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1.0 INTRODUCTION 

The San Diego municipal stormwater monitoring permit (National Pollutant Discharge 
Elimination System [NPDES] Order 2007-0001) for the San Diego, California region requires 
monitoring of runoff at six mass loading stations (MLS) and nine temporary watershed 
assessment stations (TWAS) within San Diego’s watersheds. The six MLS evaluated in the 2007 
to 2008 monitoring period included San Luis Rey River, Agua Hedionda Creek, Escondido 
Creek, San Dieguito River, Los Penasquitos Creek, and Chollas Creek. The nine TWAS 
evaluated in the 2007 to 2008 monitoring period included Buena Vista Creek, Loma Alta Creek, 
Escondido Creek, San Luis Rey River, Agua Hedionda Creek, Los Penasquitos Creek (2), and 
San Dieguito Creek (2). Samples were collected from two wet weather and two dry weather 
events and analyzed for toxicity using Ceriodaphnia dubia, Hyalella azteca, and Selenastrum 
capricornutum. The initial toxicity test from the November 30, 2007 storm event demonstrated 
that Agua Hedionda Creek MLS stormwater caused significant toxicity to H. azteca. Survival in 
the 6.25, 12.5, 25, 50, and 100 percent sample concentrations was 92.5, 100, 82.5, 65.0, and 
37.5%, respectively. The median lethal concentration (LC50) at 96 hours was estimated to be 
77.3%, while the no observed effect concentration (NOEC) was 12.5%. As a result, a Phase I 
toxicity identification evaluation (TIE) was conducted to establish the potential cause or causes 
of toxicity. Weston Solutions Inc. (Weston) initiated the Phase I TIE on December 11, 2007.   
 



Toxicity Identification Evaluation 
County of San Diego and Copermittees 

August 2008 
 

 
2.0 BIOASSAY TEST METHODS 

Stormwater toxicity tests and TIEs using the freshwater amphipod H. azteca were performed 
according to a modified version of the United States Environmental Protection Agency (USEPA) 
protocol for testing sediment-associated contaminants with freshwater invertebrates (EPA/600/R-
99/064) (USEPA, 2000). TIEs were conducted according to guidelines for characterizing 
chronically toxic effluents (USEPA, 1991, 1992, 1993a, and 1993b). Phase I TIE testing 
involved manipulating the sample at the initial pH using the manipulations presented in Table 1. 
A detailed description of each manipulation including set-up procedures are presented in 
Appendix I of the 2006-2007 San Diego County Municipal Copermittees Urban Runoff 
Monitoring report (Weston, 2008). 
 

Table 1. Phase I TIE Sample Manipulations 
Physical and Chemical Manipulations 

(Tests) on Stormwater Samples Purpose of Test 

Filtration Detects filterable compounds (e.g., TSS related) 

Aeration Detects volatile, oxidizable, sublatable, or 
spargeable compounds 

Ethylenediaminetetraacetic Acid (EDTA) 
Addition Detects cationic metals (e.g., cadmium) 

Sodium Thiosulfate (STS) Addition Detects oxidative compounds (e.g., chlorine) 

Solid Phase Extraction (SPE) over C18 
Column, followed by Methanol Elution Detects non-polar organics and some surfactants 

Piperonyl Butoxide (PBO) Addition Detects organophosphate pesticides and 
pyrethroids 

Carboxyl esterase Addition Detects pyrethroids 

Bovine serum albumin (BSA) Addition The protein BSA is used as a control for the 
Carboxyl esterase 
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3.0 BIOASSAY TEST RESULTS 

