processed in the same way as the regular pesticide analysis. A separate matrix-spike sample 

t for each of the two pesticide schedules is prepared, stored, and shipped to NWQL. Matrix-spike kits with 
instructions are available from NWQL. 

'I 

h' . 
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C APPENDIX A--SELECTED TECHNICAL MEMORANDUMS 

*II These Office of Water Quality (OWQ), Office of Surface Water (OSW) and Water Resources Division (WRD) 

&* memorandums are available in U.S. Geological Survey, Water Resources Division offices, nationwide. 

,g$i 8 

OH'Q 79.10 ANALYTICAL METHODS Recommended procedures for calibrating dissolved oxygen 
meters g 

&i: OWQ 80.17 EQUIPMENT AND SUPPLlES New sample splitter for water-quality samples 
,-x . 
-@ OWQ 81.02 WATER QUALITY Operation and availability - D-77 water-quality sampler 
<P 

%? .w, - OWQ 8 1 .OS WATER QUALITY Electrodes for pH measurements in low-conductivity waters 
a$- 

. %  , q+p OWQ 8 1.17 EQUIPMENT AND SUPPLIES YSI model 32 conductance meters 

OWQ 82.05 WATER QUALITY Method for dissolved carbonate, dissolved bicarbonate, and 
carbonate alkalinity 

OWQ 89.01 EQUIPMENT AND SUPPLIES pH measurement in low conductivity waters &$;; 
5: :, :,*' OWQ 90.01 WATER QUALITY Sample preservation and ampule disposal 
d' t"&; * .-7:2 i.- . , . 49.' 

..$ 
,e . 

OWQ 9 1.02 PUBLICATIONS 
, %$. 

REPORTS 

PROGRAMS AND PLANS 

PROGRAMS AND PLANS 

FIELD TECHNIQUES 

FIELD TECHNIQUES 

FIELD TECHNIQUES 

PROGRAMS AND PLANS 

PROGRAMS AND PLANS 

PROGRAMS AND PLANS 

PROGRAMS AND PLANS 

P R O G W S  AND PLANS 

EQUIPMENT 

EQUIPMENT 

Methods for collection and processing of surface-water and 
bed-material samples for physical and chemical analyses 

Filtration of water-sediment samples for the determination of 
organic compounds 

Dissolved Eace element data (contamination) 

Dissolvedldeionized water for district operations 

Field preparation of containers for aqueous samples 

Report of committee on sample shipping integrity and cost 

Return of spent mercury and dichromate ampules to the national 
water quality laboratory 

Trace element concentrations in deionized water processed 
through selected surface-water samplers 

Trace element contamination: finding of studies on the cleaning 
of membrane filters and filtration systems 

Evaluation of capsule filters 

Trace element contamination--findings of study on the cleaning 
of sampler caps, nozzles, bottles, and bags 

Implementation of' the protocol for collecting and processing 
surface-water samples for low-level inorganic analyses 

i 

Discontinuance of field use of mercury liquid-in-glass 
themlometers 

Maximum sampling depths and transit rates for suspended 
sediment and water-quality samplers 



WRD 94.06 SAFETY Storage, transport, handling, and disposal of hydrochloric acid 

WRD 94.07 SAFETY Storage, transport, handling and disposal of methyl alcohol 

OWQ 94.09 PROGRAMS AND PLANS Revision of new division protocol for collecting and processing 
surface-water samples for low-level inorganic analyses. 

OWQ 94.13 EQUIPMENT Evaluation of churn splitter for inclusion in the division protocol 
for collection and processing of surface-water samples for 
subsequent determination of trace elements, nutrients, and major 
ions in filtered water. 

OWQ 94.16 PROGRAMS AND PLANS New preservation techniques for nutrient samples. 

APPENDIX B--SELECTED INTERNAL COMMUNICATIONS 

These documents are available in U.S. Geological Survey, Water Resources Division offices where the National 
Water-Quality Assessment Program have active-studies. 

National Water-Quality Assessment program, U.S. Department of the Interior, written communication, U.S. 
Geological S w e y  memorandum dated July 15, 1993, on quality-assurancelquality-control plan for 
intensive-fixed sites. 

National Water-Quality Assessment program, U.S. Department of the Interior, written communication, U.S. 
Geological Survey memorandum dated August 10, 1993, on quality-assurancelquality-conk01 plan for basic-fixed 
sites. 

Sylvester, M.A., Kister, L.R., and Garrett, W.B., eds, 1990, Guidelines for collection, treatment, and analyses of 
water samples--U.S. Geological Survey Western Region Field Manual: U.S. Geological Survey, Western Region, 
Internal Document, 144 p. 
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Appenix 6 :  
SAFETY PLAN A N D  CHECKLIST 

APPENDIX 6 

SAFETY PLAN AND CHECKLIST 

I t i ~  Survey @icy b t  each p j e c t  leader provide a nshty planfor h i r  crzrmrt projecqn). This 
ilrludes providing required e q u i p m a  ard trairnng fbr all p m m l  worhng on 'h Fojecf can$yir! 
wi*a11 rmrdated snfety pgrame, and dirrdnahng e q l o y e e  iQnhfied hsnrds T h  safety slslmntof 
F I ~ J ~ c ~  pbrnung h s  beonrutablbhed tnemun h t  eef* ki cansidered early in ~ ~ ~ ~ j e c t p l h ~ ! ,  that 
m k a k d  edety p g m  arc idmhfied, nnd +ht  ndequek resource0 are nuluded in tha propctb-dgt  

There are d m 8  paW tD safety plamng sik ewluatiorr idertlfzalcm of nardatad safety program, 
equipimn& t r a i n i  and moource allaatior: f ~ r  nekty. S i b  evduatiun shuld  identify unique haeardo 
e t h  sim, and b scope af work ehould detemm any mndakd safety sainingrequirerrents 'hh 
irdombor, will h l p  in bterminng the m u n t  of time and rmmy meted to eri3u-e safety ir. h ?ropct 

The aafcty check list will be complekd by h project laam M part d b p m p c t p l n ~ g  pechge. 
Th chck l io t  mnt k remewed and s i p d  by tk Dishict Safety Officc.  It will elsc k irrluded in& 
anhw ~ e C k 0 g e  for th pro~ect. The ch g k  l i e t a ~ d  documentatbnehowilght t% safety plan was 
~ r r p l s m t d  is the pmjectleadar'~ and 'h D,stnctDe beetdebme 11-10 liahllty suit by anemployee ar tl-?e 
pubkc. 

CHECK LlST 

I SITE EVAIJJATION 

1. Sire Remoteness 
A.  Phone Access: 

1. Is there cellulsr phone access probl&.l 
2. Has cellular phone access been rested? 
3. Locador. of nevesc accessible telephone? 
4. Travel dmi to phone? 

B. Site Access: 
1. Condidon of access road. 
2. Distance to main road. 
3. Could road be blocked? 
4. ).re there altcmate routes? 
5. Could a hdcopter luld at the sue? 
6, Has coordination been established wlch thc ur.ergency respond& 
7. Special condiaons or problclns (resuicred access, locked gates, 

pdvare land, ecc): 

C. Worklne Condldons: 

Yes N 0 
- - 

- - 1. WhsFis the dlsrvlce 'ceween sirdsites and oBce? 
2. Whsr is h e  m-um length of an expected work day? 



3. Is iodghg belng budgeredT - - 
4. Mlnimurn number of enployees &L site? 
5. If single employee, what he&-in proc tdue  will be  used? 

- --- --- -- .- . -. -. 

APPEND lX 6- Conrl/~ued 

2. Enviroluner,tal Hazards 
A. Wcadler 

3 eafl 
Rain? 
Cold wstu" 
High aldtudel 

Yes N o  
- -  Co!d? 
...- - Hi* w a r d  - - Bnghr sun? 
- -  Oke-s? 

B. Hcalch hazards: - -  
Unueared sewage? - -  Poison oak? 
Hanravhsl - -  M eral? 
Rocky Mm. sported fever? - -  Insects? 
Polsonous snakes? - -  Contaminated dust? 
Hazardous materials? - -  Obcss? 

C ,  Public Ardtude: 
Locals hosde t o  project? 
Locals hostile t o  QovunmmT? 

cct interferes with pubUc use of site? 
ecr inrefkres wirh possible fflegd acdvides in tk area7 

3. Sire Assessment: 
A. Are there hazards cncric ro sice or type of lnvestigadon (boats, f hhznrdous materi s, confined space, ctc?) 

B. Are t h z e  hazards specl6c to  sire (dangerous or po~e~dally dangerous 
condido~s urdque to sire?) - -  

C. Fleld Saniradon: 
1. Is potable water available? 
2, Is b wash fadliry available? 
3, Are toilcr fadllaes available? 

3. Yas sire(s) been visited? 

3. Site Securitv; 
1. Is vand i sm Ukrly due to locadon, publdry, or expuitncc? 
2. Is rh&e a nearby rtsidtndd eres (mquisidve ktds)? 

4.  Ernergtqcy Response 

A,  Who has jurisdicdon fur emugmcy response? 

3, Estima~ed.uavel distance and response rime? 

(3. Has contact beul made with t!t ~mergency respond& 

Do Should conract be  n s d e  with tllc cmcg&cjr respmdef? 

E. Special equipment or uaining needed if response t h e  is urcessive? 



- 

11. PRCJECT SAFETY mCORAM 

C.  Plan for reoolv~ng employee identified probkm: 

D. E q u i ~ m 1 3  

1 Impctim program7 

2. Ma~ntemxe schedule (b include whiclw)? 

3 .  Documraaticm (when by wbm w h t  uqe found, find carenwe actiar.): 

E Intsgrebn withrrrandebd program. 

2. Marhtmd Safety Programs (chck ell h t  epply): 

A. Job Harard F.mlysis - 
B .  Rapixbry hkct ion Rogam 

C. b z e r d  C o ~ c a h b n  Rogram - 
D. E n v ~ m t S  afety - 

1 Tnampartof hazardoue naknal - 
2 B s p s a l  of hazardous was$ - 
3 S tarego of hazardous nrkriale and ware  - 

E. Hazardous Wase Sitm 

F. Lockout ,bg~ut  Program - 
0 c o n f d  Space. - 
H D1v1r4 - 
I. Aircraft 

J .  M m  Vekcles - 
1 Standard whicltx~ - 
2 .  S pcial whvles - 
3. S m g e  of hazardoue rmhriale and w u k  - 



--. .- -. - . - .-- --. -- 
APPENDIX 0-Continued 

K Watercraft 

L. Hearing prokctian 

M Blaehng safuty 

N, Ionizing redubnnnhty 

0. Fire a m  

P. Dilling 

Q. Cmtructian 

3 .  Mandated Safety Plam a d  Crrtificates 

k RquireC cafety plans: 

B. Scheduled coqletion date 

C. Scheduled fa acquielbn. 

4 .  Tnirnng 

A. Required 'Jaieng: 

B Trairnng deficim (by employee): 

C. Training sckdule tocorrectdefiab: 

5 .  Parsorm~l Protschve EqulpmrP (PPE) 

A.  Required PPE 

B . PPE s b r k g e s  (by empioyee) 

C P u ~ h n e  phti 

6. S a h t y  Equipnnnt 

AP P END lX 6- Continued 



Yea No. 

- - 
1. NRV reagentu/c.?trrkals: - - 

0 h L!). h a ~ I d O l l ~ ?  - - 
b. \'ill dupcsd k a ~ r o 5 k d  - - 
c. What ~ i l u r r e e ?  

d, Is b e  adequeta e b m g :  - - 
e. AX h r s  npcial hnckx r w q u i r a m t ~ ' ?  - - 

If y a, what are by'? 

f. Tmirnng r e q u u e m t 8 ~  

g. Safety e q u i p n l ?  - - 
2 NEW e q u i ~ m r t :  

a 11 then room? - - 
b Specie1 requmnmnta (elockitnl, coqreased gaeees, vaihng, 

moling watnr)' - - 
c Pctarnial safaty hazards? - - 

If yes, what are they7 

3 .  Have the wriltmprocedurea been ccorpbtnj? - - 
B Will rmtnblisbd pi~ceduses  ard e q u i p r m  be u o d ?  - - 

1. Reage~ltabherncale: 

a Wrll t k e  k seriificad chnryea in the vdr~nrs used' - - 
b Whtinpnct  an obrege' 

c. Waete diepmal? 

2. Equiprent 

a Wrll there be s&nificarrt dungaa in the wa;k l a d j a b ?  - - 
If yeo, whnl? 

b. Will dmpmal k a problerrlr - - 
3, Have written procedures been ~ i e w e d  and rwmd d reeded? 

8. Safety Requirements fa Conauchd Wnrk 

A. Wateafety reqrnremna f o r  contmcton h v e  bem identified? 

B. .\re requiremnb specifiid in contaucbl 

C. How will c w t e c t  c a m p l i a ~ e  te m b r e d 7  



AP P ENDlX 6- Continued 

111. SAFETY BUDCtET SUMMARY 

3 .  Time (Work daysfmm): 
, '  

Roject Chief Dab 

Group Leader D d  te 

D i s h i c t S e h t y  Officer Dab 

Thih pngib muinluinirl Iry ' ~ ' U I I I I I I ~  Sl~elln~~c(sl~ello~~@us~s.go~~ 



W.S. Geo109;calSu~ 
fornla Distrlct lnterna~af ie  

.%q, ."-. 
L ' Policies & Procedw-cs 

CA District Traffic Control Plan for Bridges and Roadways 

Encroqebent Parmite 
g b ~ t a  Ericroeohment O f t i c a n  
~ - r a f f i o  Control Equipment 
Control of Traffic-Through Work Zcne 
FJsappinu Procadures 
m i o a l -  rlagainp -epui~ment 
Principle8 of Wo_rk._Zgns ~ r a f  f io 
Control 
p o a e  $.n ?raffia Cqnntrol Zone 
C O ~ S ~ ~ U O ~ ~ M  8im~ 
Typioal Lana -C&oauron 
Typical  Clorinus of Half Roadweye 
Typical Lane Closud_4  with Revers- 
Cont ~ Q X  
Typiabl -F_re.way_qd-Exgreeeway L a c e  
Cloaura (inclu8.r shoulder closure) 
Comrentional Highwauoblle Work S p e c w  . . -- 
Prqvi-ms_e_n 
~ i o l d  o f f i c e  Bridges and Roadway Bltasl 

Bakeref ibld 
=-Delta Toxicn Pr-ojeat 
C%~n~l i c l?  -Bay 
pedding 

$~~rmf~.at_o 
Bacramento 

% ~ Q R  
San Jonquin NAWQA 

S a l i n e e  ---. - - . 
Eantee --. 
Vkiah 

.................................. .. ........ ...--....--........ -- -.. ...  .&- L-.  -.-.-- :.... 

Encrouchmen1 Permits - 

STATE HIGHWAYS 
When Iral'lic cc:nlrol IS  ~ l ~ d t d ,  crn]llcyees sh3uld make encro;~chnicn~ pcrrr~ii npplicatians lo work on Stole l~igllwiiyc. Disrricl 
U~~croncIimt?nr l'erniir nfficca arc autliori~cd !:) ihsuc: ~ x r ~ ~ l i ~ s  fo r  ~~ininlennnce and curvcy work for s two ycar pcriod. The I E X ~  page 
11s LF LIIC nddrcsc snd tclcphol~c numh~n fur ~ I I C  CulTrnt~b Dislrie~ li~~cro;l:hment Pcrlnir officcs. Employees st~vulJ cunlcrcl lhc 
office 1 1 ~ 1 1  h:~~~[llca ~ h c  nrca whcrcr lhc ~ruffic ~unlrul is rlcccssnry rind nrrnnge fnr liiaking an cncrowhmcnl pcnnil upplicativa. 



Ivlil:in~un~ required cquiprrlrrll for  lie following si~u;lf~ons: 

'I'ype 1 P ~ r k  on shoulder nf~c~atl .  

Typc 2 Bridge rncnsurc~ncnl on'briclge wirhrru[ 1:mc 11111rLings (ie. sn~all rur:tl bridge). 

A 36" Roatl work ~tllcail sign 500 1:t fro111 r.dcl, tlltl of bridge. 
Trt~Tl'~c ccmes s(:irling 125 li I'ronl [he side o1'1hc hridgc w11c1.e work i s  in  Irrclgrcbs. 
Rclrurcflcc~ive safely vcsc COI- CLICII  W O I ~ C I . .  

Type i. 3ri i igc IllcncuremcnL on two l:tn; bridge where onc I;inc is parlially ilr ~0~11pIelely b l ~ ~ k ~ d .  

3eccriptiorr 
Telescuping sign scand  
Ribs fur flcxiblo s i q n ~  
4 8 '  floxible s i g n ,  Flagger 500 ft 

One lane L x ~ c i g c  500 ft 
One Lane bridge 1000 f r  
One l a n e  bridge 1500 f t 
Shoulder work 

Traf f L C  cone.? 
sign paddle 
Xadio. t w o  way 
Re~roreflccclve safety vest tor each workex 

Q p e  L Britlgc mcusulurncnt on I'our lnnc britlgc whert onr lnrre i s  parrislly PI. cninpierely hlockctl. 

Quac ci cy 
4 

8 
1 
i 
1 - 

i 0 
1 
1 

3escriptaon 
Tele~coping  yip:^ Y C-U:ILIS 
k;bs  for flexible s i g n s  
4 8 "  flexible s i g n ,  Rnnd work &!rend 

R i g h t  lime closed bhcad 
End road work 

' ;*raf f i c consp. 
Sign  paddle 
Ret.roreflect.ive safety v r u L  Lor cactl wsrkcr 

Conlrol of Tratric 'l'hrougli Work Zones 5-07 

i 

The primary j'unc~lon of ~ r ~ l l ' i c  control luoccdurcs is 10 move traffic safely and exl)editiously through or around work /ones. 11 i s  an 
eccenriul part of h i g h w ~ y  w~nslruc~ion and rr~ainlcnnncc opcruliur~s. 

Mainrai l~ ing good l>uhlic rclationn i s  ncucssary. Thc coopcrulion of'thl: vnriuus rlcws 111Zjin in publicizing l l~e exislencc of an(, 
' 

rensnns frlr work silcs, ~hcrcforc, can ho oTgrcaL .rssis~ancc in kc2pirig 1111: I I I ~ ( O I ~ I I ~  pu5lic well informed. 



A C28 sign p:~IJdlr: he,~ririg tlrc clear nicrr.gus STOP md SLOW shdl hc used for hand ,ip~isling ro ce)ntruI irnffic rbroiryh work 
7011CS. 

'rhe sign piddle s I \ J I I  ctrnl'orui rc rhc rcquircmcn~s crl' Scctiol~s 5-02,: and 5-02.2 01' this Manual. 

Fl;rggcrs arc rcsponsihlc I',II. I ~ U I ~ I J I ~  S ; I~CLY und ~irake the gcatcst liu~nbcr of' public conracts ol'all constructinn pcrsonncl. I t  is 
iinporlant tha~  ~~unlif i td ~rcrsc~nrlcl Lbc selrcrctl. Fltrggc;.s shnll hc trained iri rhe l>rr\pcr r~r~iiln~nen[,ils r r f  flagging rrallic hcl'o re hcing 
assignecl as f l~sgcrs.  

, . . . -  .... 

Dec,rusc ol'dicir cxrrelnrly cxpoatd posirion with a high nccidenl pritcntial, nltern,~rc crlLciivc oleans of conlrol atrould be uscd 
wlicscver po~sihlc. 

A criticul cxa~,iiria~io~r should bc mnde of each roadwork job ro clelcrminc if flagging is necessary, arrd if so, wha~ is ttlc r~rirrilntrnl 
levcl ihxt can bc uscd co~nrncns~lrutc with job nncl s~l'cty nccds. I:lnggers ,Ire uscd Ir:rsicnlly nr locations wlrert i \  is necessn ry lo 
chnnge rl.;rf'l'ic conrrclls frcquerlrly. Er:rn~plcs arc the stopping of' iirrc~uglr trnffic iol. cquipmont ilrovemenr and allcrnatc directional 
usu of 3 single 1r.tI'lic 1:tlrc. Iior rhese iunctrons tlrc IY~g_ecl. rliust, a1 all ti~llcs, be clearly visihlc t t r  ul)l)~~)ncllin& Ira ffic for a Jislarlsc 
suIj .~cic~~r 10 permit proper rcsllolisc by the nlcuoris~ I t )  Il:\ggi~lg insrructions, and to ~)cr~iiit iraffic to rctlucc spccd before enrering 
ttlc w o ~ h  hilt. 'lhe diswricc hclwccn 1111' flagger ant! ~ h c  work arca varies will1 ~ h c  apl~ruuch spccd of rr affic,rnntfway gcorlictrics 
ant1 physical condi~ions. 

Tl~ia distancc in.urban ~trcas whcrc spccds ~ r c  low a~id srrcrlq cloxly s1)accd will neceswrlly hc sl~orlcr than fnr open !lighway 
condition<. 

The llaygcr rrlua[ I)c l)re>1ecled nnd rhc niotorisl 1i)rcwuncd of his or her precencc hy the u\c ol'advancc warning signs, nnd, wherc 
upyr*opsiste. cones or other dclinc:~[un. 

Thc use ol.\rrarlgc vcsLs. iackcts. or shirls shall Iw rquircd for all Ilappcrs. All flaggers performing ~)pcrations Jurirrg Jic~urs  ol' 
ddrkncss shall he oull'rtlcd will1 n refl~tori7.ed gnrnicnr. Tho rctn~rcllcctivc ri~atcrisl sllnll 1% either orlngc, whirc (inc ludil~g slivcr- 
colnrcd rcflccling crutinys or clcrlrcr~ls tl lul  rci'lzct white light), ,ycllnw, lluorcsccnt red-orungc. or fluoresccnl yellow-nrangc. Tlic 
design of llie rerral-eflcciivc porlions including s[~.ipt widtli. extent, design and rypc of matcriul s \~ i~ l l  bc Jctcr~nincd by llic 
cuntructing agency or purcllascr of the vcsl. 

During hours of d ; ~ r k n ~ ~ . , l ) f l g g t l  S O ~ ~ C I I S  shall he i l l~~~n ina ; c~ I  such thal ihc f l r g ~ ~ r  will bc clcnrly visible lo npproacllinp imfic. , 

I.ighrs for ill~~niintiling [he sttition sl~vll I,c i11)~)roveJ by Ellgineer of [he puhiic agency or  authority having jurisdi cticln ovar the 
11igl)wey. 

lllngging procedures (sign.rling! sli~ll hc ~ h c  ssrrru 3s tlrc~sc ~,rcscriLwd for'dny work. Under eliicrpency crlnditior~s thc 1l:tpgcr rnay 
usr. ;I f l i i sh l~~ht  and truntl s i g r ~ l s  Lc, Jitccl trifric. \ ~ t i t i l  prol'er illu~ni,rnrio~i.c;ln hc etlktul .  

5-07.4 Flagging Prucedurcs (Signding) 

Tl~c followi~ig ~ncthods of signilling with a C2K pddlc: drould bc urcd. 'fie paddle lnny he eirher hand hcld or supporkcl hy a xtalf. 

I .  To Stop Traflic - The llqgycr shall fncc ~r:iiil'ic slid hold rlle STCjP pnrldlc in  a vcrlical pt~sition 31 ar1115 Icngtli. lior grcsler 
crnl)h~~sis, the f r e  n rn i  may hc niscd wilh thc pdlm toward :ipproaclii~rg irnffic. 

2. Wlrcn 11 Is Safe for 'l'rnffic to Proceed - T h e  flaggcr shall shnd pitrallcl ro tllc rl.ulfic Inoveliienr. and with rhc S1 .OW ~iaddlc 
hcltl in a vcrlicdl position, rnolit)~~ t~.t\I'Tlc nlicacl with the free arm. 

3. Whcrc It Is Dcsircd to Alcrt Or Slow Tral'lic - 71re I ln~prr  sIiaII f2ce traffic and hold ~ h c  SLOW paddlc in :r vcrl~cul 
~msilion :ir arm's Icngtl~. For uddcd ~ I I I ~ I ~ I I I S ~ S ,  IIIC fingger lnay slnwly raisc ancl lower the Cree hand w i ~ h  It~c palrlr Juwr~. 

Tlic usc of thc sigir paddle is  illusrrated ill Figlrrc 5.4. 



Wlicncvcr I)I.nctic;\blc, ~ t lc  I'laggel. sho~~l t l  aclvihc the ~no~or is t  of the reason f'or : I I C  dclny nnd thc a p p r u ~ i ~ ~ ~ a t e  ~ c r ~ n c l  l l r ~ r l  lr,lff~r 
I I~l icd .  FIJgycr:, nlld operj~oys ~ 1 1  conslrucrion nl:~chiaery or [rucks shoul~l be 111~dc to undcrsra~rd l l i ; ~ l  cvcry rctlsoriah \ c  cl'l 

rnLtst \rc In;rde 10 .tllow l l ~ e  driving putdic the rich1 of wily and prevent cxcc>sive delays. 

FJtrggcr s t ~ t i o ~ r s  s h ~ l l  I1c loc:~lcd far e~loug,h i n  ailvnnce of lllr work silt 50 [bar al.)~rovcl~ing lrnffic will havc sufl'icien~ disl;~~rcc 10 

~ ' l u c c  s p ~ d  bcfilrc cnlcring the work arca. 'l'l~is: dis~ancc is rclalcd 10 approach sjrcd nl~d physical conditiotrs at tlie silc. I n  urlrnn 
. , R ~ ;  whcn speed< .ire 1t1w arid ~ t~ ,cc r s  cltrscly sp~ccd.  [he distv~icc n~~.cssnt.ily n111cL Iw Icss Ltrnn on Iii~h-spcctl h~gl~wnys. 

']he nnggrr s l io~~ld  stnrrd either on thc sl~oulder ndjaccn! Lo ~ l l c  trafl'r; being conlrollcd ur i l l  the closed lane. A1 a "spol" 
nl)h~ruction, a plrsi~ion rllxy have 10 bc lrrkc~i on t l~c  opposite slloultlcr to ol)c:nle effecrivcly. Undcr t ~ o  cil.cu~nsf;i~rccs sln)uld n fl 
iggcr h~arrd i l l  \lie lanc h c i n g - ~ ~ ~ c ~ l  by ~iiovi~ig tl.aI'lic. 1'11~ flhggcr S I I C I U I ~ ~  lie clcvrly visible [o approaching trt\ffic nl n l l  iinrcs. For 
this reason [llc flaggel. shoulrl s~and  alclr~c. rlcvcr' pennilling 11 grOLlF of workers lo congrcgnle nround [he flaggcr SL?I~(III. 'l'lie 
flaggcr should hc S \ : I ~ ~ O I I C ~  s ~ ~ f l ' ~ c i c ~ i ~ I y  in :rdvancc of the wr~rk tirrcc to warn I I I C I I ~  nf rr1>p1.03clling dn~~ger .  such as oul-oi-c~ntrol 
vcllicles. 

A\  shorl ccrnsl~~uclion nnd rn:\in\crlnnce lnne cltrsu~-cs whkrc ~ d q u a r e  sigllr dis~nncc i s  availalrlc for the safe handling of ~rdl'l'lc, !IW 

01' one: f l n ~ g c r  may he sul'licicnl. 

5-07.6 One-Wny 'f raffic Control 

Where ~mff i c  in  hvth clircclic~r~s I I ~ U S I ,  for n linlited disranw, use x sinylc lanc. provision sl~cruld be ~iiadc for nllcrnalc onc-way 
nrovemenr lo piiss truf'lic ltlrc~ugh thc c?nstricted secrion. Ar a "spol" ohstruelion, sucll ns Ctn isol~led j,nven\cnl patch, Lhc 
~iiovc~iient niay be self-regnl~ling. H(~wcvcr, whcrc tlrc one-lar~e section is  of any length, Lhcrc should ho sulnc 11lzans or 
coorclinuting tl~ovcrncnts nl cncli end SO rhnr vchiclcs arc no1 simultctncously movir~e in opposite directions i n  thc scclion nnll I I I H I  
d c 1 . 1 ~ ~  arc 1101 C X C ~ S S ~ V C  91 ci l l i~r clld. Conlsol poilils at e;~(:h cnil of '  Ihc roulc htlould i)c clloscn so as lo perniit easy 11jssi1ig of 
opposilrp l i ~ ~ e s  of veliicles. 

Allert~alt orre-way trafflc conlrol lndy he ellixtcd hy the I'ollowing Ilrcttns: 

1. I1l9gger con\roi. 
2. Flag-carrying or o1.l'-cinl car. 
3. Piln~ car. 
4. Traffic sig~\als. 

5-07.7 Plugger Control 

Wlicrc 11rc orre-lane scclion is .sI1[11.t elrough so 11i:ir clich end is bisihlc I'roln Ihc otlicr cnd, ~rarfic rnny he conrrolled hy Inennc o f n  
flrtggcr t11 c11c11 crld of tI1c seclioli. Orre, of the two sho~lld be dcsignd!ctl as lhc chicl'flrrggcr Tur purpr):,cs ol'c~)ordinulil~g 1,lovc~r)crlt. 
They shoul(1 he iihlc to ccrmmunlcatc wit11 cnch o t t r ~  vcrlu~lly or by 111eans ofsiji~rnls. These signnls should lint he such a< to hc 
~nistakcn for flngging sigrrals. 

Where the end of' ;I onc-lanc scclion is no1 visihlc liorr~ d ~ c  t~llrcr c l d ,  Llre naggers lnny maintain colltacr. hy ~neans of rarilo or i~clfl 
~cly) l~i~rrcs .  Su 111d n Iltiggcr llluy kl~ow wl~en to nllow traffic ro procccd into thc scclion, th;: ILSL vchiclc frorn 111c oppo site 
dircc~ioll can bc idcn~ificd by Johcriplior~ or liierri,e. (See 1;igure 5-1 I ) .  

5-07.8 I'lag-Carrying or OMclnl C:nr 

Flug cilr~yir~g is ofrtclivo when llle I . C ~ I I ! ~  i c  well ricfil~ed and nonlra7ardous. It should hc cnlployd orily when the one-wny lrd, 
confined to u rc\l:~~ivcly ~1101.1 slretcl~ of road, ustlally llor I1rol.e rhsn 1 mile i l l  length. 



10.740000 Trueher: l i  nr F.tratl, ptuh in nl!l>~nvcrl p:\rL.ing placc on ~houlcI~:r nf 780. UIC cxlrenie cau~ion cnkrinfi nnd exiling 
vohiclc nnd parking , ~ c I \ .  

114020UO Spanish C ah B1n:);hnwk C Kcddre. hrirlgc hxs scl,nrnled w:\lk\bay. ~rtlffic nlinilnal. Ubc cone by vchi~lc. 

11421R')O Bcsr River blw nulch 1:IaI AfrrrI?,ly, wide courlty road hriclgc wit11 110 signific~nl trarric, use cones. 

K e d d l n ~  Bridges i ~ n d  R o ~ d w n y  Sites 

1 1342000 S Y C ~ ~ ~ I I I C I I I O  K~ver. J I  Dclh,  t ~ i g l ~  Ilow ~nea~urc~i ic i t s  arc lnade froin a IJSFS bridge u~ilizing a truck mounicd '1 '~~:~s  
Uua111. (NST). 

I 134.55oU Sourli Fork Pit Rivcr ncar Likely, rt.r.~rlsiilc parkrrlg is safely ncco~nplishcd hy \lit deploy~nenr nf s6vcral lral'fic snfety 
cones leading up lo nrld isc.!;lting vchiclc I'IOIII 1.0ntl. 

I 13dSSOO rir Rivcr ~icar Cnnby. in winrer when snow bi~nk lnay c b s t ~ ~ ~ c r  turnc~ut, rosdsidc pnrkirig is s;~fely acco~~lp!ihlicd 1,)' lhe 
Jcploylnenr of rr~ffic salcty conch Ictliling up  ro nnd isola~ing vchicl: from srnre Hwy 299. 

1 1370700 ACID Cdnal nl Sh:~ror~ Slleer ar T(e(lrling oily hridgc, [nffic is slow and is limilcd prirnerily 10 residenls. Snfely umcs 
arc placed a1 each end nf rhc hridgc and :tnturlJ 1)nrkzd veh~cle [n alcrr ~ ~ s i d c n b  olsb-enrngnging acrivitics. 

1 1390000 I l ~ ~ r c  Creek 11c.u Chico, rondsidc p.?rLir,g is safely accrimpl~shcd by [llc dcl)loylntnr of rrnffic ssf'cty ccl~lcs !cadin& up 10 
and ~sola\ing vzl~iile froin roadway. 

1 1519500 Scoll Rivcr nc:t: l'or[ Jorrzs, roadside parking is wl'cly aucornplixtlcri by I I ~ C  d~~ioyll lel l[  of ~~.i-tific safely cclncs leading 
up lo and ixnlaring velliclc !ran> roadwsy. 

I IS21500 lnclialr Creek near 1Iappy Cainp, rn.ldsrtlc parking may be halcly u c ~ o ~ ~ ~ l ) l i s l ~ ~ d  by the C I ~ ] ~ I O ~ I I I C I I [  of traffic S J ~ C I Y  C ~ ~ C S  

isoldling the roudsidc lurnoul L I I ~ L I  v c l ~ i ~ l c  rrirrl~ 0)t: roadwny. 

I 1525580 l.irrlc Cirxss V;i:!cy C:rcck ncar 1-cwis~on, parking ult,ng alulr; l i w y  299 W is snfely accomplished by rhe dcployrnc~il of 
scvcrul (a1 I C I L ~ L  six) lr l iff i~ s t f e ~ y  C O ~ I ~ S  lenclirrg u p  ro nlid isolating the vcl~iclc iiom the roxlwy.  

I 1525600 timss Valley Creek at ]:awn 1,odge ne,lr I.cwisron, cnc 1411~ hritlgc with IirnilcJ tr31 tic, ~lbc [ruck rr~our~Lwl Tcxx~  Uoora. 
Traffic is liniirctl solcly 111 C8l~li)rnir Dcpl. ol'1:orch~r~ clricrgensy vehicles. L)ue io rile sznso~~al o])el.stioa of the flrc slalion . - 
wi111c.r 1il11~ Iligh flow nicnsul.cnlenrs do trot conilicr wid1 CDF \ice of rhe hritlgc. 

1152300C) Klaln.lrh River ..rr Orleans, twct lalie suslxnsion hridgc on sitilc Hwy b6 u ~ i l i . & ~  ~ r ~ l c k  ~lloun\cd 'l'cxna l)ooln. 'l'rai11c.d 
flug pcnuns, suucly c ~ ~ l c s  a11d siglls lire set up ill nscol.dancc wirh CynlTrnns regrilnrior,~. 

1 1242400 NF Willciw C r ~ k  nr Sugar Pllic. Onc l:tnc hridgc, Forchl Scrvicc road, ~rul'lic i) 111inillin1, requires l ~ ~ f f i c  s s f ~ l y  CoiieS 
only. 

1 1264500 Mcrccd Rivu  s\ H:~ppy I.+lc.\. 011c I:i~ic hriclgc wi\h siclcwal'hi, Lr:r~fic i, ~r~~nilrrul. 

1 1  266500 Metaced River at Pohn~ln Rridpe. Two lane, nnc way bridge with nodcraic traff ic, rcquircs traffic conos and road xign. 

1 1271000 Sari Jouquil~ R i ~ c r  rlca: Ncwll~an. 'l'wo lulic \rridgt will1 I I I O ~ C L . R I Z - ~ I ~ F I V ~  il.nffic, requires 11.nffic cones. road signs nlld 
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I 1273500 Mcrcctl R s t  K~vcl  ItJ: S31l1l)les call bc 1.1kcn froln TOOL hridgc w i : l l ~ s ~  i:i:p?ding lrnffic. 

11274538 Orrninjhn C r  nr Crows Landlng: T x u  i ruc Itridgu with il\odera(e triiff~c. Site rcquims concs md uns pcrscln 10 concml 
truftic. 

2 1 I ?OfSlK) S.cn Jtllrquin K nr Vclr~t~li.: ' I  wo Inne 1\1 icigc w i h  11iodcr.i~~ LO hc;\\y tral'5c. Site requirc~ cignc, cnnes. 31ld-c pcrson to 
conrrol rrnffic. 

1 1  255575 P;i~lr)clic Cr at 1-5: 'l'wc) lnnc Iv.idjic wit11 s l~o\~ldcrs .  csvc~nc ly  higk trnllic. Rqui rcs  shouldzr closart including z i ~ n c ,  
ctrrlcs. and o11c person lo con~ro l  11.~l'fic. 

Snlintu Uritlgcs ~ r r t l  Rosdway Sltcc 

I 1 143200 Cnr~ne l  River nr Roblcc cicl RIO,  lncvrurlng hridgc llas 11 bcparaccd walkuay 011 dowlrs~ren~n sidc used fra mctl~urn flow 
~ncusurca \c~ \ \ s .  lligl\ flow rneasurenielIt< are 1r1,itic from ujl~trcarn sidc trl '  h r i d g  (n:r: ~cl) t~rn~ecl  or m i d ) - -  Iins n 4 TI s l~o~~lder . .  
scl7;ira 1cc1 ikom ~ r d l ' l ~ c  hy 11 wl~i ic  lirrc. 'l'luffic 111uvcs fnirly slowly ncrosc  he bricgc and is usually liyhl. 'l'rarlic cones arc: pltrcctl 
on white l ~ n c  during lncasurcmcnl. 

1 14750U Sttlirl,~h I t iv61,  :I[ Pnso Ilcrbles, 1ilz9%111'irrg bl idge hac a 5 f t  widc sclxirxlcc w ~ l k w d y .  

1 1 148.500 Estrella River nr E~rrcl ln ,  vchiclc is p;irkctl on shoulder orroad td jaccn! !n pqgc (thou[ 2 St ol'vchi:lc is in aclivc scrccl 
HIVU). Trul'lk c611cs arc: used lib w t ~ n ~  onciiiniag trnfflc of vehicle. Trs f f~c  is ~lor~iially light. 

11 ISRMXI  Snn U c n i ~ o  lcivcr at l Iwy 156, use 4 f t  wide shoulder on u]?srrealn side of Cienega Road Rridgr. Trdflic colrcs ;ire used. 
Traf'fic is normally lighl. 

1 1  l5YUW Pt~jaro Kivc'r at C:lri(tcrldcr~. 4 fc widc raised walkway on d o w n s t r ~ ~ l n  side of Kogfe I<oad Ilridge, abort[ 2.5 rnilcs 
dr~wnslrctcl~l. 'I'rafl'ic curlcs tire usccl l ~ r u u r ~ J  vcl~iclc. wltiul~ is purkcd or1 s110~1lJcr of rood, rlbouc 2 f l  fri1111 rrnffic nlcti. 

, 1 1  lcTCK#K) Soc{ucl Crcck u~ Soqucl, 4 11 wirlc;r~tswl wiilkwsy uti upslrcarn slrlc of Srlqucl Road Bridge. 

I 1  160430 Ucan Clrcck rlcsr Scotts ~ a l l c i ,  vchiclr: is pnrkcd nlonp, Mc. Hcrl~ioli Kond, about 2 f witllirl white linc scparacirig 
shr,ljltlcr ~ I ' o I ~  road. Vchiclc t~-*l'llc is swi1.1 and hcavy. Tr*i.lic concs tire usctl. 

I I 160500 Sari I.c~~.c~ixo Rivcr ;II Rig Trccs. 4 fl widc raised wdlkway OII cl~wnstrcarn sidc ofhridgc al cnlrJncc L o  Hcnl-y Clowcll 
Slutc Park. 

11 1610W S Y ~  Lorcn/rr Rivcr 31 Sanla C r u ~ ,  b 1 1  wide, rclisc~l walkway on ~ h c  Qp!rccirn sitlc or Ihc Walcr S l ~ c l  Rridgc. 

1 1  161.700 Carboncra C'rcck nc Scoits Vnllcy. 5 h wide, raised wa1ku.a~ on Cubonera Koad. 

I 11625n0 Pcscadcro Crcck nr r'cscaclcro, nrrrow, ~ w o  lanc bridge on !'csc;i.cro Jtoad. Traffic is nornlnlly light bul swirl oud could 
hc hazardous during srorln conditions. Traffic cones and vesrs a r t  used. L'sc wnrai~:g signs on npproacll. 

