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Introduction 
 

The Klamath River is one of the major salmon rivers on the West Coast of the United States.  
The Klamath River begins at Upper Klamath Lake in Oregon and enters the Pacific Ocean 
about 250 miles downstream in California.  Below Upper Klamath Lake the river flows 
through a series of reservoirs that are part of the Klamath Hydroelectric Project.  PacifiCorp 
owns and operates the project and is currently in the process of relicensing the project with 
the Federal Energy Regulatory Commission (FERC).  Iron Gate and Copco Reservoirs, at 
about river miles 190 and 198 respectively, have been the focus of a number of studies 
starting in 2004 after high concentrations of the cyanotoxin microcystin were measured in 
Copco Reservoir.  These reservoirs produce ideal conditions for the growth of large 
populations of cyanobacteria, including Microcystis aeruginosa.  Microcystis aeruginosa and 
microcystin, the cyanotoxin it produces, has been studied extensively in the Klamath River 
since 2005.  Some of the highest levels of microcystin ever recorded in the world have been 
measured in samples from Copco Cove in Copco Reservoir (Kann and Corum 2007).   
 
High levels of microcystins can produce chronic and lethal health effects in humans and 
animals.  Microcystins are the most commonly detected cyanotoxin across the globe (Blue 
Green Algae Work Group 2008).  Cyanobacteria that are known to produce microcystins 
include Microcystis.  Microcystins are cyclic heptapeptides with about 60 known structural 
variants that have significant influence on the toxicity and physio-chemical properties of the 
toxin.  The most studied and common variant is microcystin-LR.  The mechanism of toxicity 
of microcystins is the inhibition of protein phosphatases, which can cause internal 
hemorrhaging of the liver.  Exposure to microcystins has the potential to cause acute and 
chronic injury, depending on the dose and duration of exposure.  Microcystins are considered 
to be tumor promoters based on studies in mice that were initiated with a known carcinogen 
(Blue Green Algae Work Group 2008). 
 
The Klamath River in California is listed as an impaired water body on the Clean Water Act 
(CWA) section 303(d) list for sediment, microcystin toxin, temperature, nutrients and 
dissolved oxygen.  The US Environmental Protection Agency (USEPA) added the Klamath 
River segment including Iron Gate and Copco Reservoirs as impaired for microcystin toxin in 
May 2008.  The North Coast Regional Water Quality Control Board (NCRWQCB) is in the 
process of developing a Total Maximum Daily Load (TMDL) for the Klamath River.  Before 
the FERC can issue a new license for the Klamath Hydroelectric Project, PacifiCorp must 
obtain water quality certification, under section 401 of the CWA, from the State Water 
Resources Control Board (State Water Board).  PacifiCorp has applied for water quality 
certification and the State Water Board is currently preparing an Environmental Impact 
Report.  
 

Study Background 
 

In 2007 the State Water Board, Division of Water Rights, received funding through a Water 
Quality Cooperative Agreement (CP 96941301-2) from the USEPA for the analysis of fish 
tissue and water from the Klamath River for the presence of the microcystin.  The State 
Water Board entered into a contract with the San Jose State University Foundation/California 
Department of Fish and Game Water Pollution Control Lab (WPCL) to collect fish and 
analyze samples for microcystins.  The WPCL is certified/registered as a State 
environmental testing laboratory pursuant to the provisions of the California Environmental 
Laboratory Improvement Act of 1988.  The WPCL developed and validated a liquid 
chromatography-electrospray ionization tandem mass spectrometry (LC-ESI-MS/MS) 
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method to identify and quantify trace levels of cyanotoxins or microcystins in water, bivalves 
and fish tissue with enhanced sensitivity and specificity.  The method enables confirmation 
and quantification of six microcystins (MC-LA, LF, LR, LW, RR and YR) with a single 
chromatographic run.  The applied chromatography also allows determination of certain MC 
metabolites (Demethyl-LR and -RR).   
 