Water quality parameters were within the appropriate limits (Table 2). Mean percent control 
survival of H. azteca was 96.0%, which met the minimum acceptable control survival criterion 
(> 90%). The Baseline test confirmed the presence of toxicity in the stormwater sample, however 
toxicity was reduced relative to the initial toxicity test with this species; Survival in the 100% 
concentration of the Baseline test was 56% while survival in the 100% concentration of the 
initial test was 37.5%. The Baseline test acts as a benchmark for comparison to toxicity in other 
TIE treatments. The only treatments which significantly altered toxicity of the sample were 
Filtration, C18 SPE, and PBO. The Filtration treatment significantly reduced toxicity in the 100% 
concentration (100% survival) relative to the Baseline test, indicating that the causative agent 
may be associated with particulates in the stormwater sample. The C18 SPE treatment 
demonstrated a similar reduction in toxicity (100% survival). Since this sample was pre-filtered 
prior to the C18 manipulation, the reduction in toxicity was most likely due to pre-filtration of the 
sample prior to C18 elution. The PBO treatment significantly increased toxicity (4% survival) 
relative to the Baseline test. This suggests that pyrethroids may be a causative agent in this 
stormwater sample (Budavari, 1989). Treatments that showed no significant effect on toxicity 
included Carboxyl esterase, BSA, Aeration, STS, and EDTA. The Carboxyl esterase treatment 
(68% survival) slightly reduced toxicity relative to the Baseline test; however, this reduction was 
not significant. Toxicity in the BSA treatment (52% survival) was similar to the Baseline 
treatment. Although toxicity was slightly reduced in the Aeration (76% survival) and STS 
treatments (72% survival) relative to the Baseline test, it was not significant. Toxicity in the 
EDTA treatment (44% survival) was similar to the Baseline test.  
 
The copper sulfate reference toxicant test was conducted at concentrations of 0, 62.5, 125, 250, 
500 and 1000 µg Cu2+/L. The LC50 was 164 µg Cu2+/L, which was inside two standard deviations 
(± 203 µg Cu2+/L) of the Weston laboratory mean of 236 µg Cu2+/L. This indicates that the 
sensitivity of H. azteca used in the assessment fell within the normal range. 
 
Complete survival results for the TIE test using H. azteca are presented in Table 3. 
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Table 2. Test Conditions for the 96 Hour TIE Using H. azteca 

Test Conditions: Hyalella azteca  TIE Test 

Sample Identification Agua Hedionda Creek 
Dates sampled November 30, 2007 
Date received at Weston Carlsbad 
Laboratory December 1, 2007 

Approximate volume received 20 L 
Sample storage conditions 4°C, dark 
Test Species H. azteca 
Supplier Aquatic Indicators 
Date acquired December 11, 2007 
Acclimation/holding time 0 days 
Age 9 days 
Test Procedures USEPA (1991, 1992, 1993a, 1993b, 2000) 
Test location Weston Solutions Carlsbad Laboratory, Room 5 
Test type/duration Static / 96 hours 
Test dates December 11 – 15, 20071 

Control water Evian™ mineral water diluted with deionized water to achieve a 
moderate hardness (80-100 mg/L as CaCO3) 

Test temperature Target: 23 ± 1°C Actual: 22 - 24°C 

Test conductivity No recommended 
concentration  Actual: 0.17 – 0.89 mS/cm 

Test dissolved oxygen Target: 4.0 mg/L Actual: 5.2 – 10.0 mg/L 
Test pH Target: Watch for pH drift Actual: 7.4 – 8.6 
Test photoperiod 16 hours light: 8 hours dark 
Test chamber  125 mL glass jar 
Concentrations Baseline: 0% (Control), 50%, and 100% 

TIE Treatments: 0% (Blank) and 100%, with the exception of 
the Methanol Elution treatment. This treatment was spiked to a 
concentration of 2.0 times the concentration of the potential 
contaminants in the original stormwater sample. 

Replicates 5 
Organisms/replicate 5 
Exposure volume 50 mL 
Feeding Day 0 and 2 
Water renewal None 
Deviations from Test Protocol Six amphipods were counted in replicate 5 of the PBO 

treatment blank. This indicates that an extra animal was added 
to this chamber at test initiation. This replicate was eliminated 
from statistical analysis.  

1 Test dates for the Methanol Elution treatment was December 12 - 16, 2007. 
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Table 3. Results of the 96 Hour TIE Using H. azteca 
% Survival 

TIE Treatment Control 
(Blank) – 

Dilution Water 
50% 

Stormwater  
100% 

Stormwater 
(2X1) 

NOEC LC50 

Baseline 96 84 56 50 >100 
Aeration 100  76   
Filtration 100  100   

Solid Phase Extraction 
(C18) 

100  100   

Methanol Elution 96  96   
STS – 10 mg/L 100  72   

EDTA – 3.0 mg/L 100  44   
PBO – 0.025 mg/L 1002  4   
Carboxyl esterase 100  68   

BSA (esterase control) 523  52   

   
Concentration (µg/L) % Survival LC50 (µg/L) 

