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Identification of Causes of Toxicity to Green Algae (Selenastrum 
capricornutum) in Agriculture-Dominated Discharge Samples from the East 
San Joaquin Water Quality Coalition:  January 2012 – December 2012 
 
1.0 EXECUTIVE SUMMARY 
 
A total of 87 samples of agriculturally-dominated discharge, collected from within the 
boundaries of the East San Joaquin Water Quality Coalition during twelve test events from 
January 2012 through December 2012, were screened for toxicity to green algae (Selenastrum 
capricornutum), the invertebrate Ceriodaphnia dubia, and/or larval fathead minnows 
(Pimephales promelas).  Statistically significant toxicity was detected in 2 of 78 algae tests (3%), 
while none of the 79 C. dubia tests or 74 fathead minnow tests detected significant toxicity.  
Samples that produced ≥ 50% effect on the test species were subjected to Phase I Toxicity 
Identification Evaluations (TIEs) to identify chemical class of the toxicant(s) responsible for the 
toxicity.  Phase I chronic TIEs were conducted on the two samples that caused algae chronic 
toxicity.  The Phase I TIE on the Lateral 3 along East Taylor Rd sample collected on 1/10/12 did 
not identify the cause of the toxicity, however, the TIE results indicated that cationic metals and 
non-polar organic chemicals were not the cause of the toxicity detected in this sample.  The 
Phase I TIE conducted on the Highline Canal @ Lombardy Rd sample collected on 9/11/12 
could not be interpreted since there was no significant toxicity detected in the baseline toxicity 
test, indicating that the sample lost all toxicity prior to the TIE. 
 
2.0 INTRODUCTION 
 
AQUA-Science (A-S) was retained by MLJ-LLC (Davis, CA) to conduct aquatic toxicity tests 
and toxicity identification evaluations (TIEs) on samples collected from the East San Joaquin 
Water Quality Coalition (ESJ) in response to monitoring requirements of the Conditional Waiver 
of Waste Discharge for Irrigated Lands (Ag Waiver).  A total of 87 samples collected during 
twelve test events (January 2012 through December 2012) were tested using three-species 
toxicity tests with the cladoceran (Ceriodaphnia dubia), green algae (Selenastrum 
capricornutum), and larval fathead minnows (Pimephales promelas).  A Phase I TIE was 
conducted on the two samples that caused algae chronic toxicity.  Results of these analyses are 
reported herein. 
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3.0 MATERIALS AND METHODS 
 
3.1 Test Events 
 
Samples were collected during January 2012 through December 2012, including Management 
Plan Monitoring (MPM).  The number of samples collected and tested for each species in each 
event is shown in Table 1 below: 
 
Table 1. ESJ Testing Events and Toxic Samples 

Test Event Sample Date 
(No. Samples) 

No. Samples/Species Toxic Samples/TIEs 

ESJ 12-01 1/10/12 
(10 samples) 

7 Ceriodaphnia 
8 fathead minnow 

9 algae 

Lateral 3 along East Taylor Rd (algae) –  
Phase I TIE conducted 

ESJ 12-02 2/7/12 
(13 samples) 

8 Ceriodaphnia 
7 fathead minnow 

12 algae 

None 

ESJ 12-03 3/6/12 
(10 samples) 

9 Ceriodaphnia 
7 fathead minnow 

7 algae 

None 

ESJ 12-04 4/12/12 
(6 samples) 

6 Ceriodaphnia 
6 fathead minnow 

6 algae 

None 

ESJ 12-05 5/9/12 
(6 samples) 

6 Ceriodaphnia 
5 fathead minnow 

5 algae 

None 

ESJ 12-06 6/12/12 
(7 samples) 

7 Ceriodaphnia 
7 fathead minnow 

7 algae 

None 

ESJ 12-07 7/10/12 
(8 samples) 

8 Ceriodaphnia 
7 fathead minnow 

7 algae 

None 

ESJ 12-08 8/14/12 
(6 samples) 

6 Ceriodaphnia 
6 fathead minnow 

6 algae 

None 

ESJ 12-09 9/11/12 
(6 samples) 

6 Ceriodaphnia 
6 fathead minnow 

6 algae 

Highline Canal @ Lombardy Rd (algae) –  
Phase I TIE conducted 

ESJ 12-10 10/9/12 
(5 samples) 

5 Ceriodaphnia 
5 fathead minnow 

5 algae 

None 
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Table 1. ESJ Testing Events and Toxic Samples (continued) 
Test Event Sample Date 

