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STREET ADDRESS 

CURTIS V. WEEKS 893 BLANCO CIRCLE 
GENERAL MANAGER October 18,2006 SALINAS, CA 93901 -4455 

Song Her 
Clerk to the Board 
State Water Resources Control Board 
1001 1 Street 
Sacramento, CA 95814 

Dear Ms. Her: 

Subject: Comment Letter - 2006 Federal CWA Section 303(d) List 

This letter serves to provide comments to the proposed 2006 303(d) List, ITEM 10, being presented 
to the State Water Resources Control Board on October 25, 2006. 

The draft document represents many hours of work by SWRCB and RI33 Staff. 

GENERAL COMMENTS 
In addition to referencing the table "Proposed 2006 CWA Section 303(d) List of Water Quality 
Limited Segments, CCRWQCB", a reference map on the web page would have been helpful in 
reviewing the proposed 303d list, along with the Hydrologic Area numbers on the Fact Sheets for 
each water body. 

Missing Fact Sheets: There are missing fact sheets for the following two .water bodies and 
associated 'constituents: 
Salinas Reclamation Canal 309.1 1010 

Fecal Coliforrn 
Low Dissolved Oxygen 
Pesticides 
Priority Organics 

Old Salinas River Estuary 309.1 10 10 
Fecal Coliform 
Low Dissolved Oxygen 
Nutrients 
Pesticides 

Monterey County Water Resources Agency provides flood control services and manages, protects, and enhances the quantity and 
quality of water for present and future generations of Monterey County. 
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Tembladero Slough 309.1 1010 
Ammonia (added 2006) 
Fecal Coliform 
Nutrients 
Pesticides 

Listed Water Bodies as Municipal and Domestic Supply Beneficial Use 
The following water bodies are listed with a Municipal and Domestic Supply (MUN) designation in 
the Central Coast RWQCB Basin Plan. However, under Beneficial Use Definitions for "MUN, 
these water bodies may not meet the requirements for MUN Beneficial Use: The source is not 
sufficient to supply an average sustained yield of 200 gallons per day. 

Gabilan Creek 309.19000 
Quail Creek 309.19000 
Santa Rita Creek 309.19000 
Natividad Creek 309.11010 
Alisal Creek 309.70093 

Natividad Creek 309.11010 is listed in the incorrect category of Original Fact Sheets. It should 
reside under NewIRevised Fact Sheets. This water body is not listed on the Central Coast Regional 
Board, Basin Plan, Chapter 2, Table 2-1, Identified Uses of Inland Surface and Inland Surface 
Waters, Sept. 8, 1994. Based on this, it is a newly proposed water body to the 303d list. 

Tembladero Slough 309.1101 is not listed in the New or Revised Fact Sheets. Ammonia was 
added in 2006 as a POLLUTANT/STRESSOR. (See above under missing Fact Sheets) 

Insufficient Current Data 
Much of the data referred to on the fact sheets for the listed water bodies is not current, and may not 
reflect present conditions in the watershed. In the last few years, there has been Considerable focus 
given to implementing improved managemeit practices that reduce pollutant impact to surface 
waters of California. The Salinas Hydrologic Unit is primarily agriculture with some tributaries that 
flow through urbanized areas. Because of the recent efforts'performed by growers related to the 
State-mandated Agricultural Discharge Waiver in Monterey County, along with increased 
implementation of irrigation management practices to reduce agricultural run off, it is felt that the 
limited surface water quality data from the early 2000's does not reflect current water quality for 
some constituents in the listed water bodies. 

Gabilan Creek 309.19000 ~ a t a  1999-2000 Nitrate 
Quail Creek 309.19000 Data 1999-2000 Nitrate 
Santa Rita Creek 309.19000 Data 1999-2000 Nitrate 
Natividad Creek 309.11010 2000 Nitrate 
Moro Cojo Slough 309.1301 1 Data 1999-2000 Unionized Ammonia 
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Question 
Two water bodies are listed for Beneficial Uses: Cold Fresh Water (CO) and Warm Fresh Water 
(WA). 
Can one water body be both cold and warm freshwater at the same time? 

Moro Cojo Slough 309.1 301 1 

Area Change 
Salinas Reclamation canal 309.1 101 0 
Proposed Area Change - There is no indication in the Fact Sheet as to the existing or to the 
proposed size change for this water body. The Monterey County Water Resources Agency, who 
oversees watershed management in Monterey County, requests to review the proposed change with 
your staff. Please contact Manuel Quezada, ~ssociate Water Resources Engineer, at 831.755.4860 
to discuss. 

Santa Maria River 312.10030 
It is well documented that certain testing methods for Diazinon and Chlorpyrifos, depending on 
the matrix and associated chemicals present, organic and inorganic, may produce a result that has a 
positive bias. The method in question is the Enzyme-Linked Immunosorbent Assay (ELISA) 
method. It is felt that, if these tests on this water body were performed with the ELISA method, a 
false positive may occur, which could compromise the ability of the SWRCB to regulate the Santa 
Maria River for water quality. It is our recommendation that an absolute, unbiased testing for 
Chlorpyrifos be performed, utilizing Gas ChromatographNass Spectrophotometry (GCNS) 
protocol. 

Enclosed are four documents that reference the above statement. Another opti6n'would be for 
one of your staff to call Dr. Frank Spurlock, CA Dept. of Pesticide Regulation, at 9 16.324.4 124, for 
further discussion. 

Document A: 
DPR Agreement 0-1 68- 130-0, '~ozlowski et al, Monitoring Chlorpyrifos and 
Diazinon in Impaired Surface Waters of the Lower Salinas Region, March 31, 
2004 (cover and two pages) 

Document B: 
Final Report Agreement No. 00-0183s "Evaluation of Potential interferences for 
a Diazinon ELISA Test Kit" Hammock and Gee for Spurlock Dept. of Pesticide 
Regulation (DPR), Environmental Monitoring and Pest Management, October 2002 
(entire document) 



Ms Song Her 
October 18,2006 
Page 4 

Document C: 
DPR Memorandum, January 13, 2002 Study Summary: Evaluation of 
Interferences in Enzyme-Linked Immunosorbent Assay (ELISA) for Diazinon 
(entire document) 

Document D: 
Evaluation and Validation of a Commercial ELISA for Diazinon in Surface 
Waters, Sullivan and Goh, J, Agric. Food Chem. 2000, 48, 4071-4078 (entire 
document) 

Please feel free to follow up with me at 831.755.4860, if you have any questions regarding these 
comments. 

Sincerely, 

Kathleen Thomasber 
ater Quality 

Enclosures: (4) 



Funded by: 

California Dept. of Pesticide Regulation 
Agreement 01-01 83C 

Central Coast Regional Water Quality 
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'I 
Diazinon analysis o f  replicates tended to be more variable than chlorpyrifos. 

Chlorpyrifos replicates analyzed (n=74) averaged CV=15% (SD=23%). Diazinon 

replicates analyzed averaged CV= 29% (SD=32 %). 

The variation between like environmental samples was less than the variation in test 

methodology. The average RPD for all (n=53) duplicates analyzed by ELISA was 30% 

(SD=36%); the average CV=2 1% (SD=26%). The CV for all duplicates (21 %) is lower than 

the CV for all replicates (24%). This suggests that the variation that has been 

determined between like environmental samples (duplicates) i s  likely due to the 

analytical method used. 

8.2.5 Inter-laboratorylinter-analysis method comparisons 

Qualitative and quantitative comparisons o f  ELlSA to  GC analysis indicate that ELlSA may 

be positively biased relative to CG analysis when reporting environmental values. Results 

obtained from APPL for duplicate samples are summarized in Appendix 2, Table 8.2. 

Full laboratory reports from APPL are presented in Appendix 2. 

c-.I 
.3 

Many o f  the samples did not have directly quantifiable comparisons, but most o f  those - 
had qualitatively consistent comparisons. Thirty-four sample values analyzed by APPL ,.._ r, 

were below the PQL's for the test. Duplicate samples analyzed by ELlSA had 27 values A .:. 
_>-, 

below or only slightly greater than the PQLs o f  the CC method. One sample had an .A 

3 ELISA value nearly 6 times greater than the PQL o f  GC suggesting the possibility o f  ,--.) 
contamination o f  a duplicate sometime after sampling. 

Twenty-four sample values had quantifiable results above the PQL of the test. ELlSA 

analysis for chlorpyrifos (n=9) averaged a relative percent difference (RPD) o f  32% higher 

than the CC value. ELlSA analysis for diazinon (n=14) averaged a difference o f  57% 
higher than the CC value. The Log of the determined concentrations by both labs are 

compared in Figure 8.1. 



(x ,  CCoWS value consistent with APPL; #, CCoWS value near EDL; nd, not determinable; *, see notes; C, 
chlorpyrifos; D, diazinon; w, water; b, benthic; RPD, relative percent difference) 

I ~ ~ ~ u n 2 - A u ~ 2 0 0 2  (sal-mon ~CCOWS 1 501 # I 20.735 1 x ( 371 x 1 3.947 1 x 1 
~APPL 1 4 0 1  I <50,000] 1 <50l I <50.0001 

DPRun6-Storm1 Isal-mon-w ICCOWS 1 581 # I 52.6101 ndl <25) x I 51.7181 nd] 
Isal-dav-b ~APPL 1 <50] I <50,00Oj I <501 I <50.0001 

run 
DPRunl-Ju12002 

1D~Run7-~lorm2 (bla-coo-w I c c o W S ~  651 ndl 19,114) x 1 11601 -351 10.095) x I 
Ibla-pum-b ~APPL I <50] 1 <50,000) I 750 1 I <50.000j 

site 

sal-dav 
Lab 

CCoWS 
APPL 

[DPRU~I 5-0~12003 lepl-epl ~CCOWSJ 511 # 1 ndl x 1 881 981 1.3491 x ] 
~APPL I <50j <50,0001 1 301 ,- <50.0001 

Average RPD (E -7 (' 24; 137 
L-' 

32 
./ 

57 
Notes: 1) APPL labs used a higher detection limit for water samples on the first run (500, not 50) 
2) *, duplicate sample U202 value =.34,770, consistent with APPL labs. Duplicate sample #214 replicates 
averaged approximately 425.000. 3) Averages based on quantifiable values only. 

C, water 

102 
G O O  

RPD 
x 

RPD 
-51 

C ,  benthic 
37.548 
63,000 

D, water 

45 
4 0 0  

RPD 
x 

RPD 
x 

D, benthic 
24,157 

<50,O0OA 
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Scope of Work 

Phase I. Evaluate specific and non-specific interferences on diazinon ELISA of stolm water 
runoff using surrogate or actual water samples, potentially including factors such 
as diazinon degradates, co-occurring pesticides in surface water runoff, humic 
materials, salinity, pH, etc. 

Phase 11. Evaluate methods to mitigate the presence of potential interferences to improve 
ELISA selectivity, such as clean up or extraction procedure modifications. 

Phase 111. Conduct analysis of DPR-provided stolm water runoff samples for diazinon using 
ELISA to compare results with gas chromatographic analysis conducted at the 
CDFA Center for Analytical Chemishy to test the modifications developed in 
steps I and 2 of the study discussed above. 

