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Conversion Factors, Vertical Datum, and Water-Quality Information

Multiply By To obtain
acre 0.4047 hectare
acre-foot (acre-ft) 1,233 cubic meter
foot 3(ft) 0.3048 meter
cubic foot per second (ft°/s) 0.02832 cubic meter per second
inch (in.) 254 millimeter
mile (mi) 1.609 kilometer
pound, avoirdupois (Ib) 0.4536 kilogram

Temperature is given in degrees Fahrenheit (°F), which can be converted to degrees Celsius (°C) by the following
equation:
°C = 5/9(°F)-32.

Vertical datum

Sea level: In this report "sea level" refers to the National Geodetic Vertical Datum of 1929--a geodetic datum derived
from a general adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum of
1929.
Water-quality information

Particle sizes of bottom sediment and concentration of chemical constituents are given in metric units. To convert
metric units to inch-pound units, multiply the metric unit by the reciprocal of the appropriate conversion factor given above.

Electrical conductivity is expressed as specific conductance, in microsiemens per centimeter at 25 °C (uS/cm).

Trace-element and pesticide concentrations in water samples are given in micrograms per liter (ug/L). One thousand
micrograms per liter is equivalent to 1 milligram per liter (mg/L). Micrograms per liter is equivalent to "parts per billion."
Trace-clement concentrations in bottom sediment are given in micrograms per gram (ug/g). Micrograms per gram is
equivalent to "parts per million."

Pesticide concentrations in bottom sediment are given in micrograms per kilogram (ug/kg). One thousand micrograms
per kilogram is equivalent to 1 microgram per gram (jug/g). Micrograms per kilogram is equivalent to "parts per billion."
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RECONNAISSANCE INVESTIGATION OF WATER QUALITY,
BOTTOM SEDIMENT, AND BIOTA ASSOCIATED WITH
IRRIGATION DRAINAGE IN THE KLAMATH BASIN,
CALIFORNIA AND OREGON, 1988-89

By Stephen K. Sorenson, U.S. Geological Survey, and
S.E. Schwarzbach, U.S. Fish and Wildlife Service

Abstract

The Klamath Basin is a key area on the Pacific flyway
and a major resting place for migratory waterfowl as well
as a residence for a large variety of wildlife. The basin
also is an important agricultural area with extensive areas
irrigated by U.S. Bureau of Reclamation water projects.
Contamination of wildlife areas with toxic substances
associated with irrigation water has been a problem in
some areas of the Western United States. The size and
significance of the Klamath Basin as a resource to both
humans and wildlife, along with past and present use of
pesticides, was the reason for this reconnaissance investi-
gation of existing or potential contamination associated
with federally operated irrigation projects.

Previous studies as well as observations made during
this project indicated that existing and potential environ-
mental concerns included eutrophication of the basin water-
ways, past and present pesticide usage, and waterfowl
diseases. The first two of these concerns are directly
related to irrigated agriculture. Waterfowl diseases may be
directly or indirectly associated with irrigation.

Samples of water were analyzed for major chemical
constituents and trace elements. Bottom sediment and
various biological tissues representing several trophic levels
were analyzed for trace elements and organochlorine
compounds. A small number of waterfowl samples were
analyzed for organophosphate pesticides. Samples were
collected at various locations around the basin that
represented areas upstream and downstream and within
irrigated areas.

Analytical data show that water is enriched with sodium
and sulfate ions as it travels through the streams, irrigated
fields, and canals in the basin. The probable source of
these salts is evaporation of irrigation water that has
leached them from soils. Concentrations of trace elements
in water generally were low throughout the basin, with the
exception of arsenic, which was 62 micrograms per liter in
one flooded pond in the Lower Klamath refuge. Arsenic
enrichment of water, bottom sediment, and certain bio-
logical tissues in comparison with other sampling locations
was associated with the Lower Klamath Lake area and may
be due to naturally occurring volcanic deposits or springs
in that area. Arsenic was bioconcentrated by aquatic
plants, and concentrations were highly correlated with
arsenic in water. Mercury concentrations also were higher
in all media sampled in the Lower Klamath Lake area than
in other areas of the basin. The one exception was 0.22
microgram per gram of mercury in bottom sediment at
Link River below Link River Dam. Concentrations of
selenium were near or less than reporting levels and much
less than levels of toxicological significance in all samples
with the exception of western grebe livers. Selenium in
these tissues may have accumulated from sources outside
of the Klamath Basin.

Organochlorine compounds were detected in most sam-
ples and in all media sampled. Concentrations of DDE
were the highest and most widespread. DDD was unusu-
ally high in eggs of western grebes from Tule Lake.
Concentrations of PCBs and the sum of DDT and its
metabolites approached the lower confidence limit of the
interim U.S. Environmental Protection Agency guidelines
for nonpolar organic compounds in sediment. Concentra-
tions of organochlorine compounds in waterfowl tissues
and bottom sediment were highest in the Tule Lake area.
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INTRODUCTION

During the last several years, concern has increased
about the quality of irrigation drainage and its
potential harmful effects on human health, fish, and
wildlife. Concentrations of selenium greater than
water-quality criteria for protection of aquatic life
(U.S. Environmental Protection Agency, 1987) have
been detected in subsurface drainage from irrigated
land in the westemn part of the San Joaquin Valley in
California. In 1983, incidences of mortality, birth
defects, and reproductive failures in waterfowl were
discovered by the U.S. Fish and Wildlife Service at
the Kesterson National Wildlife Refuge in the westem
San Joaquin Valley, where irrigation drainage was
impounded. In addition, potentially toxic trace
elements and pesticide residues have been detected in
other areas in Westermn States that receive irrigation
drainage.

Because of concemns expressed by the U.S. Con-
gress, the U.S. Department of the Interior (DOI)
started a program in late 1985 to identify the nature
and extent of irrigation-induced water-quality prob-
lems that might exist in the Western States. In Octo-
ber 1985, an interbureau group known as the "Task
Group on Irrigation Drainage” was formed within the
Department. The Task Group subsequently prepared
a comprehensive plan for reviewing irrigation-
drainage concerns for which the Department of the
Interior may have responsibility.

The DOI developed a management strategy and the
Task Group prepared a comprehensive plan for
reviewing concerns about irrigation drainage. Initi-
ally, the Task Group identified 19 locations in 13
states that warranted reconnaissance-level field inves-
tigations. These locations relate to three specific
areas of DOI responsibilities: (1) irrigation or drain-
age facilities constructed or managed by the DOI,
(2) national wildlife refuges managed by the DOI, and
(3) other migratory-bird or endangered-species man-
agement areas that receive water from DOI-funded
projects.

Nine of the 19 locations were selected for recon-
naissance investigations in 1986-87. The nine areas
are:

Arizona-California: Lower Colorado-Gila River Valley area

California: Salton Sea area
Tulare Lake Bed area
Montana: Sun River Reclamation Project area
Milk River Reclamation Project area
Nevada: Stillwater Wildlife Management area

Texas: Lower Rio Grande-Laguna Atascosa
National Wildlife Refuge area

Utah: Middle Green River basin area

Wyoming: Kendrick Reclamation Project area

In 1988, reports for seven of the reconnaissance
investigations were published. Reports for the
remaining two areas were published in 1990. On the
basis of results of the first nine reconnaissance
investigations, four detailed studies were initiated in
1988: Salton Sea area, Stillwater Wildlife Manage-
ment area, Middle Green River basin area, and the
Kendrick Reclamation Project area. Eleven more
reconnaissance investigations were initiated in 1988:

California: Sacramento Refuge complex
California-Oregon: Klamath Refuge complex

Colorado: Gunnison and Uncompahgre River
Bagsins and Sweitzer Lake
Pine River Project
Colorado-Kansas: Middle Arkansas River basin
Idaho: American Falls Reservoir
New Mexico: Middle Rio Grande Project and
Bosque del Apache National
Wildlife Refuge
Oregon: Malheur National Wildlife Refuge
South Dakota: Angostura Reclamation Unit
Belle Fourche Reclamation Project
Wyoming: Riverton Reclamation Project

All studies are done by interbureau field teams
composed of a scientist from the U.S. Geological
Survey as team leader, with additional U.S. Geolog-
ical Survey, U.S. Fish and Wildlife Service, and U.S.
Bureau of Reclamation scientists representing several
different disciplines. The reconnaissance investiga-
tions are directed toward determining whether irri-
gation drainage: (1) has caused or has the potential
to cause significant harmful effects on human health,
fish, and wildlife, or (2) may adversely affect the
suitability of water for other beneficial uses.