) 1162630 Pilt~rcilos Creek (11 11~iIiMoon U<!y. vchiclc is p a r k 4  on ~ t ~ ~ ~ u l d c r  i)l'alolc Hwy 1 ,  nh)ul 3 1 L  froni whilc Ilnc (lrdftk 
ctrrics uscd). Mcvsurcrrlcnlh arc 111nilc I'roni 4 11 wirlc, lniscd w;~lkw;ty on d o w n s t ~ n m  side of Hwy 1 bridge. 

1 I 169500 S&rstOg:t C'rcch 81 Sdrnloglt, vch~clc is p ~ r k c d  on shr~uldcr of Sdriilogii R:~:cl, ah0ul4 f r  from [raf'fic ([raftic corles used). 
Mcnsurcmcn~s  are miide from 5 wide shoulder a[ bridge nt entranoe ro apartmen1 complex. 'l'reific is lighl and traffic concs used. 

1 1255.575 Ptinuohc Cr i \ t  1-5: T w c  lunc bridpc w~t l i  sl~ouldcrs. cxt~cmcly hip11 vsffic. Rcquircs slmulder closure i~rcl\lilirlg sigils. 
corres, n ~ l d  orlc pcnoli co col~clol tmffic. 

S u ~ i t r e  I3ridges and Roodwoy Sltcs 



LEGEND: 

SPECIAL NOTE: 
M condttlms could requlm devbthne frwn tham p(sne and eccwnpsnylng notea 

NOTES: 
I .  fhto p m  d m  m m@y wh- m r e  4. An vrarnlng dgts fur dght drrourea shall be Il- 9. The spsdng between canes e)ong cerrtamne 

emergerqcondltbm-Undsrerrpcg8neywnd). brrnlnated or mdataed. shauMbsapoxlmXK)N-ttre 
~ u l o l t h e ~ z O n e . ~ t n e ~ m a y  - md prsDnn' rN* us 5-  A 0 8  "ROAD WHnRUCllON W E A D D 1 w  Cl6 bt eIMnl(s6 ,, a or mn sholukl be utllbced to fmp)smcmt a " O W  LANE FKMD A H W "  dgnmay be ubed 

dQGLW---CLOBLIBbOWmrneot In lleu ol the C23 (Seu Note 3) the8bdadsamblmdInWph~Anequlp- 10, When s pDot c a l s u e e d  a "TRAFRC COHTROL 

ment or p e m u d  become d l a M e  an I m  6. A CtJ "END C O N S l R W N  " dgn, as ep- WAIT FOR PlUJT CLLR" e n  (0 .should be 
p o d e d a m - - j - n w  -m- thbe - to -  ~ * m s y b e u - j t n ~ d t h p M 4 . T ~ o b g n  O , , m a y ~ u ~ I n ~  ,,, M dm the Bhndsnte ehorn on thls dm. bcdonalIttbendd*rak~taobvkusor 

Where apprwd\ spbscb ere krr, elgm m8y be 
pbctdnt304~80sdngeertdevmdoeer In 
rvban anma 

A l l ~ ~ ~ ~ b e 9 8 " * 4 a =  
mlrdrmmonMghnrlgwtthsppcoochspedsd 
45nphormaaWherrspeednavebthen45 
mph the M slgn sh.0 be 30-x 30' trdr3mum; 
otku bdvrarcs wnrnlng dgm ah* be 36'x 36' 
dnlmum' 

A n e c M l t & n a l . b v a n e c ~ r ~ l d b e a z n -  
Memd uprbbclm on h4gh vuIumc Mghrrap, ta 
~baRfcrtPceqvauromalcs*eQpReggers' 
rtatioM IwmrlcmttdgM shell beDurnlnsttd as 
n o b e d b S e d k n M I .  

Ptece C3l "LANE CLOSED" slgn (30"x Xl' 
nddrmm) at 500'-1000' Intmwh thrwgkM ex- 
k n d s d w W l c ~ T h e y e r e a p b b r r d H t h e ~  
R l e a t e ~ ~ I ! b u f i a g g e ? ~ .  





ATTACHMENT D 

METHOD OF ANALYSIS BY THE U.S. GEOLOGICAL SURVEY 
NATIONAL UiATER QUALITY LABORATORY (N\.\'Ql,) 

DETERRTINATION OF PESTICIDES IN WATER 
BY C-18 SOLID-PHASE EXTRACTION AND 

CAPILLARY-COLLUMN GAS CHROMATOGRAPH17/RIASS 
SPECTROMETR17 (GCIRIS) WITH SELECTED ION MONITORING 

(SIM) 

And 

NMIQL STANDARD OPERATING PROCEDURES 
ANALYSIS OF PESTICIDES IN WATER BY SIM GUMS 



NWQL Standard Operating Procedure 

SOP# OD0250.P 

Date: 8/30/99 

uthor: 
;u'istopher Lindley 

Analysis of Pesticides in Water by SIM GUMS 
LS 2001/2010 

By Chris Lindley, Jana Iverson, and Mike Schroeder 

' Table of Contents 
I .  Scope and Application . . . . . . . . . . . . . . . . . . . . . . . .;. . . . . . . . . . . . . . . , . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
2. Surnmary of Procedure . . . . . . . . . . . . . . . . . . . . . . . . . . .:. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
3. Revisions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . , . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
4. Safety Issues . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
5.  Sample Preservation, Containers, Holding Times . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :. . . . ... 
6. Reagents and Standards .... . .. . .. ... . .. ..., . . , , .: ... .. . .. .,. . ...,, , ,. . .. . .. . ., . .. . .. . .. . .. . .. . . .. .. . .. . . . . .. 
7. Sample Preparation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . .. 
S. Instrumental Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
9. Archiving and Backups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
10. References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Page: 1 

Supersedes: None 

Approved by: 
Mark Burkhardt 

C ppendix A . . .. . . . . .. . . . . . . . .. . .. ... . . . . .. . . . . . . . .. . . . . .. . . . . . . . . , . . . . . . . .. . .. . .. . ... . . . . . . . . . .. . . . . . . , . . . . . . . . . . . . . . . .. . .. . .. . . . . .. . . . . .... 18 
.ppendix B .................................................. ... ... ..., ....... ....., ... ... .......... ....................................... 20 

NWQL Standard Operating Procedure 

Analysis of Pesticides in Water by SIM - GCJMS, 

LS 2001 12010 



I SOP# OD0250.P 1 Page: 2 I NWQL Standard Operating Procedure I 

1. Scope and Application 
This SOP provides a description of the use of Hewlett-Packard (HP) 597land 5972 GC/MS systems, with UNIX based 

Target@ software, for the analysis of pesticides in water according to laboratory schedules (LS) 2001 and 2010. Specific information 
regarding the use of the HP and Target software for data acquisition can be found in SOP 0x0098, "General Procedure for Data 
Acquisition and Analysis with HP GCMS Systems". The SOP may be appropriate for the analysis of the same types of samples using 
other GCMS systems, with proper consideration given to possible hardware and software differences. 

I 

Date: S/30/99 

u thor: 
ilristopher Lindley 

1.1 Method Reference - Zaugg, et al, "Methods of analysis by the U.S. Geological Survey National Water Quality 
Laboratory - Determination of Pesticides in Water by C-18 solid-phase extraction and Capillary-Colunm Gas 
ChromatographylMass spectrometry with Selected-Ion Monitoring", USGS Open-File Report (OFR) 95-1 8 1, 1995. 

1.2 Analytes - ~ e t h o d  report limits and ions used for quantitation and verification are listed in Appendix A. 
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Approved by: 
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1.3 Applicable matrices - The method was developed for the 
analysis of filtered environmental water samples collected for the National 
Water Quality Assessment program (NAWQA). The method may be 
applicable to the data quality objectives of other projects. Application of 
the analpcal poltion may be made to other matrices on a custom or 
special analysis basis. 

Analysis of Pesticides in M'ater by SIM - GCIMS, 

LS 2001 / 2010 

1.4 Dynamic Range - The dynamic range of the method 
is normally 0.001- 4.0 pgL, with 1000 rnL of sample'in approximately 
200 pL of undiluted sample extract. Dilution extends the range to 20.0 
pg/L for all analytes. Matrix interferences may require the report level to 
be raised, or for other accepted data qualifiers, such as the "E" (estimated 
value) qualifier, to be used. 

2. Summary of Procedure 
Samples are usually field-filtered using 0.7 pm glass fiber filters. The filtered water samples are pumped through C-18 solid 

phase extraction columns either in the field (LS2010) or in the laboratory (LS2001). The C-18 column is dned, then eluted with 
solvent. Internal standard solution is added to the solvent extract, which is then concentrated to approximately 200 pL and analyzed by 
selected ion monitor (SIM) GC/MS. The physical location of sample extraction and the number of QC samples are the only 
distinctions between LS2001 and LS2010. 

This SOP pertains only to the instrumental analysis portion of the method. For a more detailed explanation of the sample 
preparation procedure, refer to SOP OD0053, "Automated Preparation of Schedules 2001 and 2010". 

3. Revisions - None 



4. Safety Issues 
Follow all standard safety practices for the use of solvents, compressed gases, and analytes. Exposure to electrical current at 

high voltages as well as thermally hot surfaces may occur during some maintenance procedures. Consult with your supervisor, safety 
personnel, or other experienced person if you are at all uncertain about what to do. Some of the reagents and analytes are, or are 
suspected to be human carcinogens, or may be teratogenic or mutagenic. Copies of Material Safety Data Sheets (MSDS) for the 
relevant reagents and analytes are available for reference in the NWQL Safety Office and should be reviewed prior to the use of the 
method. Disposal of materials nust be carried out in strict accordance with current waste handling regulations. Disposal procedures 
are described as necessary in the method and in pertinent sections of this SOP. The NWQL Safety Office is the principal source for 
instructions regarding current waste handling procedures. Check with supervisory or Safety Office personnel if you have any doubt as 
to the proper disposal procedures, or if you have other safety concems. 

SOP# OD0250.P 
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5. Sample Preservation, Containers, and Holding Times - Refer to OFR 95-181 for specifi cations. 

6. Reagents and Standards 
An example of the working standard solution preparation volumes and concentrations is shown in table 1; the solvent is 

toluene, and the concentration of the parent Supelco custom standard mixture is 50 ng/pL. The standards are prepared by dilution of 
the Supelco mixture. Note that the 100 and 200 ng1pL working standards have one-fifth of the material required to achieve their stated 

concentrations - this is compensated by an addition of one-fifth the amount of internal standard as would be required by calculation. 
These two standard concentrations are modified in this way to eliminate overloading the column; samples determined as having 
concentrations in this range are likehise diluted 15. Also note the absence of surrogate in the higher level standards; the relatively 
low surrogate responses are often overwhelmed by high concentrations of adjacent analyte peaks. 
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Table 1 - LS2001 Worlung Standards 
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Refer to the LS2001/2010 standards logbook for current stock and worlung solution concentrations; these concentrations may 
change due to the nature of projects in progress and the vendor solutions used. Standards should be prepared every 6 months; typically 
every November and May, and brought into effect in December and June, respectively. Out-dated solutions must be disposed of 
properly. Check with safety staff for current requirements. Verification of solutions is done according to the SOP "Validation of 
Standard Solutions for GCMS Analyses" (in development at this writing). 
7. Sample Preparation 

This SOP pertains to the GCJMS analysis portion of the method. For sample preparation information refer 
to OFR 95-181, and SOP OD0053, "Automated Preparation of Schedules 2001 & 2010". 

F 

8. Instrumental Analysis 
8.1 Mass spectrometer tune 



8.1.1 PFTBA abundance criteria - The PFTBA (pesfluorotributylamine) abundance targets are listed in 
table 2 for use with Target Tune. The Target@ program "Max Sensitivity Autotune" usually does an adequate job 
of tuning, sometimes requiring only minor manual adjustn~ent of the mass axis and peak widths to achieve the table 
2 tune criteria. If an acceptable tune is not accomplished, then source cleaning or other maintenance may be 
required. A graphic of a typical tune is shown in figure 1. 

NWQL Standard Operati~ig Proccdurc 

Analysis of Pesticides in Water by SIM - GCIRIS, 

SOP# OD0250.P 

Date: 8130199 

'hristopher Lindley 

MASS: 6895 MASS: 219.05 , MASS: 414.10 
AB: 1461293 PW: 0% 
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Figure 1 - MS 
Parameter Edit 
Window 

Approved by: 
Mark Burkhardt 

MS background and interferences - Leaks of atmospheric air into the analyzer, or the presence of 
other compounds, might compromise instrument performance. A list of common air background and contaminant 
ions is found in table 3. Check the air background, and print thk result, before beginning an analytical batch (the 
group of samples whose data are'evaluated by the quality control samples associated with them) . 

LS 2001 12010 
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8.1.3 Deternliniing when the MS source should be cleaned, or other MS mairitenance performed - If the 
mass-axis, peak iiridth, or the relative or absolute abundances described in table 2 are not met, the MS source may 
need to be cleaned, or other mairitenance may be required. Other factors to ofiserve are the repeller ramp and 
multiplier profiles. If they have changed significantly since the last cleaning and corttinuing calibration verification 
(CCV) criteria can not be met (section 8.8.3), then maintenance may be required. It is recommended that the 
injection port liner be changed when beginning a new batch. 

Table 2 - Recommended PFTBA o ~ e r a k e  uarameters 

Analysis of Pesticides in Water by SIM - GCNS,  
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I 

Table 3 - Typical MS background ions, their typical observed and maximum abundances when MS is tuned according to the 
criteria in 8.2.1. 

Date: 8130199 * 
3 ,  

Author: 
Christopher Lindley 

- I .  Toleration of abundances greater than these values might shorten filament life, and may be habit-forming. 
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8.2 Analysis run sequence 
8.2.1 Ensuring a properly tuned instrument - Perfonning a daily calibration of the instrument before 
sample analysis may not be required. The 5971 and 5972 instruments have demonstrated a very stable tune and 
calibration over time, as judged by the evaluation of CCV standards. Injection and subsequent analysis of a CCV 
before begipning a sample set indicates the accuracy of the active calibration curve. Recalibration is performed if 
CCVs repeatedly fail criteria (section 8.8.3). 

8.2.2 Daily run sequence - A batch of environmental and quality control samples are placed in a particular 
order of analysis known as a sequence. A typical sequence for schedule 2001 might order the vials as 
shown in table 4. Samples must be bracketed by CCV's with acceptable results (see section 8.8.3). The 
number of samples that can thus be successfully analyzed between CCV's may vary. 

8.3 Data Acquisition Method 



8.3.1 Data acquisition method name - There is no established convention for naming the acquisition method, 
except that the filename has a ".mu extension. If you are also working with other schedules or on other instruments, 
inclusion of the name of the schedule and the letter identifying the instrunlent in the file name would be beneficial; 
for example: "2001M.m". 
8.3.2 MS run parameters are derived from the MS tune file. The MS run parameters used for sample data 
acquisition must be the same as those derived from the MS tuning process. Electron multiplier setting and other 
variable setpoints are established in the MS parameter Edit window (figure 1). The electron multiplier setting must 

SOP# OD0250.P 
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be the same as that used in the MS tuning procedure, 
because this value can affect the MS tune. A Target 
dialogue window for setting the acquisition mode and 
tune file name is shown in figure 2. 
8.3.3 SIM data acquisition - Typically, 
twenty-three groups contai~li~lg up to twenty ions are 
monitored in the method (table 1, appendix A). The 
dwell time of each ion is twenty milliseconds (rns), 
Figure 2: Data Acquisition: Mode 

although a particular ion may appear more than once in 
a group. An example of part of a typical Targem Data 
Acquisition window for SIM anaIysis, (that is, a SiM 
table) is shown in figure 1 of appendix B. The 
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individual character of a GCMS instrument 
combination may require adjustment of the start time of particular ion groups and of the ions in those groups. 
Usually, the SIM ion tables are not created from scratch, but are copied from an existing 200 1 or 2010 method and 
then modified to accommodate insbument character. 
8.3.4 Batch directory naming convention - Following the convention established by the GCIMS section for 
naming analytical batches, the Target@ directory names for batches follow the notation "ssssIyyiij .b", where 

N\IIQL Standard Operating Procedure 

Analysis of Pesticides in \ITater by SIR1 - GCIRIS, 

8.3.5 Data directory naming convention - The laboratory sample identification number is used. This 

8.3.6 Data acquisition tips - Some hmts to help in acquiring and analyzing data are: 
Modify the method before acquisition begm, e.g. update retention times. 
Save the sequence once it is completed. 
Backup andlor archive runs on tape or CD once they are analyzed. 
Don't modify the method in the batch if you're using it to,acquire data. You'll lose your changes when 
the sequence frnishes (however, you can stop the sequence and load the updated method). 

GC run parameters 
Currently GC/MS systems are controlled through the data system through electronic pressure control (EPC). Typical 
settings are provided in the following examples from the GC/MS control software. 



GC/MS co~ltrol software windows with 
typical GC tenlperature and electronic 
pressure control setpoints: 
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solutions, and the ability of the curve to generate correct values for known quality assurance samples. An r2 value of 
0.995 or better is the minimum acceptable level for calibration curves, but is not the sole criterion: The y-axis 
intercept should be less than ten times the method detection limit (MDL) of that analyte (that is to say, an analyte 
response of "zero" should indicate an on-column amount, and therefore a concentration, that is less than the MDL. 
This indicates that the MDL can be achieved). If data points are rejected, you must have a legitimate reason for 
dropping the point from the cunre. These reasons might include a bad injection or a bad standard - !lot simply that 
the data didn't fit. 
8.7.3 Calibration Tips -Not all calibration points need to be (or should be) enabled. Because the 
concentrations of most analytes in samples are low, points higher than 4 ng/pL can usually be disabled, with the 
esception of those analytes often found at higher concentrations. These are typically the corn herbicides alaclilor, 
n~etolaclilor, and atrazine; as well as simazine. Another tip is to reprocess a calibration standard's data file as an 
illstrurnent spike to check the accuracy of the curve. 
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8.8 Quality Control 
8.8.1 General Guidelines - Quality Control guidelines for organic analyses may be found in the "NWQL 
Organic Chemistry Program QNQC Guidance Manual". QNQC issues specific to LS 2001/2010 analyses which 
are not covered in the Guidance Manual may be addressed by this SOP. Questions concerning the interpretation of 
QNQC issues should be brought to the attention of the unit supervisor. 
8.8.2 Statistical Derivation of QC limits - Control Iimits for the relevant QC sample types (CCVs, spikes, and 
blanks) are derived from data accumulated over the calendar year. On or about March 1, these data are reviewed and 
con~pared to the limits derived from the previous year's data. The relevant Target sublists are updated, if required. 
See the QNQC Guidance Manual for guidance on control limit calculations. 
8.8.3 CCV Guidelines -For this schedule, the CCV concentration is defined to be 0.4 ng/pL. Schedule 
analysts have developed a convention that CCV frequency in a batch will consist (at a minimum) of a CCV at the 
first vial position, at every sample preparation set (e.g. after the set spike), and at the last vial. As a consequence, 
because there is more QC for a schedule 2001 sample set (10 samples) than 2010 samples (18 samples), there will be 
more CCVs run in a schedule 2001 batch. 

Individual analytes in both of the CCV's immediately bracketing environmental samples in the analytical 
run sequence are relevant in the consideration of CCV acceptance criteria. All samples must be bracketed by 
acceptable CCVs. However, with 47 analytes in this schedule, failure at the 99" percentile does allow for an 
"occurrence of statistical anomaly" at the rate of about one analyte QC failure in two CCVs (i.e. 1 in 94). 
Therefore, some samples may not need to be re-run for failed CCVs. Definitions of CCV failures and subsequent 
corrective action may be found in the QA/QC Guidance Manual. 

When system maintenance such as ion source cleaning or installation of a new chromatography column is 
performed, CCV failure will usually occur (or the accuracy of higher or lower level standards might be affected), and 
the instrument will need to be recalibrated. 

See the QAIQC Guidance Manual for development of CCV performance criteria and guidelines of the 
compilation of multiple-instrument performance data. 
8.8.1 Reagent spike performance criteria - Laboratory sp~ke  data are acquired and statistically evaluated to 
develop acceptance criteria on an on-going basis (see the QAIQC Guidance Manual). These data are entered into the 
Target@ spike sample sublist. If a sample set contains a spike in which recovery results are unacceptable (as judged 
by the spike sublist), surrogate recovery in the associated samples and blank should be evaluated along with any 
observations recorded during sample preparation. If it is apparent that the poor recovery is due to laboratory process 
error, the possibility of the error adversely affecting the samples associated with that set must be considered. 

Prometon recovery in sp~kes has recently been poor, but the addition of 100 mg of NaCl seems to have 
alleviated the problem Diazinon may degrade if free chlorine is present in the matrix. Some compounds (e.g. 
deeethylatrazine) have typically poor recovery. Refer to OFR 95- 18 1 for discussion of other problem analytes. 
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8.8.5 Internal standard performance criteria - Implementation of the initial tune criteria should insure 
achievement of a minimum response for the internal standard compounds. If internal standard peak areas are not 
within 50% of the mean internal standard area for the analytical set, the possibility of extract evaporation or other 
influences should be considered. Table 6 below identifies some of the more common synlptonls describing internal 
standard problems, modes of failure, and corrective action. 

SOP# OD0250.P 

Date: 8130199 

' .lthor: 
.histopher Lindley 

8.8.6 Surrogate performance criteria - Surrogates are analytes intentionally added to a sample to assist in 
monitoring the process of sample preparation. Schedule 2001 uses two surrogates - alpha-HCH-4 and diazinon-dlo 
- to mimic the behavior of the organochlorine and organophosphate compound classes, respectively. Surrogate 
data are acquired and statisticaI1y evaluated (through the bnared program) to develop acceptance criteria on an on- 
going basis. Surrogate recoveries typically vary from 70 -130%. The criteria for surrogates are entered into the 
Target@ spike sample sublist, which is used as a reference to evaluate sample data. If surrogate recovery results are 
unacceptable, surrogate recovery in the associated samples, spike, and blank should be evaluated along with any 
anomalous observations recorded during sample preparation (sometimes samples have twice the amount of surrogate 
added, or none at all). If it is apparent through this evaluation that the poor recovery is due to laboratory process 
error, then the possibility of adverse consequences to the sample must be considered. In general, if there are no 
indications of process failure other than those attributable to non-standard matrix problems or human error, the 
recovery failure may be attributed to matrix problems, and the results for any detected analytes might be flagged with 
the 'E' qualifier. The interpretation should be annotated on the Data Review Checklist (figure 9, appendix B), 01 
other appropriate part of the data packet. See the Organic Program QAIQC Guidance Manual for assistance in 
specific situations. 

The schedule of the samples needs to be taken into account when evaluating surrogate recovery 
performance. The LS2001 samples have surrogate added at the NWQL, while the surrogate for LS2010 samples are 
added (and extracted) in the field. Differences in surrogate lot numbers, cartridge "hold" times, equipment, 
technique, environmental temperature & humidity, etc. could all play a part in affecting the surrogate recoveries for 
LS2010 samples. Within a sample set, the surrogate recoveries could vary as much as the locations that the samples 
come fiom. 
8.8.7 Method blank performance criteria - If method blanks associated with a sample set are determined to 
contain target analytes, the possibility of sample cross-contamination must be considered. Blank failure scenarios 
will consider an analyte's MRZ, and NDV (Non-Detect Value) in affected samples. See the QA/QC Guidance 
Manual for assistance in specific situations. 
8.8.8 IDL performance criteria -The IDL (Instrument Detection Limit) is a test to determine if instrument 
sensitivity is sufficient for the determination of low analyte concentrations. For LS2001, the concentration of the 
IDL is 0.04 ng/pL (corresponding to 0.004 pg/L sample concentration). Only a single IDL is required in an 
analytical batch. If analytes cannot be qualitatively determined, the response of the instrument is suspect and 
maintenance may need to be performed. Affected samples will likely need to be re-analyzed. 
8.8.9 Third Party Check (TPC) solutions - When a new calibration curve is created, an independent and 
separately prepared solution of known concentration, known as the TPC, is used to compare and verify the integrity 
of the curve. A mixture fiom Absolute Standards is currently used as the TPC for LS2001. TPC results should be 
within 20% of expected values. Failure of the TPC will probably be indicated by incorrect quantification of all 
analytes, not just a couple of analytes. 
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8.8.10 Quality control criteria for poorly performing analytes - Several LS2001 analytes have perfomled 
poorly over time. Five analytes are qualified with the E (estimated) flag, these are deethyl atrazine, carbaryl, 
carbofuran, methyl azinphos, and terbacil. However, other compounds might be flagged with the "E" qualifier if QC 
criteria are not met. These are described ~ I I  table 7 (page 16). 

SOP# OD0250.P 

Date: S/?0/99 

Author: 
Christopher Lilldley 

8.9 Sample Data Analysis 
8.9.1 Qualitative determination - A compoulld is identified based on retention time and a comparison of the 
background subtracted sample mass spectnun with the characteristic ions of a reference nnss spectrum. Three or 
four characteristic ions are defuled to be the ions that have the greatest relative intensity, or are desirable for their 
unique mass, occurring in the reference spectrum (table 1, appendix A). Compounds should be identified as present 
when the following criteria are met (or as reason allows): 

Retention time - The intensities of the characteristic ions of a compound are at a nlaximum that should 
coincide withilk 0.05 minute of the target compound's retention time. For this schedule, the method is set (under 
Global -Compound ID) to choose the peak closest to the target peak retention time. In addition, the quantification 
ion and associated qualification ions should have their maxima within 0.01 minute of each other. However, matrix 
effects can have a significant influence on GC retention times, and retention time reproducibility can be highly 
compound dependent. 

Spectra - The identity of each target compound is verified by comparing the characteristic ions at the 
apex of the extracted ion profile of the quantitation ion with the (SIM) reference spectnun obtained from the 
standard for that conlpound. In particular, the relative ratios of the extracted ion profiles need to be within 20% of 
the relative ratios obtained on injection of a standard solution generated using the conditions of this method'. It is 
difficult to define explicitly which features of a sample mass spectrum must be present to consider the identification 
to be positive; in general, the sample spectrum should have the same base peaks, major fragmentation ions, 
significant isotope clusters, and molecular ion (where appropriate) as a standard spectrum (see the example Target@ 
Review window in Figure 8, appendix B). Carefid attention should be given to determine whether contribution to tt, 
target ion profiles are appropriate and have relative intensities that are consistent with the reference mass spectrum, 
or if they are due to interference ions, or are a result of contributions of target and interference ions. Experience and 
training are necessary for the analyst to r e c o p e  the salient features of individual mass spectra as well as potential 
interferences. 
8.9.2 Peaks not meeting qualification criteria - It may be difficult to be completely confident about the 
identity of some peaks. In this situation, if the concentration of the analyte is calculated to be less than or equal to 
two times the MDL, the analyst may not choose to call it - raising the reporting level is not necessary. However, if 
the concentration is greater than two times the MDL and the analyst cannot state that it's not there, the detection level 
should be raised to that concentration. 

[.-qm$$y;;3337'?3 ,,. .. _ * &$ir . . 
Y. .. ..2.-r>$&:::gjj1".,:$:.:4 

~ ~ ~ ~ ~ $ 3 $ q ~ ~ ~ ~ :  c MDL (not called), altering MRL not required. 
.,,,?!2t&es!.the.m~<::i p?,~94yc'r,I#yV'! s*p$, .,- .: raise the report level to concentration. 
.. can'f~deteme&$$ D-,U . .- . . , . , .  . 
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8.9.3 Qualitative determination tips - Identification is difficult when sample components are not resolved 
chromatographically and produce mass spectra containing more than one analyte. When chromatographic peaks, 
obviously represent more than one sampIe component (a broadened peak, shoulders or a valley between two or more 
maxima), appropriate selection of analyte spectra and background subtraction is important. When analytes co-elute, 
identification criteria can be met, but each analyte spectrum will contain extraneous ions contributed by the co- 
eluting analyte. Using the Data Analysis program to generate ion chromatogra~ns may help in graphically separating 
the coeluting ions and correctly identifylug possible hits. 
8.9.4 Interferences - Contributions to the quanitation ion profile from compounds present in the sample matrix 
may make accurate measurement of the target analyte concentration difYicult or impossible. The report level might 
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' OFR 95-181, page 20, section 11.1.2 



SOP# OD0250.P 

Date: 8130199 

be raised, or the compound reported with the U-DELETED flag (unable to determine due to interference). Consult 
with the unit supervisor for guidance with unusual circumstances. 

utlior: 
uistopl~er Lindley 

8.9.5 Quantitative determination 
8.9.5.1 Calculations - Analyte calibrations are performed by the Target software tluough use of 

regression equations. When a compound has been identified, the concentration of that compound will be based on 
the integrated area from the prinnry quantitation ion of that compound, and the regression line fitted to the initial 
calibration using respollse factors relative to the internal standard response factor (a graphic of the Target@ window 
for part of the propachlor calibration curve is shown in Figure 10 of appendix B). 

Where quadratic curves are used, the curve might sometimes acquire a negative slope past an inflection 
point. Curves with such parameters result in a formula for decrease in concentration when there's an increase in 
response. This nonsense situation can usually be corrected by adding an additional point to the calibration curve for 
that analyte. Note that the addition or removal of points on the calibration curve for a given analyte will necessitate 
reprocessing of the sample data. Be warned, however, that reprocessing requantifies concentrations for all analytes 
in the sample, not just the analyte of concern. 

The method should be set up with usable formulas so that all the sample weights can be entered 
individually. This will make for easier electronic data transfer and form production. Following are the Target 
windows that can be found for the calculations: 

Care must be taken to enter sample information from the sample preparation sheet correctly, as this is an 
obvious place to introduce errors into a sample's results. A typical sample preparation sheet is shown for LS2001 in 
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11Sampie + bottle weight I I/ 1JE) 0000 ,~1160o.0000/1 

L S  2001 12010 

- - 

$ample w~ght  + bottle + M I F I  
lh2 Ilbofle weight (agam) ] ( ~ [ ~ ~ ~  

11we!~ht of processed sarnplr 1 -1 

I 1 :: 1 0 1  Con, = Amt * DF * ( II( 100/(( (s-b l ) / (sm-b2))*(~~b-~b)))  
1 O G a s  

i 
j j i 
i: Adjusted Limit of Quant. Calculation: 1 1  
, I  1 4$% Liquid I ( 1 11 

Adjusted Loq = Loq * DF * ( ;i 0 Solid 
( 

Spike/Surrogate Recoveries: 
'; ~ e v e l :  
7 %Rec = 100.0 * (Amt or Conc)/(Expected Amt  or Conc) 

Expected Conc = Amt  * ( 11 ~ o / ( ~ - b  1) 

I Additional Variables: 



Figure 7 of appendix B. 
8.9.6 Attalysis of dilutions - Santples must be analyzed w i t h  the range of the calibration curve. Analyte 
concentrations in excess of the established curve (but below 40 ng/pL) may require the "enabling" of higher 
calibration points in the method. Analyte concentrations that are over 40 ng/pL should be to be brought within the 
range of the calibration curve through dilution of the estract. This is usually acconlplished by performing a 1:5 
dilution (with toluene) and the enabling of 100 and 200 ng/pL calibration points in the calibration table for that 
target analyte. The 100 and 200 nglpL standards also have the internal standard at 115" the amount of the other 
calibration standards (while the analyte concentratio~l is equivalent to a 20 and 40 ng/pL standard, respectivelyj. 

SOP# OD0250.P 

Date: 8/30/99 

Author: 
Cluistopher Lindley 

8.10 Data ~ e ~ o r t  
8.10.1 ~ c ~ o r t i n ~  units - For this schedule, the reporting units are in microgram per liter (pg/L). 
8.10.2 Reporting level - The method detection limit of LS2001 is analyte dependent. However, the "E" flag will 
be used to qualify values (of qualitatively deternhed con~pounds) that are less than 0.004 pg/L or are less than the 
MDL, whichever is greater. 
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8.10.3 Significant figures -The number of significant figures is handled by the various data reporting programs. 
The Perkin Elmer LIMS system currently maintains two significant figures on values that are less than 0.01 pg/L, 
three significant figures for values between 0.01 to 10 p a ,  and two significant figures for values.greater than 10 
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pg/L. Surrogate and spike results are rep0rted.a~ "percent recovery" with three significant fi,wes. 
8.10.4 Electronic data transnlission - Transfer of data is done electronically. The bnared program is used to 
parse a sample's target.rp file to create a file (having a ".datU extension) that can be interpreted by the LIMS. After 
the data have gone through a primary and secondary review, the file is transferred by FTP to the LIMS computer. On 
the night the data are sent to LIMS, the LIMS conlputer will generate a verification report and eniail it to the analyst. 
The analyst may use this' report to verify against the original target.rp report for accuracy. If data is correct, do 
nothing. If data is incorrectly sent, notify denorg (NWQL's Denver a a n i c  chemistry program) to hold the data. FI. 
in an update report form for any corrections and submit to ADP for re-processing. 

Table 7 - 200 112010 Problem Analytes - Major portion of this table from the Method of  the Month (MOM) 
5/16/94:ms. Comuounds that alwavs carrv the E flag are marked "E". 



8.10.5 Data packets - Set paperwork associated with a group of samples in a sequence are organized, along with 
the analytical set's QC data, into data packets. Data packets are filed in accordion folders labeled by sequence batch 
name (section 8.3.4), prep set(s), date, and analyst initials. Data packets should contain, at a minimum, the 
following information, in order: 

SOP# OD0250.P 

Date: 8130199 

Main: Tune, Air and Water check, sequence, Data Review Checklist. . - 
QC: QC forms generated by bnared, spike.rp for CCVs and for laboratory set spikes, and  spike.^ fgr 
the IDL. 
Data: Sample ASRs, sample preparation sheets, and their associated targeirp files, stapled together. 
This is arranged by set (including the set's QC samples), with the set cover sheet in front. 
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Spectra not required since they are stored on the filesystem, or otherwise recoverable from a tape archive or other 
media. 
8.10.6 Second Level Data Review -Data are reviewed according to the outline provided in the Data Review 
Checklist (Fig. 9, appendix B). QC acceptance criteria for most items are contained in the analysis reports generated 
by bnared, or are listed on the Data Review Checklist. Spectra may be checked.on-line rather than storing 
hardcopies of spectra in the data packets. "Spot" checking of spectra is sufficient when reviewing data for 
experienced analysts. 
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9. Archiving and backups 
9.1 Sample extracts - Sample extracts must be recapped and organized in vial storage boxes on which the year, 
schedule (2001 or 2010), and set number are indicated on the end. These are stored in a freezer forever. 
9.2 Data packets -Data packets are filed in archive boxes and stored in the data archive room for 5 years (see data 
archiving SOP). 

DDS tapes - After running a sequence, it would be prudent to backup the analyhcal batch onto tape. Use tar (the 
UNTX program) or the File Manager program (DAT tape format) to perform the transfer of batches onto tape. Label the tape 
accordingly. When the filesystem becomes full, a tape archive of sample data is created, and the sample data removed from 
disk. 

10. References 
1. Zaugg, et al, Methods of analysis by the U.S. Geological Survey National Water Quality Laboratory - Determination of Pesticides 

in Water by C-18 solid-phase extraction and Capilla y-Column Gas Chromatography/Mass Spctrornetry with Selected-Ion 
Monitoring, USGS Open-File Report (OFR) 95-1 81, 1995. 
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Appcndix A 
Table 1 - Report limits and ions used for quontitation and verification for method compounds. 

(MDL, Method .Detection Lirnit; SIM, Selected Ion Monitoring; IS, Internal Standard) 

SOP# OD0250.P 

Datc: 8/30/99 

Author: 
Christopher Lindley 

Terbacil 0.007 25.281 161 160 162 163 15 2nd 
Disulfoton 0.017 25.351 8 8 153 186 8 9 14 nd 2 
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Compound 

I 
Triallate 0.001 25.630 8 6 268 145 143 14 2nd 
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Propanil 0.004 26.442 . 161 163 217 219 15 2nd 

Diethylaniline 0.003 15.502 134 149 119 135 1 1 s' 
EPTC 0.002 16.053 128 132 189 160 2 I S' 

Butylate 0.002 17.630 I46 156 174 217 3 - 1 St 

Pebulate 0.004 18.334 128 160 132 203 4 1 
Tebuthiuron 0.010 19.71 1 156 171 157 5,6 1 
Molinate 0.003 20.379 126 187 9 8 127 6 1 " 
Propachlor 0.007 21.537 120 176 169 121 7 2nd 
Ethalfluralin 0.004 21.942 276 316 292 7,s 2nd 
E thoprop 0.003 22.000 158 200 2 42 139 8 2nd 

Trifluralin 0.002 22.191 306 2 64 307 8 9  2nd 

Benfluralin 0.002 22.295 292 3 93 335 9 2nd 
At~azine, deethyl- 0.002 22.333 172 174 187 145 9 2nd 
Phorate 0.002 23.208 75 23 1 2 60 9 7 10 2 nd 

HCH, alpha- 0.002 23.330 1 8 1 183 219 217 11 2nd 
Prometon 0.018 23.810 210 183 225 168 11 2nd 
Carbofuran 0.003 23.853 164 149 122 123 11 2nd 
Sirnazine 0.005 23.982 201 186 173 138 11 2nd 
Atrazine 0.001 24.105 200 215 173 138 11 2nd 
D iazinon 0.002 24.650 137 153 179 152 12 2 0 ~  
Terbufos 0.013 24.741 23 1 186 153 12 2nd 
HCH, ganma- 0.004 24.852 183 181 109 217 12,13 2nd 
Pronamide 0.003 24.766 173 175 145 255 13 2nd 
Fonofos 0.003 25.026 109 137 246 13 2nd 

MDL 

Acetochlor 
Me tribuzzin 
Parathion, methyl- 
Alachlor 
Malathion 
Linuron 
Cyanizine 
Chlorpyrifos 
Metolachlor 
Thiobencarb 
Dacthal 
Parathion 
Pendirnethalin 
Naproparnide 
DDE, p,pl- 
Dieldrin 
Propargite 
Azinphos-methyl 

Permethrin, cis- 

Approximate 
Retention Time 

Quantitation 
ion 

2nd 
Confirmation 
ion 

3rd 
C o n f i t i o n  
ion 

4th 
Confirmation 
ion 

SIM 
Group IS 
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I-ICI-I &, alpha- 
Terbutl~ylazine 

Datc: S130,'99 

Acenaphtilene-dlo 
(First IS) 
Phenantluene-dlo 
(Second IS) 
Cluysene-d12 
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Appendix B 
Fimre 1- SIM acauisition window showing the first SIM MOUD. " G r o u ~  1 ". 
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Author: 
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Figure 2- A Sequence Table. 
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Figure 4 - 
Acquisition 

SOP# OD0250.P 

Date: S/30/99 

Zuthor: 
@ i s t o I e r  Lindley 

A Typical LS200 
Run Table. 
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Figure 5 -Typical blank chron~atogram for schedule 2001. ~ o t e  the "steps" on the "total ion" cl~omatogran~, il~dicati~lg tlle SIM 

SOP# OD0250.P 

Date: S/30/99 

Author: 
Christopher Lindley 

I Min 

Page: 19 

Supersedes: None 

Approved by: 
Mark Burkhardt 

N\\'QL Stnndprd Operating Procedure 

Analysis of Pesticides in M'ater by SIM - GCDIS, 

LS 2001 / 201 0 



Figure 6 - Sequence Parameters dialog window: 

SOP# OD0250.P 

Date: 8130199 

uthor: 
hristopher Lindley 
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F~gure 7: Sample Preparation form for a typical LS2001 saniple. Of particular use on these fornls are the bottle weights and any 
associated comments. 
Figure 8: The Target Review window 

SOP# OD0250.P 

Date: 8130199 

Author: 
Cllristopher Lindley 

Lab ID: f ? * a $ o ~ ~ ~ - -  

SI'E Cartridge 
P:J:I:? Pontiun: - Z L  

Dry wr. 3.3 I B : R .  
w[. ~ 5 = :  S? U y i c g :  3, >cCI , * 
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SI'E Elution + Vialing 2 c,,, - Dair L_----,- 
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Figure 9: The Schedule 200112010 Data Review Checklist 
Schedule 200112010 Data Review Checklist rev 950919:ms 
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SOP# OD0250.P 

Date: 8130199 

Author: 
Cllristoplier Lindley 

Analyst I Date: Instrument ID: 
Batch name: Schedule(s): 2001,2010 
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Reviewer: Date to ADP: 

1 - See back of this form for criteria. 
2 - Criteria are printed on analysis report. 

. Documentation and I or corrective action are required if check is made in the shaded areas above. 
Figure 9: The Schedule 2001/2010 Data Review Checklist, continued. 