Background 

CDFA has evaluated the Diazinon test lut from Strategic Diagnostics (Sullivan and Goh, 
2000) and found it to have a positive bias compared to results obtained by gas 
chromatography. The authors of this study postulated that the bias could be caused by the 
presence of a cross-reacting species, diazoxon. An alternative explanation offered was that 
the bias was a result of undetermined matrix effects. 

In another comparative study conducted in the winter of 2000, a similar high bias was found 
compared to a GC method run by California Fish and Game (Appendix IID). Although the 
data cosselate well (I- = 0.974), the slope indicated a bias by the ELISA method. Examination 
of this data revealed that the magnitude of the bias was not related to site of collection. date of 
collection or limited to a particular concentration range. GC data was routinely lower than the 
ELISA data, ranging from 7 to 82% lower. Spikes and blind spikes were routinely run during 
the ELISA analyses. Spiking levels were 0.1, 0.2 or 0.5 ppb. With few exceptions,, the 
recoveries were all greater than 100%. The upper control limit was set at 150%. This level 
was exceeded in tlvee out of 14 analyses and in two other analyses the level was 140 and 
145%. and these high recovery levels were associated with the high diazinon spike level of' 
0.5 ppb. The remainder of the recoveries was between 1 10 and 130%. 

CDFA would like to use the diazinon ELISA kit for routine monitoring of stosm water runofi: 
However. the high bias is a cause for concern. The goal of this project is to identify, if 
possible, the source of the difference in the ELISA and GC results and to develop or suggest 
ways to ameliorate the difference. 

Materials and Methods 

Immunoassav analvses: Diazinon test kits were obtained from Strategic Diagnostics 
(Newark, NJ) .  The test kits had been purchased by CDFA and were transfersed to UCDavis. 
Eighteen test kits were obtained in this manner. UCDavis obtained additional test kits directly 
from Strategic Diagnostics as needed. All kits were stored at 4 OC according to the 
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manufacturer's instluction. The samples were analyzed by the test lut according to the test kit 
insert (Appendix IIA) with modifications as indicated in the CDFA Center for Analytical 
Chemistry method #EM1 8.0 (Appendix IIB). 

GC analvses: GC analyses were conducted in the CDFA Center for Analytical Chemistry 
using a method entitled "Diazinon in Surface Water" dated 3130192 (Appendix IIC). 

Solid phase extraction: Samples were treated to solid phase extraction after the method of 
Villarosa et al. (1994). The columns were Varian-Bond ELUT cartridges, 500 mg (catalog 
number 121 13027). They were preconditioned with 3 mL diethyl ether, 3 mL methanol, 3 
mL methano1:water (60:40) and 3 mL nanopure water. Samples (1 0 mL) were passed though 
the pren-eated cartridges by vacuum at a rate of approximately 1 mllmin. The cal-tlidges were 
dried under vacuum for about 20 min. The adsorbed diazinon was then eluted with 2 x 1 mL 
of diethyl ether. The eluate was collected and evaporated under a gentle stream of nitrogen 
until a few drops remained. The sample was then brought to a volume of 10 mL with 
nanopure water and analyzed by irnmunoassay. 

Results and Discussion 
. , -, 

1. Cross reactivity 

The table below lists the cross reactivity for structuraliy related compounds. If a complete 
inhibition curve was obtained the lC50 was calculated and a % cross reactivity determined. In 
other cases there was a trend toward inhibition and the % inhibition at the highest 
concentration tested (i.e. 5000 ng1mL) is reported. All othes compounds showed no inhibition 
at 5000 ndmL. 

A. Structurallv related compounds. The oxon form of diazinon cross reacts to a small 
extent (2%), but the 2-isopropyl-6-methyl-4-pyrimidinolpyri~nidone leaving group cross- 
reaction is extremely small, inhibiting the assay only 36% at 5000 nglmL. Both of these 
findings are in agrecment with the papes by Beasley et al., that describes the production of the 
antibody and initial assay development. Although the USEPA SAP states that the 3- 
isopropyl-4-methyl-,6-hydroxypynmidine is more  nob bile and more persistent than diazinon, it 
is not likely the cause of the bias in ELISA results since it does not cross-react. The diazoxon 
is known to cross react, however recent monitoring studies by the CDFA (Domagalski, 1996) 
indicate that the diazoxon accounts for only 1-3% of the total amount of the cliazinon load, 
thus also would not account for the total bias. 
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Diazinon 

Table 1 .  Cross reactivity of stlzlcturally related compounds. 

Diazoxon 

Name 

Pylimifos methyl 

Oxyfluorfen 

Pyrimiphos ethyl 

Structure 

EtO, I I 
/ P-0 

EtO 

ICSo 
(ppb) 

% Cross 
Reactivity 

EtO, I I 
/ P-0 

EtO 
\ / 

% 
Inhibition 
at 5000 

EtO 

MeO, I I 
,P-0 

Me0 

EtO, I I 
/ P-0 

EtO 
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2-Isopropyl-6- 
methyl-4- 
pyrimidinol 

Table 1. Cross reactivity of structurally related compounds (con't) 

Trichloropyridinol 

Name 

2-diethy lamino-6- 
methyl-4- 
pyrimidinol 

Methidathion 

Structure 

Dietlqyl phosphate 

Diethyltlliophosphate 

ICso 
(ppb) 

B. High use compounds. The following table contains compounds used abundantly or 
during the dornlant spray season. Diazinon, methidathion ancl oxyfluorofen are among the top 
ten, and are listed in the table above. Methyl bromide and 1,3-dichloropropene are also 
among the top ten, anti were not tested. Due to, their volatility, they are unlikely to be present 
in samples. Simazine has been founcl in runoff (Domalgalski, 1996). 

'36 Cross 
Reactivity 

% 
Inhibition 
at 5000 
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Table 2. Cros 
Name 

Diuron 

,CH2CH2CH3 
H7NS02 di, - CH7CH2CI-l3 

NO? 

reactivity of some "high use" compounds. 

% Cross 
Reactivity 

Structure % 
Intubition 
at 5000 
n!?/mL 
0 

1Cj0 
( P P ~ )  

C. Other pesticides tested ase in the table below. Molinate and its degradates have 
also been found in runoff. as has carbofuran which was not tested. (Domagalski, 1996). 
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Table 3. Cross reactivity of some other pesticides. 
Name I Structure I 1c50 

Thiobencarb 

Propoxur 1 QCHMe? I 

L 1 

0 

Carbaryl 

Trichlopyr 

0 
I I 

Paraquat 
dichloricle Me- w- M~ 

Heptachlor 
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Table 3. Cross reactivity of some other pesticides (con't) 
Name I Structure I lCSo I % Cross 1 % I (ppb) I Reactivity I Inhibition 

at 5000 

D. Other potential interferents. An examination of the Pesticide Use Repol?. shows 
that many inorganics are used during the dormant spray season in amounts much larger than 
the pesticides. Among them are copper sulfate, su lhr  and mineral oil. We tested solutions of 
these and found the following: A 1 mM copper sulfate solution co~~espondecl to 49 ppt o f  
diazinon. Nanopure water saturated with sulhr  con-esponded to 15 1 ppt of diazinon. 
Nanopure water saturated with mineral oil conesponded to 22 ppt ofdiazinon. 

Molinate 

Ethylenethiourea 

There appear to be several organic and inorganic chemicals that can affect the assay 
either selectively (a cross-reactant) or non-selectively (interferent). No'single compound can 
account for the high bias seen in the 2000 samples discussed above. However, it is possible 
that a combination of chemicals could be responsible for some of the bias. 

11. Methods Evaluation 

NCOSEt 

X 
HN H 

A. Old vs new test lcits. Some of the test kits received from CDFA were near the 
expiration date. Tests were conducted with these "nearly" expired and new kits to determine 
the usehlnesS 'H the ol'd kits for this study. 

ndmL 
0 

0 

Table 4. Evaluation of old vs new test kits 
ELISA ELISA 

Saniple # Old Test Kit New Test Kit GC 
Diazinon Found, ppt Diazinon Found, ppt Diazinon Found, ppt 

48 3 5 3 8 50 

153 1 1  34 4 2 

Samples were from study 199 ancl were measured without pretreatment. 
Samples run in three well replicates on the same day 
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The data in Table 4 show that the old test luts gave diazinon concentrations for these 
samples that were lower than might be expected compared to GC values and different from 
the values for the new kits. The new kits, however, gave values closer to the GC values. 
Most of the test kit parameters for the old kit were within the quality control values reported 
in the test kit insert. New kits were used where quantitative data was needed. The old kits 
were used in range-finding and methods development studies and in the determination of  
cross reactivity. 

B. Recove1-v studies. Background water was collected from Wadsworth (Butte 
County) and Karnak (Sutter Bypass) collection sites. The Kamak sample contained some 
suspended sediment. An aliquot of each of the water types was spiked with the indicated 
amount of cliazinon and analyzed without pretreatment. Three well replicates of each sample 
were run on the same day. 

Table 5. Spike recovery. 
Nominal Diazinon 

Sampling Spike Level Found 
Site P P ~  ppt %, Recovery 

Wadsworth 
30 38.9 129.7 
60 54.8 91.3 

100 136.4 136.4 
200 200.2 100.1 
500 478 95.6 

1000 841.7""" 84.2 

Karnak 

-.. . 
30 3 1.2 104.0 
60 43.2 72.0 

100 64.2 64.2 
500 485.9 97.2 

1000 83 1.4*** 83.1 
"""Indicates that absorbances were outside the range of the highest standard, 500 ppt. 

The data in Table 5 indicate that recovery of diazinon from these water samples was 
variable with no pal-ticular relationship to spike concentration. In addition, some of the spikes 
were outsitie the normally acceptable range of 80- 120% recoveries. Thus, some mat~ix effect 
is presumed. To test this idea, samples were subjected to solid phase extraction. 

C. Recovel-v studies following SPE. Background water was collected from 
Wadsworth (Butte County) and Kamak (Sutter Bypass) collection sites. The Kamak sample 
contained some suspended sediment. Aliquots (1 0 mL) of each of the water types was spiked 
with the indicated amount of diazinon in duplicate and analyzed by SPE. Three well replicates 
of each sample were run on the same day. 



Final Report Agreement No. 00-01 83s 
page 10 of 18 

Table 6. Spike recovely following SPE 
Nominal 

Spike Mean* 
Level Diazinon Found Mean 

PPt P P ~  '%, Recovery 

Karnak 
60 77.2 128.7 
100 105.5 105.5 
500 428.2 85.6 

The data in Table 6 indicate that the solid phase extraction method used, results in 
good recovery of diazinon. From the limited concentrations tested, the SPE does seem to 
eliminate some interlerence. However, the I-ecoveries for the 60 ppt samples are outside the 
acceptable range. This was not: the case when the samples were analyzed directly, which 
implies that something may be co-eluting with diazinon that is interfering. Ful-ther work on 
optimizing a solid phase extraction method is needed. 