PURPOSE AND SCOPE

This report describes results of a reconnaissance-
level field investigation of the quality of irrigation
drain water and the effects of its use on federally
managed wildlife refuges in the Klamath Basin, Cal-
ifomia and Oregon. The investigation was designed
to indicate the magnitude and extent of any
water-quality problems that could threaten wildlife
and human health. The investigation also was
designed to use similar sampling strategies and
sampling media as was used in all Department of the
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A standard organophosphate/carbamate screen was
run on the gastrointestinal contents of 14 birds,
including mallards, coots, and western grebes. Analy-
ses were done by the Patuxent Analytical Control
Facility. Analyses were qualitative with a lower limit
of reportable residue of 0.1 pug/g wet weight, based on
a 50-g (gram) sample.

DISCUSSION OF RESULTS

Results of this study will be presented in order of
major categories of constituents sampled. Within
each category, individual constituents of concemn will
be discussed in relation to the different sampling
matrices collected. Data collected for this study will
be discussed in relation to applicable data presented
in other research studies--(1) Environmental Protec-
tion Agency guidelines and criteria, (2) baseline data
for soils from sampling programs in the Western
United States (R.C. Severson, 1987, written commun.
using data from Shacklette and Boemgen, 1984), (3)
baseline data for water based on national monitoring

programs (Smith and others, 1987), and (4) results
from the National Contaminant Biomonitoring
Program (Lowe and others, 1985; Schmitt and
Brumbaugh, 1990).

MAJOR CHEMICAL CONSTITUENTS AND
PHYSICAL PROPERTIES

WATER

Results of water-sample analyses collected for this
study are listed in table A. Source waters for the
Klamath Irrigation Project were low in dissolved
major ions. Specific conductance was 112 uS/cm at
Link River below Link River Dam (site 1), 203
uS/cm at Lost River below Malone Dam (site 17) and
95 uS/cm at North Canal below Miller Creek Dam
(site 19). Dissolved salts accumulated (indicated by
increased specific conductance) as the water flowed
through the natural and manmade conveyances of the
Klamath Irrigation system (fig. 12). The highest
specific conductance (1,370 uS/cm) was measured at
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Lower Klamath Lake at unit 12C (site 8). This
particular unit of the refuge was flooded constantly
for at least 10 years and has had a buildup of salts
due to the high evaporation rate during the summer
and minimal addition of lower conductivity water
from Klamath Straits drain. The maximum specific
conductance other than in this flooded pond was at
Klamath Straits drain at State Highway 161 (site 11).
Further inflows into the drain prior to its termination
at the Klamath River decreased the specific
conductance by almost 250 pS/cm.

Source water in the Klamath Basin from Klamath
and Lost Rivers is a mixed cation bicarbonate type.
As the source water mixed with irrigation drain water,
the water became a sodium sulfate water type
(fig. 13). This indicated that the irrigation-return
water is enriched with sodium and sulfate ions.
Comparison of major ions with baseline studies
(table 3) shows that concentrations of magnesium,
sodium, alkalinity, and sulfate exceed the 75th
percentile at some stations. This suggests that
irrigation-return flows are causing high concentrations
of some ions over the baseline data base.

Other comparisons with baseline data show that pH
exceeds the 75th percentile of 8.1 at 13 of 16 sites.
This was caused partly by the eutrophic conditions of
most of the waterways in the Klamath Basin at the
time of the sampling and the substantial algal bloom
that was occurring at all sites with water originating
from Upper Klamath Lake. This algal bloom also is
the probable cause of the large range in dissolved-
oxygen concentrations from 04 mg/LL at Upper
Klamath Lake at Shoalwater Bay (site 24) to
14.5 mg/L at Klamath Straits drain at State Highway
161 (site 11). A total of 11 of the 16 dissolved-
oxygen concentrations were less than the baseline
25th percentile value of 8.7. These data suggest
potential widespread problems with dissolved oxygen
and high pH that may adversely affect aquatic
organisms. The dissolved-oxygen concentrations
would likely be much lower during night time hours
due to respiration in the algal population.

TRACE ELEMENTS

Results of trace-clement analyses are shown in
tables A (water), B and C (bottom sediment), and D
and E (biological tissue). Analysis of data from all
sampled media showed that some concentrations of
arsenic and mercury may be at levels of concem.
Because of this, these elements will be discussed in
much greater detail in subsequent parts of this report.

A summary of selenium in the Klamath Basin study
also is included to give perspective to this reconnais-
sance in relation to those done elsewhere in the
Western United States.

Water analyses showed that concentrations of
cadmium, chromium, lead, mercury, and seclenium
were less than reporting levels. Arsenic at one
location was greater than the U.S. Environmental
Protection Agency’s drinking-water criterion. Zinc
concentrations ranged from less than 3 to 30 pug/L.
The two highest concentrations of zinc (30 pg/L at
Lower Klamath Lake at unit 12C, site 8; and 27 pg/L.
at Tule Lake sump at pump C, site 4) were greater
than the 75th percentile value of 21 pug/LL for the
national monitoring program baseline (Smith and
others, 1987). All other trace ¢lements measured in
water were less than reporting levels or were low
enough to be of no environmental concern.

Bottom-sediment analyses showed that all elements
for which there are baselines for soils in the Western
United States were less than the maximum reported
for this baseline with the exception of nickel (table 4).
The concentration of nickel was 93 pg/g in one
sample at North Canal below Miller Creek Dam
(site 19) (table C). The next highest nickel concen-
tration was 42 pg/g. The significance of this nickel
concentration greater than the baseline for soils in the
Western United States is unknown.

Concentrations of trace elements other than arsenic,
mercury, and selenium in biological samples generally
were less than the reporting level or were less than
the level for environmental concem. The fish
analyses were compared with National Contaminant
Biomonitoring Program data. Zinc concentrations
from one tui chub sample from Miller Creek (site 18)
had a wet weight concentration of 37.7 ug/g
(168 pug/g dry weight), which is greater than the 85th
percentile concentration of 34.2 ug/g from the
1984-85 data (Schmitt and Brumbaugh, 1990).

ARSENIC

High concentrations of arsenic are sometimes found
in nature in association with volcanic activity and hot
springs and in some sedimentary rocks of marine
origin. Much of the inorganic arsenic occurs as
pyrites (FeS, FeAsz) and sulfides (As,S,,3). Arsenic
also is introduced into the environment through the
use of arsenical pesticides. One of these compounds,
sodium arsenite, can be used to kill potato vines;
potatoes are a major crop of the Klamath Basin.
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Figure 13. lonic composition of water at reconnaissance sites. Numbers within symbols are site numbers.

Arsenical pesticides were widely used in the pre-DDT
era but have not been used in at least the last 17 years
(Jim Massey, Siskiyou County Agricultural Commis-
sioner, oral commun., 1989). Hot springs and soils of
volcanic origin are a likely source of arsenic in the
Klamath Basin.