This study had three primary objectives.  The first objective was to perform a screening level 
analysis of microcystin accumulation in a range of aquatic species.  The second objective 
was to provide microcystin levels in yellow perch to the Office of Environmental Health 
Hazard Assessment (OEHHA) that could be used to develop a public fish tissue consumption 
advisory.  The third objective was to provide support for other studies by analyzing water 
samples for microcystin.  Prior to collecting the yellow perch samples, State Water Board 
staff discussed with OEHHA staff the quantity of samples necessary to capture the range of 
variability between samples that is required to conduct a risk assessment and establish fish 
tissue advisories.  Other than a study that showed trace amounts of microcystin in a few 
steelhead livers (Fetcho 2006), this is the most extensive study of microcystin accumulation 
in aquatic species of the Klamath River.  The lack of existing information on microcystin 
accumulation in aquatic species in the Klamath River necessitated a flexible study design.   
 
Yellow perch and freshwater mussels were the primary species targeted for this study.  
Yellow perch are the most abundant species in Iron Gate and Copco Reservoirs, and are a 
popular sport fish.  The California Department of Fish and Game (DFG) does not impose 
catch limits for yellow perch, and catches of 50-100 yellow perch per day are not uncommon 
(Fish Sniffer and VisitUSA).  High catch rates and a lack of limits may result in some 
individuals consuming large numbers of yellow perch.  Consumption of yellow perch 
containing microcystin can cause chronic or acute health effects, depending on the toxin 
level, quantity consumed, and length of exposure. 
  
The Karuk, Hoopa, and Yurok Tribes have lived on the Middle and Lower Klamath, and 
Trinity Rivers since time immemorial.  Tribal people relied heavily on fish and other traditional 
foods, including freshwater mussels.  Freshwater mussels (or clams) were a part of the 
traditional diet of tribal people on the Klamath River (Norgaard 2004).  Anecdotal information 
indicates some tribal members may still collect and consume mussels from the Klamath 
River.  River otters, raccoons, and other species also rely on mussels as a food source.  
Consumption of mussels containing microcystin can cause chronic or acute health effects, 
depending on the toxin level, quantity consumed, and length of exposure.   
 
Mussels are very sensitive to environmental changes and may be indicators of degradation.  
Freshwater mussels are very long-lived species, and Margaritifera falcata (western 
pearlshells) can live for over a century.  Almost three-quarters of all 297 native freshwater 
mussel species in North America are imperiled and almost 35 are extinct (Nedeau, Smith, 
and Stone).  Mussels are one of the most endangered groups of animals on Earth, yet little is 
known about their life history, and habitat needs.  The greatest threats to Margaritifera falcata 
come from water diversion projects for irrigation, power generation, and water supply, 
particularly in Washington, Oregon, Idaho, and California.  Gonidea angulata (western ridged 
mussels) have been extirpated throughout their original range in California, particularly in 
southern California and the Central Valley.  They have also been extirpated from many sites 
in the Snake and Columbia watersheds (Nedeau, Smith, and Stone).   
 
Yearling Chinook salmon were also targeted for this study.  Fish in the Iron Gate Hatchery 
are raised in water released from a mid-level outlet located in Iron Gate Dam.  Constant 
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exposure to reservoir water makes these fish an ideal sentinel species for microcystin 
accumulation.  Microcystin in hatchery fish could affect their overall health and resistance to 
endemic diseases such as Ceratomyxa shasta and Parvicapsula minibicornis. 
 
The first collection of yellow perch and mussels was timed to correspond with the 
summer/fall period when the microcystin level is the highest in Iron Gate and Copco 
Reservoirs.  After the first analysis of mussels and yellow perch showed high levels of 
microcystin, a second collection was developed and timed for a period when levels of 
microcystin is low.  This analysis was designed to show if microcystin is stored for long 
periods in tissue or if depuration is occurring.   
 

Sample Collection 
 
Samples were collected by a number of different parties.  Table 1 is a catalog of the samples 
analyzed during this study.  WPCL staff collected yellow perch from Iron Gate and Copco 
Reservoirs in 2007.  Tim Wilhite with the USEPA collected yellow perch in 2008.  Dr. Kari 
Norgaard with Whitman College, and Susan Corum with the Karuk Tribe of California 
collected mussels.  Water samples were originally collected by Susan Corum with the Karuk 
Tribe and later submitted by the USEPA Region 9 laboratory.   
 