D. Dav-to-dav variation. Data were compiled from those experiments in which the 
same samples were run on more than one day to examine day-to-day variation. On eacli day, 
three independent replicates of each samplc were run. One set of samples was lun without 
pretreatment. A second set of data is for samples that had been analyzed following solid 
phase extracjion. With this limited data set, there were.no differences in values obtained from 
day to day. 

Table 7. Day-to-day va~iation. 
Sample # 03/08/01 ELlSA 03/09/01 ELI SA 
418 406 i 17 408 i 75 

02/22/01 SPE ELI SA 02/23/0 1 SPE ELISA 
3 76A 147 i 21 158 = 25 
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Table 7 shows that samples analyzed on two consecutive days give values that are 
identical or overlapping within the standard deviation of the determinations. 

E. Evaluation of calibration curve. The absorbances for each calibrator are used to 
back calculate each concentration as another estimate of the fit of the calibration curve. Table 
8 is a compilation of this data collected over several months. 

Table 8. "Recovered" diazinon using absorbances 
from calibration standards. 

Nominal Mean 
Diazinon Found 

Conc Conc Mean 

The curve fit  data (Table 8) show that the calibrators selected fit the semi -log 
regression well (mean % differences between found and nominal were between G ancl 12%) 
and accurate quantitation should be expected within the range of' calibrators used. The %CVs 
on the found concentrations were between 8 ancl 12%. 

111. Sample Analvsis 

A. Studv # I  99. A series of samples werc collected from Wadsworth Canal over a 
three-moqth period. These samples were analyzed by GC and by imrnunoassay. For 
immunoassiy the samples were analyzed without pretreatment and in addition a portion were 
analyzed following solid phase ext~action. The MDL for the immunoassay method was set, 
conservatively, at 30 ppt as that was the lowest concentration tested in recovery studies. The 
LLD for.-the kit assay was 22 ppt according to the manufacturer 
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Table 9. Immunoassay and GC results for samples collected for Study #199. 
ELISA ELISA 
Result Result 
( P P ~ )  - ( P P ~ )  - GC Result 

Sample # direct Std Dev %CV n SPE Std Dev %CV n 

4 7 NT* NT 59 
48 39.8 NT 
65 NT NT 
6 6 ND NT 53 

103 73.2 NT 8 5 
138 59.6 NT 6 7 
153 35.3 NT . 42 
182 ND 69.1 0.8 1.2 2 40 
201 248.6 38.5 15.5 3 178.7 9.3 5.2 2 185 

389 296.3 40.5 13.7 3 215 15.9 7.4 6 I54 
41 8 362 39.8 11.0 4 292.3 73.5 25.3 3 289 
44 1 58.5 1.3 2.2 2 50.8 2.8 5.5 2 49 
466 452.6 87.8 19.4 4 282.7 51.6 18.3 h 3 93 
49 1 74.7 7.8 10.4 2 50.3 12.9 25.7 2 64 
555 ND 2 : ND 4 ND 
590 53.9 .-.63.4 23.8 37.5 2 ND 

*NT = not tested; ND = not detectable. lmmunoassay WL ..? = 30 ppt; GC MDL = 40 ppt. 
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GC vs ELlSA Direct 

600 

A - 
500 - - 

a 
V) 

W 
X 

0 200 400 600 

Diazinon by GC (ppt) 

GC vs ELlSA after SPE 

600 
A - 
P ' 500 

W 
a 
V) 

; 400 

5 
2 300 
-I 
W 

P" 200 
c y = 0 .8133~  + 29.938 
0 

j 100 .- 
n 

. 0 

0 200 400 600 

Diazinon by GC (ppt) 

Figure 1 .  Comparison of analysis of samples Figure 2. Comparison of analysis of samples 
by GC and by irnmunoassay without sample by GC and by inlmunoassay following SPE. 
pretreatment. 

ELlSA Direct vs ELlSA after SPE 

0 200 . 400 

ELlSA after SPE Diazinon (ppt) 

Figure 3. Comparison of analysis of samples by 
immunoassay without pretreatment (direct) and by 
imrnunoassay following SPE. 
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Figure 1 shows that the analysis of samples directly by ELISA agrees well with the 
GC data, with a slight high bias for the immunoassay. After solid phase extraction, values 
between immunoassay and GC still agree well, but the bias for the inknunoassay is low. An 
examination of Table 9 shows that the hlgh bias for samples analyzed by imrnunoassay and 
run directly is primarily due to samples containing high levels of diazinon (>200 ppt by 
immunoassay). Following cleanup, the data by irnnlunoassay for these high level samples 
agrees better with GC data, implying that if a matrix effect was present, it was eliminated. 
However, because the values are low, there may be a recovery problem. This supports the 
idea that further work is necessary on the solid phase extraction method. 

B. Shidv #20 1 .  A series of samples were collected during rain events in February 
2001. The samples were analyzed by both GC and ELISA and the results shown in Table 10. 

Table 10. Diazinon concentrations in water samples by ELISA and GC, organized by sample 
number. 

ELISA GC 
Result Result 

Site Datemime Sample # (ppt) (ppt) 
Sacramento Outfall 211 0101 10:55 10 ND* 125 
Alamar 211 0101 10:50 12 ND ND 
Butte Slough @ Lower Pass Road 2/9/01 12:OO 60 ND 30 
Mud Creek 2/9/01 16:OO 87 ND 4 8 
Lindo Channel 2/9/01 16:55 89 83 129 

9 1 Big Chico Creek River Road 2/9/01 17:55 9 5 62 
Big Chico Creek @ Rose Avenue 2/9/01 19: 10 94 ND ND 
Big Chico Creek @ River Road 2/10/01 8:50 96 ND ND 
Big Chico Creek @ River Road 2/10/01 10:20 121 ND ND 
Stony Creek 2/10/01 11:20 122 ND ND 
Sacramento k v e r  (9 Hamilton City 211 0/0 1 12: 10 126 ND ND 
Mud Cr-cek 2/10/01 13:lO 130 ND 2 0 
Lindo Channel 2/10/01 13:40 132 155 185 
Sacramento River @J Hamilton City 211 1/01 1 1 :50 133 ND ND 
Sacramento Outfall 211 1/01 l1:30 158 73 141 
Obanion South 211 1/01 12:03 160 87 143 
Obanion North 211 1/01 12:17 162 ND 3 8 
Sacramento Outfall 2/12/01 12:OO 164 112 107 

168 ND 6 1 
Sacramento River .Hamilton City 211 4/0,1 1 1 : 10 182 ND ND 
Little Chico Creek 2/10/01 14:50 218 ND 2 0 
Big Chico Creek @! Rose Avenue 211 0101 1525 221 ND ND 
Big Chico Creek 8 ~ i v e s  Road 2/10/01 16:OO 223 ND 22 
Big Chico Creek @ Rose Avenue 311 1/01 8:55 22 5 ND 2 0 
Big Chico Creek @! River Road 2/22/0 1 9:45 33 7 ND ND 
Big Chico Creek (2) I v e r  Road 2/9/01 9:20 343 ND ND 
Stony Creek 2,'9/01 10:55 244 ND 2 1 
Big Chico Creek (3 Rose Avenue 2/9/oi 12:10 247 ND 24 
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Table 10. Diazinon concentrations in water samples by ELISA and GC, organized by sample 
number (con't). 

ELISA GC 
Result Result 

Site DateITime Sample # (ppt) (ppt) 
Little Chico Creek 2/9/01 13:35 249 62 133 
Sacramento River @ Hamilton City 
Sacramento River (2 Colusa 
Butte Slough @ Lower Pass Road 
Feather River @ Yuba City 
Jack Slough @ Doc Adams Road 
Sacramento Outfall 
Sacramento River @ Colusa 
Butte Slough @ Lower Pass Road 
Feather &vela @ Yuba City 
Jack Slough @ Doc Adams Road 
Sacramento River @ Colusa 
Butte Slough @ Lower Pass Road 
Wadsworth 
Butte 
Main Canal 
Main Canal 
Main Canal 
Main Canal 
Wadsworth 
Butte Canal 
Main Canal 
Wadswol-th 
Butte Creek 
Butte Creek 
Main Canal 
Wadsworth 
Butte Creel< 
Main Canal 
Butte Creek 
Feather River @ Star Bend 
Feather h v e r  @ Star Bend 
Bear River @ Berry Road 
Feather ~ i v e r  @ Star Bend 
Bear River (3 Berry Road 
Feather River (3 Star Bend 
Jack Slough @ Doc Adams Road 
Sacramento River ig! Colusa 
Butte Slough 3 Lower Pass Road 
Feather River I6J Yuba City 
Jack Slough @ Doc Adams Road 
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Table 10. Diazinon concentrations in water samples by ELISA and GC, organized by sample 
number (con't). 

ELISA GC 
Result Result 

Site DatelTime Sample # (ppt) (ppt) 
Obanion South 2/10/01 12:22 558 65 58 
Obanion North 2/10/01 12:39 561 ND 25 
Bear River @ Berry Road 2/9/01 l0:50 584 ND 50 
Bear River @ Bel-ry Road 2/10/0110:30 586 ND 42 
Feather River @ Yuba City 2/12/01 1230  615 ND ND 
Jack Slougli @ Doc Adams Road 2/12/0113:00 617 ND 66 
Butte Creek 2/9/01 12:25 626 ND 32 
Main Canal 2/9/01 12:50 630 ND 20 
Wadswo~-tli 2/9/01 16:05 632 ND 38 
Butte Creek 2/9/01 18:15 635 ND 28 
Main Canal 2/10/01 2:38 637 68 83 
Wadsworth 2/10/01 3 2 0  639 160 207 
Butte Creek 2/10/01 6:15 642 37 28 
Wadsworth 2/10/01 7:35 648 1081380 
Butte Creek 211 1/01 6:lO 661 ND 20 
Main Canal 211 1/01 7:OO 665 56 91 
Wadswortli 211 1/01 8:25 668 294 418 
Butte Creek 211 1/10 10.15 670 ND 23 
Main Canal 211 1/01 10:30 672 72 95 
Butte Canal 2/12/0118:15 696 N D N D  
Obanion South 2/12/01 12:50 699 ND 31 
Obanion South 2/9/01 12:50 701 ND ND 
Obanion North 2/9/01 13:lO 705 ND 24 
Butte 2/13/0110:31 710 ND 21 
Main Canal 2/13/01 10:45 713 ND 47 
Main Canal 211 1/01 2 2 0  722 37 92 
Wadsworth . 211 1/01 3:OO 724 257 .453  
Wadswol-th 211 1/01 19:OO 725 159 829 
Butte Creek 2/9/01 l8:55 746 ND 22 
Main Canal 2/10/01 19: 10 748 ND 44 
Wadswol-th 2/10/01 20:OO 750 178 872 
Butte Creek 2/10/01 32:05 752 ND 22 
Main Canal 2/10/01 22:20 754 33 ' 54 
Wadswol-th 2/10/0123:00 756 212 630 
" ND = no1 detected, below the repolzing limit. The reporting limit for GC. was 20 ppt. The 
reporting limit for the ELISA was 30 ppt. 
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Comparison of GC and ELISA Data for 
Study #201 

All Data 

Comparison of GC and ELISA Data for 
Study #201 

wlo GC data above 500 ppt 

The correlation in Figure 4 for all data points is poor. GC values were much higher 
than ELISA values in this study. Examination of data in Table 10 show that discrepancies 
were greatest at'concentrations of 500 ppt and greater as measured by GC. When these data 
are omitted, (Figure 5). the correlation greatly improves.  everth he less, there is still a strong 
high bias for GC values. This is in contrast to results of Study #I99 where the high bias was 
in favor of the ELISA. 