Arsenic toxicity and bioavailability varies with the
form of arsenic. The forms of arsenic present in biota
were not determined in this study and conclusions
regarding the actual toxicity of arsenic in biota are
somewhat speculative. Arsenate is the valence form
most prevalent in nature. In this form, arsenic
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Table 3. Baseline data collected from National Stream Quality Accounting Network and water quality

at reconnalssance sites

[Baseline data from Smith and others, 1987. mg/L, milligram per liter; pg/L, microgram per liter; <, actual value is less than

value shown; >, actual value is greater than value shown]

Baseline data

Klamath Basin

Property or constituent Number of Mean concentration percentile
stations 25th 50th 75th Median Range

Water-quality properties

pH@nits) ............... 290 73 78 8.1 8.6 7898

Oxygen, dissolved (mg/L) .... 369 8.7 9.8 10.5 6.8 0.4-14.5
Major constituents (mg/L)

Calcium . ................ 289 15.8 38.2 66.8 19 7.3-51

Magnesium .............. 289 3.9 11.2 21.7 11.5 4.0-60

Sodium ................. 289 6.8 18.3 68.9 24 6.1-190

Alkalinity as CaCO3 ........ 289 42 104.3 161.8 120 46-212

Sulfate . ................. 289 10.5 39.9 116.9 17 4.5-480

Chloride ................ 289 6.7 14.9 53.3 46 0.9-31
Trace elements (ug/L)

Arsenic ........0000innn 293 <1 1 3 7 <1-62

Cadmium . ............... 285 <2 <2 <2 >1 <l<l1

Chromium ............... 161 9 10 10 >1 <1<l

Lead ........covvinnnnn. 292 3 4 6 >1 <5-<5

Mercury . .....covviie s 199 2 2 3 >1 <1<l

Selenium ................ 211 <1 <1 1 >1 <l-<1

ZinC .....iiiiie i 288 12 15 21 8 <3-30

generally is rapidly excreted by the kidneys of most
animals. Although arsenic is not accumulated to a
great extent by adult birds, high dietary concentrations
during periods of egg laying could pose a hazard to
embryos because of arsenic distribution to the egg.

Water.--Water samples ‘were analyzed for selected
trace elements in the dissolved form at 16 sites
(table A). Arsenic concentrations were greater than
the baseline 75th percentile of 3 pg/L in all water
samples except the ones collected at sites 17, 19,
and 20. The concentration of arsenic (62 pug/L) was
highest at Lower Klamath Lake at unit 12C (site 8).
This exceeded the Federal drinking-water standard of
50 pg/L but is much less than the 850 pg/L arsenic*>
criterion for protection of freshwater aquatic life from
acute effects (U.S. Environmental Protection Agency,
1986). The next highest concentration of dissolved
arsenic was in the Klamath Straits drain (site 11),
where duplicate samples were 22 and 20 pg/L.

Monitoring data for 1985-88 from the U.S. Bureau of
Reclamation show a median total arsenic concen-
tration of 19 ug/L at this site.

Bottom sediment.--Arsenic concentrations ranged
from 0.6 to 16 pg/g with a median of 6.3 pg/g in
bottom sediment in the less than 0.062-mm size
fraction (table 4). The median is slightly higher than
the 5.5 pg/g geometric mean for soils in the Western
United States. The maximum arsenic concentration
was at Klamath Straits Drain at pumping plant FF
(site 13) (table B).

Aquatic plants.--Concentrations of arsenic were
higher in plants then in any matrix sampled. This
finding is consistent with results of other drainwater
reconnaissance studies (Knapton and others, 1988;
Lambing and others, 1988). Concentrations of arsenic
were detectable in all samples of pond weed
(Potamogeton sp.) collected at 11 locations (table D).
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Table 4. Baseline concentrations of trace elements in soils for the Western United States and bottom
sediment (less than 0.062-millimeter size fraction) at reconnaissance sites

[Baseline concentrations for soil in the Western United States: Data from R.C. Severson, 1987, written commun. using data
from Shacklette and Boerngen, 1984. Values in microgram per gram dry weight; --, no data; <, actual value is less than value

shown]
Baseline concentrations for soil Bottom sediment
in the Western United States
Trace element -

Geometric mean Range Median Range
AISEniC . o v oo v e e i 5.5 1.2-22 6.3 0.6-16
Barium ..................... 580 200-1,700 240 67-520
Boron ........oiiviiiinn.. 23 5.8-91 8 <0.4-2.7
Cadmium ................... -- - <2 All <«
Chromium . .................. 41 8.5-200 49 21-170
Copper . ... v 21 4.9-90 36 19-67
Lead......... ... 17 5.2-55 5 <4-46
Mercury ............ ... ... 046 0.0085-0.25 04 <0.02-0.22
Molybdenum ................. 85 0.18-4 <2 <24
Nickel .........ccoiivvnn... 15 3.4-66 29 12-93
Selenium ................... 23 0.039-14 .6 0.1-0.7
Uranium ..........co0vuuun.. 2.5 1.2-53 .55 0.25-1.10
Vanadium ................... 70 18-270 120 53-180
ZINC v v vttt i e 55 17-180 53 23-71

Dry weight concentrations of arsenic in pond weed
ranged from 0.063 pg/g at Lost River below Malone
Dam (site 17) to 25.1 pg/g at Lower Klamath Lake at
unit 12C (site 8). Arsenic concentrations for all other
sites were between 2.22 and 8.65 pg/g.

Dry weight concentrations of arsenic in pond weed
were highly correlated with concentrations of arsenic
in water (fig. 14). A linear regression of data from
nine sampling sites indicated an arsenic bioconcentra-
tion factor of 388 from water to pond weed. Arsenic
in pond weed was not significantly correlated with
arsenic in sediment. Bioconcentration factors for
arsenic have been shown in other studies to be high
only in plants and some bivalve mollusks (U.S.
Environmental Protection Agency, 1980).

Pond weed is consumed by mallards and pintail as
well as other waterfowl at Klamath Basin (Pederson
and Pederson, 1983). Much higher concentrations of
arsenic in the diet than the highest concentration of
arsenic measured in pond weed in the Klamath Basin
are required to cause mortality in waterfowl. The

LD 0 (lethal dose for 50 percent of test organisms) in
maﬁards for sodium arsenite was 500 pg/g in the diet
for 32 days and 1,000 pg/g for a 6-day period
(National Academy of Sciences, 1977). Mallard
duckling growth rates were decreased by much lower
dietary levels of 30 pg/g (Patuxent Wildlife Research
Center, 1987). Concentrations of arsenic in aquatic
plants in this study generally were much less than
30 png/g. Arsenic concentrations were higher in
samples of filamentous algae and phytoplankton than
in pond weed in some other reconnaissance studies
(Knapton and others, 1988; Lambing and others,
1988). Because of these findings, the maximum
arsenic concentration of 25.1 ug/g in pond weed
measured at unit 12C may not be the highest concen-
tration of arsenic present in aquatic plants in the
Klamath Basin.

Aquatic invertebrates.--Aquatic invertebrate orga-
nisms with the highest concentrations of arsenic were
clams, mussels, snails, and chironomid larvae
(table D). Invertebrate arsenic concentrations among
the 11 sampling sites ranged from 1.70 ug/g at site 4
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Figure 14. Arsenic concentrations in water and in pond weed at reconnaissance sites.

io 8.73 ug/g dry weight at site 14. The lowest
concentrations of arsenic among all sampling sites
ranged from 0.276 pg/g at site 17 to 1.48 pg/g dry
weight at site 14.