Table 1 – Catalog of Samples  

TYPE OF SAMPLE DATE COLLECTED LOCATION COLLECTED 
6 Chinook Salmon August 13, 2007 Iron Gate Hatchery 
1 Gonidea angulata July 11, 2007 Klamath River near I-5 
1 Gonidea angulata July 20, 2007 Klamath River near Seiad Valley 
1 Gonidea angulata July 24, 2007 

 
Klamath River near Big Bar River Access 

1 Unknown Mussel July 24, 2007 
 

Klamath River near Big Bar River Access 

13 Mussels (composite) July 20, 2007 Klamath River 
18 Yellow Perch (18 tissue, 
3 liver composite) 

September 7-8, 2007 Copco Reservoir, three locations 

18 Yellow Perch (18 tissue, 
3 liver composite) 

September 7-8, 2007 Iron Gate Reservoir, three locations 

3 Mussels November 5, 2007 
 

Klamath River at China Camp across 
from Happy Camp 

3 Mussels November 5, 2007 
 

Klamath River at Brown Bear below Scott 
River 

3 Mussels November 5, 2007 
 

Klamath River .5 miles above Seiad 
Valley 

3 Mussels November 5, 2007 
 

Klamath River below I-5 Bridge 

3 Mussels November 6, 2007 
 

Klamath River under Orleans Bridge 

8 Yellow Perch (8 tissue, 
I liver composite) 

June 12, 2008 Copco Reservoir at Copco Cove 

8 Yellow Perch (8 tissue, 
I liver composite) 

June 12, 2008 Copco Reservoir at Mallard Cove 

9 Water Samples July 23 and 24: August 
21, 22, 23; September 18 
and 19 

Iron Gate Reservoir, Copco Reservoir, 
and Klamath River 
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Sample Results 
 
The WPCL reports eight different analytes or congeners of microcystin, including RR, 
Demethyl-RR, LR, Demethyl-LR, YR, LA, LW, and LF.  The tables below list total microcystin 
levels in nanograms per gram as an efficient way to evaluate and compare sample results.  
Total microcystin was calculated by summing reported levels for each of the analytes.  There 
was variation in the type and levels of the analytes, and for this reason the complete lab 
sheets are included with this report.  As stated above, sampling was divided into a period 
when toxin levels are typically high (e.g. late summer), and a period when levels are usually 
low (e.g. fall, winter, and spring).  
 
Summer Bloom Period Samples 
Yearly Chinook salmon were collected by DFG staff at the Iron Gate Hatchery (Table 2).  
These fish were from eggs collected in the fall of 2006.   
 
Table 2 – Yearling Iron Gate Hatchery Salmon Summer 2007 

Lab # Date Collected Tissue Type Total Microcystin (ng/g) 
L-463-07-01 8/13/2007 Fish Liver 301 
L-463-07-01 8/13/2007 Fish Stomach Non-detectable 
L-463-07-01 8/13/2007 Fish Fillet Non-detectable 
 
Mussels were collected from five locations by Dr. Kari Nordaard starting at the Interstate 5 
(I-5) Bridge downstream to the Big Bar River access (Table 3).  Results show a general 
trend, with the highest concentration of microcystin at the I-5 location, and lower 
concentrations downstream.  Due to the small sample size additional samples are needed to 
confirm this trend.  A composite of 13 mussels, collected from various locations in the Middle 
Klamath River was also analyzed. 
 
Table 3 – Mussels Summer 2007 

Lab # Date Collected Species Total Microcystin (ng/g) 
L-405-07-1 7/11/2007 Gonidea angulata 2,803.1 
L-405-07-2 7/11/2007 Gonidea angulata 412.54 
L-405-07-2Dup 7/11/2007 Gonidea angulata 383.35 
L-405-07-3A 7/11/2007 Gonidea angulata 889.8 
L-405-07-3B 7/11/2007 Unknown 201.2 
L-405-07-13 7/20/2007 13 Gonidea angulata 57 
L-405-07-Dup 7/20/2007 13 Gonidea angulata 32.3 
L-405-07-Trip 7/20/2007 13 Gonidea angulata 34.2 
 