[Diazinon] by ELISA, ppt 

Conclusion 

0 100 200 300 400 

The Strategic Diagnostics test kits perfomled to the specifications given in the test kit 
insert. The curve fit data (Table 8) show that the calibratol-s selected fit the semi-log 
regression well (mean 5% differences between found and nominal were between 6 and 12%) 
and accurate quantitation should be expected within the range of calibrators used. The %CVs 
on the found concentrations were between 8 and 12%. The kits should be used before their 
expiration date to assure quality data. 

[Diazinon] by ELISA, ppt 

Figure 4. Comparison of GC and ELISA data fol- 
samples from study #201. All data are shown bn Figure 5. Comparison of GC and ELISA data for 
this gsaph eicept for non-detects. samples from Study #201. All points that were 

non-detects or con-elated to GC values above 
500 ppt were omitted. 
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The high biasdetected in earlier studies was not reproduced in the work conducted 
here. The test kit itself, does not seem to be a problem. thus the most likely explanation is 
interference from the matrix and that this interferent(s) was not present this season. 

The solid phase extraction nkthod used was apparently successful in removing 
interferences, but firthel- work is needed to optimize and characterize the method. 

A wide variety of compounds can interfere with the assay (as seen in the cross 
reactivity studies), but no one compound is likely responsible for the bias seen earlier. 
Significant interference might be seen if several of these compounds were present 
simultaneously. 

The conelation among study #201 ilnmunoassay and GC data was less strong than for 
study #199. This might be because study #199 samples were all collected at the same sight, 
althougll sorting data in study #20 I by site does not show any particular con-elation to 
variability. 
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SUBJECT: STUDY SUMMARY: EVALUATION OF INTERFERENCES IN 
ENZYME-LINKED IMMUNOSORBENT ASSAY (ELISA) FOR 
DIAZINON 

BACKGROUND 
In Janualy and Febsualy, 2000, a Sacra~nento Valley surface water monitoring study was jointly 
conductccl by tlie U.S. Geological Survey (USGS) and tlie Califol-nia Department of Pesticicle 
Regulation (DPR) (Dileanis et al., 2002). Thc puspose of the study was to characterize the rainy 
season occun-ence and sources of diazinon in the Sacramento and Feather Rivers. Water samples 
wcre collccted fiom 17 monitoring sites and analyzed for the presence of diazinon and other 
selected pesticides. Diazinon analysis on most samples was conducted using enzyme-linked 
imniunosorbent assay (ELISA, 412 samples), wlile rcplicate splits from approxilnately 30 
percent of those samples were also analyzed using gas chromatographylthermionic specific 
detection (GCITSD, 107 samples) for confinnation. A small number of samples were analyzed 
using gas chromatographylmass spectro~netly (GCIMS, 3 1 samples), but only 10 samples were 
also analyzed by ELISA andlor GCITSD. Additional details on sampling locations, sampling 
procedures and analytical methods are discussed by Dileanis et al. (2002). 

There were 87 split samples in which diazinon was detected in both the ELISA and GCITSD 
methods abovc their respective limits of detection (20 ng/L for GCITSD, 30 ng/L for ELISA). 
The ELISA method yielded higher concentralions than GCITSD in evely sample (Figure I) ,  with 
percent differences between ELISA and GCITSD (=[ELISA-GC/TSD]/[GC/TSD] * 100) ranging 
from 7.5 to 429 percent, with a median of 81 percent (Figure 2). The ELISA method 
demonstrated a similar positive bias relative to the GCIMS method in nine of 10 samples in 
which detections were reposted for bolh methods. The percent difference data were analyzed to 
detennine if larger differences between the two analytical methods were associated with specific 
sampling sites, types of sampling sites (river vs. tributary), or varied systematically with 
concentration (Figure 3). No significant differences between sites, types of sites or concentration 
were evident. 

The quality assurancelquality control (QA/QC) plan of the USGSIDPR winter 2000 Sacramento 
Valley diazinon study included rinse blanks, field blanks, reagent blanks, blank spikes, and 
matrix spikes (Dileanis et al., 2002). Diazinon was not detected in any rinse blank or field blank 
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samples. ELISA matrix spike recoveries were elevated, with an average recovery of 130% and a 
range in spike recoveries of 1 1 1 - 16 1 % (n= 14). These QC data are limited, but suggest some bias 
in the ELISA diazinon results for the Sacramento Valley samples due to matrix effects. The 
GCITSD matrix spikes yielded a mean recovery of 87% (n=4)j while GCITSD analysis of 
American River water sample spikes demonstrated a mean recovery of 85% (n=ll) .  Any 
possible matrix effect on GCRSD is apparently smaller in magnitude than that observed for 
ELISA, and reduces instead of enhances GCITSD analytical results. 

Traditional GC-based methods for determination of diazinon in water have a demonstrated 
history of quantitative recoveries and reproducibility and so are usually considered to be the 
"gold standard" relative to newer methods such as ELISA. In addition, ELISA is also prone to 
matrix effects - either due to the presence of cross-reactants or nonspecific interferences. 
Sullivan and Goh (2000) reported that ELISA yielded elevated diazinon concentrations in storm 
runoff water samples relative to a gas chromatography/flarne photometric detection method 
(GCIFPD). These researchers were unable to determinc thc specific cause of the apparently 
elevated ELISA results. Sullivan and Goh concluded "Before the diazinon kit can be employed 
routinely for regulato~y compliance monitoring, particularly for quantifying runoff water from a 
stol-m event, h ~ t h e r  study is required to elucidate and quantify the factors responsible for its 
consistent overestimation of ELISA results." 

Consequently DPR designed a study in conjunction with the University of California (UC) with 
the primary objective of identifying any specific or non-specific interferences in Sacramento 
Valley dormant season runoff water that may be responsible for the high biased winter 2000 
ELISA concentration data. 

The study was performed under contract with Dr. B. Hammock and Shirley Gee of UC Davis; 
and detailed study data for this project are provided in the final rkport (Hammock and Gee, 
2002). This memo is a summary of the main study conclusions and provides general 
recommendations for use of ELISA in future studies. 

SUMMARY OF STUDY RESULTS 
I .  Cross-rec~ctivily 
Thisty different chemicals were tested for cross-reactivity in the laboratory using the brand of 
diazinon ELISA kit used to analyze the winter 2000 dormant spray runoff samples of Dileanis et 
al. (2002). These chemicals included structurally similar pesticides and degradates, other 
dormant-season high use organic pesticides, a variety of other organic pesticides, and inorganic 
pesticides. In certain cases a small degree of cross-reactivity was observed, but at levels too 
small to explain the consistent high bias in the winter 2000 dormant spray ELISA analytical 
results . 

2. Recovery studies ofspikerl envi~.onnzental water sat~zples 
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Water samples were collected fiom two sampling sites in the Sacramento Valley in early 
December 2000, immediately prior to the 2001 dormant spray season diazinon applications. 
These samples were spiked with known amounts of diazinon and analyzed using ELISA; spike 
recoveries were variable, and there was no consistent bias in analytical recoveries relative to the 
known spike levels. The apparent bias that was observed in the previous year's sampling was not 
evident in these matrix spikes. 

3. Comparison of ELISA to grrs cl~romutogrrrphy/fr~~~nephotontetric detectiorz (GC/FPD) anulysis 
of 2001 Oornlnnt secrsolr water sunlple splits 
Water samples were collected during the 2001 dosmant spray season and analyzed by GCITSD 
and ELISA. Many of the 2001 sampling locations were either identical to or very close to those 
used during the 2000 dormant spray runoff sampling of Dileanis et al. (2002). There were 50 of 
the 2001 dollnant season samples in which diazinon was detected by both the ELISA and 
GC/TSD methods. Among these data the median percent difference of the two methods was not 
significantly different than zero (Wilcoxon I-sample test, p=0.98). No high bias in ELISA results 
relative to GCITSD was evident. However, the percent differences between the two methods 
were highly variable, ranging from approximately -90% to 200% (Figure 4). 

4. An ~~ldi t io11~11 obset-vcltion 
Shortly after the present study was initiated an additional possible cause for high bias in ELISA 
concentrations was discovered: use of expired ELISA kits. During analysis of diazinon samples 
fsom an unrelated DPR Envuonmental Monitoring study, the analyst discovered a strong high 
bias for the "expired" ELISA results (> 1 month past expiration) relative to GCIFPD (Figure 5, 
Appendix 1). It is possible that if expired or compromised ELISA kits were inadvertently used to 
analyze the winter 2000 dormant season samples, this would explain some or all of the apparent 
bias in those ELISA data. At this time there is no way to determine the status of the ELISA kits 
that were used to analyze the winter 2000 dosmant spray data of Dileanis et al. (2002). 

CONCLUSION 
This study failed to identify a definitive cause for the (apparently) high-biased diazinon ELISA 
concentrations in Sacramento Valley water samples reported by Dileanis et al. (2002). It appears 
unlikely that a particular constituent was the cause of high biased ELISA concentrations in the 
winter 2000 monitoring study of Delineas et al. (2002) because (a) the high bias was apparent for 
ELISA-detennined diazinon concentrations in all samples from every location in 2000, (b) 200 1 
ELISA samples displayed no such consistent bias, and (c) several pesticides with high use in the 
Sacramento Valley were shown to have no or little effect on the SDI imrnunoassay. 

During the course of this study i t  was discovered that expired or compromised ELISA kits may 
yield data that are too high. While this is one possible explanation for the consistent bias 
observed between ELISA and GClTSD in the 2000 data, there is no way to determine the status 
of the kits that were used to obtain those data. 
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The percentage differences between GC and ELISA results obtained on sample splits were 
highly variable in both 2000 and 2001 : in 2000, the percentage differences ranged from 8 to 430 
percent, whereas the range in 2001 was -92 to 196 percent. The inter-quastile range (251h to 75th 
centiles) was greater than 50 percentage points in both years: 54% - 107% in 2000, and -39% to 
33% in 2001. Finally, the standard deviation of percent difference between GC and ELISA was 
41 and 70% in 2000 and 2001, respectively. These and similar data (e.g., Holmes et al., 1998) 
illustrate the variability among analytical methods, and emphasize the need to thoroughly vet 
newer methods such as ELISA. 

It is obvious that a robust QAIQC plan is imperative for all studies, and particularly the use of 
matrix spikes and control limits to confirm the veracity of data from each analytical set. If 
control limits are exceeded, analysis should always stop and diagnostic procedures should be 
used to identify problems in the analytical procedure. Finally, in those instances that the 
Environmental Monitol-ing Branch utilizes ELISA 'for diazinon analysis, we should continue to 
analyze splits of a substantial portion of ELISA samples using standard chromatographic 
methods for confirmatory purposes. 