Chironomids were collected at 9 of the 11 sites,
but arsenic concentrations were not obtained from
some locations because of insufficient sample size.
Other invertebrate taxa available for sampling varied
among sites. Between sites, comparisons were
difficult to interpret for arsenic concentrations in
invertebrates because of the number of different
invertebrate matrices involved. Because bivalve
mollusks may have high bioaccumulation potential of
arsenic relative to aquatic insect larvae (U.S.
Environmental Protection Agency, 1980), sites where
primarily bivalves were sampled may be biased
toward higher arsenic concentrations. The sites with
the highest arsenic concentrations in invertebrates
were Anderson Rose Dam (site 2), Lower Klamath
Lake (site 8), and Klamath Straits drain (site 14).

Arsenic concentrations in invertebrates were less
than the concentrations that would be considered
acutely toxic to fish and waterfowl. However,
because arsenic acts as a cumulative poison, chronic
exposure levels for predators also should be of
concemn. Pederson and Pederson (1983) found that
during egg laying, two-thirds of the diet of mallards
was chironomid and other insect larvae. Arsenic
whole-body concentrations greater than 0.5 pug/g are
considered harmful to fish and predators (Walsh and
others, 1977). Mean arsenic concentrations in
invertebrate among all sampling sites in the Klamath
Basin were greater than 0.5 pg/g.

The toxicity of arsenic to aquatic invertebrates
decreases with increasing pH. The valence state of
arsenic also is a significant factor in toxicity.
Arsenite, prevalent in oxygen poor environments
generally is more toxic than arsenate. Adverse effects
of arsenicals on aquatic organisms have been reported
at concentrations of 1.3 to 5 pg/g wet weight in
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tissues and 19 to 48 pg/L in water. The most
sensitive aquatic species tested have been the
narrow-mouthed toad (Gastrophryne carolenensis),
which had high frequency of deformities at 40 pg/L
and a freshwater alga (Scenedesmus obliquus) in
which growth was inhibited at 48 ug/L (Eisler, 1988).

Measured concentrations of arsenic in invertebrates
were less than the concentrations lethal to fish and
less than dietary levels for which sublethal effects
have been demonstrated. Oladimeji and others (1984)
found that an 8 week dietary exposure of 30 pug/g of
arsenic significantly reduced growth in rainbow trout
and as little as 10 pg/g significantly decreased
hemogloblin content in the blood.

Fish.--Dry weight concentrations of arsenic in fish
ranged from less than 0.20 to 0.67 pg/g. The maxi-
mum concentration in fish was 0.11 pg/g wet weight
in a pooled tui chub sample from Klamath Straits
drain (site 12). This concentration was less than the
national 85th percentile concentration (0.27 pg/g wet
weight) for arsenic in fish as determined by the latest
National Contaminant Biomonitoring Program survey
for which data is available (Schmitt and Brumbaugh,
1990). Residues in fish were less than levels shown
to adversely affect aquatic species (Eisler, 1988).

Birds.--Arsenic was detected in all adult and
fledgling bird livers in all species collected. The
maximum concentration of arsenic in a bird liver was
1.00 pug/g in a coot from Lower Klamath Lake
(site 10). Geometric mean arsenic concentrations in
livers of adult birds collected from Lower Klamath
Lake were greatest in coots 0.699 ug/g (4), followed
by mallards 0.345 pg/g (4), and western grebes
0.144 ng/g (2). These concentrations were much less
than liver concentrations associated with arsenic
induced death in birds [38 and 43 pg/g in cowbirds
(Wiemeyer and others, 1980)]. Arsenic in one coot
liver from Tule Lake was 0.389 pg/g, less than in
four coot livers from Lower Klamath Lake (0.571 to
1.00 ug/g dry weight). The concentration of arsenic
in liver from two juvenile mallards collected at Lower
Klamath was about twice that of the two juvenile
mallards collected at Tule Lake. These arsenic con-
centrations in liver tissue are not toxicologically
significant. Residues in liver less than 2 pg/g should
not be considered high (Goede, 1985).

Arsenic is known to be embryo toxic. Arsenic was
detected in all eggs collected from coots, mallards,
and western grebes. Geometric mean dry weight
arsenic residues were greatest in coot eggs

(0.425 pg/g), followed by mallard eggs (0.150 pg/g),
and grebes (0.098 pg/g). The geometric mean of
arsenic concentration on a fresh egg basis in coots
was 2.57 pg per egg, with a range of 1.99 to 3.14 pg
per egg. The threshold range of malformations in
chicken eggs is 0.3 to 3 pg of pentavalent inorganic
arsenic per embryo or 0.03 to 0.3 pg trivalent arsenic
per embryo (National Resources Council of Canada,
1978). The amount of arsenic in coot eggs may be
greater than concentrations detrimental to normal
embryonic development, depending on differences in
avian species sensitivity, arsenic speciation, and
arsenic distribution in the egg.

MERCURY

Volcanic eruptions and volatilization or solubili-
zation of mercury from rocks, soils, and sediment are
the main forms of natural mercury emission. Vol-
canic rocks and soils as well as hot springs are
probable sources in the Klamath Basin. Mercurials
also were incorporated as seed dressings used in
fungicides, pesticides, and as caustics in the process-
ing of paper. Mercury treated seeds were used in the
Klamath Basin in the past (Roger Johnson, U.S. Fish
and Wildlife Service, oral commun., 1989). Mercury
released in this century through human activities is
almost 10 times the calculated amount released due to
natural weathering (Moore and Ramamoorthy, 1984);
however, the relative contributions of anthropogenic
and natural sources in the Klamath Basin are
unknown.

Mercury is known to biomagnify in both aquatic
and terrestrial food chains. In birds, mercury
concentrations generally are highest in species that eat
fish and other birds (Eisler, 1987). Residues are
highest in liver and kidney tissue in vertebrate
organisms. The environmental persistence of mercury
is very high. A high concentration of mercury (for
example, greater than 1.0 pg/g, wet weight) usually as
methylmercury in any biological sample commonly is
associated with proximity to human use of mercury
(Eisler, 1987). Mercury is listed by the U.S.
Environmental Protection Agency as 1 of 65 priority
pollutants. The target of elemental and short chain
alkylmercurials is the central nervous system (Magos,
1988). Sensory nerve fibers are selectively damaged
and motor fibers are less involved. Mercury also is
a potent embryo toxicant. A recommended criterion
for protection of wildlife ranges from less than 0.05
to 0.1 pg/g wet weight of mercury in the diet (Heinz,
1979; March and others, 1983).
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Water.--The concentrations of mercury in all of the
water samples were less than the reporting level of

0.1 pg/L.

Bottom sediment.--Mercury concentration in bottom
sediment was higher (0.22 pg/g in the less than
0.062-mm size fraction) at Link River below Link
River Dam (site 1) than at other sites sampled by a
factor of at least 4 (table B). This concentration
approaches the 025 pg/g baseline maximum
(expected 95-percent range) for soils in the Western
United States (table 4). Mercury concentrations in
sediment (less than 0.062-mm size) at other sites
ranged from less than 0.02 to 0.06 pg/g. This range
is similar to the geometric mean of 0.046 ug/g for
soils in the Western United States. The only other
analyses of mercury in bottom sediment for Link or
Klamath Rivers below Link River Dam were two
Oregon Department of Environmental Quality samples
collected at Keno Bridge in 1986. Mercury
concentrations in these samples were 0.01 and

0.02 pg/e.

Aquatic planfs--Mercury concentrations were
greater than the reporting level (0.025 pg/g wet
weight) in pond weed at only four sampling
locations--Lower Klamath Lake at unit 12C (site 8)
(0.829 pg/g dry weight), Klamath Straits drain
(site 14) (0.625 pg/g dry weight), Tule Lake at pump
11 (site S) (0.448 pg/g), and Miller Creek (site 18)
(0.382 pg/g dry weight) (table D). Because the
mercury concentration was not greater than the
reporting level in water, correlations could not be
made between concentrations of mercury for water
and aquatic plants.

