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PREFACE

The Office of Environmental Health Hazard Assessment (OEHHA), a department in the 
California Environmental Protection Agency, is responsible for evaluating potential 
public health risks from chemical contamination of sport fish.  This task includes issuing 
fish consumption advisories, when needed, for the State of California.  OEHHA’s 
authorities to conduct these activities are based on mandates in the:

· California Health and Safety Code

Ø Section 59009, to protect public health
Ø Section 59011, to advise local health authorities

· California Water Code

Ø Section 13177.5, to issue health advisories

The health advisories are published in the California Department of Fish and Game 
Sport Fishing Regulations.

This report presents guidelines for eating fish from Pyramid Lake, a reservoir on Piru 
Creek in the Angeles and Los Padres National Forest in Los Angeles County.  The 
report provides background information and a description of how the guidelines were 
developed.  The resulting advice is summarized in the illustration after the Table of 
Contents.
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INTRODUCTION

Pyramid Lake (Figure 1) is a reservoir on Piru Creek near Castaic, California, in the 
Angeles and Los Padres National Forests.  It is located about 60 miles northwest of Los 
Angeles.  The California Department of Water Resources built Pyramid Dam as part of 
the California Aqueduct, which is part of the California State Water Project (DWR, 
2000).  The dam was completed in 1973.

The lake is approximately 1,297 surface acres at capacity, with 21 miles of shoreline 
(DWR, 2000).  It is over 700 feet deep in some parts (Fishing Network, 2012), making it 
the deepest lake in the California Water Project system (PMCRE, 2012).  The water in 
the reservoir is used to generate electricity during peak hours in the Los Angeles area 
(DWR, 2000).  Pyramid Lake also serves to provide flood protection, emergency 
storage, and recreation, and it is an afterbay for the Warne Powerplant (DWR, 2012; 
2000).

FIGURE 1.  MAP SHOWING LOCATION OF PYRAMID LAKE

Map from DWR at http://www.water.ca.gov/recreation/locations/pyramid/pyramidmap.cfm

http://www.water.ca.gov/
http://fishingnetwork.net/index.php?pageid=lake-pyramid
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The finding of chemicals in fish tissues prompted the Office of Environmental Health 
Hazard Assessment (OEHHA) to develop this advisory report.  The basic OEHHA 
process to develop fish consumption advice involves these steps:  

1) Select the chemical data and fish species to be evaluated
2) Calculate average chemical concentrations and other descriptive statistics as 

appropriate
3) Compare the chemical concentrations with the OEHHA Advisory Tissue Levels 

(ATLs) for each chemical of concern

OEHHA developed ATLs that are acceptable levels of specific contaminants in fish 
tissue based on chemical toxicity.  The development of the ATLs also included 
consideration of health benefits linked to eating fish (Klasing and Brodberg, 2008; 
Appendix I).

FISH SPECIES IN PYRAMID LAKE

Pyramid Lake is a popular fishing lake in California for largemouth and smallmouth 
bass, also known as “black bass,” bluegill, crappie, catfish, trout, and striped bass 
(DWR, 2012).

CHEMICALS OF POTENTIAL CONCERN

Fish samples from Pyramid Lake were analyzed for mercury (as a measure of 
methylmercury), polychlorinated biphenyl congeners (PCBs), and the pesticides 
dieldrin, chlordane, and dichlorodiphenyltrichloroethane and its metabolites (DDTs).  

High levels of methylmercury can harm the brain, especially in fetuses and children as 
they grow.  PCBs are man-made chemicals previously used in electrical transformers, 
lubricating oils, and plastics.  PCBs may cause cancer and other health effects in 
humans.  Chlordane, DDTs, and dieldrin are pesticides that were banned from use 
many years ago but have persisted in the environment.  These chemicals may cause 
cancer or adverse effects on the nervous system.  Detailed discussion of the toxicity of 
these chemicals is presented in Klasing and Brodberg (2008).