Yellow perch were collected from three locations by the WPCL, representing a lower, middle 
and upper section, in both Iron Gate and Copco Reservoir (Table 4).  Iron Gate Reservoir is 
6.8 miles long, and Copco Reservoir is 4.5 miles long.  Past toxin testing of water has shown 
that there is a variation of toxin levels within the reservoirs during bloom periods.  Between 
five and seven fish were collected at each location in each reservoir.  Liver composites from 
each of these six groups were also analyzed.  The number of fish collected, and spatial 
distribution of sample collection, demonstrates the range of variability in tissue toxin levels.   
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Table 4 – Yellow Perch Summer 2007 
Lab # Date Collected Location Tissue Type Total Microcystin (ng/g) 

L-524-07-1 9/6-7/2007 Fillet IG-1 Non-detectable 
L-524-07-2 9/6-7/2007 Fillet IG-2 63.7 
L-524-07-3 9/6-7/2007 Fillet IG-3 2.23 
L-524-07-4 9/6-7/2007 Fillet IG-4 59.01 
L-524-07-5 9/6-7/2007 Fillet IG-5 3.09 
L-524-07-6 9/6-7/2007 

Lower 
Iron Gate 
Reservoir

Fillet IG-6 2.27 
L-524-07-7 9/6-7/2007 Fillet IG-7 2.54 
L-524-07-7Dup 9/6-7/2007 Fillet IG-7 Dup Non-detectable 
L-524-07-8 9/6-7/2007 Fillet IG-8 3.01 
L-524-07-9 9/6-7/2007 Fillet IG-9 2.02 
L-524-07-10 9/6-7/2007 Fillet IG-10 2.68 
L-524-07-11 9/6-7/2007 Fillet IG-11 2.18 
L-524-07-12 9/6-7/2007 

Middle 
Iron Gate 
Reservoir

Fillet IG-12 Non-detectable 
L-524-07-13 9/6-7/2007 Fillet IG-13 Non-detectable 
L-524-07-14 9/6-7/2007 Fillet IG-14 229.23 
L-524-07-15 9/6-7/2007 Fillet IG-15 106 
L-524-07-16 9/6-7/2007 Fillet IG-16 73 
L-524-07-17 9/6-7/2007 Fillet IG-17 82.04 
L-524-07-18 9/6-7/2007 

Upper 
Iron Gate 
Reservoir

Fillet IG-18 157.23 
L-524-07-19 9/6-7/2007 Fillet CP-1 77.7 
L-524-07-20 9/7-8/2007 Fillet CP-2 97.37 
L-524-07-21 9/7-8/2007 Fillet CP-3 82.1 
L-524-07-22 9/7-8/2007 Fillet CP-4 61.56 
L-524-07-23 9/7-8/2007 Fillet CP-5 183.47 
L-524-07-24 9/7-8/2007 Fillet CP-6 171 
L-524-07-25 9/7-8/2007 

Lower 
Copco 

Reservoir 
 

Fillet CP-7 80.92 
L-524-07-26 9/7-8/2007 Fillet CP-8 147 
L-524-07-27 9/7-8/2007 Fillet CP-9 350 
L-524-07-28 9/7-8/2007 Fillet CP-10 405 
L-524-07-29 9/7-8/2007 Fillet CP-11 422 
L-524-07-30 9/7-8/2007 

Middle 
Copco 

Reservoir 
 

Fillet CP-12 240 
L-524-07-31 9/7-8/2007 Fillet CP-13 181 
L-524-07-32 9/7-8/2007 Fillet CP-14 251 
L-524-07-33 9/7-8/2007 Fillet CP-15 125 
L-524-07-33Dup 9/7-8/2007 Fillet CP-16 141 
L-524-07-34 9/7-8/2007 Fillet CP-17 101 
L-524-07-35 9/7-8/2007 Fillet CP-18 Non-detectable 
L-524-07-36 9/7-8/2007 

Upper 
Copco 

Reservoir 
 

Fillet CP-19 86.3 
L-524-07-37 9/6-8/2007 IG Liver Composite Non-detectable 
L-524-07-38 9/6-8/2007 IG Liver Composite 50.1 
L-524-07-39 9/6-8/2007 

Iron Gate 
Reservoir

IG Liver Composite 70.6 
L-524-07-40 9/6-8/2007 CP Liver 

Composite 
177.7 

L-524-07-41 9/6-8/2007 CP Liver 
Composite 

473.2 

L-524-07-42 9/6-8/2007 

Copco 
Reservoir

CP Liver 
Composite 

228.48 
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Fall and Spring Non-Bloom Period Samples 
Mussels were collected at five locations from the I-5 Bridge downstream to Happy Camp in 
November 2007, well after the end of the bloom season (Table 5).  Toxin levels at this time in 
2007 were lower than in 2005 and 2006 (Kann 2007).  The data indicates that depuration 
appears to occur in a fairly short period.   
 