Aquatic Invertebrates.--Mercury was detected in
four of six samples of invertebrates from Tule Lake
(site 5) (table D). Concentrations of mercury were
highest in Daphnia at Lower Klamath Lake at unit 2
(site 9) (3.88 ng/g dry weight). This concentration
was six times greater than the 0.608 pg/g in the
sample of clams collected at Lost River below
Malone Dam (site 17), which was the second highest
sample collected. Mercury concentrations in these
invertebrates were greater than the range 0.25 to
0.5 pg/g dry weight of dietary concentrations
associated with adverse impacts on avian reproduction
(Heinz, 1979; March and others, 1983).

Fish.--The Oregon Department of Environmental
Quality collected samples of fish and mussel tissue
from Klamath River at Keno Bridge in 1985 and
1986. Mercury concentrations were 0.22 pg/g wet

weight in a sucker in the 1986 sample. Mercury
concentrations were 1.1 and 0.34 pg/g wet weight in
largemouth bass and tui chub, respectively in the
1985 samples. The concentration in largemouth bass
exceeds the U.S. Food and Drug Administration
action level for human consumption of 1.0 pg/g and
greatly exceeds the 0.37 pg/g wet weight maximum
detected in the National Contaminant Biomonitoring
Program in 1984-85 (Schmitt and Brumbaugh, 1990).

In this study, mercury was detected in all samples
of fish. The highest mercury concentration of whole
body fish was 0.57 pg/g dry weight (0.16 pg/g wet
weight) in a combined largemouth bass sample col-
lected from the Lost River above the Malone Dam
(site 16). Geometric mean mercury concentration in
19 fish samples collected from 10 sampling sites was
0.25 pg/g dry weight, about 0.07 pg/g wet weight.
This is less than the geometric mean of 0.10 pg/g wet
weight and 85th percentile of 0.17 pg/g wet weight
for the 1984-85 National Contaminant Biomonitoring
Program (Schmitt and Brumbaugh, 1990). Mercury
concentrations in fish collected from Upper Klamath
Lake in 1981 were 0.083 pg/g dry weight in tui chub,
0.132 pg/g dry weight in blue chub and 0.119 pg/g
dry weight in sucker (Frenzel and Anthony, 1984).
Mean mercury concentration in tui chub and trout
collected in this study in Upper Klamath Lake was
029 and 0.19 pg/g dry weight, respectively,
exceeding any of Frenzel and Anthony’s samples.

Birds.--Mercury in livers of adult birds was highest
in western grebes (8.35 to 11.0 ug/g dry weight),
followed by female mallards (0.906 to 1.70 pg/g dry
weight), and coots (0.500 to 1.37 pgfg dry weight).
Mercury concentrations were considerably higher in
liver from the two juvenile mallards collected at
Lower Klamath Lake than in liver from the two
juvenile mallards collected from Tule Lake (1.12 and
1.66 pg/g compared with 0.324 and 0.317 pg/g).
Similar differences were not detected among the three
adult mallards collected (one from Tule Lake and two
from Lower Klamath Lake).

In experiments by Heinz (1979, 1980), mallards fed
a diet equivalent to 0.1 pg/g wet weight of
methylmercury laid fewer eggs and produced fewer
young than control birds. Mercury concentration in
livers of experimental females ranged from 0.89 to
1.62 pg/g wet weight. Mercury concentration in male
mallards from laboratory feedings ranged from 2.75
to 6.44 pg/g wet weight. Therefore, eggs seem to be
a significant route of mercury excretion in females
(Heinz, 1980).
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The geometric mean for mercury concentrations in
mallard eggs was different between Lower Klamath
and Tule Lakes (fig. 15). When evaluated by a
Mann-Whitney statistical test, mercury was signifi-
cantly different (p=0.01) in mallard eggs at Tule Lake
(n=5, 0.10 pg/g dry weight) from those at Lower
Klamath Lake (n=6, 1.28 pg/g dry weight). These
calculations assume that mercury concentrations in
samples TL-M-04B and TL-M-05B are at one-half the
reporting level. On the basis of mercury in water
boatmen, pond weed, and fish, the differences
between mallard fledglings and eggs from Lower
Klamath and Tule Lakes probably reflect differences
in local mercury contamination of mallard diet.
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Figure 15. Mercury concentrations in eggs from
Lower Kiamath and Tule Lakes.

Mercury residues in the six mallard eggs from
Lower Klamath Lake ranged from 0.067 to 0.820
pg/g wet weight with a median of 0.400 pg/g. The
maximum mercury concentration found in mallard
eggs from Lower Klamath approaches the 0.85 pg/g
wet weight of mercury identified as being responsible
for reduced reproductive success (Heinz, 1979). Eggs
of fish-eating birds (western grebes) were not col-
lected at Lower Klamath Lake because of widespread
reproductive failure in western grebes during the 1988
season. These birds would be expected to have
higher mercury concentrations than mallards because
western grebes feed mostly on fish, which tend to
accumulate mercury, and mallards feed mostly on
seeds and other plant parts, which usually have lesser
concentrations of mercury than fish.

A comparison between biological tissues from
Lower Klamath Lake and Tule Lake areas can be
made within the same species for mercury concen-
tration. With the exception of adult mallard liver,
mercury residues were always greater in the samples
collected from Lower Klamath Lake (table 5).
Comparisons included aquatic plants, aquatic inverte-
brates, fish, livers of mallard fledglings, mallard eggs,
and liver of adult western grebes. This suggests that
the Lower Klamath Lake area is more likely to be a
source of mercury contamination than the Tule Lake
area.

Table 5. Mercury residues in biota in Lower
Klamath Lake and Tule Lake areas

[ug/g, microgram per gram; <, actual value is less than
value shown]

Mercury residues in biota

Sample type (ng/g dry weight)
LoweiaKkl:mam Tule Lake
Pond weed ......... <0.343-0.829  <0.338-0.448
Water boatmen . ..... 0.302 0.178-0.264
Tuichub........... 0.38 0.17-0.29
Mallard eggs . ....... 10.934 lo.177
Mallard fledgling
Liver............ 1.12-1.66 0.317-0.324
Mallard adult liver . . .. 0.906-1.7 0.989
Western grebe liver . . 9.58-11.0 8.35

1Geometric mean (number of samples is 6 at Lower
Klamath Lake and 5 at Tule Lake).
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SELENIUM

Selenium in the Earth’s crust occurs most com-
monly in association with sulfur-containing minerals.
The primary source of environmental selenium is the
weathering of natural rock, particularly sedimentary
formations of marine origin. Inorganic selenium can
occur in several oxidation states Se (elemental selen-
ium); SS (selenate, SeO rn Setd (selenite, Se03”
and Se™“ (selenide, H%Se and orgamc forms) (Pnesser
and Ohlendorf, 1987). Selenium is chemically similar
to sulfur and may replace sulfur in environmental and
biological compounds. Organic forms of selenium
include methylated selenium, which is volatile, the
selenium-substituted sulfur containing amino acids
selenomethionine and selenocystine, and the
conjugated form of selenocysteine, selenocystine.
Methylation is an important detoxicating mechanism
of selenium, although the amino acid organic forms
are incorporated into proteins and are the common
form of selenium in biota. Elemental selenium is
insoluble in water. Selenite oxyanions are likely
bound to sediment and can be readily mobilized to
the selenate form in oxygenated alkaline environments
(Lemly and Smith, 1987). Selenium in the selenate
form is soluble and easily transported by water
(Presser and Ohlendorf, 1987).