General Data 

~ a m p l e ~ a t a  
For each sample check the following: 

Jf  

I Comments: 

Analyst 

1. Run Sequence list present and followed.l 

2. MS Tune within criteria. 
3. Initial calibration summary 

a) All RA2 >= 0.995 
4. Extended calibration curves 

1. Analysis Report Sheets 
a. Sample ID 

b. Internal Standard areas within criteria. 

c. Surrogate Recoveries within criteria. * 
d. Sample Volume. 

2. ASR's present. 
3. Sample preparation sheets present. 
4. Spectra for positive detects (spot check on 
data system). 
5. Do positives make sense? 

Reviewer 

QC Data 

If No, then note on report. 

If No, then note on report. 

If Yes, note on sequence list as 
'analyte (high conc.)'. 

Yes 

Yes 

Yes 

Yes 

If No, then note on report and 
sequence list. 
If No, then note on report and 
sequence list. 

Yes 

Yes 

No 

No 

No 

No 

1. CCV Reports 

a) All analytes within criteria. 
2. Blanks - Positives < MRL. 

3. Lab Spikes 

a) All analytes with~n criteria. 
4. Duplicates (if available)- meet criteria. 

5. MDL verification check 

No 

No 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

No 

If No, then note for each analyte on 
' 

report and sequence list. 

If No, then note on report and 
sequence list. 
If No, then note on report and 
sequence list. 

If No, then note on report and 
sequence list. 
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Mass Soectrometer Tune Criteria 
(PFTBA calibration) 

I Abundance relative to 1 mlz 1 Absolute 1 
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, Surrogate Peak Area Criteria 
I I 1 

mlz 69 
100 

20-60 % 
0.5-12 % 

Alpha HCH, d6 I I 
Terbulhyiazine 
Diadnon. dl0 I 

2:  E if CCV fails c~iieria. ---=> 

69 

219 
414 

Reoort Levels MRL 

Abundance 

2 x106 +I- 50% 



SOP# OD0250.P 

Date. 8130199 

Author: 
Chr~stopher Lindley 

F~gure 10: Signal 
Cal~brat~on Parameters 
for the standard culve of 
propachlor. 
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CONVERSION FACTORS AND . 
ABBREVIATED WATER-QUALITY UNITS 

M u l t i ~ l v  

centimeter (cm) 

gram (g) 
ltilogram (kg) 
kilopascal (kPa) 
liter (L) 
meter (m) 
microliter (1L) 
micrometer ( ~ m )  
milligram (mg) 
milliliter (mL) 
milliliter per minute (mL/min) 
millimeter (mm) 
nanogram (ng) 

To obtain 

inch 
ounce 
ounce, avoirdupois 
pounds per square inch 
gallon . . 

foot 
gallon 
inch 
ounce 
gallon 
ounce per minute 
inch 
ounce 

Degree Celsius (OC) may be converted to degree Fahrenheit (OF) by using the 
following equation: 

OF = 9/5 (OC) + 32. 

The following abbreviations are used in this report: 

dc direct current ng/pL nanogram per microliter 
pg/L microgram per liter lb/in2 pound per square inch 

minute V volt min 
ng/L nanogram per liter 

The following terms are used in this report: 
C-18 octadecyl PFA perfluoralkoxy 
EDOC electronic documents system PFTBA perfluorotributylamine 
ETFE ethylenetetrafluoroethylene SIM selected-ion monitoring 
GC gas chromatography ' SPE solid-phase extraction 
GCC glass bottle, amber USGS U.S. Geological Survey 
GC/MS gas chromatograph/mass spectrometer 
HIP hexane-isopropanol 
HPLC high-performance liquid chromatography 
ID inside diameter 
MDL method detection limit 
NAWQA National Water-Quality Assessment program 
NWQL National Water Quality Laboratory 
OD outside diameter 
PAH polyaromatic hydrocarbon 



METHODS OF ANALYSIS BY THE U.S. GEOLOGICAL SURVEY 
NATIONAL WATER QUALITY LABORATORY-- 

DETERMINATION OF PESTICIDl% IN WATER BY C-18 
SOLID-PHASE EXTRACTION AND CAPILLARY-COLUMN 

GAS CHROMATOGRAPHY/MASS SPECTROMETRY 
WITH SELECTED-ION MONITORING 

ABSTRACT 

A method for the isolation and analysis of 41 pesticides and pesticide 
metabolites in natural-water samples is described. The pesticides are isolated 
by C-18 solid-phase extraction and determined by capillary-column gas 
chromatography/mass spectrometry with selected-ion monitoring. Water 
samples are filtered to remove suspended particulate matter and then are 

e pumped through disposable solid-phase extraction columns containing 
octadecyl-bonded porous silica to extract the pesticides. The columns are 
dried using carbon ,dioxide or nitrogen gas, and adsorbed pesticides are 
removed from the columns by elution with hexane-isopropanol (3:l). 
Extracted pesticides are determined by capillary-column gas chromatography/ 
mass spectrometry with selected-ion monitoring of three characteristic ions. 
The upper concentration limit is 4 micrograms per liter (pg/L) for most 
pesticides, with the exception of widely used corn herbicides--atrazine, 
alachlor, cyanazine, and metolachlor--which have upper concentration limits 
of 20 pg/L. Single-operator method detection limits in reagent-water samples 
range from 0.001 to 0.018 pg/L. Recoveries in reagent-water samples ranged 
from 37 to 126 percent for most pesticides. The estimated holding time for 
pesticides after extraction on the solid-phase extraction columns was 7 days. 
An optional on-site extraction procedure allows for samples to be collected 
and processed at remote sites where it is difficult to ship samples to the 
laboratory within the recommended pre-extraction holding time. 

INTRODUCTION 

Pesticides are widely used in the United,States to increase production of 
agricultural products by controlling weeds, insects, and other pests in a wide 
variety of settings (Gianessi and others, 1986). They are frequently detected in 
surface water and ground water in the united States (Hallberg, 1989) and 
.Europe (Leistra and Boesten, 1989). The traditional 'methods for determining 
residues:of pesticides in na t~ra l~water  samples involve liquid-liquid 



extraction with an organic solvent followed by analysis by gas cllrornato- 
graphy (GC)' with nitrogen-phosphorus or electron-capture detection, using 
two columns to confirm pesticide identity. 

Recently, methods for pesticide analysis using solid-phase extraction 
(SPE) as an alternative to liquid-liquid extraction have been described (Bagnati 
and others, 1988; Bellar and Budde, 1988; Eichelberger and others, 1988; Junk 
and Richard, 1988; Battista and others, 1989; Brooks and others 1989; DiCorcia 
and others, 1989; Sandstrom, 1989; Thurman and others, 1990). These SPE 
methods are attractive because they are rapid, efficient, use less solvents than 
liquid-liquid extraction, and consequently have lower laboratory expenses. 
The SPE methods can be conducted onsite, which enables processing of 
samples with labile compounds, or at remote sites. In addition, the SPE 
methods can be automated by using laboratory robotic systems that do all or 
part of the sample-preparation steps. Some of these SPE methods also 
incorporate the use of a gas chromatograph/mass spectronleter (GC/MS) 
operated under a selected-ion monitoring (SIM) mode for confirmation and 
quantitation of pesticides. The GC/MS SIM is more specific than either the 
nitrogen-phosphorus or electron-capture detector, and more sensitive than 
the nitrogen-phosphorus detector. 

This report describes a method for determining a broad range of 
pesticides in natural-water samples. It was developed by the U.S. Geological 
Survey (USGS) for use in the USGS National Water Quality Laboratory. The 
method combines octadecyl (C-18) SPE for pesticide isolation and GC/MS 
operated in the SIM mode for selective confirmation and quantitation of the 
pesticides. It is rapid, more efficient, and can detect lower concentration 
levels (in nanograms per liter) compared to other USGS methods (Wershaw 
and others, 1987). The method supplements other methods of the USGS for 
determination of organic substances in water that are described by Wershaw 
and others (1987) and by Fishman (1993). The method was implemented in 
the National Water Quality Laboratory (NWQL) in October 1992. 

This report provides a.detailed description of all aspects of the method, 
including the equipment, reagents, sampling protocol, instrument 
calibration, and SPE procedure required for sample analysis. Method 
performance (precision and accuracy) and estimated method detection limits 
for 47 pesticides are presented. 

The scope of the report includes determination of method performance 
in ultrapure water samples and two natural-water types--a ground water and 
a surface water from the Denver, Colorado, region. Method performance was 
determined at two concentration levels--0.1 and 1.0 pg/L--in each water type. 
Method detection limits were determined according to an accepted statistical 
procedure (U.S. Environmental Protection Agency, 1992). Holding times of 
SPE columns before extraction and the use of an automated evaporation 



a 
system for solvent reduction also were evaluated. An optional on-site SPE 
procedure is described, and an optional laboratory automated procedure is 
briefly described in.Supplements A and B to the report. The method was 
tested on surface-water samples from the midcontinent of the United States 
in 1991. During 1992, four study units. of the National Water-Quality 
Assessment (NAWQA) program tested the on-site isolation procedure. . 

ANALYTICAL METHOD 

Organic Compounds and Parameter Codes: Pesticides, dissolved, 
gas chromatographylmass spectrometry, 0-1126-95 (see table 1) 

1. Scope and application 

This method is suitable for the determination of low-level 
concentrations (in micrograms per liter and nanograms per liter) of pesticides 
and pesticide. metabolites in natural-water samples. The method is applicable 
to pesticides and metabolites that are (1) efficiently partitioned from the water 
phase onto an octadecyl (C-18) organic phase that is chemically bonded to a 
solid inorganic matrix, and (2) sufficiently volatile and thermally stable for 
gas chromatography. Suspended particulate matter is removed from the 
samples by filtration, so this method is suitable only for dissolved-phase 
pesticides and metabolites. 

The compounds include some of those in the NWQL Laboratory 
Services Catalog (Timme, 1994), as well as newer pesticides determined to be 
of national importance for the NAWQA program (table 1). The method was 
developed in response to the request for a broad spectrum pesticide method 
for use in determining their occurrence and distribution as monitored by the 
NAWQA program. Pesticides were selected initially because ,of their 
widespread use in the United States, according to information in Resources 
for the Future database (Gianessi and Puffer, 1990, 1992a, and 1992b) and 
compatibility with the general analytical plan. Other criteria included 
published studies of pesticide fate and occurrence of metabolites, responses 
from NAWQA Study Unit personnel regarding pesticides of local 
significance, and U.S. Environmental protection Agency health advisories. 
Finally, restrictions in the analytical software on the number of ions scanned 
for specific time intervals limited the number of pesticides chosen for testing 
in the method to about 50. 



Table 1 .--Co177pound name, use, pesticide class, codes,and regis tq~ ~tuntbel.s 

[NWQL, National Watcr Quality Laboratory: CAS, Chcmical Abstract Scrvicc; MW, niolccular \veight: USE, annual 
national use of active ingrcdicnt (a.i.) in thousand kilogrnlns (kg) (a.i./1,000 kg, Gianessi and Puffcr, 1990, 1992a, 1992b); 

H,  herbicide; AMID, Cl-acctamide; TRI, triazinc; --, metabolite or pcsticide no longer registered for use; MET, u~ietabolitc; 1, 
insccticide; OP, organophosphate; DNA, dinitroaniline; CB, carbaniate; OC, organochlorine; UREA, phenyl urea; PYR, 

pcrmethrin; MISC, niiscellaneous; URAC, uracil] 

Para- C AS USE 
Con~pound Use Class NWQL metcr registry ha+' (a.i/ 

(common chemical namc) code code number 1.000 kg) 
Alachlor (Lasso) H AMID 400 1 46342 15972-60-8 269.8 25,055 
Atrazlnc H TRI 4003 39632 1912-24-9 215.7 29,163 
Atrazine, deselhyl-l - MET 4002 04040 6 190-65-4 152.1 - 
Azimplios-methyl (guthion) I 0 P 4004 82686 86-50-0 3 17.1 1,125 
Benflunlin (Bencfin) H DNA 4005 82673 1861-40-1 335.3 560 
Butylate (Genate Plus, Suntan +) H CB 4006 04028 2008-4 1-5 2 17.3 8,675 
Carbaryi (Scvin)] I CB 4007 82680 63-25-2 20 1.2 44 

Carbofuran (~urandan) l I CB 4008 82674 1563-66-2 236.3 1,459 
Chlorpyrlios I 0 P 4009 38933 2921-88-2 350.6 7,593 
Cyanazinc H TRI 40 10 0404 1 2 1725-46-2 230.7 10,394 
Dacthal (DCPA, chlorthal-dimethyl) H OC 401 1 82682 1861-32-1 332.0 1,007 
DDE, pap1- I OC 4012 34653 72-55-9 3 18.0 - 
Diazinon 1 OP 4013 39572 333-41-5 304.3 776 
Dieldrin I OC 4015 39381 60-57-1 380.9 - 
Diethylanaline, 2,6- - MET 4016 82660 579-66-8 149.1 - 
~imethoate? I 0 P 4017 82662 60-51-5 229.3 1,344 

Dlsulfoton I OP 40 18 82677 298-04-4 273.4 1,388 

EPTC (Eptam) H CB 4019 82668 759-94-4 189.3 16,885 
Ethalfluralin (Sonalan) H DNA 4020 82663 55283-68-6 333.3 1,597 
Ethoprop (Mocap, ethoprophos) I OP 402 1 82672 13 194-48-4 242.3 743 
Fonofos (Dyfonate) I OP 4022 04095 944-22-9 246.3 1,834 
HCH, alpha- I OC 4023 34253 3 19-84-6 290.8 - 
HCH, gamma- Gindane) I OC 4025 39341 58-89-9 290.9 30 
Linuron (Lorox, Linex) H UREA 4026 82666 330-55-2 249.1 1,191 
Malathion I OP 4027 39532 121-75-5 330.3 1,447 
Metolachlor (Dual) H AMID 4029 39415 51218-45-2 283.8 22,570 
Metribuzin (Lexone, Sencor) H TRI 4030 82630 2 1087-64-9 2 14.3 2,189 
Molinate (Ordram) H CB 403 1 8267 1 2212-67-1 187.3 2,001 
Napropamide (Devrinol) H AMID 4032 82684 15299-99-7 27 1.4 3 17 
Parathion I OP 4033 39542 56-38-2 291.3 1,293 
Parathion, methyl- (Penncap-M) I OP 4028 82667 298-00-0 263.2 3,692 
Pebuiate (Tillam) H CB 4034 82669 11 14-7 1-2 203.3 296 
Pendimethilan H DNA 4035 82683 40487-42-1 281.3 5,685 
Permethrin, cis- I PYR 4036 82687 54774-45-7 39 1.3 509 
Phorate (Thimet) I OP 4037 82664 298-02-2 260.4 2,171 
Prometon H TRI 4039 04037 1610-18-0 225.3 - 
Pronamide (Kerb) (Propyzarnid) H AMID 4038 82676 23950-58-5 256.1 113 
Propachlor (Ramrod) H M D  4040 04024 1918-16-7 211.7 1,811 
Propanil (Stampede) H AMID 4041 82679 709-98-8 21 8.1 3,412 
Propargite (Omite) (alkyl sulfite) I MISC 4042 82685 2312-35-8 350.5 1,719 
Simazine (Aquazine, Princep) H TRI 4043 04035 122-34-9 201.7 1,800 
Tebuthiuron (Spike) H UREA 4045 82670 34014-1 8-1 228.3 276 

Terbacil   inb bar)^ H URAC 4046 82665 5902-51-2 216.7 175, 

Terbufos (Counter) I OP 4047 82675 13071-79-9 288.4 3,277 
Thiobencarb (Bolero) H CB 4044 ' 82681 28249-77-6 257.8 617 
Triallate (Avadex BW, Far-Go) H CB 4049 82678 2303-17-5 304.7 1,593 
Trifluralin (Treflan) H DNA 4050 82661 1582-09-8 335.5 12,312 

'These pesticides are qualitatively identified and reported with an E code (estimated value) because of problems with gas 
chromatography or extraction. 

2~est icide shows small and variable recovery because of incomplete extraction. This pesticide was deleted from the 
method in June 1994. 

4 



• The calibration range is equivalent to concentrations from 0.001 to 
4.0 pg/L for most pesticides. Widely and abundantly used corn herbicides-- 
atrazine, metolachlor, cyanazine, and alachlor--have upper concentration 
limits of 20 pg/L. Method detection limit (MDL) is defined as the minimum 
concentration of a substance that can be identified, measured, and reported 
with 99-percent confidence that the compound concentration is greater than 
zero (Wershaw and others, 1987). The MDL is compound dependent and 
dependent on sample matrix and instrument performance and other 
operational sources of variation. For the listed pesticides, MDLs vary from 
0.001 to 0.018 pg/L. Analytical results are not censored at the MDL; if a 
pesticide meets the detection criteria (retention time and mass spectra 
compared to that of a reference standard, as defined in section 1 I.]), the result 
is calculated and reported. 

2. Summary of method 

2.1 The samples are filtered at the collection site using glass-fiber filters 
with 0.7-pm pore diameter to remove suspended particulate matter. The 
procedure for filtration of samples for organic analysis is described by 
Sandstrom (1995). Filtered water samples are pumped through disposable, 
polypropylene SPE columns containing porous silica coated with an octadecyl 

' 

(C-18) phase that is chemically bonded to the surface of the silica. The SPE 
columns are dried using a gentle stream of carbon dioxide or nitrogen to 
remove residual water. The adsorbed pesticides and metabolites then are 
removed from the SPE columns by elution with hexane-isopropanol (3:l). 
The eluant is further evaporated using a gentle stream of nitrogen. Extracts of 
the eluant are analyzed by a capillary-column GC/MS operated in the SIM 
mode. 

3. Interferences 

Organic compounds having gas-chromatographic retention times and 
characteristic ions with a mass identical to those of the pesticides and 
metabolites of interest may interfere. 

4. Apparatus and instrumentation 

4.1 . Cleaning and elution module for SPE columns; Supelco, Inc., 
Visiprep Solid Phase Extraction Vacuum Manifold and Visidry Drying 
Attachment or equivalent. 

4.2 SPE pump, ceramic-piston, valveless pump, capable of pumping 0 

, 

to 30 mL/min, with fittings for 3.18-mm outside diameter (OD) tubing; Fluid 



Metering Inc., Model QSY - 2 CKC or equivalent. For on-site SPE, an SPE 
pump powered by a 12-V dc motor is needed; Fluid Metering Inc., Model 
RHB - 0 CKC or equivalent. 

4.3 Teflon-perfluoralkoxy (PFA) tubing, 3.18-mm OD; Cole-Parmer 
Instrument Co., CL-06375-01 or equivalent. 

4.4 Tefzel-ethylenetetrafluoroethylene (Tefzel-ETFE) female Luer 
connector with 1/4-28 thread, Tefzel-ETFE union with 1/4-28 thread, and 
Tefzel-ETFE nut with 1/4-28 thread and 3.18-mm OD tubing connector; 

. . 

Upchurch Scientific or equivalent. 

4.5 Pump control box (optional) for 12-V dc pumps, fitted with a 
4-amp fuse, toggle switch, and l 0 ~ o h m  1.58-amp variable resistor. 

4.6 Sample-preparation workstation (optional) for cleaning SPE 
column; Zymark Inc., Benchmate Workstation or equivalent. 

4.7' Bottle-top solvent dispenser, adjustable from 2 to 10 mL; Brinkman 
Dispensette, Van Waters & Rogers (VWR) Scientific or equivalent. 

4.8 Luer stopcocks (optional), flow control valves or on-off valves, 
constructed of inert materials: Burdick & Jackson (B&J) Inert PTFE flow 
control valve, Baxter Diagnostics, Inc. or equivalent. 

4.9 Vacuum pump--Any vacuum pump with sufficient capacity to 
maintain a slight vacuum of 1.5 to 3 kPa in the cleaning/elution module. 

4.10 Micropipets--50- and 1 00-pL, fixed- and variable-volume 
micropipets with disposable glass capillaries; VWR Scientific or equivalent. 

4.1 1 Analytical balances--Capable of accurately weighing 1,200 g +I' g and 
10.000 g fO.OO1 mg. An optional procedure for weighing the SPE columns 
requires a balance capable of accurately weighing 10.000 g k0.001 g. 

4.12 Fused-silica capillary column that provides' adequate resolution, 
capacity, accuracy, and precision. A 25-m x 0.20-mm inside diameter (ID) 
fused-silica capillary column coated with a 0.33-pm bonded film of 
polyphenylmethylsilicone was used; Hewlett-Packard Ultra I1 or equivalent. 

4.13 Automated solvent evaporator--The heat-bath temperature needs 
to be maintained at 25"C, and the nitrogen gas pressure at 27.5 kPa (4 1b/in2); 
Zymark Inc., TurboVap LV or equivalent. 

4.14 GUMS bench-top system; ~ewlet t -kackard,  Model 5971 or 
equivalent. 



4.14.1 GC conditions: Oven, 100°C (hold 5 minutes), then program 
to 300°C at G°C/rnin, then hold for 5 minutes; injection port, 250°C; carrier 
gas, helium; injection volume, 2 FL, splitless injection. 

4.14.2 MS conditions: Interface, 290°C; source, 200°C; analyzer, 
100°C; dwell time 20 miIIiseconds; mass ions monitored are listed in table 2 
(see section 9, Calibration). 

4.14.3 The apparatus and equipment required for the automated 
SPE method are listed below; specific sources and models used during the 
development of this method also afe listed, where applicable: 

4.14.3.1 AutoTrace SPE Workstation configured for 
3-mL SPE columns; Zymark Inc. or equivalent. The set-up conditions and 
processing steps for this method using the AutoTrace Workstation are listed 
in Supplenlent B at the end of this report. 

NOTE 1: In the automated method, environmental and quality-control 
samples are extracted in batches of six. The time required for extraction is 58 
minutes. One operator typically can process 30 samples in an 8-hour day 
using this apparatus. 

5. Reagents and consumable materials 

5.1 Helium carrier gas (99.999 percent) as contaminant free as possible. 

5.2 Carbon dioxide gas for drying, ultrapure. 

5.3 Nitrogen gas for evaporation, ultrapure. 

5.4 SPE columns packed with 500 mg of silica coated with a chemically 
bonded C-18 hydrocarbon phase and end-capped to reduce polar secondary 
interactions associated with surface silanol groups, Isolute C-18 (EC) end- 
capped or equivalent; International Sorbent Technology, Ltd. or equivalent. 
The solid packing material is held in place with stainless-steel frits. 

NOTE 2: Similar columns obtained from Varian Sample Preparation 
Products, Bond-Elut 1212-4025, were used during initial testing of the method 
but were replaced by the Isolute columns because of their superior quality (see 
Method Performance section). 

5.5 Test tubes, borosilicate glass, 16 mm x 100 mm, baked at 450°C for 
2 hours; Kimax Brand, VWR or equivalent. 

a 5.6 Glass-fiber filters, . 0 .7 -~m nominal pore diameter (GF/F grade), 
baked at 450°C for 2 hours; Whatman, Inc. or equivalent. 



5.7 Glass bottles, amber, 1,000-mL, 33-mm neck, baked at 4500C for 2 
hours, fitted with Teflon-lined screw caps; NWQL GCC or equivalent. 

5.8 Solvents: Hexane, toluene, isopropanol, methylene chloride, and 
methanol; B&J Brand ultrapure pesticide quality or equivalent. 

5.9 Reagent water, ultrapure, B&J Brand for HPLC or equivalent. 

5.10 Detergent solution: Prepare a dilute mixture (0.2 percent) of 
laboratory-grade phosphate-free liquid detergent; Liquinox, Alconox Inc. or 
equivalent. 

6. Sampling methods, sample-collection equipment, and cleaning 
procedures 

6.1 Sampling metl~ods: Use sampling methods capable of collecting 
water samples that accurately represent the water-quality characteristics of the 
surface water or ground water at a given time or location. Detailed 
descriptions of sampling methods used by the U.S. Geological Survey for 
obtaining depth- and width-integrated surface-water samples are given in 
Edwards and Glysson (1988) and Ward and Harr (1990). Similar descriptions 
of sampling methods for obtaining ground-water samples are given in Hardy 
and others (1989). 

6.2 Sample-collection equipment: Use sample-collection equipment, 
including automatic samplers, that are free of tubing, gaskets, and other 
components made of nonfluorinated plastic material that might leach 
interferences into water samples or sorb the pesticides and metabolites from 
the water. Material suitable for sample-collection 'equipment includes 
fluorinated plastics (Teflon, ETFE), metals (stainless steel, aluminum), and 
ceramics. 

6.3 Cleaning procedures: Wash all sample-collection equipment with 
phosphate-free detergent, rinse with distilled or tap water to remove all traces 
of detergent, and finally rinse with ultrapure methanol (contained in a Teflon 
squeeze-bottle). Clean all sampIe-co1Iection equipment before each sample is 
collected to prevent cross-contamination of the samples. 

NOTE 3: Methanol needs to be collected and disposed of in accordance with 
local regulations. 

7. Standards 

7.1 Stock standard solutions: . Obtain the pesticides, metabolites, 
internal standards, and surrogates as pure materials from commercial 
vendors. If pure materials are obtained, prepare standard solutions of about 



@ 2,000 ng/pL by accurately weighing, to the nearest 0.001 mg, 10 mg of the pure 
material in a 5-mL volul~letric flask and dilute with ethyl acetate. Transfer 
the stock solutions to clean vials and store in a refrigerator. The stock 
solutions are stable for about G months. 

7.2 Primary fortification standard solution (stock): Prepare a 40-ng/pL 
concentration primary fortification standard solution by combining 
appropriate volumes of the individual stock standard solutions in a 2- or 
5-mL volumetric flask. Use adjustable micropipet (0-50 pL or 0-100 pL) to 
dispense an appropriate volume into the volumetric flask and dilute with 
toluene. Transfer the primary fortification standard solution to a clean vial 
and store in a refrigerator. This solution is stable for about 6 months. 

7.3 Primary dilution standard solution (working): Prepare low- 
concentration (1 ng/pL) and high-concentration (10 ng/pL) primary dilution 
standard solutions by combining appropriate volumes of the primary 
fortification standard solution in a 2- or 5-mL volumetric flask and dilute 
with methanol. Add a 100-pL aliquot of either primary dilution standard 
solution to a I-L water sample to obtain a concentration of 0.1 or 1 pg/L for 
the method performance-evaluation studies. 

7.4 Polyaromatic hydrocarbon (PAH) internal standard solution (stock) : 
Prepare a 50-ng/pL concentration of PAH internal standard solution by 
combining appropriate volumes of the individual stock standard solutions of 
acenapthalene-dlo, phenanthrene-dlo, and chrysene-d12 in a 2-mL volumetric 
flask. Use an adjustable micropipet (0-100 pL) to dispense an appropriate 
volume into the volumetric flask and dilute with toluene. Transfer the 
primary dilution standard to a clean vial and store in a refrigerator. This 
solution is stable for about 6 months. 

7.5 PAH internal standard solution (working): Dilute part of the PAH 
internal standard stock solution to 1 ng/pL. Use an adjustable micropipet 
(0-100 pL) to dispense 100 pL, into a 5-mL volumetric flask and dilute with 
toluene. Transfer the PAH internal standard solution to a clean vial and 
store in a refrigerator where it is stable for about 6 months. 

7.6 Surrogate solution: Prepare a solution of Diazinon-dlo, alpha- 

HCH-ds, and terbuthylazine from the stock standard solutions in methanol 
at a concentration of 1 ng/pL. 

7.7 Calibration solutions. Prepare a series of calibration solutions in 
toluene that contain all pesticides and metabolites at concentrations from 0.01 
to 40.0 ng/pL (0.01, 0.02, 0.04, 0.10, 0.20, 0.40, 1.0, 2.0, 4.0, 10, 20, 40 ng/pL) and 
the PAH internal standard solution at a constant concentration of 1.0 ng/pL. 
Prepare these calibration solutions by appropriate dilutions of the 10 and 
40 ng/pL primary fortification and dilution standard solutions. For the 



widely and abundantly used corn herbicides--atrazine, metolachlor, 
cyanazine, and alachlor--prepare a calibration solution at a concentration of 
200 ng/gL and the internal standard at 1.0 ng/gL. Prepare this calibration 
solution by appropriate dilution of the stock standard solutions. 

8. Gas cl~romatograph/rnass spectrometer performance 

' 8.1 Gas chron~atograph performance evaluation 

. ... 8.1.1 The gas chromatograph performance normally ,is indicated. by , . 

peak shape and by the variation of the selected-compound (pesticide or 
metabolite) response factors relative to response factors obtained using a new 
capillary column and freshly prepared calibration solutions. An example of 
the separation and peak shape of the pesticides and metabolites is sho\vn in a 
total ion chromatogram of a 1.0 ng/pL standard solution in figure 1. If peak 
shape deteriorates or if response factors fail to meet the calibration criteria, 
either change the injection liner or perform maintenance on the capillary 
column to bring the gas chromatograph into compliance. Part of the inlet end 
of the capillary column can be removed to restore performance. Specifically, a 
loss in response greater than 30 percent for pesticides and metabolites 
susceptible to loss on injection--Linuron or Carbaryl--indicates a need for 
immediate action. 

8.2 Mass spectrometer performance evaluation 

8.2.1 Check the mass spectrometer prior to analysis for the presence 
of water and air which indicate leaks in the vacuum.. If detected, locate and 
fix leaks. Also, check the instrument every 24 hours during a series of 
analyses to ensure mass spectrometer performance according to the perfluoro- 
tributylamine (PFTBA) tuning criteria outlined below. In addition, initially 
adjust the mass spectrometer to ensure that the established reporting level for 
each selected compound can be achieved. 

8.2.2 Tune the mass spectrometer daily'using the procedure and 
standard software supplied by the manufacturer. Parameters in the tuning 
software are set to give k0.15 atomic mass unit resolution at masses 69, 219, 
and 414 in the spectrum of PFTBA. Adjust the electron muItiplier voltage to 
get an area of 2,000,000 counts for the mass 69 ion. Manually adjust the 
resolution so that the mass 69 ion has 100 percent abundance, mass 219 ion is 
40f20 percent, and mass 414 ion is 6.2f5.7 percent relative abundance. Check 
mass assignments to ensure accuracy to k0.15 atomic mass unit and that mass 
peak widths measured at one-half the peak height range from about 0.53 to 
0.59 atomic mass unit. 
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Figure 1.-A, Chromatogram of total ions of pesticides and metabolites in 1 .O-nanogram-per-microliter 
standard solution; B, expanded view of the 21- to 28-minute time interval shown in figure 1A. 
Retention times shown above each peak correspond to compounds listed in table 2. 



Calibration 

9.1 Acquire initial calibration data by using a new capillary column and 
freshly prepared calibration solutions. Use these data in subsequent 
evaluation of the GC/MS performance. 

9.2 Prior to the analysis of each sample set and every 10 samples 
thereafter during a series of analyses, analyze and evaluate a calibration 
solution (or solutions) containing all of the selected compounds to ensure 
that the GC/MS performance is in compliance with the established criteria. 

9.3 Acquire data for each calibration solution by injecting 2 pL of each 
solution into the GC/MS according to the GC/MS conditions already 
described. Calculate the relative retention time for each selected compound 
and the surrogate compounds (RRT,) in the calibration solution or in a 
sample'as follows: 

where RTc= uncorrected retention time of the quantitation ion of the 
selected compound or surrogate compound, and 
RTi = uncorrected retention time of the quantitation ion of the 
internal standard (acenapthalene-dlo, phenanthrene-dlo, or 
chrysene-d12, table 2). 

9.4 Calculate a response factor (RFJ for each selected compound and ' ' 

the surrogate compounds in each calibration solution as follows: 

where A c =  GC peak area of the quantitation ion for the selected compound 
or surrogate compounds; 
Cj = concentration of the internal standard, in nanograms per 
microliter; 
Cc = concentration of the selected compound or surrogate 
compounds, in nanograms per microliter; and 
Ai = GC peak area of the quantitation ion for the internal standard. 

9.5 See table 2 for the respective quantitation ions and internal- 
standard reference used in these calculations. 



Table 2.--Retention tinie, relative rerention time, guantitation ion, and 
confirniation ions for selected conspounds, surrogate compounds, 

. and internal standards 

[Compounds are listed in order of retention time, min, minutes; m/z,  mass per unit charge; 
IS, internal standard; --, not used] 

Retention Relative Quanti- Second Third Internal 
Conipound time retention tation confirma- confirma- standard 

tinie ion tion ion tion ion reference 
(min) (m/z) (m/z) (m/z) 

Diethylanaline. 2,6- 13.477 0.766 134 149 119 IS 1 
EPTC 14.191 .8 17 128 132 189 IS 1 
Butylate 15,966 ,919 146 156 174 IS 1 
Pebulate 16.695 .962 128 57 132 IS 1 
Tebuthiuron 18.089 1.042 156 171 88 IS 1 
Mollnate 18.506 1.066 126 187 55 IS 1 
Ethalfluralin 20.044 ,889 276 316 292 IS2 
Ethoprop 20.558 .869 158 200 97 IS2 
Propachlor 21.148 1.160 120 176 9 3 IS 1 
Atrazine, desethyl- 21.151 ,894 172 174 187 IS2 
Trifluralin 21.354 .902 306 264 248 IS2 
Benfluralin 21.437 ,906 292 318 264 IS2 
Phorate 21.819 .922 75 121 231 I S 2  
HCH, alpha- 22.069 .933 181 183 219 IS 2 
Dimethoate 22.571 .954 125 8 7 9 3 IS2 
Prometon 22.661 .958 210 183 225 IS2 
Simazine 22.696 .959 20 1 186 173 IS 2 
Carbofuran 22.741 ,961 164 149 127 I S 2  
Atrazine 22.877 .967 200 173 138 IS2 
KCH, gamma-  23.341 ,986 183 181 109 I S 2  
Terbufos 23.436 .990 153 186 231 I S 2  
Pronamide 23.555 .989 175 173 145 IS2 
Fonofos 23.615 .997 109 137 246 IS2 
Diazinon 23.805 1.006 137 179 153 I S 2  
Disulfoton 24.044 1.016 88 153 186 IS 2 
Terbacil 24.235 1.027 161 117 - - IS 2 
Tria l la te  24.354 1.029 86 268 145 IS 2 
Propanil 25.321 1.072 161 163 217 I S 2  
Metribuzin 25.333 1.072 198 199 144 IS 2 

Parathion-methyl 25.631 1.083 109 125 263 I S 2  
Carbaryl 25.846 1.092 144 115 116 Is2 
Alachlor 25.858 1.093 160 188 237 I S 2  
Linuron 26.730 1.130 6 1 160 , 248 IS 2 
Malathion 26.861 1.135 173 127 125 I S 2  
Thiobencarb 26.944 1.139 .lo0 257 125 IS 2 

D 
Metolachlor 27.171 1.148 162 238 240 IS2 
Cyanazine 27.278 1.153 225 240 173 IS2 



Table 2.--Retention time, relative retention time, quantitation ion, and 
confirn~ation ions for selected compounds, surrogate compounds, and 

internal standards--Continued 

Retention Relative Quanti-  Second Third Internal 
Compound time retention tation confirma- confirma- standard 

time ion tion ion tion ion reference 
(min) (m/z) (m/z) (m/z) 

Chlorpyrifos 
Parathion 
D a c t h a l  - 

Pendimethalin 
Napropamide 
DDE, p , p ' -  
Dieldrin 
Propargite 
Azimphos-methyl 
Permethrin, cis- 

H C H - d 6 ,  alpha- 
Terbuthylazine 
Diazinon-dlo 

Surroeates 
0.927 224 

.989 173 
1.363 138 

Internal Standards 
1 162 

9.6 Initial calibration data acquired using a new capillary column and 
fresh calibration solutions are acceptable if the relative standard deviation is 
less than or equal to 35 percent for response factors calculated across the 
working concentration range for each selected compound or surrogate 
compounds. 

NOTE 4: The concentration range suitable for the quantitation of pesticides 
and metabolites in this method is from 0.01 to 40 ng/pL, equivalent to 0.001 to 
4.0 pg/L in a 1-L sample. Atrazine, alachlor, metolachlor, and cyanazine have 
an additional higher concentration standard solution, resulting in a high 
concentration quantitation limit of 20 pg/L. 

9.7 Subsequent daily response factors calculated for the majority of 
compounds need to agree within 520 percent of the average response factor 
for the selected compound of interest. Analyze at least one calibration 
solution with each sample set, and analyze a standard near or at the detection 
limit at least once weekly to verify that the detection limits are being 
achieved. 



9.8 Add the latest response factors to prior response factors and 
calculate a new average response factor, provided the latest data meet the 
criteria given above, and the relative standard deviation for all of the 
response-factor data is less than or equal to 35 percent. 

9.9 Calibration-curve fitting routines also can be used, provided back 
calculation of the calibration-standard concentration agrees within k20 
percent of the expected value. 

10. Procedure 

10.1 Weighing SPE columns (optional): Weigh the SPE columns 
(k0.0001 g) and record the weight on the column using waterproof ink. 

NOTE 5: Recording the weight on the SPE columns helps to determine when 
the columns are dry after extraction and drying steps. 

10.2 Precleaning SPE columns: Preclean the SPE columns by rinsing 
with 3 mL of the elution solvent (hexane-isopropanol 3:l). Allow the solvent 
to drain by gravity, then completely remove all solvent from the column by 
either nitrogen positive pressure or vacuum. Use a vacuum/elution 
apparatus to remove solvent by vacuum. Attach the SPE columns to the 
Luer-Lok fittings and twist counterclockwise to open the fittings. An optional 
Benchmate \Workstation also can be used for automated cleaning of the 
columns in batches of 50. Store the clean columns in 40-mL glass vials until 
used. 

10.3 Precleaning extraction apparatus: Set up the solid-phase-extraction 
pumping apparatus as shown in figure 2. Use a 50-mL glass graduated 
cylinder to contain the cleaning solutions and prevent contamination of the 
inlet tubing. Rinse the Teflon-PFA tubing and pump with about 50 mL of 
detergent solution, followed by about 100 mL of tap water and 50 mL of 
methanol. Turn on the pump and adjust the flow rate of the pump to 20 to 
25 mL/min using a graduated cylinder to measure the volume through the 
SPE column. Ensure there are no leaks in any of the fittings. Keep the clean 
inlet tubing of the pump in the glass cylinder to avoid contamination of the 
tubing while preparing the sample and SPE column. For longer storage, wrap 
the tubing in aluminum foil. 
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Figure 2.--Manual solid-phase-extraction pumping apparatus. 



10.4 SPE colurnn conditioning Immediately before sample extraction, 
add 3 1nL of methanol to the SPE colu~nn and allow the methanol to partially 
drain through the column by gravity. An optional Luer flow-control-valve - 
attached to the male Luer fitting of the SPE column can be used to control the 
flow of fluids through the SPE column. Conditioning is needed to solvate the 
C-18 phase attached to the silica particles in the SPE column. This condition- 
ing ensures nlaximurn interaction of the C-18 phase with the sample. 

NOTE 6: Do not allow the colun~ns to go dry once conditioning has started. 
Maintain levels of fluids by adding additional fluid or by closing Luer-Lok 
fittings or flow-control values. 

10.5 SPE colunin equilibration: Replace the methanol in the SPE 
column with ultrapure water to equilibrate the column with the sample 
matrix. Add 3 mL of ultrapure water and allow the water and methanol to 
partially drain through the column by gravity. About 5 minutes is required 
for each volume of the water and methanol to drip through the column. 

10.6 Sample preparation: Water samples must have been previously 
filtered (Sandstrom, 1995). Weigh the sample and bottle and record the gross 
sample weight (+I g). To the sample, add methanol equivalent to 1 percent of 
the sample volume (about 9 mL) as a conditioner, and record the gross 
sample weight. Add a 100-pL aliquot of the surrogate solution (1 ng/pL) 
using a micropipet with a disposable glass bore. (This should result in a 
concentration of 0.1 pg/L for the surrogates in a 1-L sample.) Swirl the 
sample in the bottle to thoroughly mix. 

NOTE 7: Allow surrogate.and spike solutions to come to room temperature 
before adding to samples. 

10.7 Sample extraction: Weigh a 1,000-mL plastic beaker that will be 
used to collect the volume of sample processed through the column. Place 
the inlet end of the Teflon-PFA tubing into the sample container, making 
sure tubing end is positioned in lowest spot of the bottle, and turn on the 
pump. After all air is displaced from the tubing, attach the SPE column to the 
outlet fitting of the pump tubing, and collect the sample that is pumped 
through the column. Ensure that there are no leaks or sources of bubbles in 
the system. Small bubbles might form as the sample is pumped through the 
tubing, but they will not cause any problems if they accumulate in the pump 
head. Large air bubbles are a problem because they can displace the methanol 
conditioner in the column or cause uneven flow through the column. 