(No. Samples) 
No. Samples/Species Toxic Samples/TIEs 

ESJ 12-11 11/13/12 
(4 samples) 

4 Ceriodaphnia 
4 fathead minnow 

4 algae 

None 

ESJ 12-12 12/3/12 
(6 samples) 

6 Ceriodaphnia 
6 fathead minnow 

6 algae 

None 

Total 87 samples 79 Ceriodaphnia 
74 fathead minnow 

78 algae 

 
 

2 Algae Phase I TIE 

 
3.2 Test Samples 
 
Test samples (4-5 gallons/site) were subsurface grabs obtained by MLJ-LLC sampling personnel 
under the direction of Dr. Mike Johnson.  Sample name and GPS coordinates of the sample sites 
are shown in Table 2.  Field measurements included temperature, dissolved oxygen (DO), pH, 
conductivity, and flow.  Samples were placed in ice chests with sufficient wet ice to maintain 
sample temperature at ≤6 °C.  Upon arrival at A-S, temperature, DO, conductivity, hardness, 
alkalinity, and pH were measured.  Samples were stored in the dark at 4 °C until tested, within 
24 hours of collection. 
 
Table 2. ESJ Sample Information 

Site Name Site ID GPS Coordinates 
Bear Creek @ Kibby Rd 535XBCAKR 37.31280, -120.41380 

Berenda Slough along Ave. 18½  545XBSAAE 37.01820, -120.32650 

Deadman Creek @ Hwy 59 535DMCAHF 37.19810, -120.48690 

Deadman Creek @ Gurr Rd 535XDCAGR 37.19514, -120.56126 

Dry Creek @ Rd 18 545XDCARE 36.98180, -120.21950 

Dry Creek @ Wellsford Rd 535XDCAWR 37.66020, -120.87430 

Duck Slough @ Gurr Rd 535XDSAGR 37.21420, -120.55960 

Highline Canal @ Lombardy Rd 535XHCALR 37.45560, -120.72070 

Highline Canal @ Hwy 99 535XHCHNN 37.41530, -120.75570 

Livingston Drain @ Robin Ave 535XLDARA 37.31690, -120.74230 

Lateral 3 along East Taylor Rd 535LTAETR 37.53673, -120.98410 

Levee Drain @ Carpenter Rd 535XLDACR 37.48062, -120.03106 

McCoy Lateral @ Hwy 140 535XMLAHO 37.30945, -120.78759 
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3. 3 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 protocol 
(USEPA 2002a).  The 96-hour chronic algal toxicity tests were conducted in accordance with the 
USEPA 4th Edition protocol (USEPA 2002b).   Control water for the toxicity tests and TIEs was 
reverse osmosis and granular carbon-treated well water amended with dry salts to attain USEPA 
moderately hard specifications (EPAMH). 
 
3.4 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 the absence of indigenous algae.  This replicate was also used as a sample blank and 
for water quality measurements.  Flasks were placed on a shaker table (100 rpm) in an 
environmental chamber at 25 °C ± 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 @ 750 nm 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%. 
 
3.5 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%. 
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3.6 Fathead Minnow Toxicity Tests 
 
Fathead minnows were obtained from Aquatox, Inc. (Hot Springs, AK), and were maintained in 
EPA moderately hard (EPAMH) water until tested at 6-10 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 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%.   
 
3.7  Statistical Analysis 
 
Each test sample was subjected to statistical analysis using CETIS v. 1.8.4.13 (Tidepool 
Scientific, McKinleyville, CA, USA) according to USEPA procedures (USEPA 2002a,b) to 
determine if the observed effect was statistically different (p<0.05) from the control.  In the TIEs, 
mortality data from the dilution series tests were used to estimate EC50 values, e.g., the 
calculated concentration of the test sample that results a 50% effect on the test endpoint, 
respectively.  Toxic units (TUs) were calculated from the EC50 values (100/EC50).  Note that 
throughout this document, the term “EC” represents EC, IC or LC, as appropriate. 
 