REFERENCES 
Dileanis, P.D., K. P. Bennett and J.L. Domagalski. 2002. Occulrence and transport of 

diazinon in the Sacramento River, California, and selected tributaries during three 
winter stonns, January-February 2000. U.S. Geological Survey. Water Resources 
Investigations Report 02-4 101. 

Hammock, B. and S. Gee. 2002. Evaluation of potential interferences for a diazinon ELISA 
test kit. Final Report for Agreement 00-0183s. 

Holmes, R., C. Foe, and V. de Vlaming. 1998. Sources andconcentrations of diazinon in the 
Sacramento River watershed during the 1994 orchard spray season. .rune 1998 DRAFT 
Report, Califolnia State Water Resources Control Board. Data as obtained DPR's 
surface water database. 

Sullivan, J. and K.S. Goh. 2000. Evaluation and validation of a commercial ELISA for 
diazinon in surface waters. J. Ag. Food Chem. 48:4071-4078. 



I. diazinon concentrations - 
Elisa vs GCITSD results - winter 2000 samples 

Ideal 7: I line 

I0 100 1000 10000 

GCITSD conc ng L" 
I 



Figure 2. distribution of percent difference for winter 2000 
dormant season runoff data (Dileanis et al. ,2002) (n=87) 
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Figure 3. percent difference vs GClTSD diazinon conc. (nglL) 
for winter 2000 runoff (Dileanis et al., 2002) 
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Figure 4. Distribution of percent difference for winter 2001 
Sacramento Valley dormant season samples (n=56) 
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Figure 5. Percent difference between "expired" ELlSA 
kit data and GClFPD (n=41) 

percent difference [ELISA-GClFPD]l[GCIFPD] * 100 
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Date: December 22,2000 

To: Catherine Cooper 

Fn~nl: .scan HSU F9.i. .. &&k-- 

Subject; The Results of Diazinon Analysis in Water by ELISA 

The Strategic Diagnostics Inc. (SDI) ELISA plate kit was used for the 
detel-rninatiot~ of Diazinon in this study. The kits expired in 3 112000. Sipact: 
' I  obnervcd that one of the reagent (substrate) had color change from 
colorless to light blue, I became concerned the accuracy of  the test results. 

For samples ( 194-6 1 to 194- 1 0 1 ), the results by ELlSA were much high.er 
that1 th.c results by GC method. See attached result table. 

Since 311 the samples Rave been diluted 1: 10,000 times before analysis, 
there should not be any background interferences. Even after I tried to i~sr ;.:I. 

fresh substrate prepared in-house to substitute the reagent of the kit, ihe 
resi~lts were still unacceptable. The color turned out to be too pale to 
generate a good standard curve. 

In cvder to have reliable results by ELISA, expired kits should never be 
useti. ln addition, we should not substitute any components of the kits ~.vith 

in-house reagent. 
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Sample 
'1 94-61 
1 ai32 
1 da'3 
192-04 
r 9r.fjs 

1 g47 .- 
194-434.- ' 9463 . 

W-70, ,  
,194-71 
.194;72 
1~4.73 - 
194-74 
194-7~ 
144.76 

.I $4-77 
1 9 ~ 7 8  
194-78 ,-g.ib 

i0+0! 
184.82 
'94-e, - 
' 9 . 9 4  
lBp-B!i 
184-88 
194-87, 
1 94-8H 
I 9 4 4 1  
1g4-#j' 
I 9j-81 
'Iw-42 
154-93 
A-& 

194-e 
194-a 
194-97. 
194-98-: 
194-9s 
l.90-1.00 
'94-101 

BK 
Sptktr. 
spiel 
zpiko 
c.' .?plkn 
Spike 

Spike .. 
:;pike(?€) 
Spika(PE) 
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Evaluation and  Validation of a Commercial ELISA for Diazinon in 
Surface Waters 

J o n a t h a n  J. Sullivar1' a n d  Kean S. Gob*,' 

Deparlment of Land. Air, and W a ~ e l  Reso~~rces. Univer5i~y of Calil'ornia. Davis. Calirornia 95616, and 
Env~ron~nenca l  Monitoring and Pest blanageme~it Branch. Department of Pesticicle Reg~~la t ion .  California 

Environ~iiental Protection Agency. 830 K Strcct, Sacramento, Califol-nia 95814 

The performance of a conimercially available niicrotiter plate ELISA kit for tlie cletermination of 
cliazinon w a s  evaluated for- sensitivity, selectivity, intra-assay repearability, accrrr-acy, arrd niatr-is 
cffccts in fortifiecl clistillecl water ancl filterecl ancl unfiltel-ecl erivironmental surface water  samples. 
r)\epeatabilit.y and  repr-orlucibility s t~~c l ios  show that  the kit satisfies current EPA criteria for t h e  
assessnient  of analytical nietliocls. Mean recoveries fro111 spiked sarnples averaged 80.3. 95.5, a n d  
103.596 fl-o~n clist.illed, unfiltered surface, and fil~e~.ecl surface waters, I-espectivcly. The expeririientally 
tlcl.errnir~ecl n~ethocl clctection lirnit (IvlDL) for the comniercial cliazinon ~ i ~ i c ~ . o t i [ e ~ .  p l a ~ c  rot.~riat (0.01 59 
j ~ g  I--') w a s  cornpar-able to tlie Icast detcctal~le dose (LDD) established by tlie rnanufact~rrer  (0.022 
icg L-'1. Specificity s t ~ ~ c l i e s  inclicate thal tlie cliazinon polyclonal rintibocly can readily clistingirisli 
the tal-get conil~ou~icl from otllel- s t ~ - ~ ~ c t ~ r r a l l y  sinlila~. organophosl~Iio~.~~s a n a l o g ~ ~ c s ,  wit11 [lie exception 
of tliazoxon. CI-oss-reactivit.y will1 the oxon was approxiniat-ely 29'%, while reactivity with pirirniplios- 
rnelhyl, pil-iniiplios-ethyl, and cli1orl)yrifos-etliyl was negligible. A slight mcitrix effect tvns 

un t~ ,ea ted  river water  s a n ~ p l e s  (I-  = 0.969) while a nlucli less rol~ust  COI-rclatio~l ~vris obtained ~ [ J I -  

I . L I I , I ~ ~ ~  wate rs  ( r  = 0.728). Results from r-urioff watcrs exhibit a ~,articularly higli posilivc bias for 

Kcyworcls: ELI.%; dinz i~ io~? ;  ~ ~ i i c ~ - o t j l r r  piale kit; 11la11-i.u efficls; cross-I-eacrivily: p e i . f o ~ . ~ ~ ~ ; ~ n c e  
er~i~lual ior? 

INTl?ODUCTION In  California, tlie Departnicnt of Pesticicle Reg~r la -  
Diazir lor l  (0,0-~ie~~yl-O-[2-~sopropyl-~-~i~~~yI-~-~~~-, tion's (DPR) s ~ ~ r f a c e  water  protection program moriitor-s 

I ~ i r l l i ( ~ y l j  p ~ l o s p ~ ~ o r - o t ~ i o a t e )  is a noriselective organa- and Ixotects the st'ate's surface wafers horn cor~ ta rn i r~a-  
p l i o s p h o r ~ ~ s  irlscccicicle usecl exterisively 011 turf, alfalfa, tion and assesses miligation measures to prevent  or 
let.t~lce, alrii0ncls, c i t r ~ ~ s ,  cottoll, and other- crops for red~rce pollution associated with tlie use of pesticiclcs. 
clornlant sprays  in fruit  and  nu t  o~.charcl crops, fountla-. Dcrer~iiination of tlie presence ancl level of ~)esrici(le 
tion ancl landscape ;il~l~lications, and u r l ~ a n  pest control. residues in surface waters  is f ~ ~ n d a m e r i t a l  ir.1 S L I C ~  

Iri Califormia, aj1l1r-oxirnat6ly 900 59G pounds of diazinon nionitol-ing and regi~latory progranis. Current analytical 
w a s  apl~liecl in 1998 (California Department of Pesticide metliocls for. the determination of pesticides in water  
Reg~rlat ion.  2000). A s  a res~r l t  of its wiclespread agri- consist of gas  cliron-ratography (GC), high-PI-ess~rre  
cul tural  ancl clomestic use, cliazinon resiclues have been l i c l ~ r i t l  chror~iatography (HPLC),  and mass spectroscopy 
found in llomcs, offices. soils, crops, cornmoclities, urban' (bts). Over the past clecade, irnr-nunoassays such  a s  
stol.nlrvaters, arid surface waters  (Bailey et  a!.. 1995;' enzynle-linked inirr~unoso~.bent assays (ELISA) have 
Curr ic  e t  a ] . ,  1990: Tsucla e t  a l . .  1995). I ts  presence in become an increasingly important  alternative detectiorl 
sur.f:rcc tvaters is of parricular conce1.n since such waters method for the deternlinatior1 ofpesticicles, particLllarly 
supply  approximately 50% of the clrinking water in  the for the analysis of lal.ge nLl rn l , e r s  o f  san l l I l e s  anti  as  a 
Unitetl S ta tes  a n d  a r e  vital aquatic ecosystems tha t  s c r e e n i n g  t o o l ,  I~~~~~~~~~~~~~ are  ral,id, s e l l s i t i v e ,  and 
provicle iniportant environmental and economic benerits and are  genera l ly  cost-effective fol. l a r g e  s a r n l ) l e  
(USGS, 1997). loads (Gee et  a l . .  199G). For  example, the cosl of ELISA 

- E-mail: kgoi~@cclpr.ca.griv. for rourine testing or screening of pesticides is a p -  
! Deparr~nerir o r  Land, Ai r ,  and LVarer Reso~rrces. proximately $40-$60 per san11,ie conipared to $1 50-5250 

Enlrir-onmental kloni~ol-ing and Pest ivlanagemenc Eraricil. per sample for GCIHPLC analyses (Goh et  a l . ,  1993: 
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100 Table 1. Intra-assay Reproducibility of ELISA Kit 
Spiked with Diazinon in Dl  Water a t  Eight 
Concentrations and  Assayed Seven Ti~ncs" 

spike mean 
lcvel concli 

(IrglL) mean OD SD %CV (rcglL) SD 9:CV 96 recov. 

0.035 0.743 0.0378 5.08 0.0329 0.0050 15.20 93.99 
0.050 0.632 0.0373 5.90 0.0546 0.0089 16.43 109.21 
0.075 0.565 0.0382 6.76 0.0743 0.0121 16.29 99.1 1 

z , \  1 0.100 0.519 0.0354 6.82 0.0917 0.0157 17.12 91.78 
0.150 0.365 0.0201 5.50 0.1851 0.0171 9.24 123.39 

30 0.250 0.312 0.0170 5.44 0.2354 ,0.0185 7.86 94.1 7 
I .  

1 0  0.350 0.215 0.0193 8.97 0.3674 0.0326 8.87 104.98 
I : 0.450 0.187 0.0162 8.65 0.4 182 0.0308 7.36 92.91 

10 
, % 

'The acronyms OD. SD, and CV represent optical density. 
0.310 O.oZS O.OS0 O. l l )O  0.2Jo O.sOO standard deviation, and cocfficicnt of variation, rcspcctively. 

