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Evaluation Monitoring Demonstration Project 

Alternative to Conventional Stormwater Runoff Monitoring for BMP 
Development 

1996 - Field Studies of Toxicity of San Diego Creek as It Enters Upper Newport 
Bay 

Overall Implication of Urban Stormwater Runoff Toxicity on Water Quality/ Use-
Impairment 

Inadequacy of Conventional Stormwater Runoff 
"Water Quality" Monitoring 

Conventional Stormwater Runoff Monitoring 

Measure Total/Dissolved Concentrations for Suite of Chemical 
Parameters for Several Storms per Year 

Provide No Reliable Information on Impacts of 
Stormwater Runoff-Associated Constituents on 
Receiving Water Water Quality  

US EPA Stormwater Runoff Water Quality Management Regulations 

Require Control of Pollution to Maximum Extent Practicable Using 
Best Management Practices 

CWA-Defined Pollution: Use-Impairment of Water Receiving the 
Runoff 

Conventional End-of-Pipe Edge-of-Pavement "Water Quality" Monitoring Cannot 
Define Pollution of Receiving Waters 
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Upper Newport Bay Designated Beneficial Uses 

• Water Contact Recreation  
• Non-Contact Recreation  
• Commercial and Sport Fishing  
• Wildlife Habitat  
• Rare, Threatened, and Endangered Species  
• Fish Spawning, Reproduction, and Development  
• Marine Habitat  
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• Shellfish Harvesting  
• Biological Habitats of Special Significance  
• Estuarine Habitat 

What Impairment Exists to Each of These Uses? 

Evaluation Monitoring Approach for  
Water Quality Management 

Focus Monitoring Resources on: 

• Evaluation of Real Water Quality Use-Impairments in Receiving Water for 
Stormwater Runoff  

• Determine the Specific Cause(s) of Use-Impairment  
• Determine Source(s) of Constituents Responsible for Those Use-

Impairments  
• If Urban & Highway Stormwater Runoff Is Significant Source of Specific 

Constituent(s) Responsible for the Use-Impairment, Control Pollutants at 
the Source 

If Not Possible, Develop Site-Specific BMP's to Control Pollution to 
Maximum Extent Possible 

Will Result in Significantly Different Type of BMPs Than Typically Used 
Such as Detention Basins & Filtration 

Detention Basins & Filtration Useful Only Where Excessive Erosion 
Causes Water Quality/Use-Impairment Due to Siltation and/or Turbidity 

Basic Engineering Approach: 

Find the Problem & Solve It in a Technically Valid, Cost-Effective 
Manner 

Focus Stormwater Water Quality Management on Impacts of Chemicals - Not on 
Chemicals That May Be Adverse to Water Quality at Some Location for Some 
Sources 

Evaluation Monitoring Is Conducted in a Watershed-Based, Technical Stake-
Holder-Driven Program 

Evaluation Monitoring Focuses on Using Aquatic Chemistry, Aquatic Toxicology, 
and Water Quality Information to Define & Manage Impacts of Urban & Highway 
Stormwater Runoff 
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Evaluation Monitoring Implementation Flow Chart 
View enlarged figure with full text  

5

http://members.aol.com/duklee2307/pap/em_guide.htg/flowchsm.htm


 

6



 

Evaluation Monitoring Demonstration Project 
Upper Newport Bay (UNB)/Orange County 

Cooperative Project with: 
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Santa Ana Regional Water Quality Control Board 
Several Orange County Stormwater Agencies 
Other Parties Interested in Upper Newport Bay Water Quality 

Initiated July 1, 1996 

• Comprehensive Review of Existing Water Quality Information on Upper 
Newport Bay and Lower Santa Ana River  

• Field Studies of Aquatic Life Toxicity in San Diego Creek Which is an 
Upper Newport Bay Tributary 
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Land Use - San Diego Creek Watershed 
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Land Use Percent 

Residential 15 

Commerical 8 

Industrial 6.3 

Open Space/Vacant 23.1 

Agriculture/Randhing 10 

Public 0.3 

Recreation 0.3 

Transportation & Communication/Utility 1.2 

Roads 35.8 

  

Discharges for San Diego Creek 

Concentration Point Area (mi2) Q100 (cfs)  Q2 (cfs) 

Near Culver Drive 42.9 18,050 3,700 

At Jamboree Road 119.2 34,300 7,000 
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Overall Water Quality of Upper Newport Bay 

Overall, Upper Newport Bay Is Experiencing Significant Water Quality 
Impairment Due to: 
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• Excessive Accumulation of Hazardous Chemicals in Aquatic Life Tissue 
That Causes Organisms to Be a Threat to Those Who Eat Them  