3.8 Chemical Analysis 
 
Beginning in July 2011, Normal Monitoring for organochlorines, group A pesticides, glyphosate 
and paraquat dichloride decreased to twice a year (August and a storm event) and arsenic, 
cadmium, lead and molybdenum monitoring decreased to four times a year (July, August and 
two storm events).  Therefore, from January through March 2012 monthly Normal Monitoring 
events, selected water samples were collected for chemical analysis of five major groups of 
pesticides according to the decreased monitoring approval.  One high TSS event was monitored 
in April 2012 and water samples were collected for analysis of pesticides (organochlorines, 
group A pesticides, organophosphates, triazines, and carbamates), glyphosate and paraquat 
dichloride, as well as total metals (arsenic, boron, cadmium, copper, lead, molybdenum, nickel, 
selenium and zinc) and dissolved metals (cadmium, copper, lead, nickel and zinc).  Total and 
dissolved metals were analyzed using inductively coupled argon plasma-mass spectrometry 
analysis (EPA 200.8).  On April 17, 2012 the Coalition was approved to temporarily suspend 
monitoring at Core and Management Plan Monitoring sites (with the exception of Bear Creek @ 
Kibby Rd) as well as reduce monitoring at Assessment Monitoring sites for the remainder of 
2012 for Group A, paraquat, glyphosate, total kjeldahl nitrogen, total phosphorus (as P), E. coli 
and all metals except copper and zinc.  The ESJWQC Quality Assurance Program Plan (QAPP) 
includes a list of all pesticides and metals that were analyzed, associated analytical methods, 
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reporting limits and hold times.  All samples were collected as outlined in the ESJWQC QAPP 
and met all quality assurance requirements.  
 
Management Plan Monitoring was conducted at selected sites for toxicity as outlined in the 
ESJWQC Management Plan (from January through March), then the Coalition was approved to 
suspend Management Plan Monitoring from April through December 2012.  Bear Creek @ 
Kibby Rd and Assessment Monitoring sites were monitored for management plan constituents 
throughout the 2012 monitoring year.  Depending on the Management Plan schedule, this may or 
may not have corresponded with specific chemistry analysis. 
 
3.9 Toxicity Identification Evaluation (TIE) Requirements 
 
Figure 1 shows the TIE requirements for samples that show toxicity.  Briefly, if the toxicity test 
detected < 50% effect when compared to the control, no further action was required.  If a ≥50% 
effect was detected, a TIE is initiated on the toxic sample.  If there was a 100% effect, the TIE 
incorporated a dilution series toxicity test.   
 
Figure 1. Toxicity Identification Evaluation (TIE) Requirements 

TOXICITY
TEST TIE

DILUTION
SERIES

DONE

> 50%
EFFECT

100%
EFFECT

< 50%
EFFECT

SIGNIFICANTLY
DIFFERENT THAN

CONTROL?

Yes

No

 
3.10 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 



  East San Joaquin Water Quality Coalition 
  Toxicity Identification Evaluations, 2012 

 

  8 

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).   
 
3.10.1 Algae Phase I TIEs 
 
Algae Phase I TIEs 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 ACN was removed from the eluate because algae are affected by even low 
concentrations of organic solvent (Miller et al, 2005).  The eluate residue was reconstituted in 
the SPE through-column sample and added back to the sample at 2X.  The algae Phase I TIE 
flow chart is shown in Figure 2 (Miller et al, 2005).  
 
 Figure 2. Phase I TIE Flowchart Modified for Algae 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.0 RESULTS AND DISCUSSION 
 
Phase I and Phase III TIE results for algae are summarized below and in Table 3.  Raw data for 
these TIEs is located in Appendix I and Appendix II. 

EDTA addition
(cationic metals)

Toxicity decreased
(analyze for cationic metals)

SPE column
(non-polar organics, NPOs)

Remove ACN with N2, reconstitute in
SPE through-column sample

Elute column with ACN

Toxic Test Sample

Suspect chemical(s)
account for the majority of toxicity

(Phase III)

Toxicity decreased;
NPO toxicity suspected
(analyze for herbicides)

Use other Phase I TIE
treatments
� Graduated pH
� Aeration
� Sodium thiosulfate

No

End TIE

Yes

Filter (0.45 µm) to removed
indigenous algae

Conduct algae toxicity test on
SPE eluate

(2X add-back)
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Table 3. Summary of Chronic Algae TIEs 
Sample Date 
(TIE Date) 

Test Sample 
(Sample ID) 

 Inhibition of 
Algal Growth 

Phase I TIE Toxicity Reduced or Eliminated 
by Indicated Treatment 

Suspected 
Toxicants 

Phase III TIE App. 
No. 