NOTE 8: To avoid contaminating the sample, do not handle the outside of 
the clean section of tubing that is placed in the sample bottle. A piece of tape 
attached to the top of the tubing helps to indicate which section of the tubing 
can be handled and which is cleari and will be in contact with the sample. 



10.8 Pump all of the sample through the SPE colun~n and turn off the 
pump when completed. Disconnect the column from the pump system and 
remove residual interstitial water with a positive pressure of air. Weigh the 
extracted water sample, and record the final weight of the sample processed 
through the column. Discard the extracted sample, weigh the empty sample 
bottle, and record the tare weight. 

10.9 Clean the pump and Teflon-PFA tubing with detergent solution, 
water, and methanol (see section 6.3) to prepare for the next sample. 

10.10 SPE column drying Attach a universal adapter to the large, open 
end of the SPE column. Next attach the adapter to the male Luer-Lok fitting 
on the gas-pressure module of the SPE vacuum manifold, and then dry the 
column using a positive pressure (138 kPa or 20 lb/in2 for 20 minutes) of 
ultrapure carbon dioxide to remove all interstitial water. Ultrapure nitrogen 
gas also can be used to dry the column, but the drying time might be longer. 
Optional: Verify that all water is removed from the column by periodically 
weighing the column and comparing the weight to the pre-extraction weight. 

NOTE 9: Do not dry the column for excessive periods of time. Pesticides and 
metabolites might evaporate and be removed in the gas phase. 

10.11 Elution o f  compounds: Label a 16- x 100-mnl culture tube with 
sample identification and place in a holding rack. Add 100 pL of the internal 
standard PAH solution (1 ng/pL) to the culture tube using a micropipet or 
syringe. Place the dried SPE columns in the appropriate culture tube. The 
open end of the SPE column rests on the edge of the culture tube, keeping the 
male Luer end of the SPE column raised a few centimeters above the bottom 
of the culture tube.' Add 3 mL of HIP (3:l) to the SPE column and allowthe 
solvent to drain by gravity into the culture tube (about 5 minutes). Air 
pressure (using a 50-mL glass syringe) can be used to gently force interstitial 
solvent remaining in the column into the vial. 

10.12 Evaporation o f  solvent: Preheat the TurboVap evaporator water 
bath to 30°C, and adjust the gas pressure to 34.5 kP,a (5 lb/in2). Place culture 
tubes in the TurboVap evaporator for about 15 minutes and concentrate the 
eluant to about 100 pL under a gentle stream of nitrogen. Periodically check 
the sample volumes. At no time should the eluant be allowed to evaporate 
completely, because this might result in loss of compounds. 

10.13 Transfer to vials: Using a baked disposable glass Pasteur pipet, 
withdraw eluant into pipet, and transfer eluant to appropriately labeled GC 
vial containing a 200-KL insert for GC/MS analysis. 

% 



@! NOTE 10: A glass syringe fitted with-a short length of silicone tubing to attach 
the glass Pasteur pipet is the preferred procedure for withdrawing eluant into 
the pipet. Solvent vapors in contact with rubber or latex pipet bulbs might 
contaminate the eluant with plasticizers. 

10.14 Rinse the culture tube with 50 yL of toluene, using a syringe to 
dispense the solvent, and taking care not to allow the tip of the syringe to 
contact the walls of the culture tube, If the tip does contact the culture tube, 
rinse with solvent. Vortex the culture tube, ensuring the solvent reaches the 
height of the original 3-mL solvent volume. Transfer the toluene rinse into 
the GC vial insert. Cap GC vial, and refrigerate until analysis by GC/MS. 

NOTE 11: Using a pipet or squeeze bottle to rinse the culture tube is not good 
practice because this might result in excess solvent added and require 
additional evaporation. 

10.15 Sample analysis and data evaluation: Ensure that GC/MS 
conditions for the analysis of the selected compounds in sample extracts are 
the same as those used in the analysis of the calibration solutions. Prior to 
the analysis of any sample extracts, ensure that the PFTBA mass-spectral 
performance criteria have been met, and that the selected-compound 
calibration data conform to the criteria set forth above. In addition, optimize 
the system so the reporting level for each selected compound can be achieved. 
Inject 2 pL of the sample extract and acquire data using the GC/MS conditions 
described in sections 4.14.1 and 4.14.2. 

11. Calculation of results 

11.1 Qualitative identification 

11 .l. 1 The expected retention time (RT) of the GC peak of the 
quantitation ion for the selected compound of interest needs to be within 56 
seconds of the expected retention time based on the RRTcobtained from the 
internal-standard analysis. Calculate the expected retention time as follows: 

RT = RRTc x RTj 

where RT = expected retention time of the selected compound 
or surrogate compound, 

RRTc = relative retention time of the selected compound 
or surrogate compound, and 

RTi = uncorrected retention time of the quantitation ion 
of the internal standard. 



11.1.2 Mass-spectral verification for each selected compound is done 
by comparing the relative integrated abundance values of the three significant 
ions monitored with the relative integrated abundance values obtained from 
calibration solutions analyzed by the GC/MS according to procedures given 
above. The relative ratios of the three jons need to be within +20 percent of 
the relative ratios of those obtained on injection of a 1-ng calibration solution 
in the absence of any obvious interferences. 

11.2 Quan'titation 

11.2.1 Calculate the weight of sample processed as follo~~vs: 

where W = weight of sample, in grams; 
W ,  = weight of sample and container after SPE, in grams; 

Wc = weight of container used to collect sample that passes 
through SPE column, in grams; 

W, = weight of bottle and sample, in grams; 
Wb = weight of empty sample bottle, in grams; and 
W ,  = weight of sample, methanol, and bottle, in grams. 

11.2.2 If a selected compound has passed the aforementioned 
qualitative identification criteria, calculate the concentration in the sample as 
follows: 

where C = concentration of the selected compound or surrogate 
compound in the sample, in micrograms per liter; 

Cj = mass of the corresponding internal standard, 
in micrograms per sample; 

A, = area of the quantitation ion for the selected 
compound or surrogate compound identified; 

Fc = response factor for each selected compound or 
-surrogate compound calculated above: 

Aj  = area of the quantitation ion for the internal standard; and 
W = volume of the sample, in mSlliliters (assume 1.0 g = 1.0 mL). 



11.2.3 The percent recovery of the surrogate compounds is 
calculated as follows: 

where R = percent recovery of the surrogate compound; 
c i = mass of the corresponding internal standard, 

in nanograms per sample; 
Ac = area of the quantitation ion for the surrogate compound; 
RFc = response factor for the surrogate compound; 
A i  = area of the quantitation ion for the internal standard; 

cs = concentration of the surrogate compound in the surrogate 
standard solution added to the sample, in nanograms 
per microliter; and 

V, = volume of the surrogate standard solution added 
to the sample, in microliters. 

11.3 Reporting of results 

This method was designed for use in studies of pesticide occurrence 
and transport, for which the best possible information about the presence and 
concentration of a pesticide is needed even if the standard error is relatively 
high. Consequently, results are not censored at a low reporting level. 
Concentrations of pesticides are reported as follows: If the concentration is 
less than the MDL listed in table 9, report the concentration to three 
significant figures, using the "E" code to alert the user that the result is less 
than the statistically determined MDL; if the concentration is greater than the 
detection limit, report the concentration to three significant figures; if the 
concentration is greater than the highest concentration standard, report the 
result as "greater than the highest standard," for example, >4 pg/L. 

METHOD PERFORMANCE 

A reagent-water sample, a surface-water sample collected from the South 
Platte River near Henderson, Colo., and a ground-water sample collected in 
Jefferson County, Colo. (monitoring well near building 15, Denver Federal 
Center) were used to test the method performance. Each of the three samples 
was split into 14 1-L subsamples. One set of seven subsamples was fortified 
with 0.1 pg/L of each compound and the other set of seven subsamples was 
fortified with 1.0 pg/L of each compound. In addition, unfortified samples of 
the surface water and ground water were extracted and analyzed to determine 
background concentrations of the pesticides. ' All subsamples were analyzed in 
one laboratory (the National Water Quality Laboratory) using one GC/MS. 



Each sample set was extracted and analyzed 011 different days during 
September 1992, so comparison of different matrices and concentrations 
includes bias from day-to-day variation. Accuracy and precision data from the 
analyses are listed in tables 3 through 8. 

Rejection of outlier samples: If the concentration of more than one 
replicate determination from a subsample was consistently high or low, it was 
assumed there was a systematic error with that sample, and the data were not 
included in calculating the method performance. One replicate was rejected 
in both the 0.1-pg/L concentration in the reagent-water data set and in the 1.0- 
pg/L concentration in the ground-water data set, so only six replicates were 
used to evaluate method performance. 

Rejection of individual compound outliers: If the relative standard 
deviation for any concentration-matrix specific data set was greater than 
10 percent, extreme values were tested as outliers using a standard Student's 
t-test (American Society for Testing and Materials, 1993). Outliers were 
rejected if the t-value exceeded the critical t-value [t  = 2.14, 7 degrees of 
freedom, c(=0.01 (99-percent confidence level)]. Using this approach, two 
results were rejected as outliers (tables 4 and 9). 

Corrections for background concentrations: The ground-water sample 
did not require correction for background concentrations of compounds. The 
surface-water sample contained low concentrations of atrazine (0.043 pg/L), 
simazine (0.022 pg/L), Terbufos (0.059 pg/L), pronamide (0.074 pg/L), 
Diazinon (0.062 pg/L), Carbaryl (0.18 pg/L), and tebuthiuron (0.12 pg/L). 
These concentrations are subtracted from values determined to give corrected 
results in tables 5 and 6. 

Method detection limits: The MDL is defined as the minimum 
concentration of a substance that can be identified, measured, and reported 
with 99-percent confidence that the compound concentration is greater than 
zero (Wershaw and others, 1987). MDLs were determined according to 
procedures outlined by the U.S. Environmental Protection Agency (1992). 
Seven replicate samples of reagent water fortified at 0.1 pg/L were analyzed to 
determine a preliminary estimated MDL (table 3). 

The MDL was calculated using the following equation: 

where S = standard deviation of replicate analyses, in 
micrograms per liter,, at the lowest concentration; 

n = number of replicate anafyses; and 
t(n-l, 1-a = 0.99) = Student's t-value for the 99-percent confidence level 

with n-1 degrees of freedom (U.S. Environmental 
Protection Agency, 1992). 



Table 3.  --Recovery and precision. data from six determinations o f  the 
con~pounds a t  0.1 microgram per liter in reagent 'water 

[conc., concentration; pg/L, luicrograln per liter; MDL, method detection limit; 
E code, estimated value; --, MDL not determined for surrogates] 

Mean Relative Preliminary 
Compound observed Standard standard Mean estimated 

COIIC. deviation deviation recovery MDL 
(PS / L) (pg/L) (percent) (percent) 1 L) 

Alachlor 0.08G 0.003 3 86 0.009 
Atrazine ,089 ,005 6 8 9 .O 17 
Benfluralin ,046 ,004 9 4 6 .013 
Butylate .080 .002 3 80 .008 
Chlorpyrifos .083 .002 2 83 ,005 
Cyanazine .096 .004 4 96 .013 
Dacthal  .OS2 .001 2 82 .004 
DDE, p ,p ' -  ,048 .003 6 48 ,010 
Diazinon .077 .002 3 7 7 .008 
Dieldrin .067 .003 4 67 ,008 
Diethylanaline, 2,G- .073 .002 3 7 3 .006 
Disulfoton .072 ,003 4 7 2 .008 
EPTC .080 .002 2 80 .005 
Ethalfluralin ,054 .004 8 5 4 .O 13 
Ethoprop .080 .004 5 80 .012 
Fonofos .075 .002 3 7 5 ,008 
HCH, alpha- .077 .002 3 77 .007 
HCH, gamma- .077 .003 4 77 .011 
Linuron .I26 .012 10 126 ,039 
Malathion .090 ,005 5 90 .O 14 
Metolachlor .092 .003 3 9 2 .009 
Metribuzin ,042 ,004 9 42 .012 
Molinate ,082 .002 3 8 2 .007 
Napropamide ,083 .003 4 83 .010 
Parathion .083 .007 9 83 . .022 
Parathion-methyl .073 .011 15 73 ,035 
Pebulate ,079 .003 4 79 ,009 
Pendilnethalin .046 .006 13 4 6 .018 
Permethrin, cis- .037 .005 13 37 .016 

Phorate 
Prometon 
Pronamide 
Propachlor 
Propanil 
Propargite 
Simazine 
Tebuthiuron 
Terbufos 
Thiobencarb 
Tria l la te  
Trifluralin 



Table 3 .--Recovery and precision data from six determinations o f  tlre 
con~pounds at 0.1 n~icrogran~ per liter in reagent water- - C o n t in u e d 

Mean Relative Preliminary 
Compound observed Standard standard Mean estimated 

conc. deviation deviation recovery h4DL 
(pg/L) ( ~ g m  (percent) (percent) 

, , (pg/L) 
, . est& havlng ~ o o r  ~ e r f o r m a ~ c e  a n & r x t  with an E code 

Atrazine, desethyl- 0.012 0.001 8 12 0.003 
Azimphos-methyl ,078 .012 15 7 8 ,038 
Carbaryl .15 1 .014 10 15 1 .046 
Carbofuran .lo8 ,004 4 108 .013 
Terbacil .075 .010 13 7 5 .030 

. . e s t ~ W t e d  from method in November 1994 

Dimethoate 0.01 1 0.008 68 11 0.024 

HC H-d6,  alpha- 0.905 0.015 2 90 - - 
Diazinon-dl0 .876 .024 3 88 - - 

1 .ooo ,022 2 100 Terbuthylazine - - 

Table 4 . - - ~ e c o v e r i  and precision data from seven determinations of the 
compounds at 1.0 microgram per liter in reagent water 

[conc., concentration; pg/L, microgram per liter; E code, estimated value] 

Mean Relative 
Compound observed Standard standard . Mean 

conc. deviation deviation recovery 
(pg/L) ( ~ g m  (percent) (percent) 

Alachlor 0.861 0.039 5 8 6 
Atrazine 340 .046 5 8 4 
Benfluralin .483 ,033 7 48 
Butylate .769 .035 ' 5 77 
Carbaryl 2.020 .204 10 202 
Carbofuran 1.261 .066 5 126 
Chlorpyrifos .784 ,053 7 7 8 
Cyanazine .901 .047 5 90 
Dacthal  .829 ,046 6 83 
DDE, p.p  '- .371 .049 13 37 
Diazinon .779 .04 1 5 78 
Dieldrin .600 .030 5 60 
Diethylanaline, 2,6- .694 ,.038 6 6 9 
Disulfoton .757 .034 5 7 6 
EPTC .780 .035 5 78 
Ethalfluralin , ,532 .035 7 5 3 



Table 4 .--Recovery and precision data from seven determinations of the 
coll~pounds a t  i.0 n ~ i c i o ~ r a n ~  per liter in reagent water--Continued 

Mean Relative 
Compound observed Standard standard Mean 

conc. deviation deviation recovery 
(~1g/L) (P@) (percent) (percent) 

Ethoprop 0.793 0.027 3 7 9 
Fonofos .777 ,033 4 78 
H C H ,  alpha- ,739 .030 4 74 
HCH, gamma- .766 .032 4 77 
~ inu ron l  1.173 .032 3 117 
Malathion .961 ,047 5 96 
Metolachlor ,891 .044 5 89 
Metribuzin ,345 .018 5 3 5 
Molinate ,753 .027 4 7 5 
Napropamide .718 .027 4 72 
Parathion .905 .05G 6 90 
Parathion-methyl .924 .052 6 9 2 
Pebulate .762 .032 4 7 6 
Pendinlethalin ,521 .036 7 5 2 
Permethrin, cis- .343 .064 19 34 
Phorate .737 .028 4 7 4 
Prometon .671 ,046 7 67 
Pronamide .842 ,042 5 8 4 
Propachlor .786 .028 4 7 9 
Propanil .908 ,048 5 9 1 
Propargite .506 .050 10 5 1 
Simazine .612 .033 5 6 1 
~ebuth iuronl  ,936 ,052 6 9 4 
Terbufos .714 .033 5 71 
Thiobencarb .841 ,047 6 84 
Triallate .733 .038 5 73 
Trifluralin ,489 ,033 7 49 

Pesticides h a v i n ~  poor performance and reported with an E code 

Atrazine, desethyl- 0.091 0.006 6 9 
Azimphos-methyl 389  .051 6 89 
Carbaryl 2.020 ,204 10 202 
Carbofuran 1261 .066 ' 5 126 
Terbacil .577 ,032 6 58 

Pesticide deleted from method in November 1994 

Dimethoate 0.052 0.005 10 5 

Surrogates 

H C H - d 6 ,  alpha- 0.954 0.042 4 9 5 
Diazinon-dl0 1.002 .058 6 100 

Terbuthylazine . 1.075 $.060 6 107 

l ~ i x  replicates were used for accuracy and precision data after rejection of one con- 
centration (linuron, 1.400 pg/L; tebuthiuron, 0.465 pg/L) as an outlier based on Student's 
t-test (American Society for Testing and Materials, 1993). 



Table 5.--Recovery and precision data from seven determinations 
o f  the compounds at 0.1 microgram per liter in surface water 

(South Pla tte ~ i v e r  near Henderson, Colo.) 

[conc., concentration: pg/L, microgram per liter: --, no data: E code, estimated value] 

Mean Relat ive  
Compound observed Standard standard Mean 

conc. devialion deviation recovery 
L) ( ~ g m  (percent) (percent) 

Alachlor 0.095 0.006 6 9 5 
~ t r a z i n e  l ,060 ,007 12 60 
Benfluralin .060 .006 9 60 
Butylate ,085 ,010 11 8 5 
Chlorpyrifos .080 .008 10 80 
Cyanazine .OG6 .003 5 66 
Dac tha l  ,087 .007 8 8 7 
DDE, p,p '- .045 ,007 15 4 5 

~ i a z i n o n l  .068 .009 13 68 
Dieldrin .062 .005 9 6 2 
Diethylanaline, 2,6- .067 ,006 9 67 
Disulfoton .I41 .005 3 141 
EPTC ,063 ,004 5 83 
Ethalfluralin .068 .006 9 68 
Ethoprop .096 .O 11 12 96 
Fonofos .073 .005 7 7 3 
H C H ,  alpha- ,077 .005 7 7 7 
HCH,  gamma- .072 .005 7 7 2 
Linuron .037 .002 5 3 7 
Malathion .085 .006 7 8 5 
Metolachlor .087 .004 5 87 
Metribuzin .056 .004 7 56 

Molinate .081 .004 5 81 
Napropamide .079 .004 5 7 9 
Parathion ,068 .006 8 68 
Parathion-methyl  ,071 ,006 8 7 1 
Pebulate .081 .004 5 8 1 
Pendimethalin .064 .004 7 64 
Permethrin, cis- .039 .006 16 3 9 
Phorate  .lo5 .005 5 105 
Prometon .098 .011 11 9 8 
pronamidel ,046 .010 2 2 46 
Propachlor .082 .006 7 82 
Propanil .083 .008 10 83 
Propargite ,056 , .005 9 56 
s imazinel  .058 ,005 8 5 8 
~ e b u t h i u r o n l  - - - - - - - - 
Terbufos .046 ,004 9 46 
Thiobencarb ,076 .006 8 7 6 
Tr ia l l a te  ,071 ,005 7 71 
Trifluralin .063 .004 7 63 



Table 5.--Recovery and precision data from seven deterniinations 
o f  the compounds at 011 microgram per liter in surface water 

(Soutli Platte River near Henderson, Co10.)--Continued 

Mean Relative 
Conlpound observed Standard . standard Mean 

conc. deviation deviation recovery 
( ~ g  L) ( ~ g  L) (percent) (percent) 

s h a w f  - .  Door ~er fonn& re~o r t ed  with E code 

Atrazine, desethyl- 0,O 19 0.002 9 19 
Azimphos-methyl ,042 .OOG 14 4 2 
Carbaryl .010 .032 335 10 
Carbofuran .I19 .OOG 5 119 
Terbacil .125 .010 8 125 

. . s t ~ c ~ d e  deleted from method In November 1994 

Dimethoate 0.034 0.006 17 3 4 

Surroeates 

HCH-d6,  alpha- 0.844 0.044 5 8 4 
Diazinon-dl0 .851 .057 7 8 5 
Terbuthylazine ,789 ,042 5 7 9 

l~orrected for background concentrations of compound in surface water. 

Table 6.--Recovery and precision data from seven determinations 
o f  the compounds at 1.0 microgram per liter in surface water 

(South Pla tte River near ,Henderson, Colo.) 

[conc., concentration; pg/L, microgram per liter; E code, estimated value] 

Mean Relative 
Compound observed Standard standard Mean 

conc. deviation deviation recovery 
( P ~ / L )  ( P ~ / L )  (percent) (percent) 

Alachlor 0.827 0.036 . 4 8 3 
~ t r a z i n e l  .769 .028 4 77 
Benfluralin .619 .058 9 6 2 
Butylate 3 5 3  .023 3 8 5 
Chlorpyrifos ,671 -.040 6 67 
Cyanazine .629 ,034 5 63 
Dacthal  ,821 .035 4 82 
DDE, p ,p ' -  ,397 .051 13 40 
~ i a z i n o n l  .763 ,027 4 76 

Dieldrin 3 7 7  ,045 8 58 
Diethylanaline, 2,6- .738 %.018 2 7 4 
Disulfoton .746 .020 3 7 5 
EPTC .861 .022 3 86 
EthalfIuralin .645 .046 7 65 



Table 6.--Recoverjr and precision data from seven detern~inations 
o f  the con~pounds at 1.0 microgram per liter in surface water 

(South Platte River near Henderson, Cola.)--Continued 

Mean Relat ive  
Compound observed Standard standard Mean 

conc. deviation deviation recovery 
(clg/L) I(pg/J-) (percent) (percent) 

Ethoprop 0.835 0.028 3 8 4 
Fonofos .738 ,019 3 74 
H C H ,  alpha- .654 .O 16 2 6 5 
HCH, garnma- .756 ,022 3 7 6 
Linuron .257 .023 9 2 6 
Malathion .761 .037 5 7 6 
Metolachlor .880 .033 4 8 8 
Metribuzin .430 .017 4 4 3 
Molinate .845 ,024 3 8 5 
Napropamide .803 .010 1 80 
Parathion .680 .032 5 6 8 
Parathion-methyl .619 .030 5 62 
Pebulate .864 ,023 3 8 6 
Pendimethalin .647 .054 8 6 5 
Permethrin, cis- ,316 .047 15 3 2 
Phorate  .742 .018 2 7 4 
Prometon .670 ,061 9 6 7 
pronamidel 1.147 ,040 3 115 
Propachlor .816 .035 4 8 2 
Propanil .770 .031 4 7 7 
Propargite ,566 .067 12 57 
~ i m a z i n e l  .657 ,028 4 6 6 
~ e b u t h i u r o n l  ,653 ,060 9 6 5 
Terbufos ,696 ,025 4 70 
Thiobencarb .761 .029 4 7 6 
Tr ia l l a te  .703 ,022 3 70 
Trifluralin .635 ,057 9 64 

i i v '  and r e ~ o r t e d  with an E code Pest c des ha 1% ?oar 

Atrazine, desethyl- 0.100 0.006 6 10 
Azimphos-methyl .233 .024 . 10 2 3 
Carbaryl ,747 ,039 5 75 
Carbofuran .925 .031 3 9 3 
Terbacil .833 .027 3 83 

Dimethoate  0.066 0.009 14 7 

HCH-d6, alpha- 0.771 0:025 3 77 
Diazinon-dl0 3 0 9  .053 6 8 1 
Terbuthylazine .739 .039 5 74 

l ~ o r r e c t e d  for background concentrations of compound in surface water. 



Table 7 .--Reocvery and precision data from seven determinations 
o f  the con~pounds at 0.1 niicrograjn per liter in ground water 

(Denver Federal Center Well 15) 

Iconc., concentration; pg/L, microgram per liter; E code, estilnated value] 

Mean Relative 
Compound observed Standard standard Mean 

conc. deviation deviation recovery 
(pg/L) bg/L)  (percent) (percent) 

Alachlor 0.089 0.003 3 8 9 
Atrazine .079 .002 3 7 9 
Benfluralin .045 .005 10 4 5 
Butylate ,077 ,003 3 7 7 
Chlorpyrifos ,074 ,005 G 74 
Cyanazine ,079 .003 4 7 9 
Dacthal  .079 .003 4 79 
DDE, p,pl-  ,051 .012 23 5 1 
Diazinon .070 .002 3 7 0 
Dieldrin ,063 .008 13 6 3 
Diethylanaline, 2,G- .065 ,003 4 6 5 
Disulfoton .I32 .003 2 132 
EPTC .077 .001 2 7 7 
Ethalfluralin .043 ,003 7 4 3 
Ethoprop ,073 ,003 4 73 
Fonofos .065 ,002 3 6 5 
HCH, alpha- .070 ,002 2 70 
HCH, gamma- .076 .003 4 76 
Linuron ,042 ,006 14 42 
Malathion .072 .004 5 7 2 
Metolachlor .082 ,004 4 82 
Metribuzin .041 ,003 6 4 1 
Molinate ,082 .003 4 8 2 
Napropamide .080 .005 6 80 
Parathion ,054 .004 7 5 4 
Parathion-methyl .047 .002 5 47 
Pebulate ,079 ,003 3 79 
Pendimethalin ,046 ,005 11 46 
Permethrin, cis- ,040 ,009 23 40 
Phorate .089 .003 * 4 89 
Prometon .050 .002 4 50 
Pronamide .098 .004 4 98 
Propachlor ,083 ,004 4 83 
Propanil .073 .003 4 73 
Propargite .055 .006 11 5 5 
Simazine .073 .003 4 73 
Tebuthiuron .071 .002 3 71 
Terbufos .094 '005 5 94 
Thiobencarb .074 . .003 4 7 4 
Triallate ,067 ,003 4 6 7 
Trifluralin .044 .004 9 44 



Table 7.-- Recovery and precision data from seven determinations 
o f  the compounds at 0.1 mjcrogram per liter in ground water 

(Denver ~ederal Center Well 15)--Continued 

Mean Relative 
Compound observed Standard standard Mean 

conc. deviation deviation recovery 
(clg/L) ( ~ g /  L) (percent) (percent) 

e and r ep r t ed  with an F, code 

Atrazine, desethyl- 0.014 . .. 0.001 G 14 
Azimphos-methyl .054 .005 - 9. 5 4 
Carbaryl .094 .007 8 9 4 
Carbofuran .lo0 ,005 5 100 
Terbacil ,110 .005 5 110 

. . e s t i c l d e e t e d  from method in November 1994 

Dimethoate 0.025 0.005 2 1 2 5 

Surrogates 

H C H - d 6 ,  alpha- 0.824 0.030 4 82 

Diazinon-dl0 .998 ,035 4 100 
Terbuthylazine ,853 ,025 3 8 5 

Table 8. --Recovery and precision data from six determinations 
o f  the compounds at 1.0 microgram per liter in ground water 

(Denver Federal Center Well 15) 

[conc., concentration; pg/L, microgram per liter; E code, estimated value] 

Mean Relative 
Compound observed Standard standard Mean 

conc. . deviation deviation recovery 
(clg L) (pg/L) (percent) (percent) 

Alachlor 0.893 0.034 ' 4 89 
Atrazine .766 ,027 4 7 7 
Benfluralin .5G8 .050 9 5 7 
Butylate .699 .011 2 70 
Chlorpyrifos .690 ,054 8 69 
Cyanazine .733 .045 6 73 
Dacthal  3 0 9  ,045, 6 8 1 
DDE, p , p ' -  .506 .035 7 5 1 
Diazinon .742 .069 9 74 
Dieldrin .624 .051 8 6 2 
Diethylanaline, 2,6- ,639 ,017 3 64 
Disulfoton .739 .037 5 74 
EPTC .697 .016 2 70 
Ethalfluralin .528 .038 7 53 



Table 8.--Recover){ and precision data from six detern~inations 
o f  the con~~ound; at 1 .d n~icrogram per liter in ground water 

(Denver Federal Center Well 15)--Co~ltinued 

Mean Relat ive  
Compound observed Standard standard Mean 

conc. deviation deviation recovery 
( P ~ / L )  L) (percent) (percent) 

Ethoprop 0.750 0.036 5 7 5 
Fonofos ,701 .032 5 70 
HCH, alpha- .58G .021 4 5 9 
HCH, gamma- .740 ,041 6 74 
Linuron ,330 ,164 5 0 33 
Malathion .707 ,027 4 7 1 
Metolachlor ,786 .030 4 7 9 
Metribuzin .429 ,020 5 43 
Molinate .736 ,007 1 74 
Napropamide .732 ,081 11 7 3 
Parathion 572 ,020 4 57 
Parathion-methyl  .530 ,017 3 5 3 
Pebulate .712 ,011 2 71 
Pendimethalin 550 ,036 6 5 5 
Permethrin, cis- .4 18 .043 10 42 
Phorate  .584 .016 3 58 
Prometon .459 .022 5 4 6 
Pronamide .996 .036 4 100 
Propachlor ,762 .007 1 7 6 
Propanil ,714 .033 5 7 1 
Propargite .900 ,124 14 90 
Simazine .G83 .023 3 68 
Tebuthiuron .532 .052 10 5 3 
Terbufos ,605 ,015 2 60 
Thiobencarb .710 ,035 5 7 1 
Tr ia l la te  ,713 .039 5 7 1 
Trifluralin ,541 .034 6 5 4 

Atrazine, desethyl- 0.122 0.007 5 12 
Azirnphos-methyl .519 .041 8 5 2 
Carbaryl ,864 .073 ' 8 86 
Carbofuran .a81 .046 5 88 
Terbacil ,763 ,022 3 7 6 

&s ;4 'c'd 

Dimethoate 0.098 0.011 12 10 

Surroeates 
H C H - d 6 ,  alpha- 0.885 0.050 6 8 9 
Diazinon-dl0 .934 .034 4 93 
Terbuthylazine .874 .".045 5 8 7 



Table 9.--Method detection limit calculated from precision data for seven 
determinations o f  the conlpounds in reagent water fortified 

at initial detection lin~its estimated in table 3 

[MDL, method detection limit; conc., concentration, pg/L, microgram per liter; 
E code, estimated value] 

MDL Mean Relat ive  Method 
Compound expected observed Standard standard Mean detection 

conc. conc. deviation deviation recovery l imi t  
(pg/L) (pg/L) (pg/L) (percent) (percent) (pg/L) 

Alachlor 0.01 0.01 1 0.0005 4 113 0.002 
~ t r a z ~ n e l  .O 1 ,010 .0004 4 9 8 ,001 
Benfluralin .02 ,010 .0005 5 5 1 .002 
Butylate .01 .008 ,0005 6 8 4 .002 
Chlorpyrifos .01 .012 .0013 11 116 .OD4 
Cyanazine .02 .014 ,0013 9 7 1 .004 
Dac tha l  .01 .016 .0005 3 156 ,002 
DDE, p.p '- .03 ,034 ,0019 6 113 .006 
Diazinon .02 .017 ,0007 4 84 '002 
Dieldrin .03 ,027 .0004 1 90 .001 
Djethylanaline, 2 - 6 -  . .O1 .OD5 ,001 0 2 0 4 7 .003 
Disulfoton .30 .247 .0053 2 8 2 .017 
EPTC .01 ,008 .0005 6 8 4 ,002 
Ethalfluralin .02 .020 .0013 6 102 .004 

Ethoprop .02 .017 ,0010 6 84 .003 
Fonofos .02 .016 .0008 5 80 003 
HCH, alpha- .03 .029 .0005 2 9 5 002 
HCH, gamma- .03 .030 ,0012 4 100 .004 
Linuron .05 .011 .0007 6 22 '002 
Malathion .03 .021 ,0017 8 7 1 .005 
Metolachlor .01 .011 .0006 5 110 ,002 
Metribuzin .04 .023 .0012 5 5 7 .004 
Molinate .02 .018 .0012 6 90 .004 
Napropamide .02 ,025 .0010 4 124 .003 
Parathion -03 .017 .0014 8 58 .004 
Parathion-methyl  .03 .014 .0018 13 46 .006 
Pebulate .03 .023 .0013 5 7 8 .004 
Pendimethalin .04 .017 .0014 . 8 42 .004 
Permethrin, cis- .05 ,025 .0016 6 50 .005 
Phorate .02 .015 .0008 5 7 6 .002 
Prometon .04 .018 .0058 3 2 4 5 .018 
Pronamide .03 .02 1 .0010 4 7 1 .003 
Propachlor .O1 .010 .0021 2 1 100 .007 
Propanil .02 .015 .0011 8 73 .004 
Propargite .04 .026 .0040 16 6 4 .013 
Simazine .03 .028 .0017 6 94 .005 
Tebuthiuron .03 .032 .0030 10 106 .010 
Terbufos .03 .042 ,0040 10 139 .013 
Thiobencarb .03 ,027 .0008 3 91 .002 
Tr ia l l a te  .01 .009 ,0004 4 91 .001 
Trifluralin .02 .012 .0008 6 59 .002 



Table 9.--Method detection limit calculated from precision data for seven 
determinations o f  the conlpounds in reagent water fortified 

at initial detection limits estimated in table 3--Con t inued 

MDL Mean Relative Method 
Compound expected observed Standard standard Mean detection 

conc. conc, deviation deviation recovery l imit  
(pg/L) (pg/L) (pg/L) (percent) (percent) 

ported with an E code 

Atrazine, desethyl- 0.05 0.008 0.0007 8 1 G 0.002 
Azimphos-methyl .03 .004 .OOOO 0 13 .001 
Carbaryl .03 .007 .OO I1  15 2 4 .003 
Carbofuran .02 .OOG .0011 1s 3 1 .003 
Terbacil .03 ,012 .0022 19 3 9 ,007 

. . est~clde deleted from method in November 1994 

Diniethoate 0.07 0.013 0.0014 11 19 0.004 

l ~ i x  determinations were used for mean concentration and standard deviation after rejection 
of one concentration (0.016 pg/L) as an outlier based on a Student's I-test (American Society for 
Testing and Materials, 1993). 

The preliminary estimated MDLs ranged from 0.004 to 0.039 pg/L 
(table 3). According to the U.S. Environmental Protection Agency (1992) 
procedure, the fortified concentrations should be no more than five times the 
estimated MDL. Because the fortified concentration (0.1 pg/L) was more than 
five times the estimated MDLs for many of the pesticides in table 3, another 
MDL determination was conducted by fortifying seven replicates with the 
compounds at the estimated MDLs determined in table 3. The MDLs 
calculated from this procedure range from 0.001 to 0.018 pg/L (table 9). The 
MDLs in table 9 are used as the default reporting value when no peak is 
observed at the characteristic retention time. 

The MDLs do not account for sample matrix. With clean environ- 
mental samples, it might be possible to detect compound'concentrations less 
than the MDL; conversely, in complex samples, it'might not be possible to 
detect compounds at concentrations greater than the MDL. 

Recovery at different concentrations: For each sample matrix, samples 
were grouped by concentration and compared using the nonparametric 
Kruskal-Wallis test (reagent water) or Mann-Whitney test (ground water or 
surface water) to examine the null hypothesis that the mean recoveries were 
equal in each concentration (Miller and Miller, 1988). The F-test was used to 
compare the variance of recovery in each cbncentration to examine the null 
hypothesis that the precision was different in the two concentrations (Miller 
and Miller, 1988). 



In reagent-water samples, mean recoveries were comparable at 1.0 pg/L 
(table 4) ,  0.1 pg/L (table 3), or 0.01 pg/L (table 9) for most compounds. For 
some compounds (Malathion, Parathion-methyl and pronamide), the mean 
recoveries were significantly Iower @ ~ 0 . 0 5 ;  Mann-Whitney test) in the 
0.1-pg/L sample set compared to the 1.0-pg/L set. For other compounds 
(cyanazine, p,pl-DDE, dieldrin, 2,6-diethylaniline, metribuzin, molinate, 
naproamide, prometon, propargite, and sirnazine), the mean recoveries were 
significantly higher @ ~ 0 . 0 5 ;  Mann-Whitney test) in the 0.1-pg/L sample set 
compared to the 1.0-pg/L set. These differences were relatively small (4 to 
15 percent) and might also be the result of variation in instrument 
performance because each sample set was analyzed at different time periods. 
Similarly, in the 0.01-pg/L sample set (table 9), mean recoveries of some 
compounds (2,6-diethylaniline, chlorpyrifos, dacthal, EPTC, linuron, 
molinate, propachlor, prometon, propargite, Terbufos) were significantly 
greater @ <0.05; Kruskal-Wallis test) than in the 0.1- and 1.0-pg/L sample sets 
(tables 3 and 4). However, this 0.01-pg/L sample set was prepared from a 
different primary fortification solution than that for the 0.1- and 1.0-pg/L 
samples, so these differences might be the result of differences in the solution 
mixtures, as well as sample preparation and instrument calibration. 

The average recovery and precision of all. compounds in tables 3 and 4 
were combined to calculate average recovery and precision in reagent water. 
The average short-term, single-operator precision in reagent water at the 0.1- 
and 1.0-pg/L level is 7 percent, and the average recovery is 73 percent. From 
table 9. the average precision of all compounds in reagent water at 0.01 pg/L is 
8 percent, and the average recovery is 83,percent. 

In the Denver Federal Center Well 15 ground-water samples, mean 
recoveries were comparable at 0.1-pg/L (table 7) and 1.0-pg/L (table 8) 
concentration levels for most compounds. As in the case of reagent water, 
mean recoveries of prometon and simazine were significantly higher 
(p <0.05; Mann-Whitney test) in'the 0.1-pg/L sample set compared to the 
1.0-pg/L sample set. A few additional compounds (disulfoton, a-HCH, 
phorate, tebuthiuron, Terbufos) had significantly higher recoveries (p ~ 0 . 0 5 ;  
Mann-Whitney test) in the 0.1-pg/L sample set compared to the 1.0-pg/L 
sample set. 

In surface-water samples from South Platte River, mean recoveries were 
comparable at 0.1 pg/L (table 5) and 1.0 pg/L (table 6) concentration levels for 
most compounds. As in the case of reagent-water and ground-water samples, 
mean recovery of prometon was significantly higher (p < 0.05; Mann- 
Whitney test) in the 0.1-pg/L sample set compared to the 1.0-pg/L sample set. 
Other compounds (alachlor, chlorpyrifos, di~ulfoton, a-HCH, ethoprop, 
Linuron, Malathion, metribuzin, Parathion-methyl, phorate) had 
significantly higher recoveries (p < 0.05; Mann-Whitney test) in the 0.1-pg/L 
sample set compared to the 1.0-pg/L sample set. In addition, the relative 



standard .deviations of some conlpounds (ethoprop, pronamide, prometon, 
chlorpyrifos. Diazinon) in the O . l - i g / ~  sample set (table 5) were significantly 
higher ( p  c 0.05; F-test for conlparison of variance) (10 to 22 percent) than in 
the reagent-water sample set (2 to 5 percent). Pronamide and Diazinon were 
among those compounds corrected for background concentration in samples 
from South Platte River. 

Recovery in different matrices: The mean recovery of most compounds 
was higher in the reagent-water sample sets (tables 3, 4, and 9) compared to 
samples of surface water (tables 5 and 6) or ground water (tables 7 and 8). 
Pronamide had significantly higher rkcoveries (p ~ 0 . 0 5 ;  Mann-Whitney test) 
(98 and 100 percent) in the Denver Federal Center Well 15 ground-water 
sample sets compared to reagent water (76 and 84 percent). In surface-water 
samples from South Platte River, mean recoveries of ethoprop and the 
dinitroaniline class of herbicides (benfluralin, ethafluralin, pendemethilin, 
trifluralin) were significantly higher ( p  <0.05; Mann-Whitney test) (62 to 68 
percent) than in reagent-water samples (46 to 54 percent). 