Table 5 – Mussels Winter 2007 

Lab # Date Collected Species Total Microcystin (ng/g) 
L-665-07-1 11/5/2007 Gonidea angulata Non-detectable 
L-665-07-2 11/5/2007 Gonidea angulata Non-detectable 
L-665-07-3 11/5/2007 Gonidea angulata Non-detectable 
L-665-07-4 11/5/2007 Gonidea angulata Non-detectable 
L-665-07-5 11/5/2007 Gonidea angulata Non-detectable 
L-665-07-6 11/5/2007 Gonidea angulata Non-detectable 
L-665-07-7 11/5/2007 Gonidea angulata Non-detectable 
L-665-07-8 11/5/2007 Gonidea angulata Non-detectable 
L-665-07-9 11/5/2007 Gonidea angulata Non-detectable 
L-665-07-10 11/5/2007 Gonidea angulata Non-detectable 
L-665-07-11 11/5/2007 Gonidea angulata Non-detectable 
L-665-07-11Dup 11/5/2007 Gonidea angulata Non-detectable 
L-665-07-12 11/5/2007 Gonidea angulata Non-detectable 
L-665-07-13 11/5/2007 Margaratifera 

falcata 
Non-detectable 

L-665-07-14 11/6/2007 Gonidea angulata Non-detectable 
L-665-07-15 11/6/2007 Gonidea angulata Non-detectable 
 
Tim Wilhite with USEPA collected yellow perch during the spring of 2008 (Table 6) prior to 
the algae bloom when toxin levels were generally low.  The objective of this sampling was to 
determine the level of depuration that occurred over the winter period.   
 
Table 6 – Yellow Perch Spring 2008 

Lab # Date Collected Location Tissue Type Total Microcystin (ng/g) 
L-387-08-1 6/12/2008 Fillet Non-detectable 
L-387-08-2 6/12/2008 Fillet Non-detectable 
L-387-08-3 6/12/2008 Fillet Non-detectable 
L-387-08-4 6/12/2008 Fillet Non-detectable 
L-387-08-5 6/12/2008 Fillet Non-detectable 
L-387-08-5Dup 6/12/2008 Fillet Non-detectable 
L-387-08-6 6/12/2008 Fillet Non-detectable 
L-387-08-7 6/12/2008 Fillet Non-detectable 
L-387-08-8 6/12/2008 Fillet Non-detectable 
L-387-08-9 6/12/2008 

Copco 
Reservoir 
Mallard 
Cove 

Liver Composite Non-detectable 
L-387-08-10 6/12/2008 Fillet Non-detectable 
L-387-08-11 6/12/2008 Fillet Non-detectable 
L-387-08-12 6/12/2008 Fillet Non-detectable 
L-387-08-13 6/12/2008 Fillet Non-detectable 
L-387-08-14 6/12/2008 Fillet Non-detectable 
L-387-08-15 6/12/2008 Fillet Non-detectable 
L-387-08-16 6/12/2008 Fillet Non-detectable 
L-387-08-17 6/12/2008 Fillet Non-detectable 
L-387-08-18 6/12/2008 

Copco 
Reservoir 

Copco 
Cove 

Liver Composite Non-detectable 
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In 2007 the USEPA Region 9 laboratory analyzed microcystin in water samples using an 
enzyme-linked immunosorbent assay (ELISA) method for the Karuk Tribe.  During the fall of 
2007 toxin levels dropped more quickly than expected based on the Microcystis aeruginosa 
cell counts in the reservoirs.  During the mid-September to October period this drop in toxin 
levels was more pronounced (Kann 2007).  Duplicate samples were sent to the WPCL to 
confirm the ELISA method using the LC-ESI-MS/MS method.  The ELISA method only 
reports total microcystin; it does not provide any analyte breakdown.  The differentiation of 
analytes provided by the LC-ESI-MS/MS method and confirmation of toxin levels may help 
explain the cause of the conditions that occurred in 2007. 
 
