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THREE-SPECIES AQUATIC TOXICITY EVALUATION OF SAN JOAQUIN COUNTY 
AND DELTA WATER QUALITY COALITION AMBIENT SAMPLES 

 
1.0 EXECUTIVE SUMMARY 
 
A total of eight (8) water samples collected by MLJ LLC personnel in one test event (SJCD 11-09) 
from waterways within the San Joaquin County and Delta Water Quality Coalition (SJCD) were 
tested for toxicity using USEPA 3-species toxicity tests.  Tests included the acute 96-hour 
Ceriodaphnia dubia survival, acute 96-hour fathead minnow (Pimephales promelas) survival, and/or 
the chronic 4-day algae (Selenastrum capricornutum) cell growth toxicity tests. In Test Event SJCD 
11-09 (9/20/11 sample date), there was no significant toxicity detected in the fathead minnow or 
algae toxicity tests with any of the samples tested.  However, the Duck Creek @ Hwy 4 
(531XDCAHF) sample caused 65% mortality in the C. dubia toxicity test.  A Phase I C. dubia TIE 
with this sample was conducted, but no toxicity was detected in the TIE baseline toxicity test.  
However, chemical analysis detected chlorpyrifos at a concentration that is acutely toxic to C. dubia.  
Thus, it is likely that chlorpyrifos was the cause of the sample toxicity. 
 
2.0 MATERIALS AND METHODS 
 
2.1 Sample Collection and Transport 
 
Subsurface water column grab samples were collected by MLJ LLC personnel on 9/20/11 in 1-gallon 
amber glass jugs that were transported in ice chests with wet ice to AQUA-Science. A total of 3-5 1-
gallon amber jugs were collected to provide adequate sample volume for the three species toxicity 
tests and any required Toxicity Identification Evaluation (TIE) follow-up. Appropriate chain-of-
custody procedures were employed during collection and transport.  Table 1 shows the test sample 
sites in these test events. 
 
Table 1. Sample Sites for SJCD 11-09 Test Event 

Event ID 
(Sample Date) 

Site Name Site ID 

SJCD 11-09 
(9/20/11) 

Bear Creek @ North Alpine Rd 531BCANAR 

Duck Creek @ Hwy 4 531XDCAHF 

French Camp Slough @ Airport Way 531SJC504a 

Mokelumne River @ Bruella Rd 531XMRABR 

Mormon Slough @ Jack Tone Rd 544MSAJTR 

Roberts Island Drain @ Holt Rd 544RIDAHT 

Unnamed Drain to Lone Tree Creek @ Jack Tone Rd 531UDLTAJ 

a This site also included a field duplicate sample  
 
2.2 Water Quality Measurements 
 
Water quality measurements including temperature, dissolved oxygen (D.O.), pH, conductivity, 
alkalinity, and hardness were made on water from each site at sample log-in (Attachment 1).  Meter 
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calibration/verification and water quality measurements followed the recommended procedures 
described by the SWRCB QAMP (SWRCB 2002) for SWRCB-compliant data.  Temperature was 
measured in initial and daily test solutions at change-out with a calibrated digital thermometer 
(Central Co., Friendswood, TX).  Temperature was continuously recorded in the test chambers using 
a Dickson circular chart recorder (Model ICT855, Addison, IL).  Dissolved oxygen (YSI Model 
550A, Yellow Springs, OH), pH (Beckman 240, Fulton, CO), and conductivity (WTW Model 550, 
Ft. Myers, FL) were measured in the initial and 24-hour test solutions at change-out.  Alkalinity 
(Hach Model AL-DT) and hardness (Hach HA-DT) were measured with Hach colorimetric tests 
(Hach Co., Loveland, CO).  Ammonia was measured using a Hach DR-2800 Colorimeter (Method 
8058). 
 
2.3  Sample Storage 
 
Samples were stored in the dark at 4 °C until used for toxicity tests within 56 hours of sample 
collection. 
 
2.4   Dilution water 
 
Dilution water was reverse osmosis and granular carbon-treated well water amended with dry salts to 
attain USEPA moderately hard specifications (EPAMH). 
 
2.5 Toxicity Test Protocols 
 
The 96-hour acute C. dubia and 96-hour acute fathead minnow toxicity tests were conducted in 
accordance with the U.S. Environmental Protection Agency (USEPA) 5th edition acute protocol 
(USEPA 2002a).  The 96-hour algal toxicity tests were conducted in accordance with the USEPA 4th 
Edition chronic protocol (USEPA 2002b). 
 