Ditvinon Conccnuotion (j~gL-1) 

F i g u r e  1. Standard curve (semilog scale) Tor diazinon used 
Tor the calibration oT the EnviroCard ELISA kit. The dotted 
line represents the least detectable dose (LDD) for the kit 
(0.022 / i g  L-I) determined by the manufacturer. The dashed 
line approximates both the experimentally determined LDD 
a n d  the n~ctt iod detection lirnit (MDL) Tor the kit (O.OIG/I~-~) .  

Tree, clistilled water. Solutions having concentrations extending 
8 orders of magnitude were prel);lrcd ilncl run in dul~lica~l! .  
Spilted concentratioris oI'0.00OG. 0.002. 0.005. 0.04G. 0.14. 0.4 1 ,  
I .24, 3.70, I I .  I ,  33.3, 100, ancl 1000 !rg L- '  were ~rserl l'or 
ol)t;~itiing st.;ir~clarcl curves. Assays were ~ )e r fo r~~~c!d  according 
to the procctlur.es clescril~cd ea1.lit.1-, and percent cross-renc. 
liviLies ('%,CR) were cleterr~~ir~ccl Srom t l ~ e  Sormula 

%CR = 
(IC,, ta rget  analytelIC,, Lested cross-reacting cornpound) , 

(100) ( 1 )  

where ICsl, is the el'reclive concentration oranalyte that r e s ~ ~ l ~ s  
in 50% enzyme corij~rgate intlibilion. ICso val~res for each cross- 
reactant wcrc genel-atcd from a '1-paran~eter f i t  orexperinien- 
tally deLerrnined al>sorbances versus spike concentraLion data. 
T h e  e q ~ ~ a t i o n  T~jr the 4-p;lralrlcter fit (Rocll~arcl. 1081) is 

wliel-e y i s   he al~sol-bance. .\.is ~ l i c  concentration or the analyte. 
A a11d D a r e  the ~1p11er and lower asymptotes. ~.espectively. B 
is ttie slope ancl C i s  the c e n ~ r a l  point of the linear portion or 
ttie curve, 1.e.. tlie lCs0 (Gee et a] . .  1996). Standard curves 
r e s ~ ~ l t i n g  Tr-on1 a 4 -pa rame~er  data reduction scheme are 
sigrnoidal in shape. B o ~ h   he upper and lower asymp~otes  must 
be well defined in sigrnoidal dose-response relationships in 
orcler ro el-)sure accurate ICS,, values (Jotinson et  at.. 1998). 

RESULTS AND DISCUSSION 

P e r - T o r - m a n c e  E v a l u a t i o n s .  Standc71.d Curves and 
Kit Serlsiriviry. T h e  stanc1,ard c u r v e  for t h e  d iaz inon 
s t a n d a r d s  is  s h o w n  in  F igu re  I .  T h e  s t a n d a r d  curve  w a s  
based  o n  cluplicate s a m p l e s  in DI wa te r  a n d  w a s  l inearly 
t r a n s f o r m e d  u s i n g  a log- l inear  cu rve  fit as in s t ruc t ed  
b y  t h e  k i t  m a n u f a c t u r e r .  Lowest  s t a n d a r d  concen t r a -  
t i o n s  w e r e  p r e p a r e d  below t h e  no rma l  l i nea r  r a n g e  
(0.030-0.500!lg L-I) a n d  below tlie leas t  de tec table  dose 
( L D D )  d e t e r m i n e d  b y  tlie m a n u f a c t ~ ~ r e r  (0 .022 ~ c g  L-I) 
in o r d e r  t o  e x a m i n e  t h e  l inear i ty  of r e sponses  in t h i s  
region.  T h e  k i t  d isplayed a high degree  of l inearity below 
t h e  k i t  m a n u f a c t u r e r ' s  e s t ab l i shed  sens i t i v i ty ,  a n d  t h e  
a c c u r a c y  of a b s o r b a n c e  va lues  for t h e  l owes t  s t a n d a r d s  
i v a s  goocl (r g . .  m e a n  optical  dens i ty  va lue  for tlie O.OlG 
pg L-I s p i k e  was 1 .0165  + 0.0161). T h e  LDD of t h e  
E n v i r o C a r d  cliazirion rnicr~oticer place kit  w a s  calculated 

by the  rnanufactur:er a s  t he  amoun t  of diazinon r e c l ~ ~ i r e d  
to achieve  85% BIBo, w h e r e  BI& is t h e  n y a n  a b s o r -  
bance of a given sample  diviclccl by the  m e a n  abso rbance  
of tlie negat ive  contr-ol (Ivliclgley e t  a l . ,  199G). A,bsor- 
banccs for six replicate sarnplc  blanlts  were  u s e d  to 
es tabl ish  a n  e s p e r i m e r ~ t a l l y  based LDD to con lpa re  
agains t  t h a t  obtained by the  manufacturer. E s p e r i m e n -  
tal LDDs were  calculatcd a s  3 t i ~ n c s  t he  m a s s  ecluivalent 
of t he  stanclard deviation of the  negat ive  contro l  f rom 
its m e a n  absorbance  (ACS, 1980). LDDs c a l c ~ ~ l a t e c l  by 
this metllod (0.0 15 11g L-I) sugges t  t h a t  sens i t iv i t ies  a r e  
somewha t  I ~ i g h e r  (appl-oxirnately 32%) t h a n  t h o s e  de -  
ic rmined by tlie r n a n u f a c t ~ ~ r e r -  us ing t h e  BIBo methocl 
(i.e.. 0 .022,~rg  L-I). T h e  correlation coefficicnt (1) for tlie 
diazinon s t a n d a r d  curve  w a s  0 .9964.  

Intm-Assay R ~ ~ ~ r o c l i ~ c i D i l i ~ y .  Results of reprocluci bi l i  ty 
s tudies ,  i n  which DI sarnples  spikecl wi th  t l iaz inon a t  
eight concentra t ions  fall ing wi th in  t he  l inear  r a n g e  of 
the  kit we re  each assayed seven t imes,  is shown in T a b l e  
I .  T h e  rnean percent  coefficierit of var ia t ion  (')/oCV) for 
t h e  kit w a s  6.4% for optical dens i ty  a n d  12.6% for 
concentrations.  T h e  microti ter  p l a t e  tes t  p r o c l ~ ~ c e d  sorne  
%CV values  in excess of lo'%, all a t  concentra t ion  levels 
50 .100  ,~ rg  L-I. Such  variabil i ty rriay be  clue is1 p a r t  to  
operator- e r ro r ,  bu t  it is more  likely t h a t  obse rved  
variabil i t ies a r e  clue to t he  lack of trniforrriity irl t h e  
antibody coating on the  walls of t h e  p l a t e  we l l s  o r  to  
leaching of t h e  coat ing  rnaterial .  Variabil i ty of wel ls  
~ v i t h i n  microt i te r  p la tes  lias been shown  to  b e  t h e  
largest  cont r ibutor  to total  a s say  imprecision (b louve t  
e t  a l . ,  1997) .  

The  l o ~ v e s t  sp iked concentl-ations (0.035!,g L - I )  u sed  
for precision de t e rmina t ions  were  a lso  uti l ized to ca l -  
culate t h e  MDL for the  diazinon kit. T h e  MDL i s  def ined 
a s  t he  miniri iur~i concentra t ion  of a s ~ ~ b s t a n c e  t h a t  c a n  
be rneasured and  reported with 99% confidence t h a t  t h e  
analyte  concentra t ion  is g rea t e r  t h a n  zero.  T h e  M D L  is 
determined by n i ~ ~ l t i p l y i n g  the  app ropr i a t e  one- ta i led  
99% t-statist ic by t h e  s t a n d a r d  deviation (a) ob ta ined  
from a m i n i m u m  of t h ree  replicates (seven r ecom-  
mended)  of a ma t r ix  s p i k e  s u b s a m p l e  c o n t a i n i n g  t h e  
analyte  of in teres t  a t  a concentra t ion  1-5 t i m e s  t h e  
es t imated MDL ( U S  EPA, 1996): 

By use of s t a n d a r d  s ta t i s t ica l  tables  a n d  s t a n d a r d  
deviations obta ined from Table  1 ,  t he  b l D L  for t h e  
diazinon ki t  w a s  calculated to be 0 .0158 j ig L- I ,  wh ich  
is comparable  to t he  exper-inlentally d e t e r m i n e d  LDD 
(0.01 5 p g  L-I) presented  ear l ie r .  
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Table 2. Agree~llcnt betwccn Known and Measured 
Concentrations of Diazinon in Distilled Water, 
Unfiltered Strcanl Water, and Filtered Stream Water. 

spilic lcvcl mean.' 
(trg L-I) (/I.< L-'1 SD CCV %, ~.ccovcry 

DJ Warcr 

Unl'iltcrcd Srrcarn\v;~tcr 
0.4 50 0.4986 0.0086 1.72 1 10.8 
0.225 0.2647 0.0101 3.93 1 17.64 
0.1 13 0.0993 0.0153 15.4 1 87.88 
0.056 0.04.15 0.00;12 9.44 79.46 
0.028 0.0229 0.0005 2.18 81.79 

6.54" 95.51' 

A C C L I I . ~ ~ ~ .  T h e  accuracy of the ELISA ltit was inves- 
tigatctl by perfornling rccovcry s t ~ ~ c l i c s  in which nlca- 
s ~ ~ r e d  co~lccnL~.ations i n  DI water and in ~~rlf i l tered and 
I'iltered river' waters  were cleterrrlined ancl conlpared to 
expected val~les .  The accuracy of tlie EnviroGard kit was 
dete~~minecl  by spiking each water matrix with cliazinorl 
(0.028.0.056. 0.100, 0.1 13. 0.225, and 0.4501cg L-I) and 
analyzing all samples in triplicate. The r e s ~ ~ l t s  of these 
analyses a r e  s~rrnrnal-ized in Table 2. Matrix blanks 
indicated t h a t  no residual amounts  of diazinon we1.e 
present  in a n y  of the water  matrixes. Mean percent 
recoveries for t h e  diazinon microtiter plate were best 
in unfiltered (95.5) and filtered (103.5) s ~ ~ r f a c e  waters, 
although r e s ~ ~ l t s  in ~~nfi l terecl  water also exhibited the 
highest percent variability (6.54). Overall recoveries in 
DI water WfrE significantly lower than expected (80.4%) 
d u e  to poor recoveries for spiked samples a t  the 0.028- 
0.100;rg L-I range. Preliminary trials with the diazinon 
Icit were performed in DI water ,  and these experiments 
consistently exhibited recoveries in excess of 90%. 
Consec l~~ent ly ,  operator error  is suspected as  the rnost 
likely explanation for the poor recoveries observed i r l  

t he  Dl matrix ir l  the final analyses. The recovery pattern 
for spikes in DI water  shown in Table 2 suggest tha t  a 
ser ial  dilution error  may have occurred. Overall, how- 
ever, despite slightly greater  variance in the distribution 
of estimatecl values for diazinon in surface waters, the 
accuracy of all resul ts  was found to be acceptable. The 
highest mean  recovery of diazinon (103.5%) was ob- 
se;ved for spiked samples in filtered surface water. The 
lo~vest  niean variability (5.5%) was observed for spiked 
samples i r i  DI  water .  The average percent recover-y for 
cliazinon for all water  types and-a t~a l l  spike levels was 
93.1,  and the  average val-iability was 5.95 (range 63.9 
to 123.6 with %CV varying from 0.58 to 16.15). Mean 
variabilities a n d  recoveries in all water  types satisfy 
cur ren t  EPA criteria for the assessment of analytical 
r-~iethocls. EPA standarcls maintain that mean recoveries 
mus t  lie in the  range of 70-120% wit11 a maximum 
coefficient of variation of =Z0%, [Hammock e t a ] . .  1990). 