DATA SOURCES

Fish from Pyramid Lake were sampled for chemical analysis in one of the programs 
discussed on page 4.  These studies had adequate documentation of sample collection, 
fish preparation, chemical analyses, and quality assurance.  Their detection limits for 
chemicals of concern were acceptable for use in this assessment.
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SURFACE WATER AMBIENT MONITORING PROGRAM (SWAMP)

The State Water Resources Control Board operates the Surface Water Ambient 
Monitoring Program (SWAMP).  This program monitors water quality in all of California’s 
surface waters.  In 2007 and 2008, the program performed a statewide survey of inland 
water bodies.  The survey included fish from 272 of California’s more than 9,000 lakes 
and reservoirs (Davis et al., 2010).  Fish from Pyramid Lake were collected in 2007 and 
tested for mercury.

REGIONAL WATER BOARD 4 LAKES STUDY (RWB4)
The Los Angeles Regional Water Quality Control Board, Region 4, coordinated 
sampling of fish from lakes in Region 4 with the sampling being done under SWAMP.  
RWB4 collected fish from Pyramid Lake in 2010 and had them analyzed for mercury, 
polychlorinated biphenyls (PCBs), and pesticides.  RWB4 also used fish sampled under 
SWAMP to make composite samples and have them analyzed for PCBs and pesticides.

Table 1 shows the type and number of fish sampled from Pyramid Lake, the projects 
under which they were collected, and the years sampled.  

TABLE 1.  FISH SAMPLES FROM PYRAMID LAKE

Fish Species
Number of 

Fish Collected Project
Year 

Sampled
Bluegill 4 RWB4 Lakes Study 2010
Bullhead 10 SWAMP Lakes Study 2007
Channel catfish 15 RWB4 Lakes Study 2010

Largemouth bass 16 SWAMP Lakes Study 2007
6 RWB4 Lakes Study 2010

Rainbow trout 15 RWB4 Lakes Study 2010

CHEMICAL CONCENTRATIONS

Fish samples were prepared as skinless fillets.  They were analyzed as individual fish 
for mercury or as composite samples of several fish from a species for PCBs and 
pesticides.  For composite samples, the total length of the smallest fish in the sample 
was at least 75% of the length of the largest fish in the composite.  At the California 
Department of Fish and Wildlife1 (CDFW) Moss Landing Marine Laboratories, samples 
were combusted and analyzed for total mercury by DMA (direct mercury analyzer).  This 
method is an integration of thermal decomposition and atomic absorption.  Results were 
reported in wet weight.  The method detection limit (MDL)2 for total mercury was 12 
parts per billion (ppb).  The reporting limit (RL)3 was either 12 ppb or 36 ppb.  OEHHA 
                                           
1 Prior to January 1, 2013, the California Department of Fish and Game
2 The MDL is the lowest quantity of a chemical that can be distinguished (as greater than zero) 
in a sample.
3 The RL is the lowest quantity of a chemical that can be accurately quantified in a sample.
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assumed all total mercury detected was methylmercury, the more toxic form that is 
present in fish, because nearly all mercury present in fish is methylmercury (Bloom, 
2002).

Table 2 shows the averages (arithmetic means) and ranges for total length and mercury 
concentrations in each fish species collected from Pyramid Lake.  All fish were analyzed 
for mercury as individuals.  Table 3 shows weighted means and ranges for PCBs (54 
congeners), dieldrin, chlordane, and DDTs.  Means were weighted by the number of fish 
in each sample.  The fish samples shown in Tables 2 and 3 either met CDFW’s legal 
size requirements (largemouth bass) or OEHHA’s criteria for minimum “edible” size.  
OEHHA used species size at maturity and professional judgment to set minimum edible 
sizes (Gassel and Brodberg, 2005).  Appendix II shows images for each species and 
their scientific names.

TABLE 2.  MERCURY CONCENTRATIONS IN FISH FROM PYRAMID LAKE

Fish Species

Mean  
Total 

Length  
(mm)

Range of 
Total 

Lengths 
(mm)

Mean 
Mercury 

(ppb)

Range of 
Mercury 

(ppb)

Number 
of 

Samples

Total 
Number 
of Fish

Bluegill 131 95-175 145 NA 1 4
Bullhead 353 314-417 240 187-293 2 10
Channel catfish 369 310-432 279 237-308 3 15
Largemouth bass4 384 332-496 514 307-1030 19 19
Rainbow Trout 305 246-430 28 21-82 15 15
NA Not applicable because only one sample was analyzed

Composite samples from each species were analyzed for PCBs, DDTs, dieldrin, and 
chlordane at the CDFW Water Pollution Control Laboratory.  Results were reported in 
wet weight.  The MDLs and RLs are shown in Table 4.  The broader ranges of MDLs 
and RLs for DDTs and PCBs reflect the differing limits for the multiple individual 
compounds measured. 