Qualification or eliniinatjon of  some compounds: A few compounds 
produced poor performance in all matrices and all concentrations. 
Dimethoate demonstrated small and variable recovery (7 to 25 percent) in all 
sample-matrix types as a result of breakthrough on the SPE columns. a Breakthrough of Dimethoate in 10-L water samples using 10-g C-18 SPE 
columns was observed by Foreman and Foster (1991). This compound has the 
highest water solubility (20,000 mg/L) of the compounds tested, and 
apparently is not well retained by the C-18 phase. Breakthrough is a function 
of the volume of sample processed. Because the volume of sample processed 
is variable, the precision of this compound tends to be unacceptably high and 
variable. As a result of this poor performance, Dimethoate was deleted from 
the method in November 1994. 

Desethylatrazine also demonstrated small recovery (9 to 19 percent) in 
all sample-matrix types because of poor retention on C-18 phase at 1-L sample 
volumes. However, because of the national importance of this metabolite, 
the compound was not deleted from the method, but the result is qualified by 
reporting an "E" code. 

Carbofuran, Carbaryl, terbacil, and azimphos-methyl demonstrated 
variable performance because of problems in the G U M S  procedure, either as 
a result of injector or coelution and integration problems. These compounds 
are reported with an "E" code to qualify the result and caution the user that 
concentrations are estimated and need to be evaluated carefully because of 
variable performance. Carbofuran and Carbaryl, in particular, are subject to 
variable performance because of contamination of injection liners. Early 
method-performance evaluation (tables 3-8) was studied using Bond-Elut SPE 
columns that resulted in a white precipitate after elution from the SPE 



column which containinated the injection liner. Changing to Isolute SPE 
columns largely eliminated the precipitate and resulted in improved 
performance of carbofuran and Carbaryl (compared to results listed in tables 
3-8). Despite the improvement in performance with the Isolute colun~ns, 
these compounds are reported with an "E" code because of the potential for 
variable performance. 

Estimated holding time: The estimated holding time of samples after 
extraction of the SPE colunln and storage at room temperature was estimated 
using a mathematically defined procedure (ASTM Procedure D-484 1-88) 
(American Society for Testing and Materials, 1993). The maximum holding 
time is defined as the 90-percent lower confidence limit of a specified critical 
time. The critical time is defined as the time that a change in 10 percent of the 
compound concentration from day zero occurred and when precision of the 
method allowed that 10-percent change to be a statistically significant 
difference at the 90-percent confidence level. 

The relative standard deviation of analysis of samples fortified at 
1.0 pg/L (table 4) was used to estimate the number of samples needed to 
evaluate a significant change in concentration over time. The number of 
replicates (table 10) was calculated according to the following equation: 

t x RSD 
n = (  D 1 

where n = number of replicates; 
t = Student's t-value, 3.707, based on seven replicates 

used in table 4; 
RSD = relative standard deviation (table 4); and 
D = 15 percent, maximum variation from mean to be 

tolerated. 

For most compounds, n was less than 3 (table lo), so this value was selected 
for the holding-time study. 

Reagent-water samples were fortified at 1.0 pg/L, extracted on day zero, and 
stored at room temperature. Triplicate samples were eluted from the SPE 
columns at discrete (3, 12, 14, and 28 days) time intervals over 28 days. All 
samples were analyzed in one batch at the end of the experiment. Table 10 
lists the tolerable variation d, calculated from the following formula:. 



Table 10.--Suml~iary o f  statistical data used to determine estimated holding time 
of con~pounds on solid-phase-extraction coluhns held at 25 degrees Celsius 

[ ~ e a g e n t  water samples were fortified at 1.0 pg/L, and triplicate samples were analyzed on days 3, 12, 14, 
and 28. n, number of replicates; d, determination; pg/L, micrograms per liter; conc., concentration; r2, 
regression coefficient; --, estimated holding time could not be determined because conlpound did not 

decrease in concentration over 28-day test period; E code, estimated value] 

Calculated Tolerable Estrap- 
Compound holding variation olated Slope Intercept Regression Estlruated 

time (d) (99 day zero coef- (4 coefficient holding 
replicates percent) conc. ficient (r2) time 

(17) ( c L ~ / L )  (1W.J (days) 

Alachlor 1 0.084 1.2 -0.00195 1.083 0.07 43 
Atrazine 2 .098 1.1 -.00364 .984 .15 27 
Benfluralin 3 .071 .6 .00197 .541 .22 - - 
Butylate 1 .075 .9 -.00035 .865 .OOG 213 
Chlorpyrifos 3 .I13 1 .O -.00321 .884 .12 3 5 
Cyanazine 2 .lo2 1 .O -.00792 .936 .58 13 
Dacthal 2 '099 1.2 -.0027 1.090 .08 37 
DDE, p,pl- 11 ,105 .4 .01294 .283 .51 - - 
Diazinon 2 ,087 1.0 -.01229 ,952 .68 7 
Dieldrin 2 .065 .9 .00717 ,856 .45 - - 
Diethylanaline, 2.6- 2 .082 .9 -.00692 310 .43 12 
Disulfoton 1 '  .074 1.1 -.00694 1.055 .60 11 
EPTC 1 .076 1 .O -.00039 ,907 .01 194 
Ethalfluralin 3 .074 .7 .00102 .620 .02 - - 
Ethoprop 1 .059 1.2 -.00255 1.103 .13 2 3 
Fonofos 1 ,070 1.0 -.00284 .975 .17 2 5 
HCH, alpha- 1 .065 1.1 -.00241 1.030 .09 27 
HCH, gamma- 1 .068 1.1 -.00267 1.027 .13 25 
Linuron 3 .I94 . 4  .00111 .253 .04 - - 
Malathion 1 .lo0 1.1 -.00024 .992 .001 418 
Metolachlor 2 .095 1.1 -.00265 1.039 .14 3 6 
Metribuzin 2 .039 .4 -.00199 .395 .17 2 0 
Molinate 1 .058 1.0 -.00205 .930 .20 2 8 
Napropamide 1 .058 1 .O ,00574 .971 .37 - - 
Parathion 2 .I19 1.0 -.00145 .876 .04 8 2 
Parathion-methyl 2 ,112 1.0 -.00259 ,866 .18 43 
Pebulate 1 ,068 1 .O ' -.00095 ,899 .05 71 
Pendimethalin 3 .077 .7 ,00697 .641 .49 - - 
Permethrin, cis- 21 .I36 .2 .00749 .I10 .39 - - 
Phorate 1 .059 1.1 -.00621 1.011 .48 10 
Prometon 3 ,099 -7 -.00327 .641 .17 30 
Pronamide 1 .089 1.1 -.00661 1.016 -30 13 
Propachlor 1 .059 1 .O -.00383 .959 .44 15 
Propanil 2 .lo4 1.2 -.00232 1.087 .23 4 5 
Propargite 6 .lo7 .6 -.00844 .524 .46 13 
Simazine 2 .070 .7 -.00293 .710 .24 24 
Tebuthiuron 2 ,110 1 .O -.00363 .655 .24 109 
Terbufos 1 .071 1.0 -.00576 .916 .60 12 
Thiobencarb 2 ,100 1.1 -.00177 1.011 .04 5 6 



Table 10.--Summary of statistical data used to deterniine estimated holding time 
of compounds on solid-phase-extraction columns .held 

at 25 degrees Celsius---Continued 

Calculated Tolerable Extrap- 
Compound holding variation olated Slope Intercept Regression Estimated 

time (d) (99 day zero coef- (d) coefficient holding 
replicates percent) conc. ficient (r2) time 

(4 (c~g/L) (c~g/L) (days) 

Tria l la te  2 0.081 1 .O -0.0022 0.923 0.11 3 7 
Trifluralin 3 .071 .6 -.00137 .568 .15 9 

e and reported with an E code 

Atrazine, desethyl- 2 0.012 0.1 -0.00006 0.093 0.002 204 
Azimphos-methyl 2 . lo8 . 7  -.00548 .600 .36 20 
Carbaryl 6 .437 .7 -.00983 .219 .32 44 
Carbofuran 2 .I41 .6 -.00856 .469 .38 16 
Terbacil 2 .069 .6 -.00798 ,511 .64 9 

Dimethoate 

Surroeates 

HCH-dg ,  alpha- 1 0.090 1.1 -0.00132 0:965 0.03 68 
Diazinon-dl0 2 .I24 1 .O -.01247 ,873 -76 10 
Terb'uthvlazine 2 .I28 1.1 -.00239 .993 .07 5 4 

where d = range of tolerable variation from initial concentration; 
t = Student's t-value, 3.707, based on seven replicates used in 

precision study; 
s = standard deviation (table 4); and 
n = 3, number of replicates. 

Linear curves werk fit to the data and the day-zero intercept was 
calculated from the regression line. The estimated d value, in micrograms 
per liter, then was subtracted from the day-zero value to give the lower 
tolerable range of variation from the day-zero concentration. The intercept of 
the linear fit of the concentration in relation to the time line with the lower 
tolerable range concentration gives the estimated holding time. Diazinon, 
terbacil, Dimethoate, phorate, Diazinon-dlO, and trifluralin had estimated 



• holding times of 10 days or less (table 10). The shortest is Diazinon at 7 days, 
which is the maximum allowable holding time of the SPE columns after 
extraction for the method. 

Automation--The method is ideally suited for automation using 
laboratory systems to prepare san~ples. The method, with minor 
modifications, has been successfully used with an AutoTrace SPE 
Workstation. An example of the procedure and parameter set-up used with 
the AutoTrace SPE Workstation is shown in Supplement A. 

On-site extraction--The method also can be used with an-'optional on-site 
extraction procedure, which allows samples to be collected and processed at 
remote locations. This procedure reduces potential problems of exceeding the 
estimated pre-extraction holding-time limit of 4 days and avoids complica- 
tions and expense of overnight shipping of samples to the laboratory. 

CONCLUSIONS 

From the data presented in this report, SPE and determination by 
GC/MS is shown to be a sensitive and reliable method for the determination 
of low concentrations of a broad range of pesticides in water samples. This 

a' report presents a method for routine analysis of 41 pesticides and metabolites 
in natural-water samples. Method detection limits range from 0.001 to 0.018 
pg/L. Average short-term single-operator precision in reagent-water samples 
is 7 percent at the 0.1- and 1.0-pg/L levels and 8 percent at the 0.01-pg/L level. 
Mean recoveries in reagent-water samples are 73 percent at the 0.1- and 
1.0-pg/L levels and 83 percent at the. 0.01-pg/L level. 

Because of GC or SPE problems, five compounds (desethylatrazine, 
azimphos-methyl, Carbaryl, carbofuran, and terbacil) demonstrated variable 
performance and are reported as estimated values. One compound, 
Dimethoate, was deleted from the method because of variable recovery 
by SPE. 
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Supplement A--Automated Solid-Phase Extraction 

Procedure Using AutoTrace Workstation 



Zvn~ark AutoTrace Extraction Workstation 1.20 

[mL, milliliter] 

AutoTrace Extraction Procedure: 2001 CONDTTIONING/EXTRACT10N 9/8/94 
Estimated time for samples : 57.8 minutes 
Date : 8 Sep 94 
Step 1 : Process 6 samples using the following procedure: 
Step 2 : Condition column with 3 mL of METHANOL into SOLVENT WASTE 
Step 3 : Condition column with G mL of WATER into SOLVENT WASTE 
Step 4 : Load 1,000 mL of sample onto column 
Step 5 : Dry column with gas for 4 minutes 
Step 6 : Pause and alert operator, resume when CONTINUE is pressed 
Step 7 : Clean each sample path with 50 mL into SOLVENT WASTE 
Step 8 : Clean each sample path with 50 mL into SOLVENT WASTE 
Step 9 : Clean each sample path with 100 mL into AQUEOUS WASTE 
Step 10: Dry column with gas for 0.1 minute 
Step 11: END 

Setup ,Parameters 

[mL/min, milliliters per minute; mL, milliliter] 

AutoTrace Extraction Workstation 

FLOW RATES SOLID-PHASE EXTRACTION 
(mL/min) PARAMETERS 

Condition flow: 25 Push delay: 2 seconds 

Load flow: 2 5 Air factor: 0.5 
Rinse flow: 25 Autowash volume: 0.00 mL 

Elute flow: 5 
Con'dition air push: 2 5 WORKSTATION PARAMETERS 

Rinse air push: 25 Maximum elution volume: 12.0 mL 

Elute air push: 5 Exhaust fan on: Y Y=Yes N=No 

Beeper on: N 'Y=Yes N=No 

. . Name Solvents 

Solvent 1 : Water 
Solvent 2 : Methanol 
Solvent 3 : Solvent 3 
Solvent 4 : Solvent 4 
Solvent 5 : Solvent 5 



Supplement B--On-site Solid-Phase Extraction Procedure 



Solid-Phase Extraction, GClMS Analysis, Filtered Water 
Schedule 2010 

Instructions for On-Site Processing Using Solid-Phase Extraction 
(SPE) 

1. Gather the equipment and supplies needed for on-site SPE listed in 
table 1 1. 

2. Record the precleaned SPE column type, lot number, and weight 
on the field form. Prepare the SPE column by conditioning with about 2 mL 
of methanol, followed by about 2 mL of water to remove excess methanol. 
Allow the methanol and water to flow by gravity through the column. AT 
NO TIME SHOULD THE COLUMN GO DRY ONCE CONDITIONING HAS 
STARTED (If it does, add methanol then water to recondition again). 
Maintain the water in the column bed by replacing the water that drains 
through, or by using an on-off valve to stop all water from draining out of the 
column. 

3. Tare the weight of the amber glass I-L sample bottle. Collect, split, 
and filter samples using appropriate procedures (Sandstrom, 1995). Collect 
about 1 L of the sample in the 1-L sample bottle (do not completely fill the 
bottle; leave about a 2-cm headspace to add conditioner and surrogate). 

4. Weigh and record the amount of sample collected. Add about 
10 n1L of the methanol using the bottle-top dispenser. Weigh and record the 
sample-plus-methanol weight. 

5. Add the surrogate solution (1.25 ng/pL) contained in the 2-mL 
amber screw-cap vial (refer to Spike Kit Instruction Manual for more detailed 
information on use of micropipet). Use the 100-pL micropipet and a clean 
glass bore. Withdraw the solution into the glass bore, then put the tip'into 
the sample bottle, below the suiface of the sampIe.(tip the bottle on the side if 
needed to reach below the surface with the tip of the micropipet), and press 
the plunger to deliver the surrogate to the sample. Withdraw the micropipet, 
remove and discard the glass bore, and rinse the orange-colored Teflon tip 
with methanol. Swirl the sample to mix. Detailed instructions on use of the 
micropipet are contained in the spike kit. 

6. Obtain a plastic 1-L beaker for collecting the extracted water 

7. If necessary, adjust the pump flo; rate to 20 to 25 rnL/min using 
the cleaning solutions and graduated cylinder or beaker to measure volume. 



8. Insert the inlet end of the Teflon-PFA tubing from the SPE pump 
into the sample bottle. Turn on the pump and allow the air to be rinsed from 
the Teflon tubing, then attach the Luer tip of the SPE column to the outlet 
end of the pump tubing. Invert the colunln to discard any conditioning water 
remaining in the SPE reservoir and begin collecting extracted water that 
passes through the column into the plastic beaker. Pump sample through the 
colun~n at 20 to 25 mL/min. After sample has been pumped through 
column, turn off pump, disconnect SPE column, and record final weight of 
sample processed through the column. 

9. ~ e m o v e  excess water from SPE column using a syringe to blow out 
water. Write sample ID on side of column, and store in 40-mL glass ampule. 
Store columns in cool) place (between 4-250C). 

CLEANING PROCEDURE 

Clean all equipment after use by rinsing with a laboratory detergent 
(Liquinox solution, 0.2 percent), followed by rinses with about 30 mL of tap or 
distilled water to remove the detergent; finally, rinse with about 30 mL of 
methanol. Wrap all openings of cleaned material with aluminum foil. 

Samples (and any materials added to samples) should contact only glass. 
Teflon, ceramic or stainless steel (or other metal). 

QUALITY-ASSURANCE SAMPLES 

Field equipment blank: Process a sample of pesticide-grade water 
(available from NWQL, through DENSUPL section) exactly as the samples. 
This includes sample bottles, compositing, splitting, and filtration, equipment 
as- well as the SPE system. Process the field-equipment blank at the start of 
sampling, and then after about every 10 to 15 samples. More frequent blanks 
are always helpful. 

Field matrix spikes: Collect duplicate samples and add the 2 .0 -ng /p~  
spike solution to one sample. Use the 100-pL micropipet to add the spike 
solution, which is contained in a 2-mL glass vial, after about every 20 
samples. Add the surrogate to 'every spiked sample. 

FURTHER INFORMATION 

Contact Frank Wiebe (EDOC - FWWIEBE; 303-467-8178), Mark 
Sandstrom (EDOC - SANDSTRO; 303-467-8086), or Steve Zaugg (EDOC - 
SDZAUGG; 303-467-8207) for additional information. 



Table 1 1 .--Equipment and supplies required for broad spectrum pesticide 
ar.lalysis (Schedule 201 0) by onsite solid-phase extraction 

[mm, millimeter; in., inch; mL, milliliter; SPE, solid-phase extraction; 
pL, microliter: g, gram; pm, micrometer; mg, milligram; 

L, liter; ng/pL, nanogra111 per microliter] 

Nun~ber  
Item Per 

- .  salvple 

Equinment 
Filter Unit, 147-mm diameter, aluminum, and FMI Model 1 

QB-1 CKC pump and 1/4-in, diameter convoluted Teflon 
tubing 

Teflon squeeze bottle, 250 mL, for methanol 1 
Valveless, piston-type metering pump for SPE; FMI Model 1 

RHB OCKC 
Fixed volume (100-pL) micropipet 1 
Portable balance (1,200.0 g) 1 
Filters, 147-mm diameter, 0 .7-~rn  pore diameter, precleaned 1-5 
Bottle-top dispenser, 1-5 mL, for methanol 1 
Teflon squeeze bottle, 250 mL, for pesticide-grade water 1 

Supplies 

SPE columns, Analytichem C-18, 500 rng, precleanedl 1 
Sample bottles, 1-L, amber 1 

1 Disposable glass bores, for 100-pL micropipetl 
Surrogate mixture, 1.25 ng/kL, 2-mL vial1 1 
Liquinox detergent, 0.2-percent solution, 4-L 1 
B&J methanol, 4-L 1 
B&J water, 4-L 1 
Aluminum foil, roll 1 
Gloves, disposable, nonpowdered, medium 1-5 
Spike kit, including Instruction Manuall 1 
Spike mixture, 1-10 ng/pL, 2-mL vial1 1 

'Supplies obtained through NWQL DENSUPPL. 



Solid-Phase Extraction, GClMS Analysis, Filtered Water 
Schedule 2010 ' 

Station ID or Unique Number: Station Name 
Date: Time Collector: 

Telephone Number of Collector: 
Comments: 

NWQL INFORMATION 

SPE Cartridge Type: 
Lot #: 

Dry Wt.: g - .  
FIELD INFORMATION 

Filter Sample 0.7-pm glass fiber filter Date filtered:- 
SPE Cartridge Conditioning: Date of SPE procedure: 

Sample Sample + bottle: g 
(-) bottle tare wt.: g 

= Sample wt.: g 
Add 1% methanol: mL 

Sample + bottle + MeOH: g 
Surrogate Solution ID: 

Volume added: PL 

QA Samples - Spike Mixture 
Solution ID: 

Volume added: PL 
Sample through cartridge 

Sample + plastic beaker: g 
plastic beaker: g 

Flow rate: Start time: hr:min 
Finish time: hr:min 

Dry cartridge with C02:  Date:. 
Pressure: lb/in2 

Time: min 
SPE cartridge wt.: €! 

SPE Elution Date:. 
add 1.8 mL HIP (3:l) mL 

Internal Standard @AH-dn mixture in toluene keeper) 

Solution ID: 
Volume added (100 pL): PL 

Evaporate solvent - nitrogen Date:. 
Pressure : lb/in2 

Time: min 

Analysis - Instrument ID: Date:. 

Comments: 
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1. Preface 

The "Organic Quality Assura~lce Conlrnittee" (OQAC) of the National Water 
Quality Laboratory (NWQL) identified two elements, Acceptance Criteria and Corrective 
Action, as the nost critical elements to address in a comprehensive Quality 
Assurance/Quality Control (QNQC) program. A subcomnlittee of OQAC, consisting of 
representatives fro111 the Organic Program (including all supervisors), Quality Management 
Progranl staff, Method Research and Development staff, and the Chief Chenlist of the 
WRD, was fonned in 1996 to prepare a guidance document setting acceptance criteria and 
corrective actions for Organic Progranl analyses. Contributing authors of this docurllent 
include Mike Sclroeder, Brooke Cbnnor, Ron Brenton, Duane Wydoski, Ralph White, Alan 
Bumgartner, Merle Shockey, Tom Maloney, Jeff Pritt, Kim Pirkey, Bill Foreman, and Pete 
Rogerson. The guidance document not only standardizes internal NWQL policy for setting 
and applying acceptance criteria and corrective action, but also fulfills requiren~ents of  
auditing organizations by identifying processes and corrective action policies. Although 
written for the Organic Program analytical chemist, the document addresses concepts and 
limitations of specific QNQC data that might prove valuable to the environmental data user 
as an interpretive aid. 

1.2 NWQL policy for establishing acceptance criteria for organic analytical methods 

In concurrence with the U.S. Geological Survey policy on collecting data of 
known quality, the NWQL will produce organic analytical data under controlled quality 
assurance and quality control conditions, including process control acceptance criteria. 
This document defines the policies established for the use and interpretation of QAIQC 
data for the Organic Program of the NWQL. 

1.3 Scope and application 

The guidance document is used to set acceptance criteria and to standardize 
corrective actions for quality control failures. It is organized such that future revisions or 
additions can be inserted or deleted without replacing thk entire document. The document 
includes five parts: I) introductory material, Q quality-control design, III) introduction to 
acceptance criteria and corrective actions, IV) quality control acceptance criteria, 
establishment guidelines, and corrective actions for continuing calibration verification 
standards, surrogate standards, reagent spikes and method blanks, and V) the appendices . 

containing reference materials. 
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2. Quality control design 

The assessn~ent of the quality of analytical data is attained through specific 
indicators. Currently, the Organic Program uses standard quality control sanlples for 
specific applications. Standard operating procedures (SOP) outline and document the 
method-specific processes and standards personnel must follow to produce comparable data 
over time. Instrument performance is assessed with tools such as calibration standards, 
continuing calibration verification standards (CCVs), perfon~~ance evaluation mixes, . 
internal standards, and method blanks. Analytical standard quality may be deternilled 
through third-party check standards, esternal performance audits, conlparison to previous 
calibrations, carefui gravimetric detenllination, and verification of measuring devices. 
Sample preparation may be controlled through reagent spikes, certified reference materials, 
nlethod blanks, surrogate standards, and replicate samples. Data reporting and electronic 
data transfer are verified through second- and third-level review by qualified personnel. If 
any aspect of a quality control sample fails selected criteria, then troubleshooting andlor 
corrective actions as outlined in this document must be implemented and all affected 
personnel notified. 

2.1 Analytical run sequence 

The analytical run sequence is the order in which calibration standards, QC 
samples, and environmental samples are analyzed on an instrument. The order in which 
samples are analyzed assures the quality of the data by controlling the sources of error 
due to carryover and instrument performance. For example, bracketing samples with 
acceptable CCVs assures the analyst that calibration is accurate and precise for the 
enclosed samples. Analyzing a method blank and reagent spike before analyzing the 

samples may prevent unnecessary analysis of a ruined sample set. Checking instrument 
contamination periodically throughout an analytical run sequence assures the integrity of 
the samples by checlung instrument contamination. 

The analytical run sequence is minimally designed to: 1) calibrate the instrument, 
or 2) verify the calibration, 3) verify the accuracy of the calibration, and 4) verify that the 
instrument is not contaminating the samples. 

A typicaI sequence might be: 

. Calibration standards or continuing calibration verification standards (CCV) 
Performance evaluation mix (if applicable) 
Third-party check of the calibration standards 
Method blank 
Reagent spike 
Samples 
ccv 
Samples (including additional method blanks or reagent spikes) 
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Sar~lples (including additional method blanks or reagent spikes) 
ccv 
Perfomlance evaluation nlis 

The exact number of calibrants, placement of QC samples, number of samples in 
each bracket of CCVs, and the nunlber of repetitions of the cycles are all method 
specific. Refer to individual SOP for limitations of each method for these concerns. 

2.2 ,Types of failures . 

The following sections outline general concepts meant to act as guidance in the 
interpretation of recovery failures. Other possible scenarios may arise - consult with your 
supervisor or other responsible individuals for assistance in interpretation. This is 
intended to distinguish among the possible failure modes in order to proceed to the 
appropriate corrective action(s). There are five kinds of recognized failure, 1) matrix- 
induced, noncorrectable lab, correctable lab, process, and catastrophic. 

2.2.1 Matrix induced failure - Failure of surrogates, internal standards or 
calibration check standards instrument due to degradation of the analytical instruments 

a, may be caused by the accunlulation of detrimental matrix interferences or materials. If a 
failure is matrix-induced, then it may not be beneficial to reanalyze the guilty sarnple(s) 
unless the sample is further processed to remove the problem. It is necessary however to 
rerun other affected samples once the instrument has been restored to meet acceptance 
criteria. 

Symptoms of matrix associated surrogate recovery failure: 

Surrogate recoveries in QC samples (blank, spike, etc.) indicate that the 
process is in control. 
Troublesome matrix indicated by results of previous analysis or other 
analytical method, historical site data, field notes from the ASR, or type of 
project. 
Sample preparation notes and 1 or other evidence indicate preparation or 
analysis problems associated with physical characteristics of the sample 
matrix - e.g., color, odor, viscosity, precipitation, emulsions. 
Indications during instrumental analysis of an unusual matrix - e.g., major 
interferences, retention time shifts, baseline perturbations, and 
chromatographc peak distortions. 

@ Inappropriate sample type submitted for the method employed. 

2.2.2 Noncorrectable laboratory failure - Laboratory problems that adversely 
affect sample data quality, and cannot be corrected or adequately documented to recover 
all or part of the data are considered noncorrectable. Every effort should be made to 
correct the problem in order to avoid future recurrence. 
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Sylnpto~lls of nonconectable laboratory failure: 

Sample preparation notes indicate errors resulting in sa~~lple  / surrogate losses. 
8 Similar-surro~ate recovery failure pattern in sample(s) and b l ~ a ~ ~ k  and/or spike. 

Surrogate recovery failures in QC sanlples (blank, spike, etc.) are strong 
indicators, but not absolute indicators of process failure for samples, if all or 
nlost sample surrogate results are in control. 
Empty clvomatogra~ll (normal noise not present) verified by re-injection of 
the sample extract. 
Sanlple not prepared according to method / SOP. 

0 Evidence that tile sample was stored inlproperly or deteriorated in storage due 
to faulty container or excessively long storage time. 

2.2.3 correctable laboratory failure - Laboratory problems in which sample 
analyte data quality is not affected are considered correctable. The preponderance of 
evidence implies that whatever went wrong would not negatively affect sample quality - 
results can be legitimately corrected and documented to recover data. An example might 
include a sample which was'double-surrogated, exhibiting almost 200 percent surrogate 
recovery. Every effort should be made to correct these problems in order to avoid future 
recurrence before analyses continue. 

Symptoms of correctable laboratory failure: 

0 Sample preparation notes and / or other evidence indicates that wrong or 
improperly prepared, stored, or expired surrogate solution was used. Other 
QC data are in control. 
Evidence that an incorrect amount (including none) of surrogate or inteinal 
standard solution was added to the sanlple(s), Incorrect amount may have 
been added due to out of calibration dispenser or multiple additions of the 
solution. Other QC data are in control. 
Identified equipment failures (e.g. injection or CCV failure) that may be 
corrected by reinjection or other limited reprocessing of the sample. 

2.2.4 Process failure - Any failure that indicates that the representative process 
(as opposed to an individual sample) is out-of-control for the associated samples is 
considered a process failure. 

Symptoms of a .process failure: 

All samples and quality control samples that encountered the same process 
fail or err in the same direction (all high or all low - not necessarily all exceed 
control limits however). 

1. 

Identified equipment failure is noted. 
e Process representative surrogates fail for all samples that encounter the same 

process. 
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2.2.5 Catastrophic failure - An out-of-bounds condition indicated by some QC 
indicator that is an u~lequivocal indication that sample data quality is compromised. 
Catastrophic-failure bowlds should be predefined according to method specific issues. 
Catastrophic failure requires reanalysis. 

2.2.6 Statistical anomaly - If QC criteria are based on a statistical diagnosis of 
historical perfollllance, there is a11 associated probability of failure, based on the nornlal 
distribution of expected results. At the 99 percent confidence interval, 1 percent of the 
results will fail due to statistical anomaly even when nothing is actually wrong with the 
process or the controls. In methods with frequent tests or large compound lists, the 
frequency of failure may be often enough to expect a failure in every analytical sequence 
(i.e. in nlethods \i?ith 50 con~pounds, at least one will fail every other time). It is the goal 
of the Organic Progranl to limit reanalysis to the above failures, and to attempt to identify 
statistical anonlalies by ruling out other failures. 
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3. Introduction to acceptance criteria and cor~~ective actions 

3.1 Acceptance criteria and corrective actions for the NWQL Organic Program 

The major quality-control sample types (contil~uing calibration verification 
standards, method blallks, reagent spikes, and surrogate standards) are evaluated for 
process control in a similar manner. Each is quantifiable and therefore subject to 
statistical evaluation. Each can have tabulated results, and each can be standardized. 
Each has a set of acceptance criteria applied, either statistically or based on other data 
quality objectives, to judge acceptance or rejection of associated sanlple data. QC criteria 
are the numeric bounds used to detennine the acceptability of analytical data. Criteria for 
the various QC sample types are typically developed from data generated from QC 
sanlples analyzed in conjunction with routine salnple analyses. The data are compiled 
using appropriate software over a given interval based on time or data set size. Prior to 
implementation, the criteria are calculated and reviewed relative to prior method 
performance and data-quality objectives. A general goal is to use nonparanletric statistics 
over parametric statistics to develop QC criteria as appropriate for each QC sanlple type. 
Each criterion has associated corrective actions. 

3.2 Non-parametric statistics 

The term non-parametric statistics refers to data evaluation methods in which no 
assumptions are made about the statistical distribution of the data. In particular, one does 
not need to test or assume that the data are normally distributed in order to apply the 
calculation and interpretation techniques of non-parametric statistics. Non-parametric 
techniques are recommended for most of the statistical calculations described in this 
manual because they lend themselves to easier data manipulation and more meaningful 
interpretation of the results. Although data for most organic analyses are normally 

distributed, anomalous results in a data set may skew the distribution, leading to 
erroneous confidence intervals and improper data interpretation. Non-parametric 
statistics are more resistant to perturbation by anomalous results because only the inner 
50 percent of the data are used for calculations. Additionally, the median is used instead 
of the mean as the 'measure of central tendency''. F-pseudosigma is used to express the 
spread of the data, analogous to the standard deviation in normal statistics. The capability 
to apply the non-parametric techniques recommended hkre is highly dependent on the 
software used to manipulate analytical data - if the software to apply non-parametric 
techniques is not available, then use the corresponding normal distribution statistical 
t echques  (such as mean and standard deviation), or discuss with your supervisor the 
most appropriate course of action. See appendix B.l for a more thorough description of 
non-parametric statistics. 

Miller, Miller, Statistics for Analytical Chemistry, Ellis Honvood Limited, 1993 
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@ 4. Contiiiuing Calibration Verification Standards (CCVs) 

4.1 Definition - CCVs 

Continuing calibration verification standards (CCVs) are standard solutions used in 
instrunlental analysis to check instrument stability of all metl~od analytes (exceptions 
may include multicon~ponent standards such as toxaphene, or method specific restrictions 
such as &action appropriate mixes) in relationship to the calibration curve. CCVs are 
prepared from the same materials and in the same manner as calibration standards are 
prepared. The concentration of the CCV should be chosen to allow easy review by the 
a~~alyst and is typically in the mid-range of the calibration curve. 

4.2 Calculations - CCVs 

Determination of whether a CCV result is acceptable is based on the cornpa&on of 
the calculated result with the theoretical value, which can take the form: 

ccv, - ccv,) D =loox{( CCV, } 
Where: 

D = percent difference from theoretical value 
CCV, = observed CCV value 
CCV, = theoretical CCV value 

The actual method for the determination and evaluation of the difference from the 
theoretical value may differ from method to method based on the measurement and the 
data system used. 

4.3 Application - CCVs 

An analyst must bracket environmental samples i n  an analytical run sequence with 
CCVs according to the accepted analytical run sequence convention for each method 
(refer to the appropriate SOP). Thus, there are at least two CCV's in each analytical run 
sequence. Evaluation of the two CCV's that bracket a series of samples is used to 
determine whether the results for the bracketed environmental samples are acceptable. In 
general, for a given analyte detected in a sample to be properly reported, the results for 
that analyte in both bracketing CCV's must be withn the acceptance criteria (see 
corrective action guidance, Table lj). The goal for the Organic Progam is to use 
statistical data to develop acceptance criteria, orito validate existing criteria. CCV's are 
used principally to evaluate quantitative reliability; they may also be used to update 
retention times and spectra as well as to evaluate chromatographic or other instrument 
performance criteria. 
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4.3.1 Establishing Acceptance Criteria for CCVs 

The following tables list options for illethods of establishing acceptance criteria. 
The fonnat of these tables is repeated in this guidance document for each quality control 
section. Each heading (e.g. - data compilation) lists con~ponents that need to be 
individually defined for each method. If nlultiple options are listed for addressing a 
~ i v e n  topic, then the most appropriate option for a given analysis may selected. When a 
single option is listed, then the listed option is the standard for the Organic Program. If 
this option is unworkable for a specific method, then an alte~xate choice 111ust be justified. 

Table In. Dntn cornpilatiort - CCV 
Description of the data used to develop criteria 

Option Options 
Nunlber 

Composition of the QC 1 
standard material 

Data used for statistical 1 
compilation 

Options defining the size 1 
of the data set for statistical 
criteria 

Dual column data 
considerations 

CCV mix iilcludes all method analytes at 
a single concelltratio~l for a given analysis. 
Separate nlixes may be appropriate. 

Cornpile data for the FIRST CCV in 
analytical batches as defined by the 
accepted analytical sequence. 

Sliding 1 1 ;  e.g. n 2 30. Data may be 
acquired until 11 is reached, then determine 
criteria; or addldrop points, recalculate 
criteria with.constant 12. 

Compile all data over a defined 
timeframe. 

Provisional criteria: 7 I n < 30; Accepted: 
n 230  

Pool data for all analytes into a single data 
set for overall performance criteria. (Test 
to see how this might work.) 

Compile data independently for each 
column" 

Choose the lower result of the two 
columns 
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Table 1b. Afulti-instruntcrrr nrralyscs - CCIf 
How to handle data for multi-instrument analyses. 

Colllpile first CCV data for 1 Individual - CCV perfonnance is an 
individual or pooled individual instrument attribute. 
instnunent data 

2 . Pooled from all instruments performing 
this analysis 

Dual-colunln coilsiderations 1 Compile first CCV data for each column 
separately, for each instrument or pool 
i~lstruments 

2. Pool first CCV data from both columns, 
for each instrument or pool instruments 

Table Ic. Review 01. Update Frequency - CCV 
Interval for evaluation of QC criteria with possible update of criteria - this may coincide with the 
data compilation interval. 

Option 
Number 

Options 

Based on a defined time 1 Defined time interval, e.g., quarterly. 
interval Data should be reviewed at least annually. 

Based on data set size 1 Based on sliding n, e.g. 11 2 30. 

Other considerations 1 When significant change occurs in process 
that may affect data. 
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Table Id. A cceptancc Criteria for CCVs 
Deternunation of QC criteria - results outside of criteria require corrective action. 

Option Options 
Number 

Statistical Criteria 1 Base on the median and F-pseudosignla 
(Goal: non-paranzetric f(o), .or theoretical value (TV) and 
statistical critel-ia) standard deviation (SD): 

. . Warning limits: Median k 2 f(o) 
Co11tr01 limits: Medial1 zk 3 f(o) 

-or- 
Warning limits: TV + 2 SD 
Control limits: TV 5 3 SD 

7 

X should be within -t Z% of TV (define 
per method) - 

Initial (provisional) criteria 

Maximum limits for 
control limit criteria 

Options for dual column 
analyses 

Other considerations 

1 Initial criteria when developing data: 
control limit = (TV) + 20% (define per 
method) 

1 Maximum limits for control limit criteria 
(statistical or otherwise): TV k 45%; 2 
should be within +_ Z% of TV (or evaluate 
by t-test) (define per method) 

1 For dual column analysis, develop criteria 
independently for each colunin. 

1 Set criteria at value determined from 
statistical data - change only if method 
changes, or other legitimate reason. 

Non-statistical options 1 Fix criteria at (non-statistical) value 
detennined from data quality objectives 
defined by method, project, etc. 
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Table le .  Data Preserrtation - CCI/ 
Options for presenting data for short and long term data evaluation. 

Option Options 
Number 

Graphical display optioils 1 Plot data on control charts for all CCV 
senerally used for longer compounds 
tenn interpretation 2 Plot data on control charts for key 

compounds 

Tabular data generally used 1 Tabular recovery data for all CCV 
for daily, on-line compounds 
e\~aluatioll. 

Table If: Oz~tlier Test CCV 
Optio~ls for outlier testing and rejection. 

Option Options 
Number 

Non-parametric statistics, 1 Use non-parametric statistical evaluation 
the preferred option. 

Other options if non- 
parametric techniques are 
not available. 

of data. Results for CCVYs that have 
failed due to an identifiable cause (e.g. 
failed injection, wrong standard solution, 
etc.) should not be included in the data set 
for QC criteria calculation. 

1 Reject only if legitimate, documentable 
failures, e.g. failed injection, wrong 
standard solution, etc. 

2 For large data sets single pass reject of 
data outside + 3 SD, then recalculate 
criteria once. 

Revision 1.0 October 1, 1998 



QAQC Guidancc Manual Scction 4 -G 

Table l g .  Coi.rective Action Sj)rroysis for CClfs 

Options 

More specific information 1 See CCV Table 111 below for actions to 
regarding corrective take for lllost CCV failure scenarios. 
actions follows this table. 

Use of data qualifiers 1 Qualify ("E") data for specific analytes 
whenever detected if they are docunlented 
to be cluonic poor perfom~ers. 

Other considerations 1 Reagent spike data are treated in the sane 
way as environme~ltal sample data for the 
purposes of CCV corrective action 
interpretation. 

2 - If CCV fails upon rerun, qualify the 
results with "En, or other qualifier. 

4.3.2 Evaluation of CCV data 

If an analyte is detected in an environmental sample (or in a reagent spike), then 
the data for that analyte must be acceptable in both of the CCV's analyzed just before and 
after the sample in the accepted analytical sequence. If data for the analyte are out of 
control for either of the bracketing CCV's, then perform maintenance as necessary on the 
equipment to return to acceptable CCV performance, and reanalyze the affected samples 
according to the approved analytical sequence. If a similar CCV failure occurs upon 
rerunning the samples, then further reanalysis should be reconsidered before proceeding 
to determine if the failure is an uncontrollable matrix effect. Depending on the severity of 
the failure, qualify these results with "E" (estimated value), delete the results due to 
interference, or use some other appropriate qualifier. If analytes are not detected and a 
CCV failure occurs, reanalysis is generally not required; unless there is a loss of detection 
capability. See table l i  for a summary of sample data interpretation guidance relative to 
CCV results. Exceptions to rerunning include failures in a CCV due to statistical 
anomaly (see 4.3.3) and permanently qualified compounds (flakes). Analyst judgment 
and knowledge of the performance characteristics of the method compounds are 
important components of the decision-making process. 

If a CCV analyte is outside of current control limits, refer to table Ih for data- 
reporting strategies. 
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.! Table 1 h. CCV corrective action surnrrrnr~)' 
[~Oead as a coilt1.01 chart. Substitute the correct acceptance criteria Ifother than two and 
firr.eef-psuedosigri~a are used (e.g. - ifstandard deviation 01. otlzer criteria are used 
instead). f(o), f-pseudosig~na; TY, true ilnlue] 

Limits 
Report Data, Documen@ 

Acceptable Results 

- 2 f(0) 
Warning 
Limits 

Report Data 
' Report Data, Document 

2 .  Corrective action must be considered in the context of other QC data and the historical performance of 
the method and equipment; check with supervisor when in doubt. The supervisor may determine that 
other corrective action is necessary. Criteria that have been derived by non-statistical means should be 
interpreted in the same fashion as control limits (f 3 f(q)). 