Sullivan and Goh 

1 

D~azlnon donccnuation (I&.') 

Figure 2. Graphical representation of matrix interference 
effects rrorn standard curves (semilog scale) Tor tlie diaz~non 
EnviroCard ELlSA kit in dislilled, unfiltered, and filtered 
surrace water. 

Matrix Effects .  Irnmunoassays a re  rapid and  con- 
venient for envir-onmental waler  analysis  primarily 
because they ~ ~ s u a l l y  do not require sample preconcen- 
tration and  cleanup steps. ELISA methocls, however'. 
orten have a high potential for nonspecific binding 
between nontarget analytcs  and arltibodies a n d  ar-e 
C O I I S ~ Q L I ~ I ~ ~ ~ V  prone to matrix interferences, even in 

. a  

"clean" matrixes. There a r e  several nlethocls a v a i l a l ~ l e  
for the quantilalive evalu:~tion of so-callccl rnatr-ix 
effects, two of ~vhicJ.1 were eri~ployed i1.1 th is  s t ~ l d y .  
Typically, interferences are  q ~ ~ a n t i f i e d  by comparing a 
starldard curve prod~rced in a control mat r ix  s ~ l c l i  a s  
clistilled or buffered water with a cal i l~rat ion curve 
generated in: the matrix of interest. Tlie s lope of a 
starldard curve in a matrix contairling interferences is 
less than that  of the control system (Krotzky ant1 Zeeh, 
1995). For the current i~ivestigation, the ELISA kit w a s  
used to generate three diazinon s tandard  curves,  one 
in distilled water,  one in ~ ~ n f i l t e r e d  surface wate r ,  and  
one in filter-ecl surface water. All curves were genera ted  
from four spiked sanlples having concentrations of 
0.028, 0.056, 0.1 12, and  0.450!cg L-I. 

The resulting statistical relatio~iships (Figure 2) 
indicate that a strong parallelism exists betweerl.each 
of the three curves. There was little difference ( ~ 5 % )  
be tween the slopes of curves generated in unfiltered ancl 
filtered s ~ ~ r f a c e  water  relative to tha t  of t h e  control 
matrix. Estirnatecl concentrations of diazinon terld to be 
slightly lower in surface waters cl~le to a niirlor decrease 
in sensitivity cornpared to the cont1.01 (Figure 2 a n d  
Table 2). I t  is possible that small variations in sensitiv- 
ity between tlie natural and control systems a r e  inducecl 
by differences in pH or ionic strength (electrical con- 
ductivity. EC). However, DI water (pH = 6.81,  EC = 
5.98 !rS/rn). unfiltered surface water  (pH = 7.4 1. EC = 
606~iS/m] ,  ancl filtered surface water (pH = 7.39, EC = 
666 ;cS/m) all had similar pH's near neutral  a n d  lo\v 
conductivity. Moderate variations in pH and dissolved 
.organic carbon (DOC) has been shown to not aclversely 
affect analyte-antibody affinity in most other  cornpeti- 
tive ELISA kits and formats (Watts e t  al., 1997: Lawruk 
et al., 1993). Other  studies, however, suggest t h a t  small  
variations in ionic s t rength and organic m a t t e r  may  
sometimes affect k i t  sensitivity (Manclus ancl Montoya. 
1995). In the present study. the removal of par t iculates  
and organic matter  by filtering Iiacl little impact  on 
inhibition, as  evidenced by the similarity of t h e  slopes 
of the standard curves in unfiltered and filtered \\raters. 
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Table 3. Slopes Obtainecl for Standard Curves in Dl. 
Filtcrctl S ~ ~ r f a c e ,  a n d  Unfiltered Surface Waters ancl 
Their  Pe rcen t  Differences Relative to the Control Matrix 
(DI) a n d  Values of tile Index of Matrix Interference, 6,. 
ant1 the  Correct ion Factor ,  N, Calculated for Unfilterecl 
ancl Fil tered Surface  Waters 

rcl. s ~ u ~ ~ t l .  culvcs ind's or molris irilcrfcr. 

11l3ll.i.c slopc 70 dif'r, /,I, N 

dislillcd wa~cl- :  1.030 0.00 0.00 0.00 
unfil~crctl river watel.: 1.003 2.62 3.57 0.9G 
filtcred ~.i\ ,c~. wnrer: 0.998 3.1 1 4.80 0.95 

An a l te rna t ive  n~ethodology to that  of comparative 
s t a n d a r d  curve  analysis  for provicling a general quan-  
titative account of rliatris effects l ~ a s  been proposed 
(Cairoli e t  a l . ,  1996) a n d  was ilsed in this investigation 
to corrobor-ate the  n1ol.e conventional statistical ap-  
III-oach. In  tllis technique, experimentally dete~.rnined 
absorbarice values for matrix bla~l l ts  a r e  nornlalizctl 
against  those of the  blanlc control mal r i s ,  wliicli yields 
a uniLless t e r m  cnlled the  index of matrix interfer.ence, 
41, 

~ v f ~ e r e  ABS is t h e  mean a11so1-bance determined from 
cxpcr in~er \ t ,  R la~l l i  A is tlie co~ltrol matrix (Dl water- in 
the  present  SLLICIY), allcl blank B is the ~ ~ n s p i k e d  envi- 
ronmenr?l 111atl-is. I,,, for a p a r t i c ~ ~ l a r  matrix is then 
~ ~ s e c l  to derive a correction facror-. N 

wllich is subsccl~rent ly employed for the direct q~ran t i .  
tation of a par t icular  a ~ l a l y t e  of interest 

w11er.e C, is tlle matrix-cor-rected estirnated analyte  
concent~.atiori a n d  C,,lcns,ll.e~ is the  analyte  concentration 
dete~.nlirled from the calibration curve. With this ap-  
proach, t h e  calculated I,,, values car] be cor~siderecl a 
" t r ~ r e "  rnatrix interference, tl1~1s allowing the determi- 
nation of t h e  ana ly te  in each matrix c l i~ .ec t l~  from the 
c a l i l ~ r a t i o r ~  curve  in DI water  ~ l s i n g  eq 4 .  Values of I;,, 
and  N w e r e  calculated for unfiltered and filtered s~lrface 
wate rs  us ing  mean  absorbance values for control and 
rna11.i~ 1,lanlts obtained from the EnviroCal-cl kit (Table 
3). 

Evidence s ~ l p p o r t i n g  this ap j~roach  is shown in Table 
3. Tlie pel-cent difference between the slope of tlie 
standar-d curve genel-ated for the control matrix and 
t h a t  of each  na tura l  water  r-natrix is shown to ap-  
proximate closely their respective 4, values, i.e.. Islope- 
ctlntrol - s ~ o / J ~ I ~ ~ ~ ~ I x ] / s ~ ~ ~ J ~ c I , I I I ~ o I  * Illl In the present s tudy,  
t h e  index of mat r ix  interference appears  to be compa- 
rable to t h e  s t a n d a r d  curve nletllocl for the q~lant i f ica-  
tion of genera l  matr ix effects. These I-esults merit  
fu r ther  s t u d y ,  since the ability to assess potential matrix 
effects thro;gh simple calc~liation ra ther  than th ro~lgh  
adclitional experiment  is clearly advantageous in terms 
of t ime a n d  cost.  Values of Nder ived  for each surface 
wate r  rnarrix were used to calculate corrected values 
for mean  concerltrations shown in Table 2.  When 
corrected concentrations were used t,o recalculate re- 
coveries, observable inlprovernents were noted (not 
S ~ O L V I ~ ) ,  a l though  all such irnproverne~its fell within the 
range  of experimental  error (XCV). T h u s ,  observed 
variat ions in sensitivity for natural  waters  occur-ring in 

Tablc 4. Specificity of Diazinon Antibody toward O t l ~ c r  
S t r u c t ~ ~ r a l l y  S i~n i l a r  Organopl1osp11orus A n a l o g ~ ~ e s  

~CSO %Cross 

Analogues Struclurc ( p g  L-I) Reactivity 

the microtiter ELISA kit a r e  probably not due to niatrix 
interferences b ~ ~ t  may instead be the res~ l l t  of variability 
in well to well bindirlg capacity or,  in particular.  
temperature. With the 96-we11 nlicrotiter plate  ~ O I - m a t ,  
the outer  wells tend to reach optimum tenlpcrature 
sooner than tlie inner  wells, which then has  a n  effect 
on the equi1ibr.iur-n reactiorls which drive the  biridirlg 
process. Variations in final absor~bances clue to this 
p t ~ e m ~ n e n o n  a re  generally rrlanifested in what  is called 
a n  "edge effect" (Gee e t  al.. 1996). 

Cross -Reac t iv i ty .  Cross-reactivity bet~veerl antibod- 
ies and ~ o r n ~ o u n d ~ t t i a t  a r e  structurally s imilar  to tlie 
target compound is a n  inherent problem with ELISA 
(Meulenberg et  al.. 1995). Cross-reactions can affect 
analytical results by either indicating t h a t  tlie tar-get 
compound is present wllen it is not (false positive) or. 
by elevating the predicted concentration of the  target  
coml~ound when both the target and one or more 
s t r ~ ~ c r u r a l l y  similar cornpouncls a r e  present.  Therefore 
the specificity of each kit toward the target compound 
and its most probable cross-reactants should be de te r -  
mined. T h e  EnviroCard diazinon antibody h a s  been 
shown to be highly selective to~vard diazinon (Beasely 
et  a]. .  1997). Only diazoxon, the 0 -ana log~re  of the target 
compound, has been found to exhibit significant cross- 
reactivity (IC5" < 1.000 pg L-') (Fan a n d  Eus l i~vay .  
1997). Tlie current  results (Table 4 .  F i g ~ l r e  3) a r e  
consistent with these earlier findings. Cross-reaction of 
the diazinon antibody with the  oxon for111 of diazinoli 
was approsinlately 29%, ~vhi le  reaction with p i r i ~ n i -  
phos-methyl and piriniiphos-ethyl, which s h a r e  the  
disubsrituted pyrimidine ring s t ructure,  a n d  chlorpyri- 
fos-ethyl, was minor (< 1%). The affinity of the diazinon 
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ELISA 
(l1~L.l) 

Figure 3. Stanclarcl curves showing speciricity EnviroGard 
diazinon kit antibody for diazinon and cliazinon 0-ana log~~e  
(diazoxon) 

aritil~ocly for the  oxon a n a l o g ~ l e  may leacl to clifficulties 
for the r1~1a1ititative determination of diazinon in watcr 
samples whcr-e its degradation products a re  present i r ~  
signiricant amounts .  In S L I C ~ ~  cases, tlie antibocly may 
riot accurately cliffcrerltiate between diazinon and its 
oxon, leacling to exaggerated estirriations of thc target 
compound. 