SPE 
Columna 

SPE Column 
Add-Backb 

EDTA 
Additionc 

1/10/12 
(1/18/12) 

Lateral 3 along East 
Taylor Rd 

(535LTAETR) 

 Slight 
Increase 

No Effect No Effect Neither 
cationic 

metals nor 
non-polar 
organics 
were the 
cause of 
sample 
toxicity 

No analytical 
chemistry conducted 
on this sample. 

I 

9/11/12 
(9/19/12) 

Highline Canal @ 
Lombardy Rd 

(535XHCALR) 

n/a n/a n/a n/a No toxicity 
detected in 

baseline 

Ammonia, 0 mg/L 
Copper (D), 0.46 ug/L 
Zinc (D), 0.80 ug/L 
Copper (T), 0.77 ug/L 
Zinc (T), 0 ug/L 

II 

a Sample treated with C-8 solid-phase (SPE) extraction column  
b SPE column eluted and the eluate added back to the SPE through-column sample  
c Sample amended with ethylenediaminetetraacetic acid (EDTA) 
d     Metals are analyzed as total (T) or dissolved (D)  
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APPENDIX  I 
 

ALGAE PHASE I TIEs 
 

ESJ 12-01 TIE 
(1/10/12 Sample Date) 

 
LATERAL 3 ALONG EAST TAYLOR RD 

(535LTAETR) 



 

 

 
Summary of Chronic Phase I Algae TIE  

Lateral 3 along East Taylor Rd 1/10/12 Sample 
(535LTAETR) 

 
Treatment Conc. 

(%) 
Absorbance 
@ 750 nm 

Cells/mL 
(x 106) a 

Comments 

Baseline Toxicity 
Test 

Control 
25 
50 
100 

0.0147 
0.0213 
0.0347 
0.0043* 

0.1626 
0.2733 
0.4188 
0.0236 

EC25 = 61.9% 
TUc = 1.6 

EDTA Tx Control 
25 
50 
100 

0.0227 
0.0310 
0.0300 
0.0033* 

0.2625 
0.3710 
0.3580 
0.0106 

EC25 = 60.9% 
TUc = 1.6 

SPE Column Tx + 
Add-back 

Control 
25 
50 
100 

 
MeOH 

2X add-back 

0.0230 
0.0323 
0.0133 
0.0037* 

 
0.0245 
0.0120 

0.2668 
0.3884 
0.1409 
0.0150 

 
0.2863 
0.1235 

EC25 = 35.0% 
TUc = 2.8 

Sample Date:  1/10/12 
TIE Test Date:  1/18/12 
a Cell number x 106 = 13.026 x absorbance @ 750 nm – 0.0328 
 
Conclusion: 
 
TIE procedures for cationic metals (EDTA addition) and non-polar organics (SPE column 
treatment) did not reduce the sample toxicity, indicating that neither of these two classes of 
toxicants were the cause of the sample toxicity. 
 
 

 























































 

 

 
 
 
 
 

APPENDIX  II 
 

ALGAE PHASE I TIEs 
 

ESJ 12-09 TIE 
(9/11/12 Sample Date) 

 
HIGHLINE CANAL @ LOMBARDY RD 

(535XHCALR) 



 

 

 
Summary of Chronic Phase I Algae TIE  

Highline Canal @ Lombardy Rd 9/11/12 Sample 
(535XHCALR) 

 
Treatment Conc. 

(%) 
Absorbance 
@ 750 nm 

Cells/mL 
(x 106) a 

Comments 

Baseline 
 

Lab Control 
25 
50 
100 

0.0425 
0.0650 
0.0615 
0.0995 

0.5208 
0.8139 
0.7683 
1.2633 

No toxicity detected in 
baseline 

C-8 SPE Column 
Treatment 

Column Blank 
25 
50 
100 

0.0290 
0.0290 
0.0435 
0.1085 

0.3450 
0.3450 
0.5338 
1.3805 

EDTA Treatment EDTA Control 
25 
50 
100 

0.0685 
0.0600 
0.0800 
0.1250 

0.8595 
0.7488 
1.0093 
1.5955 

Sample Date:  9/11/12 
Test Date:  9/19/12 
a Cell number x 106 = 13.026 x absorbance @ 750 nm – 0.0328 
 
Conclusion: 
 
The initial toxicity test reduced algae growth (cells/mL) by 51%.  However, the TIE baseline 
toxicity test did not detect toxicity, indicating the sample lost all detectable toxicity prior to 
initiation of the TIE.   
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