Selenium is an essential micronutrient and a highly
toxic trace element. Excessive selenium is associated
with deleterious effects on growth, disease resistance,
reproduction, and embryo development in many
species (Eisler, 1985). At Kesterson National
Wildlife Refuge in California, selenium accumulated
in evaporation ponds that received subsurface
drainage from irrigated seleniferous soils. High
selenium concentrations have been documented to be
responsible for severely impaired reproduction in
various aquatic birds at Kesterson National Wildlife
Refuge. Embryo mortality and developmental abnor-
malities occurred in most species (Ohlendorf and
others, 1986). Selenium has bioaccumulated to toxic
levels in wildlife and fish in many other areas of the
West that receive water supplies dominated by agri-
cultural return flows (Ohlendorf and Skorupa, 1989).

Selenium toxicity relates to the form or species of
selenium (Presser and Ohlendorf, 1987; Maier and
others, 1988). Organic selenium provided to ducks in
the diet as selenomethionine is more readily absorbed
and more readily deposited in the albumin of their
eggs than are other forms of selenium (Hoffman and
Heinz, 1987; Heinz and others, 1989). Only total
selenium was quantified in this reconnaissance study.

Under uncontaminated ambient conditions, most
plants contain selenium at concentrations less than
1 ng/g dry weight, freshwater fish average about
2 ngf/g dry weight, and freshwater invertebrates
generally contain less than 4 pg/g dry weight (Eisler,
1985, Ohlendorf and Skorupa 1989). Field and
laboratory data suggest that selenium at concentrations
greater than 2 to 5 pg/L in water can be biocon-
centrated in food chains and cause toxicity and
reproductive failure in fish (Lemly and Smith, 1987).

Water.--Selenium concentrations were less than the
reporting level of 1.0 pg/L in all water samples.

Boffom sediment.--Selenium concentrations in the
less than 0.062-mm size fraction ranged from 0.1 to
0.7 ng/g with a median of 0.6 pg/g. This median is
higher than the geometric mean of 0.23 pg/g for
selenium in soils from the Western United States
(table 4), but the range is within the 95 percent range
of this baseline.

The highest concentration of selenium in bottom
sediment was 0.7 ng/g at Tule Lake (sitec 4). Sele-
nium concentration in bottom sediment in the Lower
Klamath Lake area was 0.6 pg/g (site 8). These
selenium concentrations do not constitute a threat to
the local biota.

Aquatic planfs.--Selenium concentrations in all
pond weed samples (table D) were less than the
reporting level.

Aquatic invertebrates.--Concentration of selenium
in invertebrates was highest in clams (1.7 pg/g dry
weight) collected from the Klamath Straits drain
(site 14) (table D). The geometric mean selenium
concentration was 1.5 pug/g dry weight from three
samples of clams and mussels at this site. The
maximum concentration of selenium in invertebrates
in Tule Lake National Wildlife Refuge was 0.94 pg/g
in water boatmen collected at site 4. Selenium was
not detected in aquatic invertebrates collected from
Upper Klamath Lake or Link River. Selenium con-
centrations in bivalves generally were higher than in
other invertebrate taxa.

Selenium concentrations were less than the
reporting levels in all samples of chironomid larvae.
Selenium concentrations in invertebrates collected in
this study are quite low when compared with inver-
tebrate selenium concentrations in areas where sele-
nosis occurred in aquatic birds and where selenium
induced abnormal development of avian embryos.
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For example, selenium concentration for water
boatmen collected from Kesterson National Wildlife
Refuge was 22 pg/g, with concentrations as high as
130 pg/g dry weight (Schroeder and others, 1988,
Schuler and others, 1990). At the Westfarmers
evaporation ponds in California’s San Joaquin Valley,
the mean selenium concentration in water boatmen
was 110 pg/g, with concentrations as high as
140 ng/g. The maximum selenium concentrations in
invertebrates at Lower Klamath Lake was much less
than the dietary concentration of 8 pg/g wet weight
fed to adult mallards by Heinz and others (1989),
which produced malformations in embryos, and less
than concemn levels in food of fish (5 pg/g) or
waterfowl (3 pg/g) (Lemly and Smith, 1987).

Fish.--The geometric mean for selenium in whole
body homogenates of all fish samples was 0.67 pg/g
dry weight. The maximum concentration of selenium
in fish was 1.2 pg/g in a tui chub sample collected at
Tule Lake at pump 11 (site 5). The lowest concentra-
tion of selenium was 0.43 pg/g in a tui chub sample
from Miller Creek above Miller Creek Dam (site 18).

The selenium concentrations in fish from the
Klamath Basin are in the range that would be con-
sidered uncontaminated according to data presented in
reviews by Eisler (1987) and Lemly and Smith (1987)
and are less than the 85th percentile selenium concen-
trations from the National Contaminant Biomonitoring
Program of 0.73 ng/g wet weight (about 2.9 pg/g dry
weight) (Schmitt and Brumbaugh, 1990).

Birds.--Selenium concentrations in avian eggs were
highest in western grebes from Tule Lake; 1.7, 1.8,
and 2.2 pg/g dry weight. Mallard eggs collected at
Lower Klamath and Tule Lake had geometric mean
selenium concentrations of 1.08 and 0.959 pg/g,
respectively. Coot eggs collected at Lower Klamath
Lake had a geometric mean concentration of

0.816 pg/g.

Selenium concentrations in all avian eggs collected
were much less than the level of toxicological signifi-
cance. Nommal selenium concentrations in eggs of
freshwater birds average about 1 to 3 ug/g dry weight
(Ohlendorf, 1989). Heinz and others (1989) noted
that one level of selenium that will be diagnostic of
reproductive impairment in the field is difficult to
identify in all wild eggs because of different chemical
species of selenium and their varying toxicity. They
concluded that eggs from wild bird populations with
selenium concentrations greater than 1 pg/g wet

weight (about 4 ug/g dry weight) could have repro-
ductive impairment although reproductive impairment
is much more likely to occur in eggs with selenium at
5 ug/g wet weight. Skorupa and others (1991) have
suggested a "3/20" guideline for dry weight selenium
concentration in eggs. Under these guidelines, eggs
with selenium concentrations less than 3 pg/g are not
at risk, those greater than 20 pg/g are at great risk,
and those between 3 and 20 pg/g require a case by
case analysis of reproductive performance.

Selenium concentrations in livers of coots from
Lower Klamath Lake (geometric mean, 3.7 pg/g dry
weight) were comparable to those in normal healthy
coots at Volta in 1983 and 1984 (5.46 and 5.41 pg/g,
respectively) (Ohlendorf and Skorupa, 1989). Sele-
nium concentrations in livers of two adult mallards
from Lower Klamath Lake (3.6 and 4.1 pg/g dry
weight) and one from Tule Lake (2.9 pg/g) also were
low. Selenium concentrations in livers of grebes (16,
15, and 7.7 pg/g) were considerably higher than coots
and mallards.

Low concentrations of selenium in other biota
indicate that higher selenium in livers of westem
grebes may be a result of exposure elsewhere, perhaps
from wintering on the California coast. Data from
western grebes collected along the coast are consistent
with a hypothesis that selenium in western grebes
may be of marine origin. Mean concentrations of
selenium in western grebe livers collected off the cen-
tral coast of California in 1986 during an unexplained
mortality episode were greater than 20 pg/g.