3. This failure mode may be indicative of a method, equipment or other problem requiring attention if it 
occurs frequently andlor the results are significantly out of bounds. 

4. Perform maintenance as necessary on equipment to return to acceptable performance (may require 
recalibration), reanalyze only affected samples (extracts), with bracketing CCV's according to 
approved analytical sequence. 
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5 .  Documentation may entail the use of qualifiers on the data review checklist, or elsewllcre in the data 
packet. 

6.  If a test standard is analyzed to demonstrate that the nlinimum report level can be detemined, then 
rerun of the affected samples may not be required. For dual-colunm cluomatography methods analytes 
must be detected in the low level test standard on both colun~ns. 

4.3.2.1 Interpretation of CCV data for dual-coluil~n GC 

Interpretation of dual-column chro~~~atography data is based on the 
convention that the lower of the two results for an en\lironnlental sanlple is reported. 

Table l i  is a synopsis of the corrective action for dual-colulln clu-onlatographic analysis 
in which the CCV failure occurs on column A whereas the result for colul7ln B is 
acceptable. To correctly interpret this situation, the analyst nlust detenlline if the failure 
mode is out-of-control l&& or, out-of-control low conlpared to the expected result, The 
reason for the distinction between high and low failure is to nlaintain collsistency with the 
convention of reporting the lower of the two coluinn results. Additionally, the distinction 
between high and low failure is to protect against reporting bias due to CCV failure. 
Simulta~leous CCV failure for both colunlns is interpreted according to the conventions in 
Table lh .  

Table 1 i. .CCV Corrective actio~r for dual-colii~nn a~zalyses (110 interfererr ce present) 

Failure mode of CCV on Column A' Column B Corrective 
Column A s a m ~ l e  s a m ~ l e  Action 

High 

High 

Low 

Low 

High Low Report B results 

Low High Rerun 

LOW High Rerun 

High Low Report B results 

Low No Detect Detect Rerun 
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4.3.3 Statistical anon~aly diagnosis - CCVs 

For statistically-determined acceptance criteria there is a 1 percent probability 
(assuning the 99 percent confidence interval is used for control liniits) that an individual 
result will be out of control, even in a "well-behaved" data set. Therefore, as the number 
of co~llpounds determined in a method increases, the likelihood of a compound failure in 
a CCV attributable to statistical occurrence increases in proportion to the number of 
compounds2. To prevent reanalyses, the analyst must distinguisll statistical failures fionl 
process failures. 

The following nlay be indicative of a statistically anomalous out-of-control CCV: - 

0 The CCV failure is marginal and observed on a nom~ally stable key compound 
0 The CCV failure is not indicative of process failure (see 2.2.3) 

The conlpound does not fail CCV criteria frequently (statistically approximately 1 
in 100 detemlinations), and it is not a canary (see the glossqy, appendix A). 

The following are examples 'of CCV indicated process-failures and may not (even if 
within the pernlissible number of compounds to fail CCV criteria, table lj) be construed 
as statistically anomalous: 

Instrumental degradation of labile compounds 
Instrumental enhancement of signal 
Calibration changes 
Loss of resolution 

If acceptance criteria are not statistically derived, then the evaluation for statistically 
anomalous results'does not apply. 

Table l j  provides a description of the number of allowable analyte failures in a CCV that 
may be considered a statistically anomalous condition, given the above guidelines: 

Table l j .  Maxiinurn perinissible number of compounds to fail per CCV 

Number of analytes Permissible number of 
determined in a method failed analytes 

1-5 0 
6-20 1 
>20 - < 5% 

Provost, Elder, "Choosing Cost Effective QAIQC Programs for Chemical Analysis", USEPA report no. 
EPN600/4-85/056, 1985. 
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If a CCV failure is determined to be a statistical CCV failure, then report sample 
results and document conclusioi~s in tlle data packet - reanalysis is not necessary. Note 
that if the failure is unequivocally determined to be a statistically anomalous failure, then 
it is not necessary to consider whether analytes are present in any associated samples. 
Also, note that a statistical anomaly should be rare. If the CCV failure is not due to a 
statistical failure, then. determine corrective actions according to Table 111, "CCV 
Corrective Action Summary". 
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5. Sui-rogate staudards 

5.1 Definition - Surrogate standards 

Surrogates are conlpoullds similar in physical and chemical properties to the 
co~~~pounds of interest in a given method and are therefore expected to behave similarly. 
Su~rogates are added to all enviro~mental samples, reagent spikes, blanks and other 
relevant quality control sanlples at a specific point in the process to monitor process 
performance. A surrogate is a con~pound not normally found in environnlental sanlples 
and might be isotopically labeled fluorinated or brominated. The number of surrogate 
compoullds used varies with each method; surrogates are not used in gross non- 
cl~omatographic methods such as total phenols or organic carbon deternlinations. 
Sul-rogate solutions are prepared and added to samples independently of other spike 
solutions. Implementation of new surrogate solutions should be kept in syncllrony with 
calibration standards in order to avoid undesirable data shifts. Concentration of the 
surrogate should be selected such that recovery losses can be clearly discenled (generally 
in the mid-range of the calibration curve), and to allow easy review by the analyst. 

5.2 Calculations - Surrogate standards 

Calculation of surrogate percent recovery is of the fornl: 

Where: 
R . = percent recovery of surrogate standard (SS) 
SS, = observed SS value 
SSt . = theoretical SS value 

Statistical acceptance criteria are developed for minimum and maximum percent 
recovery horn both the reagent spikes and from the method blank surrogate results. The 
actual method for the determination and evaluation of surrogate data may differ from 
method to method based on the measurement and the data system used. 

5.3 Application - Surrogate standards 

Surrogate recoveries monitor gross sample processing errors and matrix effects. 
Surrogate recoveries should not be used to correct analyte concentrations in samples. 
Changing a surrogate compound withn a method is considered an SOP change and not a 
method change because the change will not affect sample data quality. However, the 
interpretation of sample data quality may be affected. Data supporting the change must 
be acquired and evaluated, and customers and others concerned should be informed of the 
ramifications. 
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Surrogate standards are added to every san~ple in a process to nlonitor process 
perfomlance. Multiple surrogates nlay be added to evaluate certain failure modes 
indicative of whole or partial process failures. Sollle surrogates are used to evaluate 
method perfonnance for a class of compounds. Redundant surrogates (surrogates that 
mollitor the same function) are added to reduce the probability of out-of-control results 
due to statistical failure (assigned to 1 percent) rather than process failure. 

In order to determine how to interpret surrogate recovery results the purpose for 
each surrogate IIIUS~ be defined according to whether it is added to - 

1. Monitor the whole or a defined po l t io~~  of the process. 
and - 

2. Represent the perfoclnance of al] or a subset of specific compounds. 

Specific surrogates may be required by some methods (e.g., EPA methods) for 
unspecified reasons. In such cases, follow the method requirenlents for interpretation of 
recovery results. If the method docun~entation is unclear regarding the interpretation of 
s u ~ ~ o g a t e  recovery results, assign a purpose and interpret the results according to the 
guidelines described here. It may also be appropriate in some cases just to monitor the 
performance of a surrogate without using it for any corrective action purposes. The 
method standard operating procedure (SOP) should contain a description of which parts 
of the method and which analytes are related to each surrogate. 

5.3.1 Establishing acceptance ,criteria for surrogate standards 

The following tables list options for methods of establishing acceptance criteria. 
The fornlat of these tables is repeated in t h s  guidance document for each quality control 
tool. Each heading (e.g. - data compilation) lists components that need to be individually 
defined for each method. If multiple options are listed for addressing a given topic, then 
the most appropriate option for a given analysis may selected. When a single option is 

listed, then the listed option is the standard for the Organic Program. If this option is 
unworkable for a specific method, then an alternate choice must be justified. 
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Table 2a - Data conipilation - Surrogate standurds 
Description of the data used to develop criteria 

Option Options 
Number 

Composition of the QC 1 Fix surrogate concei~tration at a single 
standard material concentration for data conlpilation. 

2 Use of multiple surrogates inserted at 
various points in the sample preparation 
process may be desirable. 

Data used for statistical 1 Compile surrogate recovery data for 
co~llpilation spikes and blanks only, for statistical . 

criteria. 

Optior~s defining the size 1 Sliding n; e.g. n 2 30. Data may be 
.of the data set for statistical acquired until n is reached, then detennine 
criteria criteria; andlor addJdrop points, 

recalculate criteria with constant 11.  

a 2 Compile all data over a defined time 
period. (see ReviewiUpdate section). 

3 Provisional criteria: 7 5 iz < 30; Accepted: 
n 230 

Dual column data 1 For dual column analysis compile data 
considerations independently for each column. 

2 For dual column analyses compile data 
from blank and spike surrogate recoveries, 
use the lower of the two results. Compile 
data into a single data set. 
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Table 26 - Multi-irrstrrrnrent airalyses - S~lrrogate stairdards 
How to handle data for multi-instrument analyses. 

Option Options 
Nu~nber 

Co'nlpile results fi-0111 individual 
Compile for illdividual or 1 instruments 
pooled instrument data 

2 Pool results for all instrun~ents used in the 
- analysis. 

Dual colunln 
considerations 

1 Fordual-column data analysis compile 
data independelltly for each column. 

2 Record lowest result of data from either 
co 1~11111. 

3 Use results from primary colunln only 

Table 2c - Review or Update Frequency - S~irrogate sta~zdards 
Interval for evaluation of QC criteria with possible update of criteria - this nlay coincide with the 
data conlpilation interval. 

Option Options 
Number 

Based on a defined time 1 Defined time interval, e.g. quarterly. Data 
interval should be reviewed at least -mually. 

2 Use longerlshorter time intervals 
withdifferent evaluation purposes. 

Based on data set size 

Other considerations 

1 Based on sliding l z  2 30 - when one data 
point added, oldest is deleted. 

2 Sliding block of n data points - when n 
new points are acquired, add to data set, 
delete n oldest data points. 

1 When significant change occurs in process 
that may affect data. 

2 Statistically evaluate old versus new data 
(t, F- tests, P = 0.05) at update interval to 
determine whether new criteria are 
necessary. 
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Table 2d. - Acceptance Criteria for Surrogafe sfartdards 
Determination of QC criteria - results outside of criteria require corrective action. 

Option Options 
Number 

Statistical Criteria 1 Base on median (or mean) %'recovery 
(Goal: non-pa~.nnletr.ic (X), and F-pseudosigma (f(o)), or 
statistical criteria) sfandard deviation (SD): 

Warning limits: 2. i Z(f(u)or 2 SD 
Control limits: X' F 3f(o) or 3 SD 

Initial @rovisional) criteria I -t 20 percent or based on analyst judgl~ent 

Maximurn linlits for 1 Goal for control limit maximunl values 
control limit criteria (statistical or otl~erwise): 60% 5 X<120% . 

, SD 115%. 

Options for dual colunm 1 Develop separate criteria for each colunm. 
analyses 

2 Develop criteria based on the lower of the 
two column results. 

Other considerations 1 Set criteria at values determined from 
statistical data - change only if method 
change, or oth'er legitimate reason. 

2 Set criteria at values within (but not 
necessarily equivalent to) statistical data - 
chanze only if method change, or other 
legitimate reason. 

3 Trend analysis - see table "Test for 
Special Causes" in the appendix as an aid 
in diagnosing some types of problems. 
Select representative subset of analytes to 
test for data trends. 

Non-statistical options 1 Set criteria at (possibly non-statistical) 
value determined from data quality 
0bjectiv.e~ defined by method, project, etc. 
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Table 2e. - Data Preserrtatiori - S~lr.r.ogatc staridards 
Options for presenting data for short and long term data evaluation. 

Option Options 
Nunlber 

Plot data on control charts for all 
Graphical display options 1 surrogates. 
generally used for longer 
ten11 interpretation 2 Precision chart - plot standard deviation. 

3 Control cl~art bias and precision for short 
and long tern?. 

Tabular data geilerall y used 1 Tabular recovery data for all surrogates. 
for daily, on-line 
evaluation. 

Table 2J: - Oiitlier Test - Surrogate standards 
Optionsfor outlier. testirzg and reiectiori. 

Option 
Number 

Options 

The preferred option. 1 Use non-parametric statistical evaluation 
of data. 

Other options if non- 1 Reject only if legitimate, documentable 
parametric techniques are failure, e.g. failed injection, wrong 
not available. standard solution, etc. 

For large data sets single pass reject of 

data outside + 3 SD, then recalculate 
criteria once. 
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Tnblc 25. Correctirfe Actiorr Syrropsis - Surrogate standards 

Option Options 
Number 

More specific ir~fonnation 1 See the enclosed flow chart and table for 
regarding corrective corrective action for most surrogate 
actions follows this table. recovery failure scenarios. 

Use of data qualifiers 1 Do not use "E" (estimated value qualifier) 
for surrogate results unless quantitation is ' 
questionable. 

Other considerations 1 Do not raise analyte report levels 
corresponding to low surrogate recoveries. 
(~epo r t  levels may need to be adjusted for 
other reasons that result in low surrogate, 
like spills, but not solely for low surrogate 
recoven es). 

5.3.2 Surrogate recovery failure evaluation 

Surrogate recovery failure is defined as recovery of any surrogate outside of (2 or 
I) the defined control limits. The accompanying flowchart (fig. 1) provides a description 
of the surrogate recovery failure evaluation process. The corrective action options 
described on the right side of the flowchart depend on the nature and scope of the 
surrogate recovery failure - whether the failure is due to a known correctable or 
noncorrectable lab failure, or matrix effect. If the cause for the failure cannot be 
deduced, then the degree of failure - whether catastrophic or not - is used to determine 
the proper corrective action. 

Revision 1.0 October 1, 1998 



QAQC Guidance ,.,arlual 

Standard (SS) 
/ recovery / 

fai lure in 
sam ple(s) /lerl District ASAP - 1 

I 
, , \ . - - - - - -. . - 

i see attached tables] crrrnnlo if n . , u n , s w . u ,  ., ..one 
for diagnostic 

indicators. 

NOTE: This process must be Figure 1 .  Surrogate standard recovery failure in 
in the context of all other QC data. When in 

doubt consult supervisor or other 
responsible individual. 

Reprep, reanalyze 
sample(s) 

investigate, rectify cause . 

I 
No I Don't Know 

1 
May need to contact district 

lo determine if nature of 

investigate, rectify cause. 

failure is incompat~ble with 
data quality objectives - if so. 
treat as uncorrectable failure. 

Correct problem. E analyte results, qualify in 
L a b  Failure? 

document data packet, investigate, 
rectify cause . 

I 
No I Don't Know 

Catastrophic 

Qualify in data packet. 

No I Don't Know 
1 A I 

Use judgement - 
Valid replicate consider other QC. Consider sample 

method history. etc. reprep, reanalysis. 
Catastrophic 

Failure? 
Notify project chief, 

No relevant info to convey. 

I 
I 1 No 
surrogate Qualify data in data 

schroeder packet. 
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5.4 Surrogate recovery process failures for methods with multiple surrogates 

The followiilg is included to assist in the interpretation of process failures for 
metl~ods that incorporate the use of nlultiple sui~ogates. The definition of a process 
failure, when enlploying multiple surrogates, depends on a surrogate's assigned purpose, 
and the number of surrogates assigned to a given purpose. Process failure requiring 
corrective action is generally determined by any of the following conditions: 

1. Recovery is out-of-control for a single surrogate, if only a single surrogate 
is assigned to represent perfornlance for a given purpose. The process 
failure -and resulting corrective action nlay apply only to the affected 
compounds. 

2. Recoveries that are out-of-control in the sanle mode (high or IOII.) for two 
or more surrogates assigned to the same purpose. Failure of one of several 
surrogates at a rate greater than that anticipated due to statistical anon~alies 
(e.g. in several samples in a set) is an indication that the surrogates do not 
represent the same method performance characteristics and are not valid 
for interpretation as redundant surrogates - a process failure may actually 
be indicated. General guidance for failure of redundant surrogates in 
different (alternating) l~igldlow modes is not practical - method specific 
factors relative to the matrix must be considered. 

Example: 

A method has five surrogates A, By C, D, E with the following purposes assigned: 

A,B: Whole procedure, all compounds 
C,D : Step 1, compoun'ds of class "C and D" 
E : Whole procedure, colnpound class "E" 

The following are some of the interpretations that can be made relative to surrogate 
performance in t h s  example: 

Entire process failure for all compounds is defined if both surrogates A and B are out 
of control in the same mode (hia low).  
Results for compounds of class "C and D" only are flagged as failed if both 
surrogates C and D are out of control in the same mode. . 

Compounds of class "E" only are flagged as failed if only surrogate E recovery is out 
of control. 

5.5 Corrective action - Surrogate standards 

If a process failure is based on surrogate kcovery for any or all of the compounds 
in a method, then follow the surrogate recovery corrective action flowchart (fig. 1) to 
determine what action to take. Corrective action for process failures llnked to specific 
compounds applies only to the affected compounds. 
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In many cases, the use of surrogates to monitor specific method steps may be only 
for troublesl~ooting particular method problems, For the purpose of corrective action it 
may be irreleva~lt whether a specific portion of a method 1x1s failed, the interpretation is 
the same as though the entire method is determined to have failed. 
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6 .  Reagent spikes 

6.1 Definition - Reagent spike 

A reagent spike is a synthetic nlatrix fortified wit11 blown concentrations of all, or 
a representative'selection of, the method compounds. The sy-nthetic matrix usually is the 
same as that used in the method blank, for esa~nple, organic-free water or sodium sulfate. 
For interpreting the corrective action guidelines described in this document, a reagent 
spike failure is defined as an out of control recovery for any relevant spiked analyte. 
Sy~onynls include laboratory spike, set spike, method spike, and laboratory fortified 
blank (EPA drinking water methods). 

Key compounds - Key compou~lds are reagent spike co~llpou~lds whose recoveries 
are used to diagnose the possibility of catastropllic failure (see section 2.2) during sample 
processing, which may potentially affect all malytes in all sa11ples in a set. Key 
conlpounds are generally solid perfonners with relatively good recovery precision and 
accuracy. There is ideally a correlation between key compound and surrogate standard 
perfomlance such that inferences regarding sample processing may be made based on 
surrogate performance. In order to reduce the likelihood of statistically anomalous 
failures there should be at least two key compounds used to represent process 
perfonllance for all, or a given class of compounds. 

Flakes - Method flakes are reasent spike conlpounds that do not perform ideally in a 
given method, typically with large standard deviations, or frequent performance 
problems. Flakes are generally identified as compounds with mean recoveries outside of 
60 - 120 percent, andlor standard deviations greater than 15 percent. 

6.2 Calculations - Reagent spike 

Calculation of reagent spike percent recovery is of the form: 

Where: - 

R = percent recovery of reagent spike 

RS, = observed reagent spike concentration 

RSt = theoretical reagent spike concentration 

Statistical acceptance criteria are developed ifor minimum and maximum percent 
recovery. The actual method for the determination and evaluation of reagent spike data 
may differ from method to method based on the measurement and the data system used. 
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@ 6.3 Application - Reagent spike 

The reagent spike is used to lno~litor performance over the entire method. The 
reagent spike verifies the nlethod accuracy of each1 sample set. Over time, analysis of 
maiy reagent spike samples provides method precision data. The results of the reagent 
spike should be reported to the database as percent recovery. Reagent spike recoveries 
should Ilot. be used to correct analyte concentrations in envirollnlental sanlples. 

The reagent spike solution should be from the same stock as the method 
calibration solutions and prepared at similar times in order to prevent data shifts. Field 
and lab projects that require a field spike should use the same reagent spike solution, and 
reagent spike solution lot numbers should be kept synchronous between lab and field as 
much as possible. 

One reagent spike is required per set of processed sanlples or as required by the 
method. Reagent spike concentration should be set at the range of minimum method 
variability and such that recovery losses can be clearly discerned - usually around the 
mid-calibration point for the method. 

6.3.1 Establishing acceptance criteria for reagent spikes 

e The following tables list options for methods of establishing acceptance criteria. 
The format of these tables is repeated in this guidance document for each quality control 
tool. Each heading (e.g. - data compilation) lists components that need to be individually 
defined for each method. If multiple options are listed for addressing a given topic, then 
the most appropriate option for a given analysis may selected. When a single option is 
listed, then the listed option is the standard for the Organic Program. If this option is 
unworkable for a specific method, then an alternate choice inust be justified. 
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Tnble 3a. Data corttpilation - Renge~zt s-likes 
Description of the data used to develop criteria 

Option 
Number Options 

Conlposition of the QC 1 Fix reagent spike at single concelltratio~l 
standard material for data compilation. 

2 All analytes for a given nlethod should be 
- contained in the reagent spike. 

Data used for statistical 1 All reagent spikes that did not experience 
compilation a lcnown process failure (e.g., spilled 

extract, didn't i~~jec t ,  wrong solutioll used) 

Options defining the size 1 Sliding n; e.g. n 230. Data may be 
of the data set for statistical acquired until n is reached, then dete~mine 
criteria criteria; andlor addldrop points, 

recalculate criteria w/ constant n. 

Dual column data 
considerations 

2 Compile all data over a defined time 
period. 

3 Provisional criteria: 7 < rz < 30; Accepted: 
12 230 

1 For dual column analyses compile data 
from results determined according to the 
procedure used to report sample results. 

2 For dual column analysis compile data. 
independently for each column. 
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Table 3b. Multi-irrstrumie~it arzalyses - Reage~t  spikes 
How to handle data for multi-instrument analyses. 

Option Options 
Number 

1 
Compile results froin individual Compile for individual or 
instrunlents 

pooled instrument data 
2 Pool results for all instrume~lts used in the 

analysis. 
- - -  

Conlpile for individual or 1 Pool results for all instruments used in the 
pooled instrument data analysis. 
Dual column 1 For dual-column data analysis compile 
considerations data independently for.eac11 column. 

2 Record lowest result of data from either 
column. 

3 Use results from primary 'column only 

Table 3c. Review or Update Frequelzcy -Reagent spikes 
Interval for evaluation of QC criteria with possible update of criteria - this may coincide with the 
data compilation interval. 

Option Options Number 
Based on a defined time 1 Defined time interval, e.g. quarterly. Data 
in terv a1 should be reviewed at least annually. 

2 Use longer/shorter time intervals with 
different evaluation purposes. 

Based on data set size 1 Based on sliding 122 30 - when one data 
point added, oldest is deleted. 

2 Sliding block'of n data points - when JZ 

new points are acquired, add to data set, 
delete n oldest data points. 

Other considerations 1 When significant change occurs in process 
that may affect data. 

2 Statistically evaluate old versus new data 
(t, F - tests, P = 0.05) at update interval to 
detenfline whether new criteria are 
necessary. 
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TaBle 3d. Acceptance cr-iteriafar reagerrt spikes 
Determination of QC criteria - results outside of criteria require corrective action. 

Option Options 
Nurnber 

Base on ~tledian or mean % recovery (X), 
Statistical Criteria 1 and F-pseudosigma (f(o)or standard 
(Goal: non-parametric deviation (SD): 
statistical criteria) W a ~ ~ ~ i n g  limits: X' f 2 f(a) or SD 

Control limits: X' + 3 f(o) or SD 

Initial (provisional) criteria 1 Mean + 30 percent or other limit 
(70-130%) based on QC objectives. 

Maximum limits for 1 Goal for maximum values for control 
control limit criteria limit criteria (statistical or otherwise): 

60% _< F 5120% , SD 2 I 5%. 

Options for dual column 
analyses 

Other considerations 

I Dual column GC analysis - develop 
separate criteria for each column. 

2 Develop criteria based on the lower of the 
two column results 

1 Set criteria at values determined from 
statistical data - change only if method 
change, or other legitimate reason. 

2 Trend analysis - see table "Test for 
Special Causes" as an aid in diagnosing 
some types of problems. Select 
representative subset of analytes to test for 
data trends. 

Non-statistical options I Set criteria at (possibly non-statistical) 
value determined born data quality 
objectives defined by method, project, etc. 
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Tuble 3e. - Data Presentation - Reagent spike 
Options for presenting data for short and long tenn data evaluation. 

Option Options 
Number ' 

Plot data on control charts for conlpounds 
Graphical display options 1 that are used for control purposes. 
generally used for longer 
tell11 interpretation - 7 Precision chart - plot standard deviation. 

3 Co~ltrol chart bias and precision short, 
long term for different interpretation 

. . purposes. 

Tabular data generally used 1 Tabular recovery data for all analytes in 
for daily, on-line the reagent spike. 
evaluation. 

Table 3f: - Ozitlier. Test - Reagent spike 
Options for outlier testins and rejection. 

Option 
Number Options 

The preferred option. 1 Use non-parametric statistical evaluation 
of data. 

Other options if non- Reject only if legitimate, documentable 
parametric teclmiques are failures, e.g. failed injection, wrong 
not available. standard solution, etc. 

2 For large data sets single pass reject of 
data outside + 3 SD, then recalculate 
criteria once. 

Table 3g. Corrective action syrzopsis -Reagent spike 

Option Options 
Number 

More specific information 1 See the enclosed flow chart and table for 
regarding corrective corrective action for most reagent spike 
actions follows this table recovery failure scenarios. 

Use of data qualifiers Do not use "En (estimated value qualifier) 
for reagent spike results unless 
quantitation is questionable. 

Revision 1.0 October 1, 1998 



QAQC Guidancc Manual Scction G - 7 

6.3.2 Reagent spike recovery failure evaluation 

For most methods, process failures may occur that affect sainples - including QC 
sainples - independently of one another. Therefore, the rallifications of reagent spike 
recovery failure may be difficult to detern~ine, particularly for 'n~ulti-analyte methods. 
The approach described below is to first detennine whether there is evidence that the 
process failure may have affected only the reagent spike. or correspondingly that the 
envirolunental sample data are not adversely affected (fig. 2 and tables 311, 3i, and 3k). 
Ancillary QC data (particularly surrogate recoveries) and preparation notes are crucial to 
this evaluation. If it carnot be determined that only the reagent spike was the victim of a 
process failure, then the severity of the failure must be evaluated in order to detennine the 
corrective action to take (fig. 2 and tables 311 and 3i). The recommended corrective 
action types (CAT) are dependent on the number and types of analytes with unacceptable 
recoveries, as well as the severity of the recovery failures. Key compour~ds are used as 
the primary indicators of process failure because they are selected to represent the 
perfomlance of other method analytes, and their recoveries will ideally correlate well 
with recoveries of relevant surrogate standards so that inferences may be made regarding 
the possible effects on samples. 
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Figure 2. - Reagent spike corrective action flowchart 

corrective actron 
flowchart 

Consider CAT 4-7. 
dependlng on nature and 

recovery for specific 
analytes (part~cularly key 

compounds) as 
applicable In deterrnlnlng Consult wl  superv~sor 
the appmpnate corrective regarding opttons 

actron 

Re~nject or other limlte 
reprocessing 

es< CAT 3 for detects ,,) 
Troubleshoot further 

Failure of 55% 

/ ~ein;ect or other lirnr* 
reprocessing 

--(,. ,,,) 
CAT 3 for detects 
Troubleshoot further 

Posslbie stabstical 

No 

reprocessing 
Yes CAT 3 for detects 

Troubleshoot further 

Consult wl supervisor 
Yes regarding options 

regarding options 
Usually CAT 1-3 
Consider CAT 4-7. 
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Sections 6.3.2.1 and 6.3.2.2 below are to be used with the reagent spike recovery 
failure flowchart. These are general concepts ~lleant to act as guidance in the 
interpretation of reagent spike recovery failures. Other possible scenarios may arise - 
consult with your supervisor or other responsible individuals for assistance in 
interpretation. This is intended to distinguish among the possible reagent spike recovery 
failure modes in order to proceed to the appropriate corrective action(s). The hldanlental 
distinction to be made is whether the failure is indicative of a process error associated 
only with the reagent spike, or a process failure affecting sample data quality. 

6.3.2.1' Direct'evidence oireagent spike only failure - - -  

Direct evidence of laboratory process problems in which the preponderance of 
evidence indicates that only the results of the reagent spike are affected and that sample 
data quality is not adversely affected. Reagent spike results nlay legitimately be 
corrected and documented to recover data, or deleted if the data are inappropriate for 
storage in the reagent spike recovery database. Every effort should .be made to correct 
the problem in order to avoid future recurrence. Examples of evidence include: 

Sample preparation notes andlo; other evidence indicate that improperly 
prepared, stored, or expired reagent spike solution was used. Other QC data 
are in control. 
Evidence that an incorrect amount (including none) of the reagent spike or 
internal standard solution was added to the spike matrix. An incorrect amount 
may have been added due to .an out of calibration dispenser or multiple 
additions of the solution. Other QC data are in control. 
Identified equipment failures (e.g. injection or CCV failure) .or concentrated or 
diluted extract that may be corrected by re-injection or other limited 
reprocessing of the sample. Other QC data are in control. 

6.3.2.2 Evidence that sample data are acceptable 

If there are indicators that processing of the environmental samples was 
acceptable, even when there are one or more failed compounds in the reagent spike, then 

sample data may be reported. All of the conditions below should be met in order to 
consider sample processing to have been acceptably performed. Consult with your 
supervisor if you have any doubt as to how to interpret the results. If you determine that 
a sample-processing problem was encountered, then every effort should be made to 
correct the problem in order to avoid future recurrence. Examples of evidence include: 

Acceptable recoveries of representative surrogates in sarnple(s) andlor blank. 
Refer to section 5 regarding "Surrogate Standards" for guidance on the 
interpretation of surrogate standard recoveries. 
Acceptable recoveries in matrix spikes, field spikes, standard reference 
materials (SRM), certified reference materials (CRM), other spiked samples, 
if present in the sample preparation set. 
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Q Absence of a pattern of failures in recent sample sets (check control charts, 
other analyst's results). 

Q Nonnal indicators of instrunlental analysis of a sample matrix are present - 
baseline noise, typical matrix perturbations, etc., (as opposed to a blank 
clu-omatogranl - noi~l~al  noise not present); verified by re-injection of the 
sample extract if necessary. 
Confidence that the method and SOP were properly followed and that there 
were no errors resulting in sample / reagent spike losses; the absence of 
preparation and / or analysis notes or remarks indicating problems. 

6.4 Corrective action - Reagent Spike 

Figure 2 and tables 3h and 3i provide corrective action guidance for 
enviro~ul~ental samples associated with a failed reagent spike - corroborative infornlation 
(particularly surrogate recoveries) indicates that a process failure has occurred that may 
affect analyte recoveries in some or all of the samples, as well as the reagent spike. In 
general, the severity of the corrective action escalates as the number of analyte recovery 
failures increases, and as their recoveries become poorer (especially lower). Recoveries 
of key con~pounds are used as the primary indicators of process failure, in conjunction 

a with the percentage of all the analytes with unacceptable recoveries. The table was 
developed under the assumption that most analyte recovery failures will occur in the 
same mode - all high or low - it may be conceivably possible to have some analyte 
recoveries fail high and others simultaneously low. Analysts should consult with their 
supervisors to determine what corrective actions to take for these and other unforeseen 
circumstances. Note also that the corrective action options for many conditions are the 
same; it is up to the analyst and supervisor to determine which among the several 
possible options to implement relative to the severity of the failure. 

Revision 1.0 October 1, 1998 



QAQC Guidance Manual Section G - 11 

Table 311 - Nuresnber of allolvable Key Contpound failures and other contpoztreszd failzil-es pel- reagerlt spike based on total restltr?zber of 
con~pounds-per nzethod 

October 1 ,  1998 

Key Failures a 
Reagent Spike 
Recovery: U 

2 2 + 4 s d  

- 
2 X+ 3sd and 

5 2 + 4 s d  

S X- - 3sd and 

2 X- 4sd 

Number of 
5 

0 , 1  

Consult with supervisor 
regarding options: 

Reinject or  other limited 
reprocessing 
Troubleshoot further 
CAT 3 fo r  detects 

Possible statistically 
anon~alous recovery. 
See statistical anomaly 
diagnosis guidance below. 
CAT 1 

Possible statistically 
anomalous recovery. 
See statistical anomaly 
diagnosis guidance below. 
CAT 1 

- 
2 X- 4sd Consult with supervisor 
or  1/2 LCL (lower regarding options: 
c o ~ ~ t r o l  limit) CAT 5 - 8 a s  applicable 

failed analytes 
5% 

> 1 

Consult with supervisor 
regarding options: 

Reinject or other limited 
reprocessing 
Troubleshoot further 
CAT 3 for detects 

Consult with supervisor 
regarding options: 

Reinject or other linuted 
reprocessing 
Troubleshoot further 
CAT3 

Consult with supervisor 
regarding options: 

Usually CAT 1-3 
Consider CAT 4-7 
depending on nature and 
degree of failure. 

Consult with supervisor 
regarding options: 
CAT 5 - 8 as applicable 

> 

(',I 

Consult with supervisor 
regarding options: 

Reuiject or other limited 
reprocessing 
Troubleshoot further 
CAT 3 for detects 

Consult with supervisor 
regarding options: 

Reinject or other limited 
reprocessing 
Troubleshoot further 
CAT3 

Consult with supervisor 
regarding optlons: 

Usually CAT 1-3 
Consider CAT 4-7 
depending on nature and 
degree of failure. 

Consult with supervisor 
regarding options: 
CAT 5 - 8 as applicable. 

5% 
> 1 

Consult with supervisor 
regarding options: 

Reinject or other limited 
reprocessing 
Troubleshoot further 
CAT 3 for detects 

Consult with supervisor 
regarding options: 

Reinject or other limited 
reprocessing 
Troubleshoot fiuther 
CAT3 

Consult with supervisor 
regarding options: 

Usually CAT 1-3 
Consider CAT 4-7 
depending on nature and 
degree of failure. 

Consult with supervisor 
regarding options: 
CAT 5 - 8 as applicable 
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Table 3i List of Corrective Actiot~ Types (CA T) 
CAT Description ~ e f u n d ? '  Should data go 

into 
WATSTORE? 

1 Qualify sample data in data pack with standardized No Yes 
qualifiers as applicable. 

2 D-R affected QC results No --- 

3 Qualify sample data in-data base-(E or other similar No Yes 
data qualifier2) as well as in data pack. 

4 Qualify sample data by memo to customer as well as in No Yes 
data pack. 

5 Re-prepare sample, re-evaluate, if replicate is available. No y e s  

6 -Adjust analyte report levels 4, qualify sample data in Probably not Yes 
data pack. 

7 CAT 4 plus D-M affected analytes in san~ple results. Maybe Maybe 

8 CAT 4 plus D-R affected analytes in sample results. Yes No 

Footnotes: 
1. Prorate refund according to the degree of loss as applicable. 
2 .  Under normal circumstances the "E" (estimated result) qualifier should not be applied to 

reagent spike results, although it may be applicable to the environmental sample results. 
3. Report replicate results to WATSTORE if associated QC results are acceptable. 
4. Adjust analyte report levels for non-detected compounds in direct proportion to the 

(unacceptable) recovery: RLz = 100 * (RLI)/(R%); where RL1,W2 are the old and new 
report levels respectively, and R./, is the analyte percent recovery in the spike in question. 
Tlis is intended to be an expeditious way to flag the results, pending the availability of 
more appropriate data qualifiers. 

5. D-M: Data quality is inappropriate for WATSTORE, but may be of use to the customer 
when sufficiently qualified. 

6. D-R: Data are non-existent or completely uninterpretable. 
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6.5 Statistical anomaly diagnosis - Reagent spike 

As the number of analytes detennined in a  neth hod increases, the likelihood of an 
analyte failure in a reagent spike attributable to statistical occurrence increases3. 
Therefore, it is necessary to distinguish between statistical and process failures because 
false out of control signals may lead to unnecessary reanalyses. It is inlportant that 
analysts use their judgnient in interpreting results - if it looks like a process failure, the11 
determine the action to take according to the corrective action guidance. The following 
conditions are used to classify analyte failure in a reagent spike as a statistical anomaly: 

Reagent spike perforrna~~ce evaluation criteria were derived fronl statistical data 
as described in the reagent spike criteria developnleilt guidelines, and 
observed marginal reagent spike failure of a stable compound., and/or 
reagent spike failure of the compound in question is generally not indicative of 
process failure, and/or 
the analyte in question does not fail reagent spike criteria frequently (statistically 
approxilnately 11 100 determinations). 

Table 3j provides a description of the nulnber of allowable analyte failures in a 
reagent spike to be considered a statistically anomalous condition, given the above 
guidelines: 

Table 3j. Nui~zber ofperntissible failed cor?zporrirds in a reagent spike if due to 
statistical a~zonzaly 

Number of Pernlissible 
compounds number of 
determined failed 

compounds 

3 ~rovost;  Elder, "Choosing Cost Effective QAIQC Programs for Chemical Analysis", USEPA report no. 
EPAl60014-8.51056, 1985. 

Revision 1.0 October 1, 1998 



Q:\QC Guidancc Manual 

a; 
7. Rletl~od Blank 

7.1 Definition - Method blank 

A method blank consists of a representative matrix with minimal analyte 
illterfere~lces that is carried tl~rough the entire sample preparation and analytical procedure. 
,411 reagents are added in the same volunles or same proportions as the environmental 
samples. For most water samples, analyte-free water is the synthetic matrix used as the 
method blank matrix. An exception is the determination of organochlorine compounds by 
cas chro~~~atogap l~y  with electron capture detection. In this case, it is difficult to prepare - 
interference-free water, so the method blank consists of the extraction solvent and reagents 
placed into a sample bottle. For tissue and sediment samples, sodium sulfate is used as the 
sylthetic matrix blank. There are many different types of blanks used for the evaluation of 
potential sample contamination during sanlpling, transport, storage, and laboratory 
analysis. For the purpose of this discussion, only blanks used for routine laboratory 
process control \\rill be considered. Syllonynls include set blank, reagent blank, laboratory 
reagent blank, nlethod reagent blank, blank control sample. 

7.2 Calculation - Method blank 

Quantitate detections in method blanks and tabulate. The actual method for the 
determination and evaluationof blank data may differ from method to method based on the 
measurement and the data system used. There are two options for blank record keeping. 
Record nondetections ( ~ N D V  or <MRL) in the blank as zero for calculation purposes. 
Alternatively, record all quantitated results, regardless of identification criteria. This will 
assure that blanks are not censored because of failed identification criteria, when slightly 
higher concentration sample results are recorded (identification criteria are met in sample 
and fail in blark) and skew the data. Keep historical'records in the same data set for as 
long as the process is producing similar data. An ideal data set will include over 100 
method blanks. The 95th percentile concentrations will determine the concentration of a 
"normal" blank. For most organic methods, the blank amount must poJ be subtracted from 
the amount detected in an environrnental sample. The blank amount may, however, be 
used as a censoring level, when historical blank levels are separated from true 
environrnental sample detections. In some cases, the method blank amount may be 
included as the zero amount in a calibration curve. 

7.3 Application - Chronic and nonchronic method blank contaminants 

The method blank is used to identify contamination from the laboratory during 
sample preparation and analysis. There are two types of blank contaminants defined for 
sample data reporting - chronic and nonchronic blank contaminants. 
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Chronic blil~lk contaminants are interpreted as if they are always present, even if 
they are not detected in 'samples a12dIor blanks, or if the calculated background 
concentration varies. Chronic blank contaminants are frequently detected in blanks (greater 
than 10 percent) and samples due to process contanlination. Because their presence is 
frequent, it is difficult to d e t e n ~ ~ i n e  if similar collcentrations of the contanli~lant fomd in 
the e~lvirolllnental sanlples are true. For that reason, chronic blank contaminants are 
conservatively judged as if they are al~vays present in all e~l\~iroilmental sanples at a 
concentration equal to the 95th percentile concentrationi 

Nonchronic blank contaminants are treated as found in daily blarlks, that is, 
negative results are recorded as nondetections, and positive resuIts are recorded and used to 
interpret sample results. Sample data are adjusted for positive detectioils in the daily 
metl~od blank. Nonchronic blank contanlinants are rarely detected in blanks (less than 10 
percent) and therefore are judged, when not present in the blank, to be absent in sanlples. 

For a method blank to be acceptable, the concentration of each c o n ~ p o u ~ d  should 
be undetected, or detected at less than the MRL or NDV. If a compound is detected in the 
method blank, an attempt is made to identify the source of conta~lination and to take 
corrective action. Data reporting strategies are outlined for chronic contarnillants 
differently than for noncluonic contaminants. Refer to fig. 3 for guidance. 