• Excessive Fertilization That Causes Algal Growth That Impairs 
Recreational Use of the Bay  

• Excessive Siltation That Causes Shoaling That Impairs Boating and 
Changes the Distribution of Aquatic Plant Communities That Develop in 
the Bay  

• Excessive Litter That Impairs Use of Bay Nearshore Waters  
• Impairment of Sanitary Quality of Upper Newport Bay That Increases Risk 

of Disease to Those Who Contact-Recreate in Bay Waters  
• Restricted Shellfish Harvesting Due to Poor Sanitary Quality  
• Maybe a Sediment Toxicity Problem-Need Further Study 

Evaluation Monitoring Review of Existing Water Quality Data Shows That 
There Are Insufficient Data to Determine If Real Aquatic Life Toxicity-
Related Water Quality Impairment Occurs 

"Excessive" Levels of Heavy Metals in Tributary Discharges to 
Upper Newport Bay Relative to Water Quality Criteria 

No Information on Whether Heavy Metal 
Exceedances Represent Toxicity or "Administrative 
Exceedances" of Water Quality Criteria 
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US EPA Standard Three Species Aquatic Life Toxicity Tests 

Ceriodaphnia - Zooplankton - fish food 

Pimephales - Fish Larva 

Selenastrum - Algae  

Toxicity Test Results for San Diego Creek: 
Standard Three Species Test 
Sample Collected on 10/30/96 

7-day Ceriodaphnia Test  
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Reproduction (neonates/adult) Treatment 

mean  standard error 

% Mortality 

 Lab Control  24.6  0.93  0.0 

 San Diego Creek  0.0  0.00  100 (24 hr) 

7-day Pimephales Test 

 Growth (mg)  Mortality (%) Treatment 

mean  standard error  mean  standard error 

 Lab Control  0.470  0.01  0.0  0 

 San Diego Creek  0.473  0.02  0.0  0 

96-hour Selenastrum Test 

Cell Count (x 104) Treatment 

mean standard error  

 Lab Control  138.2 10.6 

San Diego Creek  450.3 7.3 

  

Toxicity Test Results for San Diego Creek: 
Additional Ceriodaphnia Testing 

Sample Collected on 10/30/96 

96-Hour Ceriodaphnia Dilution Series   

 % Mortality for each day of the test Treatment 

    1  2  3  4 

 Lab Control  0  0  0  0 
 Lab Control + 100 µg/L PBO  0  0  5  20 
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 Lab Control + 200 µg/L PBO  0  0  53  84 
 San Diego Creek 100%  100  100  100  100 
 San Diego Creek 50%  100  100  100  100 

96-Hour Ceriodaphnia Dilution Series  

% Mortality for each day of the test Treatment 

1 2 3 4 

 San Diego Creek 50% + 
100 µg/L PBO 

 0  0  0  5 

 San Diego Creek 50% + 
200 µg/L PBO 

 0  0  5  5 

 San Diego Creek 25%  0  100  100  100 

 San Diego Creek 25% + 
100 µg/L PBO 

 0  0  0  0 

 San Diego Creek 25% + 
200 µg/L PBO 

 0  0  60  60 

 San Diego Creek 12.5%  0  0  0  5 
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Toxicity Test Results for San Diego Creek: 
Additional Ceriodaphnia Testing 

Sample Collected on 11/21/96 

96-Hour Ceriodaphnia Dilution Series 

% Mortality for each day of the test  Treatment 

 1  2  3  4 

 Lab Control  0  0  0  0 
 Lab Control + 100 µg/L PBO  0  0  0  0 
 San Diego Creek 100%  100  100  100  100 
 San Diego Creek 65%  100  100  100  100 
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 San Diego Creek 65%+ 
100 µg/L PBO 

 100  100  100  100 

96-Hour Ceriodaphnia Dilution Series  

% Mortality for each day of the test   Treatment 

 1  2  3  4 

 San Diego Creek 50%   100  100  100  100 

 San Diego Creek 25%  100  100  100  100 

 San Diego Creek 25% + 
100 µg/L PBO 

 0  45  100  100 

 San Diego Creek 12.5%  0  100  100  100 

7-day Pimephales Test  

 Growth (mg)  Mortality (%) Treatment 

mean  standard error mean  standard error 

 Lab Control  0.498  0.006  0.0  0.0 

 San Diego Creek  0.477  0.014  2.5  2.5 

San Diego Creek Base Flow Studies  

Monitoring San Diego Creek between the Two Monitored Storms Showed That 
Creek Waters 