Control 100 
62.5 90.0 
125 77.5 
250 12.5 
500 0.00 

Copper Sulfate 
Reference Toxicant 

1000 0.00 

164 

1 2X concentration is associated with Methanol Elution treatment only. 
2 An extra animal was added to test chamber at test initiation. This replicate was dropped from statistical analysis. 
3 Low survival in BSA blank possibly due to contamination. Fuzzy material observed in test chambers on Day 3. 
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4.0 DISCUSSION 

The results from the Phase I TIE performed on the Agua Hedionda Creek stormwater sample 
collected in November indicated that pyrethroids may be the cause of toxicity observed in the 
initial toxicity test. The lack of toxicity reduction in the EDTA, STS, and aeration treatments 
indicates that the causative agent was likely not a metal, an oxidative chemical, or a volatile 
chemical or surfactant, respectively. However, the reduction in toxicity of H. azteca following 
filtration of the stormwater sample indicates that the causative agent was highly bound to 
particulates in the sample. Pyrethroids have physicochemical properties that match the results of 
the present TIE; pyrethroids are insoluble in water but soluble in solvents (have high Kows), have 
low vapor pressures (indicating low volatility), and have high adsorption coefficients, indicating 
their tendency to adsorb to particulates (Kidd and James, 1991). In addition, toxicity was 
increased in the diluted PBO-treated stormwater samples, as compared to toxicity in the baseline 
test (untreated diluted stormwater). These results also indicate pyrethroids as the causative agents 
because pyrethroid toxicity is potentiated by PBO (Budavari, 1989). The carboxyl esterase 
treatment caused a reduction in toxicity in the undiluted stormwater sample; however, it was not 
significant, possibly due to the reduced toxicity demonstrated in the Baseline test (56% survival) 
compared to the initial toxicity test (37.5% survival). Toxicity was not removed in the BSA 
treatment, used as a control for the carboxyl esterase. If toxicity was reduced in both the BSA 
treatment and the carboxyl esterase treatment, this would indicate that both BSA and esterase are 
adsorbing the chemicals in the water samples. In contrast, if toxicity was only reduced in 
the carboxyl esterase treatment, this would indicate that the chemicals in the water sample have 
been enzymatically altered by the carboxyl esterase, and that these chemicals may be pyrethroids 
due to the affinity of carboxyl esterase for these compounds. 
 
In addition to TIE tests, a review of chemical analyses of Agua Hedionda Creek MLS 
stormwater indicates that pyrethroids are likely the primary causative agents of toxicity. The 
concentration of bifenthrin (0.0816 µg/L) was measured at a level that exceeded aqueous 96-
hour LC50 values for H. azteca (0.0093 µg/L) (Anderson et al., 2006). A number of other 
pyrethroids were detected in stormwater samples including cyfluthrin, esfenvalerate, fenvalerate, 
and L-cyhalothrin1. The aqueous 96 hour LC50 values for H. azteca exposed to these pyrethroids 
are currently unknown. 
 
Chemicals other than pyrethroids were detected in Agua Hedionda Creek MLS stormwater; 
however, there is little evidence that any of these chemicals were a major cause of toxicity. All 
organophosphate pesticides were below their detection limits, with the exception of chlorpyrifos, 
diazinon, and malathion. The concentration of chloropyrifos (0.094 µg/L) may have contributed 
to toxicity observed in the November storm event because the concentration detected exceeded 
the water quality objective (0.020 µg/L). In addition, the 10-day LC50 for this species has been 
reported to be 0.09 µg/L (Phipps et al., 1995). However, because the addition of PBO increased 
toxicity (consistent with its synergistic effects on pyrethroids), rather than decreased toxicity 
(consistent with its antagonistic effects on organophosphate pesticides), it is unlikely that 
chlorpyrifos was the primary cause of toxicity in the sample. Diazinon (0.035 µg/L) and 
malathion (0.398 µg/L) were both detected at concentrations below their water quality objectives 
and were measured at concentrations below those which have been shown to cause toxicity to 
this species in 10-day solid phase tests (6.51 µg/L [Ankley et al., 1995] and 80.3 µg/L [Weston 

                                                 
1 Concentration of L-cyhalothrin was estimated. 
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Bioassay Lab data], respectively). Thus, it unlikely that diazinon and malathion contributed to 
toxicity of this sample. Concentrations of total copper and lead were above their respective water 
quality objectives; however, concentrations of dissolved copper and lead were below their water 
quality objectives. Because dissolved forms of metals are more bioavailable to organisms, it is 
unlikely that copper and lead were responsible for the observed toxicity. 
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