7.3.1 Establishing acceptance criteria - Method blank 

The following tables list options for methods of establishing acceptance criteria. 
The format of these tables is repeated in this guidance document for each quality control 
tool. Each heading (e.g. - data compilation) lists compollents that need to be individually 
defined for each method. If multiple options are listed for addressing a given topic, then 
the most appropriate option for a given analysis may selected. When a single option is 
listed, then the listed option is the standard for the Organic Program. If this option .is 
unworkable for a specific method, then an alternate choice must be justified. 
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0 Table 4n. Data con~pilation -Method blu~zks 
Description of the data used to develop criteria 

Option Options Number 

Conlpositio~l of the QC 1 "Clean" matrix - best available matrix as 
standard material analyte free as possible. 

2 Reagents, surrogates, internal standards, 
etc. are added as appropriate. 

Data used for statistical 1 Conlpile recovery data for all met11od 
compilatiorl blanks. Delete data for known process 

failures. Report anal ytes detected < MRL, 
flag with E code. If unknown 
interference, raise MRL in proportion to 
the interference, if appropriate. 

Options defining the size 1 Ideally n 2 100; compile data 
of the data set for statistical continuously. Process changes affecting 
criteria blank performance may necessitate 

development of a new data set. 
2 Compile all data over a defined time 

period. 
3 For 11 < 100 evaluate data frequently; use 

judopent to develop interim criteria based 
on criteria development guidelines. 

Dual-column data 
considerations 

1 For dual column analyses compile data 
from results determined according to the 
procedure used to report sample results. 

2 For dual column analysis compile data 
independently for each column including 
interferences. 
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Table 4b - Multi-instrutiterzt arralyses - ilfetlrod blattks 
How to handle data for-multi-instrument analyses. 

Option Options 
Nunlb er 

Compile for individual or 1 Pool results for all irlstru~~~ents used 'in the 
pooled instrument data a~~alysis. 

Dual column 1 For dual-column data analysis co~npile 
considerations - data independently for each colunm. 

3 - Record lowest result of either colu~l~n 
data. 

3 Record interferences as well 

Table 4c. Review or Update Freqrierrcy - Metlrod blarzlis 
Interval for evaluation of QC criteria with possible update of criteria - this may coincide with the 
data compilation interval. 

Option Options 
Number 

Based on a defined time 1 Defined time interval, e.g. quarterly. Data 
interval should be reviewed at least annually. 

2 Use longerlshorter time intervals. with 
different evaluation purposes. 

Based on data set size Data should be evaluated frequently for n 
c 100 to determine whether potential 
chronic blank contamination occurs. 

Other considerations 

Other considerations 

When si,gnificant change occurs in process 
that may affect data. 
The main concern is bias, precision may 
be an issue if blank interference 
concentration is relatively constant - a 
constant blank contaminant may introduce 
a bias that may affect MDL determination. 

Revision 1.0 October 1, 1998 



Scction 7 - 5 

Table 4d Acceptance criteria for rtretliod blarrks 
Deterruir~ation of QC criteria - results outside of criteria require corrective action. 

Option 
Number 

Options 

Statistical Criteria CIzro~tic blank contanzilzalzt: an analyte 
(Goal: 11011-paranletric 1 that is detected in 2 10 % of historical 
sto tistical criteria} blanks (rr 2 100). Calculate the 95th 

percentile concentration (Css) for chronic 
blaik contamiilants using all detections 
and substituting a zero value for all non- 
detections (see calculation instructions 
below. 

11litial (provisional) criteria 1 No detections above MRL or NDV 
2 For n < 100 evaluate data frequently; use 

jud,gnent to develop interim criteria. 
Calculate or estimate Css value if chro~lic 
blank contamination condition is apparent. 

Maximum limits for 1 CsS -< NDV; NDV should be redetermined 
control limit criteria if Css > NDV. 
Options for dual colunln 1 Treat single column interferences as blank 
analyses contaminants so these peaks do not cause 

false confirmation of detection. 
Other considerations 1 It may be apparent early in the 

development of the blank data that 
chronic contamination is occuning; 
consult and use judgment to determine 
how to develop criteria and interpret 
sample data. 

Non-statistical options 1 For non-chronic blank contaminants and 
limited hstorical data set size (11 4 0 0 )  
use set blank for data interpretation. 
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Table 4e. Data Prese~ttatio~z - Metlzod blnrrk 
Options for presenting data for short and long ten11 data evaluation 

Option Options 
Number 

Graphical display options 1 Use box plots to display concei~tration 
distribution of blank contamil~ation. 

2 Chart concentratiol~ vs. time for possible 
data trend evaluation. 

Tabular data generally used 1 Use tables to document I~istorical blank 
for daily, on-line data, include zero as the value for 
e\,aluation. nondetection. Tabular reports are 

iinportant for short-tell11 data evaluation 
of small historical data sets. 

Table 4$ Outlier Test - Method blank 
Options for outlier testing and rejection. 

Option Options 
Number 

Definition of blank data set 1 Reject only if legitimate, documentable 
outliers failure, e.g. known contamination 

incident; contaminated reagents, etc. 

Table 4g. Corrective actiorz syrzopsis - Metlzod blairk 

Option Options 
Number 

More specific information 1 Blank detections above MRL are process 
regarding corrective failures. Follow the flowchart for other 
actions follows this table. scenarios. 

Use of data qualifiers 1 Raise report leiels when the blank and 
sample result are similar. Use "E" for 

estimated when blank values are much 
lower than sample results. Use "V" for 
chronic blank contaminant when the 
sample result is less than ten times the Cg5 
result and greater than the blank value. 

Other considerations 1 For n c 100 interpret data as non-chronic 
(if appropriate) using the method blank 
data interpretation flowchart. 
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7.4 Method blank failure evaluation 

Any blank detection greater than NDV or MRL is indicative of a potential process 
failure. Deternlination of a blank-contamination related process failure is a metl~od 
specific interpretation process that is dependent on the number of contaminating analytes 
(or nondescript background contaminants) and their concentrations. A process failure for a 
blank requires investigation as to the cause and the effect. Corrective action must be taken 
to c o ~ ~ e c t  the source of contamination and to mitigate the effects. 

Blank detectiolls below the NDV or MRL require bfferent strategies for sample 
data interpretation. Based on the frequency of detections in historical blank data, each 
analyte in a method is classified as a chronic (frequency 2 10%) or non-chronic (< 10%) 
b l a k  contaninant. This classification determines how relevant an individual set blank is 
relative to its associated samples. Individual set blank data are generally not immediately 
relevant for analytes determined to be chronic blank contaminants, unless the concentration 
is abnornlally high enough to indicate a process failure. Cluonic blank contaminants are 
treated as though the analyte were detected in every blank, whether actually detected or not 
detected in any given blank. Thus, the main concern for cl~ronic blank contaminants is the 
an~our~t  of analyte in the sample relative to the chronic blank contaminant amount (C95) 
and the non-detection value W V )  or MRL. Cg5 is used as the blank contamination 
an~ount to compare to the amount of analyte detected in samples, in lieu of the individual 
set blank data. 

The Cs5 value was selected to represent the clxonic blank contamination amount 
because the majority of actual blank concentrations are, as a rule, in the undetectable 
portion of the data distribution; i.e. the actual detections are just the tip of the blank data 
iceberg. Thus the typical values used to characterize data, such as mean and median, 
would not appropriately characterize the data. Note that it is crucial to ensure that non- 
detections are included in the blank data set, by assigning them a value of zero, in order to 
properly represent the data and calculate the 9sth percentile value. Alternatively, non- 
detections can be entered as the calculated concentration to assure that censoring blank 
detections does not skew interpretation of low-concentration environmental sample 
contaminants. 

The individual blank results for non-chronic blank contaminants are immediately 
relevant to their associated sample data to evaluate process failures and environmental 
sample results. Blank data are used to evaluate the presencelabsence and amounts of non- 
chronic contaminants in all of the samples in the associated sample set. 

Details for the interpretation of chronic and non-chronic corrective action options 
are provided in the method blank data interpretation flowchart, fig. 3. 
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7.4.1 Special consideratioils - Method Blank - Dual-column analyses 

Dual-column analyses generally require compound detection co~lfirnlation by the 
presence of a peak on each of two dissinlilar columns at t l~e  correct relative retention times. 
If an analyte detected in the method blank is verified on both analytical colu~ms,  then 
interpret sample data according to the general guidance given above. For correct blank 
interpretation, any peak that is detected at the target conlpound retention time in both the 
blanlc and samples needs to be coilsidered a possible interference, even if not verified on 
both columns. The analyst nlust not interpret the interference peak as confinnation of a 
target conlpound in the sanlples, if there is a confilnling peak on the other colunm. For 
confim~ation in samples with an interference peak, the calculated anlount of the 
interference peak needs to be at least equal to the sum of amount of the interference plus 
the amount of target colnpound in order to be considered a confirmation. The amount 
quantitated on the uninterfered colunln should be the value reported to the data user. 
Alternatively, confirmation can be obtained in some other manner - inass spectrometry, 
third-column identification, standard addition, or fractionation. 

7.5 Corrective Action - Method blank 

If the daily method blank is greater than NDV for any contaminant (chronic or 
nonchronic), treat the situation as a process failure. Any time a sample detection of a 
contaminant is similar in concentration to the blank concentration, the sample detection is 
suspect. All other situations should address blank contaminant concentrations below the 
NDV according to fig. 3 and the following examples: 

A. If the blank is less than NDV 
. and the sample is less than NDV 

but the sample is greater than 10 times the blank . 

Zero MDL NDV 

< . > . . . . . 
Blank 1 O*Blank Sample 

Then: Report the sample result with an "E" remark code 

t .  
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E. If the blank is less tlian NDV 
and the sample is greater than the NDV 

and the sample is less than 'or equal to 10 times Cg5 (c11r011ic 
contaminal~ ts) 
OR the sanlple is less than or equal to 10 times the daily blank 
(nonclvonic) 

Zero MDL NDV 

Blank 10*Blank 

Then: Report the sample with a V code for chronics 
Report the sample with an E code for nonchronics 
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Figure 3. Bla~llk data interpretation flowchart 

Atypical appearance relative to Corrective Action 
historical performance? - 
several analytes detected, 

unusually high concentration 
levels, unknown interferences? . Reanalyze 

. Reprepare 

Troubleshoot - Consult wl  supervisor, project chief. 

consider process 
suggest a general process 

changes, reagents, 

, Qualify 
Calculate new blank criteria. 

Evaluate each 
,i' analyte detected in 

i an environmental 

i sample 

,\ Continue to evaluate by the flowchart 
0 

0 

/ 
. 

Key to symbols 
C,  = Sample concentration of analyte. 
C, = Concentrat~on of analyte In method 
blank 
NDV = Non-detection value 
C,, = 95th percentile concentration of 
analyte In htstor~cal method blanks 

. 

I 
(chronic), or 

I 
I 
I 
I 

Raise report 
.level (< C,) 

chronic and / \ <NDV J 

Report: 
Cs - V code (chronic) 
Cs - E code (non- 

chronic) 

Yes 1 Repoyt: ,. 
\ L s  1 

File: Blank Flowchart 981 112 
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Appendix A - Glossary 

Batch - one or more sample sets treated together using the sanle QC data for 
determination of acceptance or rejection of data. 

Calibration -the process of standardizing an analytical instrunlent in order to equate 
instrument response to the a~nount of the ~llaterial in question.. 

Calibration standard - standards used to create a calibration curve and define the 
concentration range of analysis. 

Canaries - colllpounds that are sensitive to possible processing enors and may be 
indicative of specific failures. 

Catastrophic failure - an out of bound condition that is an unequivocal indication that 
san~ple data quality is compromised. See section 5.3.2. 

Chronic blank contaminant - compounds that are detected in collective method blanks 
greater than or equal to 10 percent of the time. 

Continuing calibration verification standard (CCV) - A standard solution used in 
instrumental analysis to check instrument stability in relationship to the calibration 
standard curve. 

Control limits - the bounds against which QC data are evaluated to determine whether 
corrective action is necessary. The upper and lower control limits are typically calculated 
as the mean value of the QC data set plus and minus three standard deviations (orf-pseudo 
sigma), respectively. 

Corrective action - the action taken on a failed quality-control result. 

Correctable laboratory failure - Laboratory problems wherein sample data quality is not 
affected. The preponderance of evidence is that the failure will not affect some or all 

aspects of data quality. Results can be legitimately corrected and documented to recover 
data. 

Data qualifiers - codes attached to numeric results that intend to modify the meaning of 
the result. 

Flakes - compounds that do not perform ideally in a given method, typically with large 
standard deviations, or frequent performance problems. Flakes are generally identified as 
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co~llpounds with mean recoveries outside of 60 - 120%, and/or standard deviations greater 
t11a11 15%. 

Internal Standard - Internal standard (IS) quantitation is a procedure used in 
cl~romatograpl~ic methods in which a known amount of a standard material (the IS) is 
added to each calibration standard, sample, blank or spike analyzed. The IS is added to 
serve as a retention time (RT) reference to i~mprove qualitative certainty andlor as a 
reference amount on wl~ich analyte quantitatio~l is based. 

Key compounds - Reagent spike co~npouilds whose recoveries are used to diagnose the 
. .  . .. . . 

possibility of catastrophic failureduring sample processing. See section 7.1. 

Method blank - A representative matrix with minimal analyte interfere~lces processed 
tlrough the entire sample -preparation aid analytical procedure - used to assess 
contanlination due to the 1aboratory.procedure. 

Nonclironic blank contaminant - compoullds that are detected in collective method 
blanks less than 10 percent of the time. 

. . 

Noncorrectable laboratory failure - A laboratory problem that adversely affects data 
quality, and cannot be corrected or adequately documented to recover all or part of the 

a, data. 

Non-parametric statistics - Statistical data evaluation method, in which no assumptions 
are made about the distribution of the data. In particular, one does not need to test or 
assume that the data are nornlally distributed in order to apply the calculation and 
interpretation techniques of non-parametric statistics. 

Outlier test - A statistical assessment of a population to determine if certain values are not 
part of the same population. a 

Performance evaluation mix - a standard solution injected into an analytical instrument 
for assessing specific indicators of instrument performance, such as sensitivity and 
resolution. 

Process failure - An occurrence in sample processing that yields unacceptable QC results. 

Reagent spike - a synthetic matrix fortified with known concentrations of all or a 
representative selection of, the method analytes. 

Run sequence - The order in which environmental and QC samples are sequentially 
processed during instrument a1 analysis. 

Sample set - a group of samples processed identically under the same QC for 
determination of acceptance or rejection of data. 
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Sequence (see run sequence) - 

Statistical anomaly - an out of control QC result that may' be attributed to statistical 
perfomlance of the data rather than the process, e.g, at the 99'" percent confidence interval, 
one in one-hundred detenllinations will fail statistically. 

Surrogate standard - compounds sinlilar in physical and chemical properties to the 
con~pounds of interest in a given method. Surrogates are added to all en\lironnlental 
sanlples, reagent spikes, method blanks and other relevant QC sanlples for applicable 
methods. Surrogate recoveries provide QC infonnation to monitor goss  sanlple processing 
errors and matrix effects. 

Third-party check standard - An independently prepared standard solution used to 
verify accuracy of the calibration solution. Must be from a different lot and prepared by a 
different manufacturer (or person). 

\TJarning limits - The upper and lower warning limits are typically calculated as the mean 
value of the QC data set plus and minus two standard deviations (or jlpseudo sigma), 
respectively. QC results that are between the warning and control limits are generally 
taken to be an indication that process failure is imminent. 
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Appendix B - Robust statistics and description of F-pseudosigma 

The routine summary statistics for a sanlple consisting of n observations, x,, x2, x-3, ..., x,,, are the 
sanple mean given by 

and sample variance given by 

The sanlple standard deviation is the square root of the sample variance. Statisticians generally refer 
to the mean and variance as measures df location and spread of the data. In quality control, the mean 
is the process average and the standard deviation is the process variability (or precision). If the 
process average is different than the desired or expected process average, there is bias in the process. 
If the process is exhibiting greater variability than expected, there is greater chance for the process to 
lack control. Both situations are indications of an out-of-control process. 

For exploratory puyoses and for deternlining initial process control limits, it is advantageous to use 
simple summaries based on sorting and counting (ranking). The summaries can be robust; that is, a 
change in a small part of the sample can have only a small effect on the summary statistics. The 
sanlple mean and variance do not behave in this way. A'single wild datum can have a substantial 
effect on the calculated mean and variance. The robust statistical parameter for location is the 
median, or 5oth percentile (P.50). The median is determined by sorting and ranking the data in order 
of magnitude (smallest to largest value). For n data values, after sorting and ranking, xl is the 
smallest and x, is the largest data value. For an odd number of observations, the median is. the dtiia 
value, which has an equal number of observations above and below it. For an even number of 
observations, the median is the average of the two central observations. The median is given by 

when n is odd, and 

I .  
median = - (x-(,,2, + x(n/2)+1 2 

when n is even. 

The most common robust measure of spread in the inierquartile range (IQR). This is the range of the 
central 50-percent of the data. Determination of the IQR is not influenced by the magnitude of the 
data values found in the 25-percent of the data on each end. The IQR is defined as the 75th percenti:o 
subtracted by the 25th percentile. The 75th, 5oth (median), and 25th percentiles split the ranks of data 
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into four equal-numbered quarters. Tweniy-five percent of the data lie below the 25"' percentile and 
25 percent of the data lie above the 75Ih percentile. 

Another common measure of data spread is the F-spread or fourth spread. The F-spread is calculated 
from the depth of fourths. This is sin~ilar to the interquartile range in that the ranked data are divided 
into equal sized fourths. The depth of the data value is the smaller of ,its upward rank and its 
downward rank. The fourths are values taken directly from the ranked data set. Therefore, unlike the 
percentiles, which can be a calculated value. The depth of fourth is given by 

depth of fourth = Jdepth of medianl+l 
2 

So~lletimes the depth of fourth is also refered to as the hinge, ie., the lower linge is the lower depth 
of fourth and the upper hinge is the upper depth of fourth. For large data sets (11>/=30, the 25''' 
percentile, the lower depth of fourth, and the lower hinge are approxin~ately the same (as are the 75th 
percentile, upper depth of fourth, and upper hinge). Computer statistical applications usually provide 
and option to calculate the interquartile range and the median in a statistical sumnlary. 

How does one distinguish data values that may not appear to be part of the population short of 
knowing the history of obtaining the data? , a  
It would be usehl if we could identify outliers corresponding to different underlying behavior for 
certain values as compared with that of the bulk of the data. The explanation for the difference may 
lie in how the quantity we are studying truly behaves, how we measured it, or how we mishandled 
the measurements. Identifying outliers with certainty is not possible. The best we can do is cut off 
some values for special attention. Many of the values outside the cutoffs will not be outliers as they 
may have been produced under the same underlying conditions as the bulk of the data. We want 
assurance that we can separate the true outliers without sacrificing too much of the data that 
accurately describe the behavior of the majority of the data. To do this we rely on the central portion 
of the data rather than the extremes of the data to describe behavior. 

To examine a data set for outlying values, a measure of spread that is insensitive to outliers is needed. 
The IQR or F-spread provide such a measure, whereas, standard deviation and mean do not. The F- 
spread or IQR single out the central 50 percent of the data leaving tail areas of 25 percent on either 

When we otherwise think of standard deviation or variance, we can obtain a robust analogue by 
aslung what a standard deviation or variance for a normal distribution need to be in order to yield the 
same F-spread as the data. The fourths of a normal kistribution are p - 0.67450 and p + 0.67450 
yielding an F-spread of 1 :3490. 
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mi F-pseudosipma would then be 

F - spread IQR =- 
1.349 1.349 

This ratio is known as F-pseudosigr~~a, and its square (analogous to variance) is the F- 
pseudovariance. 

-- When the data appear to be normally distributed (the usual case), the F-pseudosigma is an estimate of 
signla and its value is close to the sanlple standard deviation. Using the robust F-pseudosigma, in 
addition to, or instead of the standard deviation has advantages, particularly when the data are close 
to being normally distributed except for a few extreme observations. If the two estimates differ, the 
F-pseudosigna may be the preferred estimate. 

For quality control purposes, the assumptions of repeated measures of a process characteristic should 
expect the measurements to be normally distributed. If the assumptions of normality are accepted, 
then F-pseudosign~a is acceptable as an alternative to standard deviation. Conversely, if normality 
assunlptions do not apply, then neither F-pseudosi,gma, nor standard deviation is a good estimator of 
process spread, so some other measure may be more appropriate. F-pseudosigma can replace 
standard deviation in quality control applications, especially for obtaining initial estimates of process 

' 
variability. T h s  can be shown using the following examples. Data set A is approximately normally 
distributed whle  data set B has 5 percent of the observations that do not fit the normal distribution. 
Box plots and descriptive statistics for the two data sets are presented in figure 1. 

6 
Data Set A Data Set 0 

Mean Sld. Dev. Median OR F-pseudosigma 
Data Set A 9.961 1.058 9.924 1.427 1.058 

Data Set B 10.016 1.353 9.924 1.427 1.058 

Figure 1 .-Box plots and descriptive statistics for two data sets. Data set A is approximately normal 

, and data set B is the same data except 5 data values were replaced with extreme values. 
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Appendix C - Changes and additions 

Revision notes 
Revision 1 .O - May 22, 1998. 

Part IV includes four major quality-control components: 
Continuing calibration verification standards 
Surrogate standards 
Reagent spikes 
Method blanks 
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ATTACHNIENT F 

FIELD DATA SHEETS 
AND EXAMPLE FIELD AUDIT CHECKLIST 



I B O A - 1  319: U.S. GEOLOGICAL SURVEY, WRD, SURFACE-WATER QUALITY FIELD NOTES 
pnn,,np, 
1st ed.) 

Proj. Name, No. Oat e 

Istation Sta.No. 

, S a m p l e d  By Mean Time SMS Cntrl. No. 

Record No. Sample Purpose (71 999) : 
SAMPLES COLLECTED 

Nutrients 0 TOC 0 
Major Ions 0 DOC 0 
SOC 0 Vol. FIL mL 
BOD 0 Turbidity 0 
COD 0 0 

0 
ORGANICS TR. ELEMENTS 

Pesticide 0 Unfiltered 
VOC O Fihered D 
BNA 0 D 
0 Bottom n 

Sediment O 
Sediment 
Sed. Bot. Material 0 
Sand SplitIBreak 0 

/I Lab Codes Add (A) Delete (D) /Born: Bedrock Rock Cobble Gravel Sand Mud Concrete Other 

Stage Conditions: 9 Stable, normal 7 Peak 

FIELD MEASUREMENTS 
Q. Inst. (00061) cfs meas. Alkallnlty ( ) mg/L 

Gage Ht (00065) rating 
n. est. Bicarbonate ( 1 mglL 

Temp. Water (00010) 
0 

C Carbonate ( 1 mg1L 
O 

Temp. Air (00020) C Hydroxide ( 1 mgIL 

PH (00400) unks E. CoIi (31633) col./l 00 mL; Rmk - 
-. - 

Sp' COnd. (00095) pS1cm 25 C FC (31 625) co1./100 mL; Rmk - 

Dis. Oxy. (00300) mgR 
FS (3 1 673) co1./100 mL; Rrnk - 

DO sat (00301) % Other: 

Bar. Press. (00025) mm Hg 
SAMPLING CONDITIONS 

Location: Wading, cable, ice, boat, bridge, upstr., downstr., side bridge tl mile, 
above. below gage, end 
Sampling stte: Pool Riffle Open Channel Braided Backwater Sampler T y p  

Sample Method: E%'i ED1 OTHER Sampler ID 

Radiochemical 0 
Isotope 

0 
LABORATORY SCHEDULES 

Lab Schedules Req. (or copy of 
lab request form attached 0 ) 

A Not Determined 5 Falling 
4 Stable, low 6 Stable, high 

N~~~~ size Nozzle Made of Bottle type, size 

Sample Spll: Churn Cone Other Made of 

~0 RB Stream Width Sampling Pts. 

8 Rising 

1 (option: LEAVE BLANK IF NONE) 1 Other ~ c e  Thickness ice cover I 

I . . 
Observations: 

(Codes: O-none I-IM 2-w sseriocls 

Hydrologic Event: 9 Routine amp.  A Spg. breakup B Ice Cover 

1 Drought 2 Spill 3 Reg. Flow 4 Snowmek 7 Flood 

Floating debris (01345): - 
Floating garbage (01320): - 
Floating algae mats (01325) : . 
Fish kill (01340) : - 
Getergent suds (01305) : - 

I I (Cont. p. 3,4) 

Stream color(s): brown green blue gray other 

Stream Mixing: Excellent Good Fair Poor ClafiFurbidity: 

Weather: Clear Partly Cloudy Cloudy Light Medium Heavy Snow Rain 
Calm tight Breeze Very Gusty Windy Very Cold Warm Hot Other 

Turbidity (01350): - 
Atms. Odor (01330): - 
Oil-grease (01300): - 

Other Observations 

Sampling G HT 
Start Time 

End Time Checked by Date 



TEMPERATURE Lab Tasted Thermometer u d  0 Yes fl NO, 
Thermometer o N~ In remarb 
Checked w/ASTM within + 0.5 C; Date - 

AMPULE LOT NUMBERS: 
nlaic mercuric 
acld chloride 

nltrlc acldlpotasslum d k h m a t e  

P" 
Mtr W-no. METER MakeIModel 
electrode no. 

unfiltered filtered 
sample 0 sample 

Temp correction factors for 

buffers applied? 0 YES 0 NO 

Initial Reading 

electrode type 
pH Buffer 

- 

stirrer used? YES 0 NO 

.O. measurement location 
or D.O. subsample from : single point at st8 depth vertical avg of points x-sec avg of 

Air Calibration in Water 0 Air Calibration Chamber in Air (using zero D.O. solution) 

Air-Saturation Deionized Water [ Calibration by Winkler Tiration Thermister Check ( YES ( NO 
(attach Supplementary Winkler page) 

Chart D.O. Sat. 

Meter D.O. Sat. 

(if corr. factor applicable) 

Adj. Reading 7zZ Remarks 

I 

QUALlN ASSURANCE SAMPLES 
Were quality assurance samples collected? 
0 YES NO If YES indicate type(s) : 

Organic- water from 
free Dl sampling site 

Replicate 0 0 
Spike 0 0 0 

Supplementary 
Field Blank 0 ] page geladditional 

QA sample info 
Trip 0 0 attached 0 

Calibration Notes and Remarks 

Other 0 Indicate Type@) : 



ALKALINITY 
Vol ec~d ~ V o l  acid PH I pH / A pH /DC or mL(DC or mL / n Vol acid I Date Time 

pH to endpoint near 4.5 = 

* 
APPLY CORRECTION FACTOR (CF) IF ACID USED FOR 

BURETTE TITRATION HAS NONSTANDARD NORMAlJlY- 
CF - cur. tactor - H2S04 norrnalkyty/D.OlW9 

0: 

pH to endpoint near 8.3 = 

B = DC or mLs acid from initial 

I I ........................................................................................................ 

.......................................................................................................... 

........................................................................................................... 

.......................................................................................................... 

........................................................................................................... 

E 

O 

1 

F2 

F3 

CALCULATIONS : 

-2 1 * 
C O = K x  x CF 

3 mL sample 

-1 2 
* 

HCO = [B -2 (A ) ]  x 
3 

x CF; 
rnL sample 

ALKALlNrrY * 
as CaCO = B x 

F3 x CF 
3 rnL sample , 

A = DC or rnLs.acid from initial 

E 
O 

2 
F1 

F2 
F 
3 .  

I .. ,. ............. "' ...-..-.r..............-..... ' I - i  

DIGITAL COUNT 
TITRATION (DC) 
Using "ring 
0.1600 1.60 
normal normal 

* 
BURETTE 

TITRATION (mL) 
Using ml of 

0.01 639 normal 

ZS04 

983.5 

1000 

820.2 

12.0 

122  

10.0 

I I I 

Acid Lot No. : 

Sample Volume : mL 

120 

1 22 

100 

.......................... ...................i ......................................... 

I . Acid: 1.60 N 0.1600 N 0.01639N OTHER 

(IMPORTANT : CF NOT APPLICABLE FOR THE DIGITAL m A T I O N  FACTORS 
SHOWN; use only with nonstandard normality B U R m  titration) 

NOTE: 
I " 

I 

Sample stirred : magnetically ( manually 

pH: Start End 

DC (Digital Counts) or 
Vol. titrated at End Point near pH 8.3 : 

Digital Counts or 
Vol. titrated at End Point near pH 4.5 : 

Incremental Fixed 
Equivalence 0 End Point ::$ion 

-ALKAUNTP( ( 1 mg/L as CaC03 ATTACH OUTPUT COPY 

-t IF ALKALINITY VALUES 
BICARBONATE ( 1 mglL as ARE c n ~ c u m ~  USING 

-2 

........................................ 

/ 0 iittered 0 Unfiltered 

1 CARBONATE ( 1 m g / ~  as co A COMPUTER PROQWM 
.... I ....... I ...............-. 

! .. ..............-.. 

I 

a I 



E. co~l(31633) 
Time collected : 

Timein 
@ 35 C :  Date : 

0 

Time in @ 44.5 C : 
Time out : Date : 

Vol. Used In 
(mu Count ca~cu~etion? Remarks 

Blank 

t * ~ l a n k I  

I 
1 

hmarks 1  - Lans man 2 - Greater man 

0 - Est, ct K - non Ideal ct 

Incub. Time 2 hrs @ 350~ followed by : 
20-24 hrs @ 44.5'~ fitt. size 

Ideal count 20-80 col. 

E. COU COUNT /I 00 rnL ; Rrnk- 

CALCULATIONS 

Miscellaneous Section (Notes/Sketches/Calculations/X-Sec. & Etc.) 
FT FROM 

CROSS SECTIONAL MEASUREMENTS L BANK 
(00009) or 

STA R BANK TIME DEPTH pH TOC sc DO DO sat GHT SUBO 

(72103) 8 1903 00400 OOOIO 00095 00300 00301 00065 (INST) 
. . 

. . 

. . 

, , 

. . . . 
8 ,  . . 

- . . . . 

. . I  
: 

< :  . . .. : 

. . ,  . 

. . 
. . . . 

FECAL STREPTOCOCCI (31 673) 

Time collected : 

Time in : Date : 

Time out : Date : 
Vd.  Used In 
(mu Count ~ ~ I C U I ~ U O ~ ~  Remarks 

Blank 

l ~ * B ~ ~ ~ p ] p ~ ~ p ]  
Remarks 1 - Less  man 2 = Gmater man 

0 - Est ct. K - non Ideal ct 

lncub. Time 46-50 hrs fik. sue 
o 

Ideal count 20-1 00 col. Incub. Temp 35 C 

FS COUNT / 100 rnL ; Rmk 

. 
FECAL COUFORM (31 625) 

Tlme collected : 

Tlme in : Date : 

Time out : Date : 

*hm 1 - L ~ ~ ~ t h a n  2-G&terman 
0 - Est ct K L non Ideal ct 

Incub. Time 22-26 hrs fitt. size 
o 

Ideal count 20-60 col. Incub. Temp 4.5 C 

FC COUNT 1 100 rnL ; Rmk 



Surfacewater Water-Qualitv Field Form 

U.S. GEOLOGICAL SURVEY 

DISTRICT REVIEW FORM FOR FIELD AND LABORATORY 

WATER QUALITY PROCEDURES: SURFACE WATER EDITION 
' 

DISTRICT, OFFICE . 

FIELD AND LABORATORY REVIEW CONDUCTED . - BY 
- . I  . - 
. -. * ... . . .  

- .  ... ' . .".. -. -:. - :.FJELQ .TECHNIQUES REVIEWED. . . .  AT:-. ='_ . . . . . .  . -. . - _ L C  : . .. -...... / -7 --..- &: 

. . . .  - 
. . . . . . . .  . . .  Station No. . - . - -. . 

. .- 
.. . . .  --,, .. _. ::-A: ;ttti TiiTZ 7% "..'r;i ... ;.-' . . ... 

. . . .  . . . . . . . . . . .  
...- :- -A i --.. 

i..; -.. . . . -  
- - 2 ,  :2-'.~ -A&-.---< fir-. -'< .-. -.. 

Station Name : . . .  , --."-'.- -.-.,-, ;.- .--.- ..,,, j -, . . , 

. . - - 



DISTRICT REVIEW FORM FOR FIELD AND LABORATORY 

I. FIELD SERVICE LABORATORY OR PREPARATION UNIT 

Schedule suEcient time during the review to physically examine the field senice laboratory or 
preparation unit. Because these preparation areas tend to have multiple uses, upkeep can 
sometimes be a problem. Stress during the review that a clean and orderly lab helps reduce the 
possibility of contamination 

Hood (s) 

1. Are hoods present? 
aTo protect the sample? Y N NA 
b.To protect the user? Y N NA 

2. Do the hoods'work correctly (e.g. suffici& draw, 
ventilates outdoors, etc.)? Y N NA 

3. Does the cup sink work? Y N NA 
. . . .  - . . . . . . . . . . .  . . . . . . . . . . . . .  

4. Does the hood app'eir-to" be-a po&ible so&eof . - . 

Y N NA contambarion (rust, paint flakes, etc.)? 
.-' .. - .... -- ._. . . .  ___ .. _ 

5.  Remarks 
. . . . .  . . . .  -. ... -... _. . . .  

. . -- 
. . I. IS a working refigerator Preseiid ;' - . 

. . . .  - . - 3. Are water samples stored in it? --- --- --- -.-- - Y N NA 
. . 
.... A= the samples dated? . . . . . . . . . . . .  1 - . . . . .  Y N N A  , ' - .  

...... . . . . . . . .  . . .  
. . .. " ,.- -c,+ .--.-<--- .- 

. .. . . ., ---.. '- --.- _ .. +;, :,; - : -.,\ .-: . . .  . . .  

4. Lfchemicals are stored in it, is the storage proper 
(do the chemicals require it be vapor or explosion - -. 
proof)? Y N NA 

, 



5. Are precautions taken to minimize cross contamination 
of chemicals or water sample contamination by che&cal 

Otber Equipment 

1. Are incubators, ovens, pressu& cookers and similar 
equipment in good working order? 

2. Is a maintenance log kept for balances, and pH and 
specific conductance meters? Y N NA 

. - 
3. Does the DI storage bottle look clean and fiee of 

. . .  .biological growth? Y N NA 

4. Remarks 

-- - - - - - - ~ 

, .- -7 .-- . . . . . . . . . . . . .  ........ . . , .  . . . 5 r l _ . ' . ' . - . _  
, . . - .  _.. . . : - - + * _  . . 

Cbemimk and solutions . . .  .- ...--. . ... 1 . . . . . .  I . -. .. - , . 

1. Are chemicals dated and disposed of upon' expiration. I:,:: : -: -: -:::.. :,I:,::--. -:;: . . . .  
. . . . . . . . . . . . . . . . .  of sklflife? - 

-? ,  ... .. . .:r;-.~:z~s::~~,: - . . . . . . .  . - 
-. - 

2. Are, all bottles md containers capped? 
--I--. -..... -... .. ... -- ." . . . . . . . . . _  . _ _ _ _ _ _ _ _ I  <.... __  _- . . --I- :'.,-" . . . . . . . . .  N' NA ..; .--___-. _.- 

3. Are solutions and standards dated? 
- .-. ---.--. --.--. _ _ ___-._ . . .- - ..... __._* __ . - - .  ... --.I.- ---..- _-..- .-_ _ * A-.... "' 

4. Are material safety data sheets avaitable? 
-. ----. --.--.------ -- - _.___r_" __ _ .  ------.-. 

II -- 
5. Are calibration standards available for pH, and 

specific conductance? .-J- L. =-- , - Y N NA - 

6. Is good quality deionized or distilled water 
- - - Y  N N A -  

available? 
- .  . -  , .  . . .  . . . . . . . .  -. 

. . . . . . . . . . . . .  . . . .  - - .- - . . . . . . .  -. . . . . . . .  

7. Remarks 
. . . . . . . . . .  . . . .  . - . . . .  . . . . . . . . . . .  . . . . .  .. . . .  ..... - _ ._ 

- - - - - . . . . .  . . . . .  . ................ . . .  -. . . 

'. . . . .  . . . .  

. . .  . . .  - -  . 
. . . . . . . . .  . . . .  . . .  . . .  . . . . . . . . .  . . 

- .  
. . . .  . . .  . . .  . . .  . . 

7 06/23/98 9391 



House Keeping 

Y N NA 1. Are bench tops clear? 
Is light'mg acceptable? Y N NA" 

. . . . 
,. . 2. What is the general appearance: (excellent good fair poor) 

. . 

3. Are ELU solutions, reagents, and equipment stored in 
a safe and orderly manner? (e.g ., oxidizing agents 
separate from organic solutions) Y N NA 

4. Are cabinets and drawers labeled for contents? Y N NA 

5. Are fire e e e r s ,  first aid kits, exits, etc., \ 

clearly marked and r d y  accessible? Y N NA 

6 .  Are EXITS cle&lY marked and lighted b~ case of ' ' 

power failw? . . .  _ .  ." 

Note number of EXITS: 
. . . . .  . . - - . ,  . . . .  . . . . .  . . . .  . . . .  7. Test the &ty equipment to.'mure proper working -.- ' . . . . .  - 

. . , . .. condition (eye v~ash, etc.1 . . . . . . . . . . . . . .  . .  . '". : .-.,- :; ...:,,. '. 
. :  - . .- --.. -. . 

. . . . . . .  . . . . . .  . . . . . .  8. Are w&n descriptions of all field techniques and -. .. - . - . . . . .  ... 

. - ,._ .. 
. . . . . . . .  related office procedures maintained in the field ....... N.. N*:,-.!,., y L  

preparatory unit? 
. . . . . . . . I . . . .  .._ > . .  . .... . .  . . . . .  . . . . . . . . . .  . . . . . . . .  

. . 
. . ; <: - - " ,:,, !. -;.;" 

. - - -  
9. Remarks 



Field Folders 

I. Is a WQ field folder available for routine stations? Y N NA 

2. Does the field folder: 

a Contain historical data for the kation? Y N NA 
- . -  

b. Stare where samples are normally collaed? 
(e-g., for mike water sites, where samples 
are collected for various stages) Y N NA 

c. Contain directions to the site? Y N NA 

d Station description? Y N NA 

e. Contain a list of samples to collect and those 
W y  collected for the current year? 

3. Remarks 
. . -. . . 

. . . . .  . - .. -:.. ; . . .  . , . . . . .  .- - - . . . . . . . .  .. 
Vehicle 

. . . . . .  - .  .. . .  - . ,  . - . . . .  - ..: ' . .' . . . . . . . . . . .  . .  . . . . . . . .  - _ I / .  .* I 

.:. ... - .  

. . . , . - . .  . .. .. . . 1 Does the vehicle appear to be in good working .', - :.. - - :..-- -:. .::::: :: .:: .> - 
. . .  . . .  . . y -: N . NA--' ;- condition? . , . .  . %  . . I < . .  . . . .  . . -  . . .  - .. . . . . .  . - . ... ... :.- -?'-.. > 'Y-. : 

. . . - 

-. . . . _  ' - _ _  . . .  - . . .  2. Are goggles, fire, exhgukher, gloves and . . :..: . <. ,. .; , , -. :. ,: . :::: :. . :.:;s.:--.:-izs :x2zl ..:. , 
. -- - - ... . . .  . -  . . . . -  . simikrkemsstoredintheve~~le~nd~..:..:. -. -- . : .-: ;,:,-.-::.::. ... -* y. .-.- hid!,k::-:.; - - % :  . .  

. . acCmile? . .  

. - .........--...-z27.... - - 
. . . . .  3; Are all equipment and supplies stored safely and . 

. - . . . .  ........... .--.l'.-.:: : . ;-.:< c>=- - pjk--ir-' - 

secure&? (e.g not loo& L back of the vehicle) 

- 
. - 5. Are trafiic cones, road-signs, £lags and orange . . -. 

... -. . .  
. . d e t y  vests avaikble for work off bridges and : 7:. i ...;.: ::-; .:: :i 2-.: . ........... -. - 

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

C '  - -. . . nearomads? , . 
...* >:-'.-----.- '. . ............. . ................. & A  -; .....< % j.. . .  Y...N.,YA;+, . - -  --- <.-4 :I.. - 2 4 7  W'L.,.," *.,-, 

.. .. 