2.6 Ceriodaphnia dubia Toxicity Tests 
 
C. dubia 96-hour acute toxicity tests were initiated with < 24 hour old neonates collected from in-
house cultures.  Each sample was tested using four replicates of 5 neonates each in a 20-mL glass 
scintillation vials containing 18-mL of test solutions.  Test duration was 96 hours, and test solutions 
were renewed daily.  C. dubia were fed a mixture of green algae (S. capricornutum) and YTC (a 
mixture of yeast, organic alfalfa and trout chow) 4 hours prior to 24-hour test solution renewal.  Tests 
were conducted at 25 ± 2 °C with a 16 hour light:8 hour dark photoperiod.  Mortality was noted 
daily.  The test was acceptable if control survival was ≥90%. 
 
2.7 Fathead Minnow Toxicity Tests 
 
Fathead minnows were obtained from Aquatox, Inc. (Hot Springs, AK) and Aquatic Biosystems (Fort 
Collins, CO), and were maintained in EPA moderately hard (EPAMH) water until tested at 7 days 
old.  Each test sample was tested using 4 replicates of 10 fish each in 400 mL glass beakers 
containing 250 mL of test solutions.  Test duration was 96 hours and test solutions were renewed 
daily.  Fish were fed Artemia nauplii 4 hours prior to daily sample renewal.  Tests were conducted at 
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25 ± 2 °C with a 16 hour light:8 hour dark photoperiod.  Mortality was noted daily.  The test was 
acceptable if control survival was ≥90%.   
 
2.8 Algae Toxicity Tests 
 
Algal toxicity tests were conducted in 4 replicates of 125-mL flasks containing 50-mL of test sample 
filtrate (0.45 µm).  A fifth replicate was used as a surrogate for daily water quality measurements.  
The flasks, containing algal assay media without EDTA, were inoculated with 1 x 104 cells/mL of a 
2-4 day-old culture of S. capricornutum (University of Texas Algae Type Collection, Austin, TX) in 
log phase growth.  A sixth replicate was tested without algae inoculate to confirm that indigenous 
algae were not present.  This replicate was also used as a sample blank.  Flasks were placed on a 
shaker table (100 rpm) in an environmental chamber at 25 ± 2 °C with continuous lighting (400 ± 40 
fc) and were randomized twice daily.  After the 96-hour test period, the absorbance was measured 
with a spectrophotometer at 750 nm (Model DR2800, Hach Co., Loveland, CO).  The absorbance 
units were corrected to cell number using a calibration curve as follows:   
 

cell number = (absorbance units x 13.026) - 0.0328   (R2 = 0.9995) 
 
Using this conversion, the test was acceptable if the mean algal density in the control flasks was 
greater than or equal to 2 x 105 cells/mL and the coefficient of variation in the control replicates was 
≤20%. 
 
2.9 Reference Toxicant Tests 
 
Monthly reference toxicant tests were conducted for each of the three test species on 9/7/11.  Sodium 
chloride was the reference toxicant material for C. dubia (control, 0.25, 0.5, 1, 2, and 4 g/L) and 
fathead minnows (control, 2.5, 5, 7.5, 10 and 15 g/L).  Zinc chloride was the reference toxicant 
material for green algae (control, 1, 2, 4, 8, 16 and 32µg/L). 
 
2.10 Toxicity Identification Evaluation (TIE) Requirements 
 
Figure 1 shows the TIE requirements for samples that show toxicity.  Briefly, if the sample shows no 
significant effect or < 50% effect when compared to the control, no further action is required.  If there 
is a ≥50% effect, a TIE is initiated on the toxic sample.  If there is a 100% effect, the TIE must 
incorporate a dilution series toxicity test.   
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Figure 1. Toxicity Identification Evaluation (TIE) Requirements 
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2.11 Chemical Analysis 
 
During monthly normal monitoring events selected water samples were collected for chemical 
analysis of four major groups of pesticides (organochlorines, organophosphates, triazines, and 
carbamates) plus glyphosate and paraquat dichloride.  In addition, total (arsenic, boron, cadmium, 
copper, lead, molybdenum, nickel, selenium and zinc) and dissolved (cadmium, copper, lead, nickel 
and zinc) metals were analyzed using inductively coupled argon plasma-mass spectrometry analysis 
(EPA 200.8).  The SJCDWQC Quality Assurance Program Plan (QAPP) includes a list of all 
pesticides and metals that were analyzed, associated analytical methods, reporting limits and hold 
times.  All samples were collected as outlined in the SJCDWQC QAPP and met all quality assurance 
requirements.  
 