Table 7 – Water Samples 

Lab # Date Collected Sample ID Total Microcystin (ng/g) 
L-722-07-1 7/23/2007 CRCC072307-SG Non-detectable 
L-722-07-2 7/24/2007 IR01072407-OO Non-detectable 
L-722-07-3 7/24/2007 CR01072407-OO 1,100.47 
L-722-07-4 8/21/2007 CRCC082107-SG 21,223.1 
L-722-07-5 8/22/2007 IR01082207-OO 41.33 
L-722-07-6 8/23/2007 CR01082307-OO 43.451 
L-722-07-6Dup 8/23/2007 CR01082307-OO 42.792 
L-722-07-7 9/18/2007 KRBI091807-OC Non-detectable 
L-722-07-8 9/18/2007 IRJW091807-SG Non-detectable 
L-722-07-9 9/19/2007 CR01091907-OO Non-detectable 
 

Conclusion 
 
Microcystin levels in yellow perch from Copco Reservoir were higher than Iron Gate 
Reservoir.  Copco Reservoir typically has higher toxin levels than Iron Gate Reservoir.  In 
addition, while microcystin concentrations were variable, they appear to roughly correlate to 
toxin levels at those locations in the reservoir.   For example yellow perch in the middle 
section of Copco Reservoir had a higher average concentration than fish in the upper and 
lower sections.  Additional analysis and study could confirm this observed trend.  Given a 
high likelihood that yellow perch sampled in the spring of 2008 were representative of the fish 
population sampled in 2007 the data indicate that depuration had occurred.   
 
The highest microcystin concentration in tissues collected for this study was from mussels 
collected near the I-5 Bridge.  Generally it appears the microcystin levels in mussels 
decreases downstream from Iron Gate Dam.  As a result of the small sample size additional 
sampling is required to confirm this trend.  As with yellow perch, it appears that depuration 
had occurred, but additional sampling of representative populations is required to confirm this 
result.  As described above, freshwater mussels are sensitive to environmental degradation.  
This study was not designed to evaluate the impacts of microcystins on this species.  
Additional study is required to understand the impacts of cyanotoxins on freshwater mussels 
 
Kann (2008) used results from this study to evaluate the risk to humans from consuming fish 
or shellfish from the Klamath River and concluded the level of microcystin warrants the 
development of advisories for tissue consumption.  In a letter to PacifiCorp dated August 6, 
2008, OEHHA staff stated that based on the data collected in 2007, they would have 
recommended against consuming shellfish from the effected sections of the Klamath River, 
and yellow perch from Iron Gate and Copco Reservoirs.  
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The data collected during this study has provided new and important information on the 
impact of cyanotoxins in the Klamath River.  As with many studies, it also shows that more 
information will be needed to understand the full impact of microcystin accumulation in 
mussels and fish, and the impact to wildlife (river otters, raccoons, etc.) and humans from 
consuming these species.  The original objectives of this study have been met and 
exceeded.  Data has been generated that can be used in regulatory processes, and to inform 
and protect the public and tribal members about risks of consuming fish and shellfish from 
the Klamath River.  Information generated by this study can be used by the State Water 
Board in consideration of water quality certification for the Klamath Hydroelectric Project and 
by the NCRWQB in the TMDL process.  The information can also be used by Tribes to help 
inform Tribal members on public health issues, and by OEHHA staff for development of a risk 
assessment and fish tissue advisories.   
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Appendicies: 
 
Laboratory Report L-405-07:  4 mussels 
 
Laboratory Report L-475-07:  13 mussels composite 
 
Laboratory Report L-463-07:  3 salmon composites (liver, stomach, fillet 
 
Laboratory Report L-524-07:  36 yellow perch, 6 liver composites  
 
Laboratory Report L-665-07:  15 mussels 
 
Laboratory Report L-387-08:  16 yellow perch, 2 liver composites 
 
Laboratory Report L-722-07:  9 water samples 
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