TABLE 3.  CONCENTRATIONS OF PCBS, DDTS, DIELDRIN, AND CHLORDANE

Fish Species

Mean  
Total 

Length  
(mm)

Range of 
Total 

Lengths 
(mm)

Mean 
PCBs 
(ppb)

Mean 
DDTs 
(ppb)

Mean 
Dieldrin 
(ppb)

Mean 
Chlordane 

(ppb)

Number 
of 

Samples

Total 
Number 
of Fish

Bluegill 131 95-175 17 3 0 0 1 4
Bullhead 353 314-417 238 77 1.35 3.9 2 10
Channel catfish 369 310-432 39 10 <0.5 < 1.0 3 15
Largemouth 
bass 371 332-410 63 20 <0.5 < 1.0 3 15
Rainbow Trout 305 246-430 5 1.5 <0.5 < 1.0 3 15

                                           
4 Includes legal-sized bass only (over 12 inches or 305 mm)
5 Only one composite sample of five bullhead was analyzed for dieldrin
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TABLE 4.  METHOD DETECTION LIMITS AND REPORTING LIMITS
Chemical MDLs (ppb) RLs (ppb)
PCBs 0.025–0.3 0.05–4.63
DDTs 0.091–0.48 0.95–5.0
Dieldrin 0.408–0.432 0.47–0.5
Chlordane 0.188–0.474 0.95–1.0

DEVELOPMENT OF GUIDELINES FOR EATING FISH FROM 
PYRAMID LAKE

Sample sizes were sufficient for bullhead, catfish, largemouth bass, and rainbow trout.  
After evaluating the chemical concentrations in these species, OEHHA used mercury or 
PCB levels as the basis for guidelines for eating fish from Pyramid Lake.  
Concentrations of DDTs, dieldrin, and chlordane were lower than the ATLs for daily 
consumption in all fish evaluated and will not be discussed further.

There are two sets of ATLs for exposure to methylmercury in fish because of age-
related toxicity.  The ATLs (summarized in Appendix I) for the sensitive population 
(women 18 to 45 years, and children 1 to 17 years) are lower than for the general 
population (women over 45 years and men).  This difference is to protect the brain and 
nervous system of the young during growth and development.  Women ages 18–45 
years are treated as sensitive to protect the fetus because these women are of 
childbearing age.  A complete description of the process of developing ATLs can be 
found in Klasing and Brodberg (2008).

OEHHA’s advisory process and ATLs also consider the health benefits from fish 
consumption.  There is much evidence and scientific consensus that eating fish 
promotes significant health benefits.  Reported health benefits include reduced rates of 
heart disease and stroke, decreased inflammation, and improved mental and visual 
functions (IOM, 2007).  The potential beneficial effects are thought to stem largely from 
specific omega-3 fatty acids found in significant amounts only in fish, namely

· docosahexaenoic acid or “DHA” and
· eicosapentaenoic acid or “EPA”  

A discussion on the risks and benefits of fish consumption can be found in Klasing and 
Brodberg (2008).

BULLHEAD

The concentration of PCBs in bullhead (238 ppb) was the basis of advice for both 
populations (all consumers).
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CHANNEL CATFISH

The advice for channel catfish for the sensitive population (women ages 18-45 years 
and children 1-17 years) was based on the mean mercury concentration.  For the 
general population (women over 45 years and men), the advice was based on PCBs.

LARGEMOUTH BASS

For largemouth bass, the advice for the sensitive population was based on mercury.  
For the general population, both mercury and PCB concentrations supported the same 
advice.

RAINBOW TROUT

Mercury and PCB levels in rainbow trout from Pyramid Lake were low enough that daily 
consumption could be recommended for both populations (all consumers).  Rainbow 
trout is also a good choice to eat because it is high in beneficial omega-3 fatty acids.