Were Non-Toxic 

Had Low, Non-Toxic Concentrations of OP Pesticides during Dry 
Weather/Base Flow Conditions 

Toxicity Associated with Stormwater Runoff 

Composition of San Diego Creek Stormwater Runoff Sample  
Obtained on 11/21/96 
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Pesticide Appl (GC) UCD (ELISA) 

Diazinon 540 359 

Chlorpyrifos 130 133 

Pendimethalin (Prowl) 450   

Simazine 3200   

Carbaryl 900   

Methomyl 2000   

Malathion 90   

  

Cause of Toxicity 

Based on ELISA, PBO Testing, and Chemical Analysis, Determined Some of the 
Toxicity Is Due to  

Diazinon - Urban Pesticide 

Chlorpyrifos - Urban Pesticide 

Methomyl - Ag Pesticide 

About Half of Toxicity Due to Unknown Causes 

Estimated Toxicities of Selected Pesticides 
(Concentrations in ng/L) 

 Pesticide  Bailey et al. 
96-hr LC50 

 Foe 
96-hr LC50 

 Chlorpyrifos 60 100 

 Diazinon 450 500 
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 Malathion   1400 

 Methomyl   5560 

 Carbaryl   3500 - 5200 

 Simazine     

 Pendimethalin (Prowl) -- -- 

Total Pounds of Diazinon Applied, by Use, 
in Orange County in 1995 

    Agriculture  Landscape  Right 
of Way 

 Commercial  Structural  Pest 
Control

 Total 

 January  442.38  19.00  0.00  82.42  91.08  0.00  634.88

 February  401.40  20.51  0.75  62.58  1,793.84  0.00  2,279.08

 March  157.24  71.89  0.00  72.24  1,380.08  0.00  1,681.45

 April  34.53  51.79  0.00  98.87  1,405.64  0.00  1,590.83

 May  34.63  293.40  0.00  104.38  1,825.28  0.00  2,257.69

 June  331.98  74.58  0.00  115.90  1,612.09  0.00  2,134.55

 July  22.11  73.93  0.06  148.30  1,939.89  0.00  2,184.29

 August  13.09  65.19  4.99  106.10  2,182.62  0.00  2,371.99

 September  13.30  146.40  3.99  78.96  1,840.38  0.00  2,083.03

 October  2.29  105.22  46.88  0.00  1,438.45  0.00  1,592.84

 November  234.64  80.73  0.00  86.75  979.60  0.00  1,381.72

 December  316.39  27.19  0.00  33.71  973.79  0.00  1,351.08

  

Total 

 2,003.98  1,029.83  56.67  990.21  17,462.74  0.00  21,543.43

Data from the Department of Pesticide Regulation's Pesticide Use Reporting 
Database 

Total Pounds of Chlorpyrifos Applied, by Use, 
in Orange County in 1995 
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 Agriculture  Landscape  Right of 
Way  

 Commercial  Structural  Pest 
Control 

 Total 

 January  207.03  27.12  0.00  21.67  601.56  0.00  857.38

 February  328.49  42.24  0.00  33.94  2,318.79  0.00  2,723.46

 March  69.76  37.17  0.00  66.13  2,922.25  0.00  3,095.31

 April  52.50  76.65  0.00  27.75  3,439.35  0.00  3,596.25

 May  56.00  89.62  0.00  37.04  2,584.46  0.00  2,767.12

 June  0.00  67.52  0.00  64.20  2,535.76  0.00  2,667.48

 July  52.95  140.93  6.00  59.66  5,122.69  0.00  5,382.23

 August  40.42  506.28  0.00  76.05  2,903.44  0.00  3,526.19

 September  145.52  174.79  11.62  57.49  3,243.81  0.00  3,633.23

 October  227.00  178.61  12.67  56.17  3,121.21  0.00  3,595.66

 November  0.00  65.30  0.00  90.77  5,384.06  0.00  5,540.13

 December  210.60  40.03  0.00  60.78  4,085.16  0.00  4,396.57

 Total  1,390.27  1,446.26  30.29  651.65  38,262.54  0.00  41,781.01

Data from the Department of Pesticide Regulation's Pesticide Use Reporting 
Database 

Determination of Water Quality Significance 
of Aquatic Life Toxicity in Stormwater Runoff on 

Beneficial Uses of Receiving Water 

Regional Boards' Basin Plan Objectives 

No Discharge of "Toxics" in Toxic Amounts 

No Ambient Water Toxicity 

Enforced for POTW's & Industrial Wastewater Dischargers 

Not Being Enforced for Urban Stormwater Runoff & Non-Point (Ag) Sources 

New State WRCB California Toxics Rule (CTR) Proposed Requirements 

Toxicity Provisions: 