Management Plan Monitoring was conducted at selected sites for toxicity as outlined in the 
SJCDWQC Management Plan.  Depending on the Management Plan schedule, this may or may not 
have corresponded with specific chemistry analysis. 
 
2.12  Acute Toxicity Identification Evaluations (TIEs) 
 
The purpose of the Phase I TIE is to identify the chemical class of the toxicant(s) in the test sample 
(USEPA 1991).  The purpose of the Phase II TIE is to gain the identity of the material(s) responsible 
for the sample toxicity (USEPA 1993a).  The purpose of the Phase III TIE is to determine if there is a 
robust relationship between the concentrations of the suspected toxicant(s) identified, and the amount 
of toxicity measured in the test sample (USEPA 1993b).   
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The Phase I C. dubia TIE included a baseline toxicity test, solid phase extraction (SPE) column 
treatment to identify non-polar organic chemicals (NPOs), and ethylenediamine tetrachloroacetic acid 
(EDTA) addition to identify cationic metal toxicity.  The SPE column was eluted three times with 1-
mL of acetonitrile (ACN), which was reduced to dryness using a gentle stream of nitrogen.  The 
eluate residue was reconstituted in the SPE through-column sample and added back to the sample at 
2X.  In addition, piperonyl butoxide (PBO) and Zeolite column (ammonia) treatments were included.   
PBO binds in vivo with mixed-function oxidase enzymes that metabolize non-polar organic 
chemicals such as organophosphorous (OP) and pyrethroid insecticides.  With OPs, PBO prevents the 
metabolism to their toxic oxone form, decreasing/preventing toxicity (Ankley et al, 1991).  With 
pyrethroids, PBO prevents metabolism to less toxic forms, increasing/prolonging toxicity (Wheelock 
et al, 2004).  The C. dubia Phase I TIE flow chart is shown in Figure 2.  
 
Figure 2. Phase I TIE Flowchart for C. dubia 
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3.0 RESULTS 
 
3.1  Test Event SJCD 11-09 
 
A summary of the toxicity test results from the SJCD 11-09 test event is presented in Table 2.  The 
water quality summary for these samples is found in Attachment 2A-2C.  The raw data is found in 
Appendix I.  Raw data for the reference toxicant tests are found in Appendix II.   

In Test Event SJCD 11-09 (9/20/11 sample date), In Test Event SJCD 11-09 (9/20/11 sample date), 
there was no significant toxicity detected in the fathead minnow or algae toxicity tests with any of the 
samples tested.  However, the Duck Creek @ Hwy 4 (531XDCAHF) sample caused 65% mortality in 
the C. dubia toxicity test, and a Phase I TIE was initiated on 9/26/11.  There was no significant 
toxicity detected in the fathead minnow or algae toxicity tests with any of the samples tested.  The 
reference toxicant EC50 values for C. dubia, fathead minnow and algae were 1.9 g/L NaCl, 6.5 g/L 
NaCl and 19.1 µg/L ZnCl2, respectively.  These values are within normal limits for this laboratory. 
 

Table 2. Summary of San Joaquin County and Delta Water Quality Coalition Toxicity 
Testing Results: SJCD 11-09 

Sample ID Acute  
C. dubia 

(% Survival) 

Acute  
FHM 

(% Survival) 

Chronic Algaea Total 
NH3 

(mg/L) 
 Abs. @ 
750 nm 

Cells/mL  
x 106 a 

% 
Growthb 

Control #1 100 100 0.1068 1.3577 n/a n/a 

Bear Creek @ North Alpine Rd 
(531BCANAR-GR) 

100 100 0.3735 4.8324 356 0.74 

Robert’s Island Drain @ Holt Rd 
(544RIDAHT-GR) 

100 97.5 0.2643 3.4093 251 0.31 

French Camp Slough @ Airport Way 
(531SJC504-GR) 

100 97.5 0.4835 6.2653 461 0.54 

French Camp Slough @ Airport Way 
(531SJC504-GR2) 

100 100 0.4858 6.2946 464 0.55 

Mokelumne River @ Bruella Rd 
(531XMRABR-GR) 

100 97.5 0.1243 1.5857 117 0.19 

Duck Creek @ Hwy 4 
(531XDCAHF-GR) 