The toxicological significance of selenium concen-
trations in livers of western grebes is not precisely
known. Heinz and others (1989) found 14 to 26 png/g
of selenium in liver to be associated with reproductive
problems in mallards fed selenium. Selenium resi-
dues from two of three grebes collected from Lower
Klamath Lake were within this range. The selenium
concentration in livers from coots at Kesterson in
1984 averaged more than 80 pg/g dry weight,
whereas healthy coots from the control area (Volta)
without selenium problems averaged less than 6 pg/g
(Ohlendorf and others, 1988). Although high concen-
trations of selenium, when detected in liver are clearly
indicative of selenium problems, the relatively rapid
excretion of selenium from liver compared with other
organs makes it difficult to diagnose selenium toxicity
from liver tissue samples. Selenium concentrations
in grebe livers greater than 15 pg/g could be a
problem in egg-laying females because of depuration
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of selenium to eggs. Skorupa and others (1991) have
proposed a "10/30" guideline for selenium in avian
livers similar to the "3/20" guideline for avian eggs.

The results of selenium analyses in water, bottom
sediment, aquatic plants, aquatic invertebrates, fish,
and birds indicate selenium is not a contaminant of
concem in the Klamath Basin.

ORGANOCHLORINE COMPOUNDS

Many investigators have shown that the DDT
metabolite DDE induces reproductive problems in
avian species including the reduction of eggshell qual-
ity, as measured by eggshell thickness (Cooke, 1973;
Risebrough, 1986), breaking strength (Fox, 1974
Bennett and others, 1988), and developmental effects
on sexual development of avian embryos (Fry and
Toone, 1981). DDD has not been shown to produce
eggshell thinning but adversely affects steroidogenic
tissues (Buck and others, 1982). Organochlorine
mixtures including PCBs, DDE, and mirex produce
hormonal abnormalities and alterations in breeding
behavior of birds in laboratory and ficld studies
(McArthur and others, 1983). One of the postulated
mechanisms of reproductive toxicity for organochlo-
rines in birds is the mimicking of steroid hormones
(Fry and Toone, 1981). Another is the induction of
liver enzymes that are responsible for metabolizing
these hormones (Bitman, 1970; Peakall, 1970).

BOTTOM SEDIMENT

The results of analyses for organochlorine com-
pounds in bottom sediment are listed in table F in the
Supplemental Data section. Five different compounds
were detected in the samples. DDE was the most
widespread compound and was greater than the
reporting level in 11 of 14 samples. DDE was high-
est (6.6 pg/kg) at Link River below Link River Dam
(site 1). This site also had the highest concentration
of DDD in the study and was the only site where
chlordane was detected. In the past, considerable
amounts of DDT was used in the Klamath Basin and
because of its resistance to breakdown it is not
surprising to find residual quantitics of DDT and its
major metabolites DDD and DDE in the bottom sedi-
ment. The fact that most of this material was in the
form of DDE indicates that this is old material that
has been transformed from the original DDT form.
The existence of chlordane at site 1 may be explained
by the location of this site within the city of Klamath

Falls. Private use of chlordane for termite control
along Link River possibly could account for this
residual chlordane in the river. Because chlordane is
a long-lived compound, any contamination of this site
would be detectable for many years.

PCBs were detected at three sites. All three sites
(sites 1, 4, and 5) are near or just downstream from
electrical power facilities. Large transformers from
these facilities, which have in the past and may still
contain PCBs, are the probable source of these com-
pounds in the bottom sediment. A PCBs concentra-
tion of 180 pg/kg at Tule Lake near pump C (site 4)
was the highest concentration detected but it is
impossible to determine how widespread this
contamination is on the bottom of Tule Lake.

The U.S. Environmental Protection Agency estab-
lished interim sediment criteria for certain nonpolar
hydrophobic organic contaminants (U.S. Environ-
mental Protection Agency, 1988). These criteria are
based on protection of wildlife and are given as a
concentration of a given contaminant per unit of
organic carbon in the sediment. They also are given
as a mean criterion value and a confidence interval.
Two of the compounds (PCBs and DDT) detected in
the Klamath Basin sediment have interim sediment
criteria. Because criteria were not established for
DDD or DDE, which are the most abundant and
widespread of the DDT compounds, the sum of DDT
was calculated on the basis of total DDD, DDE, and
DDT and was compared with the interim criterion for
DDT. The total sum of DDT was highest (0.0093
pg/g) at site 1. Normalizing this concentration to the
7.08 percent of total organic carbon in that sample,
the total concentration was calculated as 0.131 ug/g
carbon. This is less than the mean criterion of 0.828
ug/g carbon but approaches the lower confidence
limit of 0.183 ug/g carbon.

Concentrations of PCBs were highest at Tule Lake
sump at pump C (site 4). This concentration of 0.180
ng/g corrected for total organic carbon was 2.96 ug/g
carbon, which is slightly less than the lower con-
fidence limit of 3.87 ug/g carbon for the PCBs
criterion.

FISH

Organochlorine compounds were detected in six of
nine fish samples. The largest variety and highest
concentration of organochlorine contaminants in fish
were at Link River below Link River Dam (site 1).
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This finding was consistent with results of sediment
testing for organochlorines where chlordane, DDE,
and DDD concentrations were highest. Concentra-
tions of chlordane, DDD, DDE, and dieldrin were
detectable (table G) in a combined sample of Klamath
suckers from Link River below Link River Dam
(site 1). DDE was detected in suckers at two other
locations upstream in the Lost River drainage (sites
16 and 18) at about one-half the concentrations at
Link River.

The only organochlorine detected in fish at
locations other than Link River was p,p’ DDE.
Species sampled at the five other locations included
tui chub (4), Sacramento perch (1), and rainbow trout
(1). The feeding ecology of suckers is that of a
typical bottom-feeding, opportunistic, omnivore and
probably is not much different from that of tui chubs
(Moyle, 1976). The Sacramento perch, a predator
collected from Lower Klamath Lake at unit 12C
(site 8), was expected to have detectable concentra-
tions of organochlorines. However, organochlorines
were not detected in this sample or in tui chubs
collected from Klamath Straits drain (site 14) or Tule
Lake (site 5). Differences of organochlorine concen-
trations probably are not due to food habits but to
differences in local conditions.

The failure to detect DDD and the low concen-
trations of DDE in fish collected from the Tule Lake

Table 6. Detection frequency of organochlorine

and Lower Klamath area suggests that the relatively
high concentrations in western grebes might not be
from consumption of fish at these sites. However,
this conclusion probably is premature, because
sampling was limited and not designed to answer this
specific question.

BIRDS

Concentrations of organochlorine compounds in
avian eggs generally were highest in eggs of westem
grebes and lowest in eggs of coots (table G).
Organochlorine residues in mallard eggs were
quantitatively more similar to those of coot eggs than
western grebe eggs. The geometric mean of total
organochlorines in western grebe eggs was 4.48 pg/g
compared with 0.08 pug/g in mallards and 0.03 ng/g
in coots.

The most commonly detected organochlorine in the
11 mallard eggs sampled was p,p” DDE. A far
greater diversity of organochlorines was detected in
mallard eggs from Tule Lake than in eggs from
Lower Klamath Lake. Eleven different organo-
chlorines were detected in mallard eggs at Tule Lake
but only three were detected at Lower Klamath Lake
(table 6). One egg from Tule Lake contained residues
of 10 organochlorine compounds.

compounds in mallard eggs

[Five eggs were analyzed at Tule Lake Refuge and six eggs were analyzed at Lower Klamath Refuge. Number of eggs:

Number of eggs in which compound was detected. pg/g,

microgram per gram; --, no data]

Tule Lake Refuge Lower Klamath Refuge
Organochlorine
compound Number Range Number Raige
of eggs (ng/g wet weight) of eggs (1g/g wet weight)
pp’'DDD ... ... ..., 2 0.02-0.03 0 --
pp’DDE ................ 5 0.03-0.85 6 0.02-0.05
opDDE ................. 2 0.01-0.02 0 --
pp’'DDT ... .............. 3 0.02-0.14 1 0.01
Dieldrin ................. 3 0.01-0.12 0 --
Endrin .................. 2 0.05-0.06 0 --
Heptachlor epoxide ......... 2 0.01 0 --
HCB ................... 1 0.01 2 0.01-0.05
Oxychlordane ............. 2 0.01 0 --
PCBS ....iviniiniennnn, 1 0.05 0 --
Cis, T-nonachlor ........... 2 0.01-0.02 0 --
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After DDE, the most commonly detected organo-
chlorines in mallard eggs were p,p” DDD, endrin,
dieldrin, HCB, and DDT. Endrin, more acutely toxic
than most organochlorines, was detected in two
mallard eggs from Tule Lake at concentrations of
0.05 and 0.06 pg/g wet weight. Endrin at 0.3 pg/g in
screech owl eggs was associated with impaired
reproduction (Fleming and others, 1982).