METI-1013 COMPARISON 

Unfiltel-ed environmental water  sanlples were iised 
for comparing ELISA a n d  GC methodologies and were 
collected a t  the Sacrarnento River and Orange Coi~nty  
field sites. All field samples were analyzccl in duplicate 
by the app~.opriate  protocols clescribecl in the Materials 
a n d  blettiods section and  the results are shown graplii- 
cally in Figures  4 ancl 5. For 110th tlie ELISA ancl CC 
clatase'ts, paired,  two-tailecl (-tests were performed, arid 
calculated t-values were compared to those obtained 
from a s tandard  L-distribirtion table. For tlie Sacraniento 
River da tase t  (11 = l B ) ,  the calculated value of I was 
cleterrnined to be larger- than tlie rable value a t  tlie 95% 
confidence level ancl yielcled a P v a l u e  of 0.021. For the 
Orange  County clataset (17 = 12), the calc~rlated value 
of r was  foilncl to be smaller  than the table value and 
had  a P v a l u e  of 0.1 188. These ~.esui ts  infer that  there 
is no significant statistical difference between the 
ELISA and  GC methods for the analysis of river water 
samoles .  whe~.eas  a considerable difference exists be- 
- '~ 
tween the two rnetllocls for the analysis of runoff waters. 
These characteristics can be seen graphically in Figures 
4 a n d  5. which show tlie correlation between GC and 
ELJSA resul ts  for the detection of diazinon in uritreated 
Sacrarnerito River arid Orarige County runoff water 
samples ,  respectively. Regression analysis of the Sac- 
ramento  River samples (Figure 4) yielded a good linear 
relatioriship having a correlation coefficient of 0.969 and 
a slope of 1.178 between the two rnethods (F= 243.5, s 
= 0.028,  p < 0.0001). A much poorer quality linear 
relat ionsi~ip was observed for- the runoffsamples (Figure 
5). These sarnples had a correlation coefficient of 0.728 
a n d  a slope of 1.452 (F= 11.25, s =  0.254, p < 0.0073). 
T h e  slopes froni both f ig~ l res  a r e  greater than 1.0 and 
indicate a high positive bias for the ELISA method 

Figure 4. cdrre~aiion between CC and ELISA resulls Tor the 
analysis or field water samples obtained rrom iwo sampling 
siies on the Sacranienlo River. CA.  The esuaiion of the line is 

ELISA 
(116L-l) 

Figure 5. Correlatior~ between GC and ELlSA results for the 
analysis of field water samples obtained from nine sampling 
sites in Orange County. CA. The equation of the line is y = 
1.452.~-  0.10 ( n =  12, r =  0.728, F =  11.25, s =  0 . 2 5 ~ 1 , p  < 
0.0073). 

relative to the GC method, p a r t i c ~ ~ l a r l y  for I-unoff 
samples obtained from Orange County sites. Although 
positive bias can be beneficial to a screenilig method a s  
it retluces the possibility of generating false negatives, 
tlie consistent ovel.estilnation of values is a n  undesirable 
trait for quarititative applications. 

The observed bias for the ELISA test kit  a p p e a r s  to 
imply the presence of a significant matr ix effect, par- 
tici~larly for samples taken from storm runoff. Matr-ix 
effects, however, are  typically manifested by diniinished 
rather  than enhanced ELISA responses, since interfer- 
ing conipolients tend to inhibit selective interactions 
between the target analyte and antibody. Runoff waters 
used for this coniparative method stucly were de te r -  
mined to have higher electrical conductivity (EC). 
alkalinity, and amrnonia concentrations t h a n  corre- 
sponding river waters, while dissolvecl oxygeri (DO) a r ~ d  
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p H  were s imilar  for both rnatrixes ( G a ~ ~ a p a t h y .  1999: 
Kim e t  a l . ,  1999). Nevertheless, results of fortified 
s a m p l e  recovery studies in filtered and  unfiltered river 
wate rs  in this s t ~ ~ d y  (Table 2) and in previous s tudies  
(Lawrulc e t  a l . ,  1993; Oubii7a e t  al. .  199G) have shown 
tha t  rnatrix effects appear  to be minimal in the preserice 
of tlie represeritative cheniical constituents of natural  
wate rs  (e.g.. sa l t s ,  nietals, particulates, h ~ ~ m i c s )  and 
with variat ions in pH. I t  therefore seems unlikely t h a t  
bias induced by antibody interactions witli these corn- 
ponerits would be a s  extensive a s  those observed in tlie 
method conrparison s t ~ r d y .  

Eri l~anced responses a r e  nrost likely due to cross- 
I-eactivity with ~ ~ n i d e n t i f i e d  metabolit,es, degradation 
pr-oducts, or otller cornporrents present in the water  
~riatr ixes .  If the cross-reactirlg corirponent or componerits 
a r e  cletectecl Ily ELISA but not by CC, tlie irnmunoassay 
will es lr i l~i l  a positive bias. Since diazoson lias been 
f o ~ ~ n c i  to be the most significant cross-reacting analogue 
for tlie Envir-oGard plate kit .  having a sensitivity (0.200 
p g  L-I) only ar-ound 10 tiriies less than that  of diazirron 
(0.022 !lg L-I), it is a logical cross-reacting canflidate. 
I t  is well-ltnown t h a t  phosplio~~otliionates a re  s~rbject to 
oxiclotive c l e s ~ ~ l f ~ ~ r a t i o n  i n  the environment t6rougli 
either pliotochemical or in vivo processes, or by i~i terac-  
tion ~vil.11 conirnon chemical const i l~rents  of natural  
wate rs ,  sucli a s  dissolved osygen, ozone, mctals,  and 
I.ralicles (Eto, 1979; Oliasl~i  e t  a l . ,  1994: Ku et a l . ,  1998: 
Zliang and Peliltonen, 1999). However, we have no 
c l~ra~~t i f i a l> lc  eviclence which suggests that  cliazoxon was 
presen t  in the  samlllcs analyzecl and that  it is respon- 
s i l ~ l e  for tlie observed Ihias for ELISA in the current  
s t ~ l d y .  Phos11l.iate esters a r e ,  in fact, considerably less 
sr.able in the environment than their cor~.esponding 
~ : I i i o p l ~ o ~ ~ ~ h a t e  a r i a l o g ~ ~ e s  d ~ r e  to the greater  polarity of 
tlie P=O bond. Diazoxon, for instance, hydrolyzes about 
G tinies fastcr in water uncler neutral  conditions than  
cliazinon ancl about 14 tirnes faster in water  ~ ~ n d e r  basic 
conclitions (Falah and Hammevs. 1994). C o n s e q ~ ~ e n t l y .  
diazoxon tencls to clegracle rapidly a n d  is not generally 
fourid i r r  significant q ~ ~ a r i t i t i e s  iri the environment. 
Recent s t ~ l d i e s  conductecl by DPR to monitor tlie levels 
a n d  estirrlate the  changes in concentration of diazinon 
a n d  diazoxon over time on surface soil and turfgras's 
(Roc l r ig~~ez .  1995) and to assess  the distribution and 
m a s s  loacling of insecticides in the S a n  Joaq~r in  River. 
California (Ross e t  a].. 1999), fourid tha t  diazoxon was 
seldom clctectable ir- I  e i ther  soil or water. On the few 
occasions it was  detected, it was consistently quantified 
a t  concentrations less than 2% of the parent  thioester. 
In  rrrnoff wate rs ,  Domagalski (1996) determined t h a t  
diazoxon only made up approximately 1-396 of the  
diazinon load in s tormwatcr  runoff in the Sacramento 
River Easin.  California. Accordingly, it is evident tha t  
diazoxon is not lil<ely to be present in tested samples 
a t  conceritr-at ions high enougll to explain the observed 
overest imation of ELISA resul ts .  T h e  positive bias for 
ELISA observed in this s t u d y  is probably due to the 
combined inliibitory effects of several unknown interfer- 
ences r a t h e r  t h a n  to secondary antibody inhibition by 
cliazoxori alone. Eefore the diazinon kit can be employed 
I-oucinely for regulatory compliance monitoring, par-  
ticularly for quantifying runoff wate r  fr'onl a storrn 
even t ,  fur ther  s t u d y  is r e q ~ ~ i r e d  to e l~~c ic la te  arid quan-  
tify t h e  factors responsible for its consistent overestima- 
tion of ELISA results.  
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CONCLUSIONS 

The results of recovery, reproducibility, ancl sample  
co~nparison s t ~ ~ d i e s  indicate that  the EnviroGard ELISA 
kit is a satisfactory and  cost-effective method for t h e  
analysis of diazinon in surface water  samples .  Most of 
the riiean variabilities and recover-ies in all wa te r  types 
satisfy current U. S. EPA criteria for the assessnient  of 
analytical nrethods, i.e.. recoveries in the 70-120% 
rarige with a maximum variation coefficient of &20%. 
Fe\v differences were observed a t  low levels between 
spiked filtered and  nonfiltered envirorimental waters .  
These results s ~ ~ g g e s t  . that  the ELISA kit may be 
effectively employed for the direct analysis of diazinon 
in surface waters wi tho~r t  tlie need for sarriple cleanup 
or. filtration. Tlie It it a l s o  eslribits good accuracy a n d  
precision, which helps ensure tlie consistent monitoring 
and SCI-eerii~ig of erlvil-onnre~ital waters .  Tlie specific 
antibody ernployed allows for the detectiori of cliazino~i 
in the presence of otlier structurally siririlar pesticides, 
with tlie possible exception of diazoxon, tlie 0 -ana logue  
of the target conipound, wllicli clisplayed significant 
reactivity (approxi~nately 29%) toward it. T h e  com- 
niel-cia1 assay compares ravorably witli results from G C  
arialysis of diazinon in environnlcntal surface waters .  
but tlie kit exhibits substant ial  positive bias for ELISA 
in runoff waters. This nray be attributed to the pr-esence 
of liiglier concentr-ations or cross-reacting interfererrces 
in r ~ ~ n o f f  waters than in surface waters. Des l~ i te  these 
lilnitations, tlie relatively low cost ($42 pel- sarnple), low 
a n ~ o u n t  of s a m l ~ l e  rec l~~i red  (200 p L ) ,  n ~ i n i m a l  sample  
preparation and solvent waste. rapid analysis time, ancl 
ease of use of the niicr.otiter plate ELISA rnake it well 
sr~itecl for adaptation toscreening low levels ofcliazinon 
in environmental surface waters. Before the d iaz ino~i  
ltit can be employed ro~r t i~ ie ly  for reg~rlatory compliance 
monitoring, however, further s t ~ ~ d y  is r e q ~ ~ i r e d  to iclen- 
tify and q ~ ~ a n t i f y  the factors resl~orisiblc for its observed 
bias for ELISA. 
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