BLUEGILL

The number of bluegill collected (four fish) did not meet OEHHA’s criterion for enough 
samples to represent the population in the water body.  Also, the size of the smallest 
fish in the composite was only 54% of the largest fish and did not meet the greatest 
acceptable difference of 75%.  Bluegill was therefore not evaluated to determine 
consumption advice.

MISSING SPECIES

Samplers were not successful in collecting all fish species sought at Pyramid Lake.  
OEHHA generally requires at least nine fish per species to minimally represent the fish 
population in the water body.  No samples of crappie, smallmouth bass, or striped bass 
were caught.  Because smallmouth bass are closely related to largemouth bass and 
typically have similar levels of mercury, the advice for largemouth bass can be applied 
to smallmouth bass.  However, without any samples of striped bass or crappie, it was 
not possible to develop advice for these species.  It is important that future sampling 
target these species, especially striped bass, as it is a popular sport fish species and 
often accumulates high levels of mercury and, in some cases, PCBs.

The recommended numbers of servings per week for bullhead, channel catfish, 
largemouth and smallmouth bass, and rainbow trout are shown in Table 5.  Rainbow 
trout is high in omega-3 fatty acids.  Choosing to eat this species will maximize the 
benefits while lowering the risk from exposure to mercury.
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TABLE 5.  RECOMMENDED MAXIMUM NUMBER OF SERVINGS PER WEEK

Fish Species Women 18–45 Years 
and Children 1–17 Years

Women over 45 Years 
and Men

Bullhead 0 0
Channel catfish 1 2
Largemouth bass 0 1
Rainbow Trout 7 7



Pyramid Lake Advisory 9 
 

REFERENCES

Bloom, N.S.  1992.  On the chemical form of mercury in edible fish and marine 
invertebrate tissue.  Can. J. Fish. Aquat. Sci.  49(5):1010-1017.

Davis, J.A., A.R. Melwani, S.N. Bezalel, J.A. Hunt, G. Ichikawa, A. Bonnema, W.A. 
Heim, D. Crane, S. Swensen, C. Lamerdin, and M. Stephenson.  2010.  Contaminants 
in fish from California lakes and reservoirs, 2007-2008: Summary report on a two-year 
screening survey.  A report of the Surface Water Ambient Monitoring Program 
(SWAMP).  California State Water Resources Control Board, Sacramento, CA.  
Available at: 
http://www.swrcb.ca.gov/water_issues/programs/swamp/docs/lakes_study/fish_calif_lak
esres.pdf 

DWR.  2012.  Department of Water Resources.  Accessed 6/27/12 at 
http://www.water.ca.gov/recreation/locations/pyramid/ 

DWR.  2000.  Pyramid Lake.  California Department of Water Resources.  Brochure 
available at:  http://www.water.ca.gov/recreation/brochures/pdf/pyramid-lake.pdf 

US EPA (2000).  Guidance for Assessing Chemical Contaminant Data for Use in Fish 
Advisories. Vol.1. Fish Sampling and Analysis. 3rd Ed. EPA 823-B00-007.

Fishing Network.  2012.  Accessed 6/27/2012 at 
http://fishingnetwork.net/index.php?pageid=lake-pyramid 

Gassel, M. and R.K. Brodberg.  2005.  General Protocol for Sport Fish Sampling and 
Analysis.  Office of Environmental Health Hazard Assessment, California Environmental 
Protection Agency, Sacramento, California.  Available at:  
http://www.oehha.ca.gov/fish/pdf/fishsampling121406.pdf 

IOM (2007).  Seafood choices, balancing benefits and risks. Committee on Nutrient 
Relationships in Seafood: Selections to Balance Benefits and Risks Food and Nutrition 
Board. The National Academies Press, Washington, D.C.