Chronic Toxicity Objective 
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Surface Waters Outside of Any Allowed Mixing Zones Shall Be Free from Lethal 
or Sublethal Toxicity at Levels Which Impair Designated Aquatic Life Beneficial 
Uses 

Water Quality-Based Toxicity Control 

A Chronic Toxicity Effluent Limitation Is Required in WDRs for All Discharges 
That Will Cause, Have Reasonable Potential to Cause, or Contribute to Chronic 
Toxicity in Receiving Waters 
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Toxicity Reduction Requirements 

"If a discharge causes or contributes to chronic toxicity in receiving waters, a 
toxicity reduction evaluation (TRE) is required. The TRE shall include all 
reasonable steps to identify the source(s) of toxicity. Once the source of toxicity 
is identified, the discharger shall take all reasonable steps necessary to eliminate 
toxicity. 

"If persistent toxicity is identified in ambient waters, and it appears to be due to 
nonpoint source discharges, the appropriate nonpoint source dischargers, in 
coordination with the RWQCB, shall perform a TRE. Once the source of toxicity 
is identified, the discharger shall take all reasonable steps to eliminate toxicity." 

Water Quality Impact of Aquatic Life Toxicity 
Depends on 

Magnitude of Toxicity/Duration of Exposure Relationship Relative to the 
Sensitivity of the Test and Field Organisms 

Event-Mean Concentrations Not Valid for Characterizing Water 
Quality Impact of Chemicals & Toxicity 
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Must Relate Toxicity/Duration Relationship for the Test Organism(s) 
& Key Ambient Organisms 

Areal Extent of Toxic Concentrations & Rate of Change of Toxic Conditions 

Toxicant Transformations 

Dilution of Toxic Concentrations Due to Mixing 

Characteristics of Toxicity 

Rapid- or Slow-Acting (1 or 4-day) 

Species of Aquatic Organisms Impacted 

Fish, Shellfish, Zooplankton, Algae 

Importance to Water Quality & Society 
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Test Conditions 

Must Consider Physical, Chemical, Biological Characteristics of Toxicity Test 
Relative to Those Experienced by Key Ambient-Water Organisms 
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Should Match Laboratory Exposure to Field Conditions in Follow-
Up Testing 

Interpretation of Toxicity Test Results Complex - Yes, But: 

Far More Reliable Than Estimating Toxicity Based on Chemical 
Measurements 

Chemical Approach Has All the Interpretation Problems of Toxicity Testing in 
Addition to the Need to Evaluate Whether the Regulated and Unregulated 
Chemicals in Sample Are Toxic 

Urban OP Pesticide Toxicity - 
Water Quality Issues 

• Only Toxic to Ceriodaphnia, Others ?  
• Importance of Ceriodaphnia-Like Toxicity Sensitivity to Upper Newport 

Bay Waters  
• Additive Toxicity  
• Stormwater Runoff-Related 

Short, Pulse Toxicity 

• Importance of OP Pesticides to Society  
• Political Power of Pesticide Companies & Ag Interests 

Future Upper Newport Bay Toxicity Studies 

With Support of US EPA 205(j) and 319(h) Grants as Part of the SARWQCB 
Watershed Initiative, and in Cooperation with the SARWQCB, Orange County 
Public Facilities & Resources Department, and Others, Will Determine: 

• Pattern of Toxicity over the Year in San Diego Creek as It Enters Upper 
Newport Bay  

• Fate and Persistence of Toxicity and Toxic Components in the Bay Waters  
• Cause of the Toxicity through TIEs  
• Water Quality Significance of the Toxic Pulses That Enter Upper Newport 

Bay in Stormwater Runoff  
• Through Forensic Studies, Sources of Toxicity and Toxic Components 

Information to be Used by the SARWQCB to Develop TMDL for Toxicity in Upper 
Newport Bay 
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Conclusions 

Occurrence of Urban Stormwater OP Toxicity to Ceriodaphnia Does Not 
Necessarily Mean That There Will Be Use-Impairment / Adverse Impact on 
Water Quality 

Need Detailed, Site-Specific Investigation to Evaluate Water Quality (Use-
Impairment) Significance of the Toxicity 

Best Done in Evaluation Monitoring Program Framework 

Suggested Regulatory Approach 

WRCB, Regional Boards, Regulated Community, Environmental Groups, & the 
Public Should Develop an Approach to Acquire the Information Needed to Define 
the Water Quality Significance of Aquatic Life "Toxicity"  

Need to Appropriately Implement WRCB CTR Implementation Approach for 
Defining Significant Water Quality Impacts Due to Toxicity 
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