35*,c 
(-65%) 

n/t n/t n/t n/t 0.59 

Unnamed Drain to Lone Tree Creek @ 
Jack Tone Rd 

(531UDLTAJ-GR) 

100 n/t n/t n/t n/t 0.98 

Mormon Slough @ Jack Tone Rd 
(544MSAJTR-GR) 

100 n/t n/t n/t n/t 0.27 

Test Date:  9/21/11 
a Cell number x 106 = 13.026 x absorbance @ 750 nm - 0.0328 (calculated using Excel spreadsheet formula; 

differences in rounding may occur) 
b % Growth = Sample (cells/mL x 106 ) / Control (cells/mL x 106 ) X 100 
c Phase I TIE initiated on 9/26/11 
n/a not applicable 
n/t species not tested 
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ATTACHMENT 1 

 
San Joaquin County and Delta Water Quality Coalition 

 
Sample Receipt Water Quality Measurements 

 
 
9/20/11 Sample Dates 

Sample Name 
(Sample ID) 

Temp  
(°C) 

D.O. 
(mg/L) 

pH Cond 
(µmohs) 

Alk 
(mg/L) 

Hard 
(mg/L) 

Bear Creek @ North Alpine Rd 
(531BCANAR-GR) 

2.8 8.8 7.39 161 77 69 

Robert’s Island Drain @ Holt Rd 
(544RIDAHT-GR) 

3.0 9.0 7.42 444 70 96 

French Camp Slough @ Airport Way 
(531SJC504-GR) 

2.2 9.0 7.64 94 45 34 

French Camp Slough @ Airport Way 
(531SJC504-GR2) 

2.4 9.1 7.74 92 47 35 

Mokelumne River @ Bruella Rd 
(531XMRABR-GR) 

2.0 9.6 7.93 40 26 15 

Duck Creek @ Hwy 4 
(531XDCAHF-GR) 

2.5 7.8 7.53 100 55 39 

Unnamed Drain to Lone Tree Creek @ Jack 
Tone Rd 

(531UDLTAJ-GR) 

2.9 8.3 7.78 103 44 35 

Mormon Slough @ Jack Tone Rd 
(544MSAJTR-GR) 

2.8 9.8 7.82 75 43 27 

  
 



 

 

ATTACHMENT 2A 
 

Water Quality Summary 
San Joaquin County and Delta Water Quality Coalition 

 
Event SJCD 11-09 (9/20/11) 

 
 
Ceriodaphnia dubia 

Sample ID 
Dissolved Oxygen (mg/L) pH Conductivity (µS/cm) Ammonia 

(mg/L) 
Alkalinity  

(mg/L) 
Hardness 
(mg/L) Temperature (°C) 

initial final low high initial final low high initial final low high initial initial final initial final initial final low high 

Control 7.9 7.8 7.3 7.9 7.89 8.01 7.89 8.11 301 302 301 368 a 69 69 86 86 25 25 24 25 

531BCANAR-GR 7.8 7.7 7.2 7.9 7.68 7.49 7.49 8.08 159 158 158 184 0.74 77 75 69 63 24 26 24 26 

544RIDAHT-GR 8.2 8.0 7.0 8.3 7.67 7.63 7.63 7.99 452 451 451 498 0.31 70 70 96 95 25 26 24 26 

531SJC504-GR 8.0 7.8 7.2 8.2 7.79 7.61 7.61 7.97 92 93 92 132 0.54 45 46 34 33 25 26 24 26 

531SJC504-GR2 7.9 8.0 7.1 8.3 7.73 7.55 7.55 7.95 91 89 89 130 0.55 47 47 35 30 26 26 24 26 

531XMRABR-GR 8.5 7.9 7.2 8.5 7.94 7.43 7.43 7.96 41 44 41 79 0.19 26 29 15 12 25 26 24 26 

531XDCAHF-GR 6.9 8.3 6.9 8.3 7.73 7.47 7.47 7.93 112 121 112 145 0.59 55 52 39 36 25 24 24 25 

531UDLTAJ-GR 7.2 8.3 7.1 8.3 7.70 7.48 7.48 7.83 116 128 110 147 0.98 44 50 35 31 25 24 24 25 

544MSAJTR-GR 8.5 8.3 7.3 8.5 7.81 8.20 7.78 8.20 87 108 87 131 0.27 43 44 27 26 25 24 24 25 

a Measurement not recorded in control 



   