Klasing, S. and R.K. Brodberg.  2008.  Development of fish contaminant goals and 
Advisory Tissue Levels for common contaminants in California sport fish:  Chlordane, 
DDTs, dieldrin, methylmercury, PCBs, selenium, and toxaphene.  Office of 
Environmental Health Hazard Assessment, California Environmental Protection Agency,  
Sacramento, California.  Available at: 
http://www.oehha.ca.gov/fish/gtlsv/pdf/FCGsATLs27June2008.pdf 

PMCRE.  2012.  Pine Mountain Club Real Estate.  Accessed 6/27/2012 at 
http://www.pinemountainclubrealestate.com/Local-Area/PYRAMID-LAKE/pyramid-lake-
california.html 

http://www.swrcb.ca.gov/water_issues/programs/swamp/docs/lakes_study/fish_calif_lakesres.pdf
http://www.swrcb.ca.gov/water_issues/programs/swamp/docs/lakes_study/fish_calif_lakesres.pdf
http://www.water.ca.gov/recreation/locations/pyramid/
http://www.water.ca.gov/recreation/brochures/pdf/pyramid-lake.pdf
http://fishingnetwork.net/index.php?pageid=lake-pyramid
https://oehha.ca.gov/media/downloads/fish/document/fishsamplingprotocol2005.pdf
http://www.oehha.ca.gov/fish/gtlsv/pdf/FCGsATLs27June2008.pdf
http://www.pinemountainclubrealestate.com/Local-Area/PYRAMID-LAKE/pyramid-lake-california.html
http://www.pinemountainclubrealestate.com/Local-Area/PYRAMID-LAKE/pyramid-lake-california.html


Pyramid Lake Advisory 10 
 

APPENDIX I.  ADVISORY TISSUE LEVELS

Advisory Tissue Levels (ATLs) guide the development of advice for people eating sport fish.  
ATLs show maximum numbers of recommended fish servings that correspond to the chemical 
levels found in fish.  OEHHA uses ATLs to provide advice to prevent consumers from being 
exposed to:

· more than the average daily reference dose6 for chemicals not known to cause cancer, 
such as methylmercury, or

· for cancer-causing chemicals, a risk level greater than one additional cancer case in a 
population of 10,000 people consuming fish at the given consumption rate over a 
lifetime.  This cancer endpoint is the maximum acceptable risk level recommended by 
the U.S. EPA (2000) for fish advisories.

For each chemical, ATLs were determined for both cancer and non-cancer risk, if appropriate, 
for one to seven eight-ounce servings per week.  The most health-protective ATLs for each 
chemical, selected from either cancer or non-cancer based risk, are shown in the table below for 
zero to three servings per week.  Exposure to chemicals in fish from Pyramid Lake will be at or 
below the average daily reference dose or the cancer risk probability of one in ten thousand if 
the guidelines for eating fish from Pyramid Lake are followed.

Advisory Tissue Levels (ATLs)  
Based on Cancer or Non-Cancer Risk Using an 8-Ounce Serving Size

Chemical

Consumption Frequency Categoriesa and ATLsb (in ppb)
Three

Servings
per Week

Two
Servings
per Week

One
Serving

per Week

No
consumption

Chlordanes >140-190 >190-280 >280-560 >560
DDTs >390-520 >520-1,000 >1,000-2,100 >2,100
Dieldrin >11-15 >15-23 >23-46 >46
Methylmercury
(Women 18 to 45 
years and children 1 
to 17 years of age)

>55-70 >70-150 >150-440 >440

Methylmercury  
(Women over age 
45 years and men)

>160-220 >220-440 >440-1,310 >1,310

PCBs >15-21 >21-42 >42-120 >120
a  Serving sizes (prior to cooking, wet weight) are based on an average person, weighing 160 
pounds.  Individuals weighing less than 160 pounds should eat proportionately smaller amounts.
b  When residue data are compared to this table, they should also first be rounded to the 
second significant digit. 
                                           
6 The reference dose is an estimate of the maximum daily exposure to a chemical likely to be 
without significant risk of harmful health effects during a lifetime.
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APPENDIX II.  FISH SPECIES AND SCIENTIFIC NAMES

(not to scale)

Brown bullhead (Ameiurus nebulosus)  Black bullhead (A. melas)

       
Duane Raver, USFWS

Channel catfish (Ictalurus punctalus)

Duane Raver, USFWS

Largemouth bass (Micropterus salmoides) Smallmouth bass (M. dolomieu)

              
Duane Raver, USFWS

Rainbow trout (Oncorhynchus mykiss)

Duane Raver, USFWS
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