6. Is there a checklin for all waterquality equipment 
necessary for the sampling trip? Y N NA 

'. I 

7. How is the howkmping in general (excellent good fair poor) ' .: 

8. Is there a satisfictory work s e a  for processing 
samples and performing field measurements? 
(e.g., one which conmiutes to the qualxty of . . . .  
field measurements while mmmmg risk of 
contaminating the samples.) Y N Nk 

9. If a boat is used, does it appear to be in good working . 

condition? Y N NA 
Is trailer in good condition? Y N NA 

10. If a boat is used, is all the necessary safety equipment . 

(PFDs, fire extinguishers, radio, lights, etc.) 
available and properly stored and/or used? Y N NA 

9 

. - 
1 1. Remarks 

. . . .- . . . . . . . . . . . . . . . . .  . - - .-. .-. ._.--. __ _. _ , , _ 
Sampling site and cross section 

, . 
- - . . . . .  . . . . . . . . .  -.,,. . . . .  

1. Is the WQ data collector the person p m  
.... ,. responsible forthe upkeep of the gage?.-:; :.r:::; ;L ;:: ::-, :. . .,,, , . -_:Y:.N -N ,,. NA A .. , +,-. '-.-t - ::. . - 

Is gage well maintained and fke of clutter? : & ,  .;: .. ....: z..: 
. . 

-. . . 
,. , . .  2. when applicable, are traEc cones, road-' 2- : rl- _:; & :3.:?:Tt,G;l;i ........ < . . 

. -. 
andor ~ s , p o s ~ o n ~  before y,,rk m? ;?:if. 5 ;. : : - :-:. &---- Y N NA.:'--;.:. .... .: 

... - - -- -- .-..a 22.: -"+& ;-:pi :.>. A:,+,;.. . . . .  . . . . . .  . . . .  . . . . . .  . - -,;<,--:....- - .  ..... . . .  .irx;--C 2 - . ! ; 5 ~ ;  .. : 
. . . . . . . . . . . . . .  - .  

. . .  3. Does samphg location appear to satisfy water . . .  
. . .  . . . - -  .. . . . . . . . . . .  ; Y,N.  NA Resource Division - .  . - .  - - - 4 . - ... , , . .; ,: & , ... -- .---. *-< 2-, -- ... -.. . . .  -- - .... -- ... .,. ;.*- .4 ---ti+???. r;:- -5;TA';;.='- 

. . . .  : . .  ..... + .. .. . . . . . . .  . .  . -  . .  . :  - .,. I .- .-____-. _. - .  - .  . . .+7-- -  . - r > . , : .  .,: .;:, ;, . . .... .-. ..... . . . . .  : - -. ." A,.::, .:.- ::.-, Lk .;-LLz.z &2si,; '\ yzc:;i-LG;& . -  ... - 
. . . . . . . . . . .  

~ i . t . n c i  from gaging station ir ft ' . . . . . .  . . - . . . . . .  . . . . . . . . . . .  . , .  . 

. . . .  
. . . . . . . . .  ~ f t h ~ &  is no gage, is a streamfhw meannement . :,:-,.. :.:;5;::.+c.g'1:23i+f . . - .$,,F,:;i.~ . NA'ld"r' . .: . . .  

... - made?. - . . . . . .  . . . . . . . . . . . . .  
. . -. . . ... . . . . . .  . . . . . . .  .<.,., ; .J : L- .;--; . . . .  -;,,' - ... -..- - .  

..-I 

-c ---- ..; ..,;--. . -u::..>: :;xs . - 5 : 7 ' 5 . ~ :  . 2 . . .  . s.. . . .  . . . . . . .  ..--.*'A* ..,. .- - .;.- . . 
. A - - - -, . . . . . . . . . .  . . . . . . .  . . .... ... ' .  4. Does the crosssect~on =is@ the r%- for 2:,z.-.,:l -,$.+,if:7?: 

- '  . . 
. - -- - --,>-z; c>,- : :.?.;-:.> i: . 

. . 
, ' : ;N. NAL ----A , ' 

. . .  varying depth and velocity distribtftion~? . . r,zb.~ A :T:-?, . 
. . . . .  . . 



5. Are samples collected using wmer-sediment depth 
integrating samplers? Y N NA 
IF NO EXPLAIN (Dip samples may be necessary if 
the flow is excessively sballow or if stream 
velocities are too slow to use a sampler.) 

IV. SURFACE WATER SAMPLING EQUIPMENT 

1. Is the appropriate sampler used? Y N NA 
Condition of sampler: Good- Fair- Poor- 

2. What b d s  of samplers and support equipment does field person have awhble? 

DH-8 1- 
DH-95- , . . .  

. . - .  . . .  
D-77- 
D-95- . . . .  , .. . . . .  . . .  . . . . . . . . . . .  . . - - 

' Z 
. . 

. . . .  other, . . . . . .  . . .  _ _  . . . . .  _ _  _ . . .  . . . . . . .  ,... ._, . . . .  
. . . -  . . . .  ~ d g h t e d  ~ot t l e  ~zmp~er- ( PMC- stel 2 

- NOZZLES: . 1/4n-3/16n~1/8n-0THER. . ( P&C- - .. ~&flon>. . . . . .  . .  . .: . ':. 
. . .  

- 3: Is Plasti-Dip or epoxy coating on sampler in good condition? Y N NA -- - - -------- .--. -._-___.__ __ __  
1- 

. . . . .  . -  . . 
4, ~ ~ e s  field '*n have A T - ~ T  o~.hand held +- -! .i:;i:j -;,& :.. .. 4;; _. .. __. -.-,, ..- - . i . - - . . . 

-,..I.-. . . .  r ..-&.* -+>:;2.: -.!. * &.--&;- ;:-z;;;..;2;; < . .  

sampler, one cable type sampler 'md one reel; depen-. - .i;. .. -3 : r . :.. . - - , - -;:.. + < .Y $ -:, . . . . .  
on the type of field conditions he/she encounters? . .  - .- 

. . . . .  . . . . .  
, " :  - .  . . .  ... . . .  . . .. . . .. :. -; L'! ': ::y: .,e-.-. - - -. *e4--<.:: +&.? 2z:. > ;.-+<:.-* .2G-2. ?*: - -. 

L-.: . . 
5. &e reels and naris in good working condition? ~~z: : ;~.  g:i~~-~iG~~z~7ii~~2ij, .G~z~ . . 

. . . . . . . . . . .  . . . . . . . . . .  . . . . . .  . . .  . . . . . . .  - ........... - ._ . . . . .  . . - 
. . . . . . . . . . . . . . . .  . . . . . .  . . . . .  . . . .  

6. kept with the equi~ment?:-:;~~~~~;; & ,  -- ,:. .--x, - i , - i : e ; ~ j , ; . ~ . i - .  -.N . .NA :... .. -1, r.. . .  
. . . .  .-ii-. _L  ̂ .'iL ;. 

. . . .  

- .  " - ... 

7. Is cableway and cable car in good working cqnditio*?-..,..ii . - . - .  .-.--:.:+ -....,- -r-. --Y-*.N :..,;.-, .?;i...L.2,i.--Q.2 NA . *.= + . -;: 

. 8. what'.+ b f spka war used to process samples? ..?&@LL& ?,%-!!!!& ; .: : . . 
. . 



LIST ANY EQUIPMENT DEFICIENCIES: 

9. Is aIl work fiom bridges and cableways done safely 
(e.g, .cranes assembled and used correctly, brakes 
used on cableways, erc.) and according ro Warer 
Resource Division procedures? 

IF NO, EXPLAIN DEFICIENCIES: 
. , 

V. SURFACE-WATER SAMPLING METAODOLOGY 
. . 

In order to collect representative water qualay and suspended ~~~e~ samples, an 8ppmpdate 
sampring technique must be used Unless conditions warrant otherwise, depth and width 
i n t e b e d  samples are n o d y  cokcted, Two integrating sampling mahods are most c o r n *  
used by the U.S. Geological Survey Tke qd discharge in+nt (EDr) niethod ad the equal 
width increment (EWI) method The equal width &mement method is also refkrred t o  as the equal 
transit rate (ETR) method Only one s&ling method is to be used for a given site visit. 

- - - 
Indicate which sample collection procedure is used: EWI S ~ L I N G  Z~ETHOD- 
ED1 SAh4PmG METHOD OTHER__ IFOTflER,EXPLAIN 

.., . . .  --J- 2; -. . .._ 
A. Cheeldist for E W  (Eaual Width Inckmeat) samoline method: .......,. ... :. ..r-.i; ,..is:.; . ...... ,-. 

. - ,  .:::.. .:. 
(*It- 2,3 ,6 ,7 ,  . . .  8,9 ,  10 also apply to ED1 .method) .. - _ .:i _ _ _ .  4;. ,.__ .: __L:L :  . ... ... +; - --. .. - - --.,::'.! ..-.<. . - .. . . . . . . . .  

, .-. . -. . . . . . . .  
-: :. -:.: c:.::.::q..? .--,- . . . . . . .  . .. ....... ; . . . . .  . . . . . .  .:.- .---. .....-(. ,&.., ,;-,>-& --- ..'.*?- -- - i. :-, .-. -, :. >..A. .A:-: - - .  ;: >:.,: ; ';.:: . . .. 

... 
1 a Is the transit rate established m the deepest . ' . : 

. . . - 

. . . . . .  . . . .  . t - . -  _ - .  . . . . . .  - ... . . .  . - .  . . . . . .  

1 b. Is this musit &e in the allowable range for the samplg? ,,:z-:rz ,NA:-% ! ,  :;I, . -, . . 

. . - .  .. . . - . .  

- .  2.* IS the kmpler lowered andZ&ed at constant rate?.;.* - 
=:;, i$.;_x,p ,F&i.,L ,; :, -, - , -, , , 

0 



4. Are factors such as total stream width- velocity and - 
depth distriiutions, and the minimud&um volumes 
for the sampler/transit rate taken into cons iddon  
when establish& sampling i n t d ?  

5.* Before use, were the churn splitter/cone splitter and , ' 

sample collection bottle used in the sampler rimed with 
stream water at the site in addition to being 
properb cleaned and stored before going to the field? 

6.* Is the clean bandsldirty hands technique used? 

7.* Are appropriate measures taken to protect samples 
&om con-on during umple collsrion ? Y N ,NA 

8 .* While po- the water-sedimmt mbnrn fiom the 
, . 

sarnpleis collection container to . h e  chum or cone 
sp&er, does the field person Nml the sample to 
ensure complete sediment transfer? 

9.* Is the churn or cone splitter covered except when 
* 

samples are added? - - -  - -Y N NA 
. . . . 

. . -  

10. Is the gage he@Z recorded immediately prior to and 
. . 

immediately after sample collection, and is the . . . . .  
time of sample collection noted? 

. . .  .. .- B. Checklist for ED1 Sampiinq .... . . 
. . . . . . . . .  --..--..- --..-.-- ..-_.._., I ______,_ 

1.1s ED1 (Equal Discharge Inclement) method E@T0mZ . . : :;; , j i . ;  :;-::--. . . . .  c; . .  5 a; ,.: , . . 

for this site? (e.g. does the Lie meet ED1 method , : ' . , 

requireme& . . for channel and.& curve stabm ;-:. $:-:z :i::!-:X ?N*;. :-<: . - .; . . . . . . . . . . . . . . . . .  \ .. . . . . . . . . . . . . . . . .  - . . .  . , .-. -. 
. . .  . . .  . . - -  - % ' . . . - . "  - .. z .,..- ; .s- .LLd . ..:. : ; . . . . . . . . .  

. . 
2. Are graphs of cumuktive discharge, ia pacent of t 0 d  . . 

. . 
7. . -e- . -: . . . . . . .  >...- -, .": .75.;.,:::.;:; -y- .y . ,>  - < ? discharge versus distance firom the lefi or right m..: '-_ - -_- _-.. .- ... ..__ -. ..... ... >,. a ,  

4. I*-% r_-L:L,.< ?-.**;.& - ' 

&L-:*: LZ&&.- - Aj.. ,> -. -T?>.-:: ; ::: - . Y." - - stored m the gage house or pffpared on site from-. , 

,. . . . a discharge mm? . . . . . . . . . . . . . .  . . :, ... .- ?<.?. . - vqeiiY=-N ,i.-NA i, . . . . .  . . . . .  ..... - .  - :-*:=.*,: : . . . - .  . . .  . . ....-... . . .  . ., --'i .;- ;*;;. - .  - 
. . . . . . . . . . . .  :-. .'. *-&.s;.--;-~:~.- .-*..... '.&I.;;.<-:. ...... ..; '.. .-.--..A*- ..l&.yL. -.;-;-; -.-*,= iq.;CF'f-~~~;z-;7z 

..a 

. . . . . .  . . .  3.Using the graphs mentioned above, are sar@e~ . .-I:.: -:.I -: .:I.. . - . - . . . . . . .  - 
. . 

o~tdmed at tbe centroids of equal discharge ~ ~ s _ ? I ~ ~ ~ J , , , ; ~ - ~ ~ ~ ~ ; ~ . ~ ~ ~ ~ ; ~ ~ ~ ~ ; , ;  . .  - .... - - 
. . . . - ., . - - - .  - .,.---- - - - -  . . . : ...... - ... ..-:.- : : j : y ~ ~ ~ ~ ~  -:$s5-%;i.~~A-;. p.c&i$$*;2 ; .:;; 

.-- . . . .  4. Is the number and location of verticals sampled dC4@.$&:j~.~.:::;;&,,, .. .'LC 

for tde flow conditions and volume requirements?. : :;:. ~ ~ ~ ~ r j i z + ~ ~ ~ ~ ~ ~ , P ~ ~ ; ~  
. . - .  



5. Is the transit rate correctly established for each vertical? Y N NA 
I 

6. Is the ratio of transit rate to stream velocity 
checked to see if it is in the correct range? . . Y N NA 

7. Are items no. 2,3, 6, 8,9,-and 10 fiom the EWI 
checklist performed? 

C. Pesticide and Organic Samples 

1. Are samples collected using - a single vertical near 
tbe centroid of the flow OR ming multiple verticals? 
(depcnds on sampling c o a t s )  

2. Are the sampler bottle, cap, and nozzle made from 
materials appropriate for sampling organics? Y N NA 

3. Are samples labeled and preserved as required? 
. . 

4. Are dissoIved and suspended organic carbon samples 
correctly processed using silver membrane filters - 
under pressure with a peristaltric pump or carbon-free -. . - .  

nitrogen gas? Y N NA 
. . . . . . .  .. - .  . . . ,  . . . . .  . . . .  . . . . . .  . , -.,. . - . - ..... . . . . . .  5. Remarks ... . . . - .  - 

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

-7- --.. . - . . -  

........ .---__.___. 
. . - - .  . 

VI. PROCESSmG TB[E SAMPLE -.'.?-- : >.:.::.I. t:.. 5,::. ,..i:; ,ti:,. .:; ,:; ; i ; ~  ,: . :, . ... - - . . . .  -.. w . . .  _ _  . - . " . . . . . . . . .  -.. ...... :. \ r .  - . . . . . . - .  .--i :.-..-:- ;. .:_.: ;- . . : .-f ,:  :_; --..:: . 2.;; .  . U7.i ..;.>: .'-.. :.:. : . . .  . . . - ." ' .  .. ' . - -  - 
1. Are sakples piocessed in a cleah area, protected h m  ;.l;r:j2.::I '::;&-2.:.:- .-.-.2.iI ........ -.,- > .  , . 

. . . .  contamination? Y N NA-.: 
. . . - - . ,  .................. .,...., t..:, 7 .:-.. ..,- ... >.. . . .  -.. ... = . - . . . . . . . . .  . . ........ . .  . . . . . . .  ... . . . . . .  - -.. - ,.,,-..... - ; ,.:. .7 .f':.,-.'-i.r- ..- r : . . . . .  . .  ' -  :.......... -'&? ,,! ,:-. ...;. .:* . . .  .. ...a - . . . . . . .  

.. 2. If chum splitter is used, is the sample chumed at a mifbnn ::(-.: ,::-,:~2..;:,z~.+,:.. --.-.--.. .--.. . .  
. . . . . . . . .  . . . . . . . .  

rate of about - .  9 inches &r second, touching the bottom :::if-; -,.-;3:ji =;L.~ -= -.- j . i . - +  .Y-.-: .. - . 

o f t h e c h ~ e v n y ~ o k e a n d ~ o u t b r e a k i n g & e r ~ :  .--:I::s;...~.~.;.+..iL.:i ... ,::. ... . L-- . . . . - .  - ........ .... Z.  . . . .  
. ~ w h e n ~ & t e r & q l e ~ t t ~ e s ? : . - . -  - : y *:*K.:.?;:;{:-. , . .  

- -  
- . ...-. +......-.. 9--- -.,.---.. *. . ---; -.>,- . . . .  . . 

,.-.:;--- -5 :.. Z 1:~:: :  -..: L ~ - ~ . : j ; . ~ . ~ . , ; . ~ ~ p z ; ~ ~ ~ z ~ ~ ~ ~ : ~ ~ ~ r  . .  . ,. 
:,a .... . ..;; . . .  .-. _ . . 3. ~ f c h ~ m  splin& is u s 4  isthe samplechumeci for at leasti;,;::%:, ;<; -.-...-.i.dh :A~;;.;,:;!.:..;. .... ;,.. . . .  

. . . . . . . . .  10 m k e s  before any subsamples are withdra& and is , . . . . .  . . . .  

. ' a  



4. If cone splitter is used, are splits calculated and done - 
conectiy? 

5. Is filtration performed AFTEX drawing off the raw samples 
and the samples needed for field measurements? Y N NA 

6. Is atration accomplished with a peristaltic pwnp 
using 0.45 micron flters? (plate-capsuleother__) Y N NA 

IF NO ErnLAIN METHOD 

7. Is the fiIrer rinsed to remove surfactants prior to collecting 
any samples by drawing at least 1L of deionized water 
through the filter? 

8. Are sample bottles b l e d  to identify sample type, time 
and date of collection, and site ID? . - Y N N A ,  

9. Are sarnpie bottles filled d pmerved in the corr~n order? - Y . . . .  N NA 
(trace elements; mercv ,  nutrients; major ions; w, 
radiochemi&, others) . . 

. . . . .  

10. Are samples preserved using the correct ampules, ..... .: .:-. :. .. . . . . . .  - . . . . . . .  - .... 
and/or chilling the samples? . 

.- . , .. , . . . . 
. & . . -  '- . . . . .  . - -  . . . . .  .. 3 Y,,-,N NA ;., . 

. :. 

1 1. Are bottles b l e d  in a marmer such that the writing will - - . . - - . . 

still be readable when the samples reach the lab? Y N-NA- - 
... . . .  - -  . .... - .;. ... . . . . . , a .  --.. ..*.*<<... -;;: . -. - -  . Y - N - - N ~  *'.'. , 

12. Are ampules handled safely an$ disposed of properly? -- . .  . . . .  .- ..- - .  
. . . . .  ..... .-: --j::-:-:: . -1; ..-:.. :... ;-... -..- ...-.-.-..... -. ...... - .  . . - 

lj. e.. , .. _ __: &---.-. .-.- 2 - -..,* '4 ,, 2 . .  2. . , 
. . - ,  

.- - . . .  .-- 

: 13.  re 'and eye proteaion worn at all times when z:: 2:s I:L;:;:;;.::%L - % .  . :. Y,. . " "  

han- ampuies? 
. . . . .  .... . . --- -- . . .  - . . . . . . .  . . . . . .  . . -- -.. , , , .  - . . . . .  - -  7 . . .  ._.,. _ ' . . -  . -  - . - . . . .  ;- . . . .  i 

- .  

- - - - - . - . - , . . . .  . . .  . . - .. . . 
:... .- .-__..._ ...... ... . . -... .. A:-.-. ...--- * --- --, 

-. .-.. 



Does a visual inspection of field meters indicate my of the fillowing problem? (indicate which 
meter has the problem) 

. . 
Excessive wear Damaged probes or el&tmdes 

Excessive age Inappropriate for given use 

Remarks 

A. Temperature 

1. Is water temperature m w e d ' i n  c,entroid of s t d o w  
or by wadmg into stream zs fkr as possible? 

IF NO EXPLAIN METHOD -. . 

. . . 

2. Is thermometer or thermister accuracy periodidly - . :. . . . . . . . . . .  . . . . . . . . .  . .  
checked with, an ASTM certified thermometer? Y N ,  NA". c'.: .,: 

3 .  ., . . . . . . . .  ..:...... . : ... - . .>I2..-, 

3. I ~ , ~ i r t e q r m m m ? .  . - - ! L  -.._ ,.. .sc.... -:. r l .  . . . . . . . .  . . . . . . . . .  . .  ... ..... - .. I ' . ' _ .  _ .  . .  - ..Y -.. ... N N A  -<...-.. ,..: .,.- . :: : .  . . . .  . . .  : - .  :.; : . . ' . ' . < . .  : . . . . .  . . .  . .  .A':.--- - . .:. . . . . .  .!.,. .. - ::-: - a .  

- .. . .  ........ . . . .  . - ..... : .... L-.'. - - .  : ".:. i; =:LA !::+> . - 
-.- . . B. Dissohed 0rvhen ' "' 

..-..-.. 
. . . . 

. . I' . - : . . .  . : . -  ..2;. 1 ., . - ,. $ , : . - .  . ,.- 
. . " . .-.-- i:,.;;:.:.. -.. ,.: .- L... . . . . .  ..:.. .;;. : :I . ' .  ..-".;:.,:. +6.,.;.::p--. .....- c .  . .  . . 

1. Is dissolved oxygen meter &ted in field using . , -  -..- 2 ->.&?- .-:>,., . - 
- .  - . . . . .  -. 

water temperature and barometric pressure?- .;.I - ; . ,,- . :..,, .... ., . ,:: .,- - -  . . 
Y.  N NA.:: . -.. i . . - ,  I '  . . - . - . .  . . . . .  - - - . 7. L>.:,-> . :,..I . . -. - . .. . - .  . . . . .  . . . .  

. - 
. -. -. - -1 :- : -1. :*:. z;:.; < ,. , 

IF NO EXPLAIN METHOD . - .  ..-. - .--...,-.. 
- - - -  - 

- 

- - 
2. Are all & i o n  procedures properly followed? y N NA--:-- 

G 

- - 



3. Prior to use. is the D.O. membrane inspected to . 
ensure there are no air bubbie~ under it? 

4. Is dissolved oxygen measured in the center of flow 
if possible with probe in doivmmam direction to .. 

avoid danqhg the membrane? 

5 .  In low velocity streams, is the probe moved slowly 
from side to side or a stirrer used to avoid inaccurate 
&gs due to oxygen depletion? 

C. pH and Alkalinitv 

1. Is the pH meter calibrated in the field using the 
standard two-point d'bration method? 

2. Are the bottles of buffer solution that are used 
for d i o n  submerged in container of stream 
water or brought to approximate sample temperature 
by an acceptable melhod? 

3. Is the electrode rinsed with buffer sohrtion beiore 
that b u e r  is measured? Y N NA 

. - . - 

4. Does the electrode c d i i e  to wirhin +I-. 1 pH units 
on the third check buffer solution? Y N NA 

I-  - - - _ - _  _ 
5 .  Is pH meznned using an mfikered ' k q l e ?  

. From Composite- Ln Stream- ..* 

6. Is the pH mdmg codinned by repeated m e m e n t s  . . .. 
. . . . . . .  . . . _ . . . . . . .  . - . . . . . .  : -.r. . y .. N : NA-:;.~.~;-:.  ;-; '.:I using at least two aliquots? . . . . . . . . .  . a . . . .  

..... . . . .  .. _ , ,  ......- . . . . .  -. . . . .  ..... . . . . . . . . . . . . . . . . .  '.'? - -- :  .. :.:... - .  -. .i...: -. ."..,...,-; 2:  . .... . . . 
7. Is the electrode rinsed and carefdly blotted dry (not - .  

.- - . .- . . 
rubbed) between measurements? - - . .. . . - y : N -  NA-;;;rx,: p- -;. 

....... 9. Is the incremental titration method used to determine - -- - ---- --. - , - _.._____ 
carbonate and bicarbonate concentrations? : Y N N A L -  - - 

IF NO EXPLAIN METHOD 



10. Is a burette or Hach titxator used? 
Is the normality of the sulfuric acid noted? 

I 1. Is the volume of sample used in the titration . . 
recorded? . . . .  ,Y N N* 

12. If a Hach titrator is used, are air bubbles cleared fiom 
the delivery tube prior to begiqing the titration? 

1 3. Is a clear delivery tube used? 

14. Is the tip ofthe delivery tube below the w t e r  nnfdce 
while increments of acid are added to the sample? 

15. Are incremenrs of sulfuric acid added in a marmer that 
clearly defines the endpoint for carbonate and bicar&na?e? Y N NA 

. . 16. Remarks 
. . 

Specific Conductance 
e 

. . I. Does the ~e of meter used require 'field calibration? 

..... . . .  - - .:. .?, : ::,:&&,: :: --;-:; ::.-.-fez. .> ;.;::-:-.. :, ; .=-: ,, 
, 2. Is the performance of the specific coonductan& ,-.. ,,,. . - . . . .  i :.. . 

meter chff,.ed by 2-3 standard solutions? . s . 2 .  --. . y-.:.' '&.: NA:; .;:.Y: :,-:! , . 

. . 

. . . . . . .  . . 
. . . . - . . -- ,---.-.-'- -.---- - ?'--,-,;-.?.. 7.- -. >: ---ry --. r-,-- .,:,:,.- <,; ;,,. -> . , .: 

.-< 
3. 3. Is conductance reading co&&a b y .  .!-+A - - - ..---.-.L << -;-. :- -2 ; ;, 

-,, .- .- , .: ... . ... .- -, ..!;--i7:.::y -.:-*7:N*<; "., .. I-.:; - . . . . repeating the measurement & at least ?NO aliquots? , - ---.:---.. -- .--.- 
. . .  



VlII. MICROBIOLOGICAL ANALYSES 

1.  Check-off the microbiological methods king used by the District Office: 

fkal.streptococcus fecal coliform total colifonn 

coli enterococci other 

2. How mmy samples per year of each test are analyzed by the 
District? 

totill coliform - fecal co lifo rm fecal streptococcus 

E. coli enterococci othm 

3. b'har kind of projects are samples collected for? 
. . .  

- '~Zler-qudQ i?sament  (indicate type: NASQAN- NAWQ A- BASIC D A T A - O m 2  
. . . . . .  

- kwe permit work - other (list) . . 

- - 

A. Equipment for MicrobiologicaI Anatvsis: 

. . .  - autodave - s t P ~ s t -  - wstedizer - waierbathincubator..i:.. 
alcohol lamp -*-heat incubator D-77 sampler : '- DH-81 -1er.- . .: .' - - - 
- other sampler d i p e t t e s  d i l u t i o n  bottles -microscope forceps . . . .  

h a n d - h e l d  mer >wed cylinders :- .--I., : '~~. -~ '~.  ' 1. . ...- . . . . : - . . .  ._. _i _ . . . . . . .  

- 0.45 - 0.65um pore-size filters a b s o r b e n t  . . .  . pads . -sterile . . . . .  filtration system 
.. - .-  - _ ;  .:.- ...... . . . . . . .  . . . . . . . "  -. ?.- ,&.. ...... : .. -. :.-, .. - -.-- .... >;:... . . .  

B. Media. Buffered water. and Preparation: 

. . .  . , . .  : . .. .. 
* 1. Are holding times and expi~at i6~ &$is o h N e d  fir . - . '. ; :*r--. > -..,. :. .. ,, . ..iLiL,:-. . = .':.-:+;'.,'. .-.. . .  

.. :::-.*, :- .<-..: 2.  = ,i - .  
_I.. media and b a r ?  --. .'!,. -. - - .. , .... ,.. :~- . , . .Y~~.N .-:NA-:i .;.. : : . 

_--.,_ . . 
. . 

2. was fie stored in a desiccaro;? : . - '  .% 5Y:r.N .; N A - ~ ~ ~ ~ ~ ~ .  : 
. . . . . . . .  

. . .  ..... . . . .  
. . . . .  . . .  . .  - - , ; - ' .T ' : . -~~~ .-.- ....... , * . -- . - .. ,.. ,, ., . .-A- r , ' . . 2- 3. ws fi; & a c c o ~ ~ * ~  the '&&tions - - - -A-u . . . . . . .  +-. :;:: ;. ... - .  - 
.... 
. . 

that c a m  with the media,kit? . . , y 1 N...NA --'--{.--. 
. . . . . 

. . . . . . . . . . . . . .  . ' . . .  . - <  . . ., 7 -.:. L ,.,, <' - .  . . . . .  . , . -, c4 L: " L.:>z ::172$::;&?.. ,:-.3: . & ;: . , , 
. . .  . . .  - - .  . 

4. For fecal coIitorm analysis; is the r0soI.k acid . -. . . . . . . . . .  :: . '- . . . . . .  . .  . added to the agar after . . . . . - .  - . - . . . . . . . .  - 8  - ..=:;a; -NA-cc.;;,: :- 
. .  . . .  .- ..".. '. ; ..: - . . _. 

. .  .. _ . .  . . . . . . . .  . , ,:, . f . .  ,-....- ---..- 
2 . .  .,' ..; :LiT-r- f':. .-4 ,."-%A- "":.;,-"-: ..:*-.: -. : . . .  

5. For E. cbli, is the agar autoclaved afler boiling? L';:;x,.~.z N ?-NA A+. -: ,.. , 
. . 



6. For fecal strep, ii the ?TC added after coo@ the 
agar to 60 degrees OC? 

7. Are bottles of sterile buffer dilution chilled at 4°C ,. 
until needed in a manner which minimizes the 
possibiity of contamination from melting ice? 

8. Are sterile bacteria plates chilled at 4°C in the 
same manner? 

9. Are all parts of the filtration apparatus stedizd 
prior to use at each site (or for each sample)? This 
kcludes filtei fimel, filter holder base, graduated 
cylinders and pipettes. 

C.  Sample Collection: 

1. What technique is used to collect the bacteria sample? 
depth-width integration - single vertical p o i n t  at centroid of flow 

2. What type of sample-collection equipment is used? D=n_ DH-81- weigh fed bottle- BOD-:,: 
- DH-95- D.95- Dip__ other . . . .  . . .  . . . . . . . . . . . . . . .  . . . .  . . . . . . .  . . . . . . . .  , . - '4 : .. .  : . .  . . .  , .- . -.. __ ,. _ , 

Is the sample: . . , . . . . .  . . 
. . . .  

3. collected in a sterile bottle? : . . . . . _ . . . .  y N NA" . . - . 
. . . . . _ . . .  . . . . -  i r -  , ;:.. 

. . . .  . .  . . . . .  . . - .  
! % < , '  

. . . . . .  . . .  

4. Chilled on ice between collictioh and filmtion? . ,:,, 
. .y N~ ~ ~ 7 . y ' :  .: , , 

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

.,?: 

. . -. -7 -.i: 
. . . . . . .  - - ...... . . .  . . -- 

. . . .  
5. Processed + 6 hours of couenion? .' 

' , . . ' . y " N  .'NA .":'., , 

. - 

D. Plating . 

1. Vigorously,shaken (15 timtk) .before each sample -. . : . . . . . . . . . .  . . . _ _  .. . . . . . . .  ........... . .  ... ;" ; - , : . .  ! : ,,. '.& .,  
volume is 'withdrawn? -- . . - .  -. .-  . . --. ...-a. - .. . .  ; 

. . . . . . .  2. Was themembrane filter technique correctly us$?, .... . . .  . . 
. Y N N A  

- ---....- L-.' -.- -.-- .-.- : .d~-~ :>f~2 ,a ;~ '+~ . .  ;- 
- -  - --.-.v - , 

. .  3. AX sample volumes filtered fkom d e s t  : ....... -..,;!., to kg-?. .-,; ..+.: -.-..-. ... . . . . . . . .  . .  - ..... Y . N . N A  . . . .  : ~~.h--  .-,- #,*_ +.*. 
."-+,A,. ---- -&2t!!,,\*:A, 5-->-2,.. ....... 

..i. 
- 4 

. . . . . . . . .  - ' . . . . . . . . .  
. . a p ? . : ,  .,:. 

. . .  . . .  ... . . . . . . . . . .  ; ;;.; '5 .-;j '= y rN- r;H-d2;4 --:, -- .... 
4. Is vacuum applied to filters no morethan 15 psi? -..-. , . . . . . . .  

. . .  . . . . . . . .  . ... .. . . .  
. 

. .---- 
. . . . . . . . . . .  

, . -  -',I ,,..... ,-- ....r - .%, - . . ., , ,..- .--- -C' . . -,-j.. .._ -- ...- r . ~  --. - ---.-+ -+Z- .:' ---. - -...._ .-."I_ 
. . - I  r, .. 

. , . . 5. Is an appropriate w e  of sample volumes used for :-, ,... :. .;-..:% :, - ,.- -- .,,.-. ...< .e + .. ... .. . .-:A!. - . . . . .  , : . , A -  .,*-; ..-;: \z. s 4 . ~ . ~ ~ - '  

filwtion to ma+mbz probabiity of ob- . . . .  _ .  
a 

ided dolony counts? 



6. Are the forceps sterilized before transkrhg 
each filter to the W o n  unit? 

7. For sample volumes of 10 mL or less is at least 
10 mL of the b a e r  dilution sample pourcd into 
the filmtion apparatus before pipetting the sample? 

8. Is the filtration unit thoroughly rinsed with buffer solution 
after each bacteria sample is drawn through the unit? 

9. Does the field person transfer the fiIter from the fibation 
unit to the petri dish using good technique and without 
introducing contamination? Y N NA 

10. Is the filter apparatus sterilized using an approved method? Y N NA 

I 1. Is left-over dilution water discarded at the end of the day? Y N NA 

12. Are petri dishes labeled with site ID, sample vohrme, 
date and time, and sample type? Y N NA 

. . . . . ... . . .  . - . , .. . . .  

13. Are sample incubation start and exid times recorded? -.. :: :: . . . . Y 1.N NA... .- - :: 

14. Are petri dishes incubated promptly at the con& - ,  

te-ture, with the iiker inverted? Y N NA 

15. Is there evidence tbat bacteria colonies have been counted , .- . : . x:..: : :..-. ;.:.:.:: ,:,. , , . 

after the incubdon periods and that the total : , ,  , , 
, ._....__ - . __._. . ...r..z ;:. ..: ;, : 

., . . . 

c o w  per 100 mL have been correctly tabulated in he 
past? (Examine previous results for the site) . . :  . A .- .. . . . -  ::Y:.N;-:NA.:--,r2.; .:.:-, .. 

1. . . . .  . . > .. : _ ,, . . .  _.- .... . . ,;. .. , " .  .- . . , A-.. L. , "!: -.,:r,: ... : :. :- -.- -. -- 
E. Safetv Practices 

. . . .. '. . ' -. . ' ... . ,.... *-,;-;.,- ..: - : .::,.. : : . . ,..I - < 
-. * ..,..,I.. .. ..,. ,,-.,--.. - -... ' .  %rr -:- . r- , . t . - b  , . - 

. .. .. . . .  1. ...yi..N;NA;;l--r ..:: - . 1. Are petri dishes s t e d i d  prior to'rllsposal? - . , .  - .  -.: - -. ..- .. -. . . .. .,; ;. . -.. _.  . _.  > . - -  - .... .<-.. - ----. , 
. .  ... . 

2. Are aseptic techniques used in all parts of the procedure? :-- . - - -  - 
.- -.- 

For example, s a ~ ~ l e s  should not be counted in an oEce . - . .. . 

or area where be;era.ges or food, are ingested ... - - . - . -  . ... Y N NA _ _  _ _____.__C ~h..,.z _ .:r ... 
. . . . . . - - . . 

3. Are a l l  steps completed in an appropriate b r a t o r y  - - -  ------ .--- 4 .-.--.---*- -_ 
or field vehicle area that is cleaned with bact&cihal 
solutions, including the counting and enumeration steps? 
If not, are all slrrfaces wiped clean with bactericidal 
solutions (e.g. alcohol) after use? Y N NA 



4.Are pipettors used when needed for small volume 
samples? (never pipet by mouth) Y N NA 

F. QC Specificalhr For Microbiological Anahrses: .- , 

(studies have indicated more errors are associated with bacteria analysis then any other field 
measured WQ parameter, so ex- attention is warranted). 

1. Are incubators tested for temperature settings and 
tolerances by use of an independent, kSTh4 or MST . 
traceable themornet er? Y N NA 

2. Are the conect remperarure, pressure, time settings 
being used for autoclaves and sterilizers? Y N NA 

3. Are records kept of the above? Y N NA 

4. Are blank samples m a l p d  with each new batch of 
diIution water or with every 10 samples? Y N NA 

5.  Are samples analyzed m duplicate to estimate precision 
at a iiequency of once in every 10 to 20 sampie~? Y N N A .  

. .  . . . .  . . . -  6. Are tkie data obtained in preceding duplicate .adys% ..: -. . . .  , .. 

recorded and used? .. , . . . . .  Y N: NA:.,.:. ......... 

7. Are countable plates re-examined and corned by. . .  :- ., : - .  . : . .  . . .  .. . , . . . . .  , . . .  . . . . . . .  ., 
. . , . another experienced person periodically? :I :. 1 .  ;. : : :. : :.:I. ; ............. . , - Y . N . NA : .: .- _ _ . . ?  ..:,. ... . . . . .  . - 

t . . . .  ' . . . . . . . .  . . . .  " 1' . .  ,.; . ,'. -. . . . .  . . . . . . .  ...L : . i .',-. J z;::..: . . . . .  . . , .  . . .  . . 
.-7. .. :... .. . .-. 8, Are quality:control samples of pure c&es used :- :,:.::-: ,: .,:: .,::.:::- -*.- ...?,- -. ' ::, - .-.- * .... ; - 2 ,--:, 

Y N N A . '  - as a positive control periodically? 
- - ..... ..,-:-: I .spa '; +,> 2- . - .  . . ...:.... -,. .. .- .k:z;:;:. .'.-'- .... 9. L i i  the reference documents us$ as part of the .... . . 

..%' ..-. c.. . . . :.... . . - .  ten rneth6d &d c o n d o n  method - ... -. -- A - . . . .  ' .- . - - ....... . ; .  1 . . .  . - - .. .: . -- . . , .  . . . . 

T P J R I  EPA Manual :,I;:. ::,I Standard Methods :.- --..I :- dtha--;.-,&..; ...... . .; . . . ' . - - - - ..-->.--),.,.I -,I ,-._ 
. ...; .. - - . - . - . . . .  - -----. -' -. .-.-- :. .... - --_- -,.; -*--.,- L, . . . . . .  . . . . .  . . . . . . . . . .  ... .......... . .. .... .. . . A .  . . ., .: '-.-- - <: .,. :.:-- . . . .  ... . . . . . . . . . .  : : 

. . . .  
.*:..;+ --.-..- ! ,.. 

. ......... . -... . . . . . . . .  . - 
.-..- . . . . . . . .  11. Remarks. ' . . .  ->v:. -.,-...:- - -  .-<:..- Y..."?, .-.'-:,. z.,,. - ' .- 

. . . . .  . . . . . . . . . . . . . . . . . .  
. - 

. . . . . . . . . . .  
. . 

. . . . . . . . . .  . . .  
. . . . . . . . . . . . . . .  

- -  
. . . . .  ........ ..>..: . . ... . . .  --.-- .-- 'I-'.? . 9-... ... . I . ..<, L C . -  . . . . . . . - . .  .-- 

. . . .  .".-.>..'.- ' 4  .... 1'. . ,  . . . .  
. . ,  . , ........ . . . . . . . . . . . . . .  . . . . . . . .  .... . .  ..* . . . . . . . .  - .: ; :is, ,.< :;-.;,-:,..*, ,4 ;:: :-:,;.; c.:;; ,< .L. ;<;A: : 2  :.L<-: .A . .  .. ... * -/...-., .,.!..,:.X, :.-- 

. . . . . . . . . .  . :.- .,.- .. ..:- <. . .  . 5 ,... . . - 
. . -. .:......:.. :,. v!.. .=:. .I.;;>?: !:: ,:::: .7;..:.':. ::;;:i;:... :: :?;, .2%?;?;j-.;<<;2.. .- . . . . 

.... . - .  - .. -. . . . . . .  ................... _.._--- __  . :,,,-: . ..:..... .-;-.. - .....-7.. : - 7 "  L? - - . . . .  ! . . .  

a 
. - ,  - , .., . .--. 2 :  3. .A,, .-;.--. , ::: ..:.:.c .:::,; .9i';;,. 1; . . 



WRAPPING UP 

Is the field form firlled out completely, including any remarks regarding conditions at the time . 
sample was collected, whether the water was clear or muddy,-any unusual conditions, or probkrns 
etc.? 

Notes or Final Remarks 