ATTACHMENT 2B 
 

Water Quality Summary 
San Joaquin County and Delta Water Quality Coalition 

 
Event SJCD 11-09 (9/20/11) 

Fathead Minnow 

Sample ID 
Dissolved Oxygen (mg/L) pH Conductivity (µS/cm) Ammonia 

(mg/L) 
Alkalinity  

(mg/L) 
Hardness 
(mg/L) Temperature (°C) 

initial final low high initial final low high initial final low high initial initial final initial final initial final low high 

Control 7.9 7.8 6.9 7.9 7.89 8.01 7.54 8.01 301 302 301 365 a 69 69 86 86 25 25 24 25 

531BCANAR-GR 7.8 7.7 5.9 7.9 7.68 7.49 7.48 7.90 159 158 158 197 0.74 77 75 69 63 24 26 24 26 

544RIDAHT-GR 8.2 8.0 5.5 8.3 7.67 7.63 7.48 7.85 452 451 451 509 0.31 70 70 96 95 25 26 24 26 

531SJC504-GR 8.0 7.8 5.7 8.2 7.79 7.61 7.27 7.91 92 93 92 124 0.54 45 46 34 33 25 26 24 26 

531SJC504-GR2 7.9 8.0 5.5 8.3 7.73 7.55 7.22 7.86 91 89 89 134 0.55 47 47 35 30 26 26 24 26 

531XMRABR-GR 8.5 7.9 6.1 8.5 7.94 7.43 7.23 7.96 41 44 41 77 0.19 26 29 15 12 25 26 24 26 

a Measurement not recorded in control 



   

ATTACHMENT 2C 
 

Water Quality Summary 
San Joaquin County and Delta Water Quality Coalition 

 
Event SJCD 11-09 (9/20/11) 

Algae 

Sample ID 
Dissolved Oxygen (mg/L) pH Conductivity (µS/cm) Ammonia 

(mg/L) 
Alkalinity  

(mg/L) 
Hardness 
(mg/L) Temperature (°C) 

initial final low high initial final low high initial final low high initial initial initial initial final low high 

Control 6.7 7.7 6.7 7.8 7.98 8.10 7.95 8.19 384 442 384 453 a 69 86 24 25 24 25 

531BCANAR-GR 5.6 7.9 5.6 7.9 7.95 8.31 7.95 8.68 274 302 274 302 0.74 80 70 24 25 24 25 

544RIDAHT-GR 6.0 7.9 6.0 7.9 7.83 8.25 7.83 8.43 545 594 545 603 0.31 70 100 24 25 24 25 

531SJC504-GR 5.9 8.1 5.9 8.1 7.85 8.41 7.85 9.05 217 271 217 278 0.54 50 40 24 25 24 25 

531SJC504-GR2 6.0 8.1 6.0 8.1 7.85 8.41 7.85 9.23 206 256 206 260 0.55 50 40 24 25 24 25 

531XMRABR-GR 6.2 8.0 6.2 8.0 7.86 8.10 7.81 8.28 168 226 168 241 0.19 30 20 24 25 24 25 

a Measurement not recorded in control  
 



 

 

ATTACHMENT 3 
 

Summary of Acute Phase I Ceriodaphnia dubia TIE  
Duck Creek @ Hwy 4 

(531XDCAHF-GR) 
 

Treatment Purpose Conc. 
(%) 

96-hr Survival 
(%) 

Comment 

Baseline Determines sample 
acute toxic units 

(TUa)a 
 
 

Lab Control 
6.25 
12.5 
25 
50 

100 

100 
100 
100 
100 
100 
100 

No toxicity detected in 
TIE 

 

EDTA Identifies cationic 
metal toxicity 

 
 

EDTA Control 
100 

95 
100 

 

PBO Identifies 
organophosphate 

(OP) and 
pyrethroid toxicity 

 

PBO Control 
6.25 
12.5 
25 
50 

100 

95 
100 
100 
100 
95 

100 
 

C-8 SPE 
Column 

Removes non-polar 
organic (NPO) 

toxicants 

Column Blank 
100 

95 
100 

SPE Add-
Back 

Determines if NPO 
toxicants can be 
recovered from 
SPE columns 

MeOH Control 
100 

100 
100 

Sample date: 9/20/11  
TIE Test Date:  9/26/11 
 
 
Conclusion: 
 
The initial toxicity test detected 65% mortality.  However, no toxicity was detected in the TIE, 
indicating the sample lost all detectable toxicity prior to initiation of the TIE. 
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