Some organochlorines were not detected in mallard
and grebe eggs (table 7). The absence of endrin in
eggs of western grebes (reporting level, 0.01 pg/g)
from Tule Lake is consistent with the absence of
endrin in grebe eggs in 1981 (Boellstorff and others,
1985). Although agricultural uses of endrin were
banned in 1964, as recently as 1977, white pelican
eggs in the Klamath Basin contained endrin residues
as high as 0.12 pg/g (Boellstorff and others, 1985).
These residues were thought to have originated
outside the Klamath Basin. This also may be the case
for endrin residues detected in mallard eggs in this
study.

Organochlorines in eggs of western grebes were
present at much higher concentrations than in mallard
and coot eggs. Twelve different compounds were
detected in western grebe eggs. The organochlorine
profile in grebes also was different. DDD, a reduc-
tive metabolite of the pesticide DDT, was present in
relatively high concentrations in grebes, although it
was undetected in coot eggs (table G). DDD was
detected in only 2 of 11 mallard eggs. DDD in two
of three grebe eggs in this study was much higher
than previous studies have documented in the
Klamath Basin (Keith, 1966, Boellstorff and others,
1985) (fig. 16). Boellstorff found a large variability
of DDD in eggs with as high as 1.5 pg/g in one egg.
Two of three grebe eggs collected in this study had
3.6 pg/g of p,p” DDD and an additional 2.6 and
2.5 ug/g of DDD isomers other than para para or
ortho para. This indicated old material transformed
by metabolic processes. DDD may have estrogenic
properties but it has not been associated with eggshell
thinning. Total organochlorines in western grebe eggs
are high and may reflect a general pattern of greater
contamination in fish-eating birds breeding in the
Klamath Basin. The source of DDD and other
organochlorines detected in grebe eggs can not be
determined in this study. Samples of western grebe
eggs were not collected at Lower Klamath Lake
because of a nesting failure of these birds in 1988.
As a result, differences in organochlorine concentra-
tions could not be evaluated between Tule Lake and
Lower Klamath Lake as was done for mallard eggs.

Table 7. Organochlorine compounds not
detected in mallard and westemn grebe eggs

[d, detected; nd, not detected]

Organochlorine Mallard Western
compound eggs grebe eggs
BHC ............. nd d
opDDT ........... nd d
Endrin ............ d nd
Heptachlor epoxide . .. d nd
Mirex ............. nd nd
Cis-nonachlor ....... nd nd
Toxaphene ......... nd nd

Mean DDE in 12 grebe eggs in 1981 was 1.40
ng/g wet weight and ranged from 0.84 to 2.3 pg/g
(Boellstorff and others, 1985). DDE concentrations
(total of all isomers) in western grebe eggs in this
study ranged from 1.2 to 2.6 ug/g. DDE remains at
persistently high concentrations in western grebes of
the Klamath Basin, but its effect on grebe repro-
duction can not be assessed from this study. The
breeding season of 1988 was largely a failure for
western grebes in the Klamath Basin with almost no
production on either Lower Klamath or Tule Lakes.
However, 1989 was a productive year for western
grebes on both refuges (James Hainline, U.S. Fish and
Wildlife Service, oral commun., 1988, 1989).

Western grebes are somewhat sensitive to eggshell
thinning and this thinning in one field study was
correlated to concentrations of DDE and PCBs but not
DDD (also referred to as TDE) (Lindvall and Low,
1980). In that study from the Bear River Migratory
Bird Refuge in Utah, DDE was present at a mean 6.6
pg/g wet weight and ranged from 1.0 to 21.4 pg/g.
Eggshell thinning in western grebes was not reported
by Boellstorff and others (1985) in the 1981 study at
Lower Klamath Lake. DDE concentrations in the
present study were within the same range as in the
1981 study. Eggshell thickness was not assessed in
the three grebe eggs collected in this study, but for
grebes, it may not be an issue. Other fish-eating
birds, particularly white pelicans which have been
shown to be sensitive to shell thinning effects or DDE
(Blus, 1982), may be at greater risk.

Avian migratory patterns can be reflected in the
ratios of persistent contaminants. In 1981, the
PCBs/DDE ratio in eggs of western grebes was 1.58
and 0.13 in white pelicans. In westen grebe eggs
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Figure 16. Organochlorine concentrations in three westem grebe eggs. Eggs were from one nest at Tule
Lake and from an earier study in 1981 by Boelistorff and others (1985).

collected in this study, the PCBs/DDE ratios (0.15,
0.13, 0.63) were more similar to those in white peli-
can eggs in 1981. This apparently is due to an
increase of DDE as well as a decrease of PCBs con-
centrations in grebe eggs from the concentrations in
1981.

Only p,p” DDE was detected in coot eggs. This
may have been an artifact of collection because coot
eggs were collected only at Lower Klamath Lake.
Results from mallard eggs indicate that birds collected
at Tule Lake may have higher organochlorine concen-
trations. The difference between organochlorine con-
centrations in western grebe and coot eggs indicate
the significance of trophic level on organochlorine
contamination in avian eggs.

Organochlorine concentrations in mallard eggs
collected in this study reflect background concentra-
tions associated with historical use. Organochlorine
results in mallard eggs were consistent with the

findings in other studies (Keith and Gruchy, 1972;
Frenzel and Anthony, 1984; Mora and others, 1987)
that DDE is still the most persistent and widely
distributed pesticide residue in birds and occurs in
wildlife at higher background concentrations than
other chemicals.

ORGANOPHOSPHATES AND CARBAMATES

Organophosphate and carbamate compounds essen-
tially have replaced organochlorine pesticides as the
dominant class of agricultural chemicals and are used
as insecticides, herbicides, nematicides, acaricides,
fungicides, rodenticides, and bird repellents
throughout the world (Smith, 1987).

Although organophosphate and carbamate com-
pounds are not as persistent as organochlorines and
are less likely to bioaccumulate in food chains, they
generally are more acutely toxic both to applicators
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and to fish and wildlife. Acute effects of organophos-
phates on birds and mammals include salivation, rapid
panting associated with shortness of breath, various
forms of heart block, rapid heart beat, convulsions,
and death (McFarland and Lacy, 1968). Effects of
chronic sublethal exposures include reduced appetites,
reproductive problems, susceptibility to environmental
stress, reductions in visual acuity, vigilance and
food-seeking behavior, and an induced inability to
regulate core body temperatures resulting in
hypothermia (Smith, 1987).

The lack of environmental persistence of organo-
phosphate pesticides has made it more difficult to
track their presence or impact through traditional
means of residue chemistry. The only way to obtain
organophosphate or carbamate residues in wildlife
suspected of contamination is to sacrifice an animal
and analyze digestive tract contents or, where it is
suspected that a bird has been sprayed directly, obtain
feather residues with solvent washes. These techni-
ques have limited applicability. As a result, other
forensic and monitoring methods were developed to
detect organophosphate and carbamate induced
toxicity in wildlife.

Organophosphate and carbamate compounds exert
their toxic effect through depression of cholinesterase,
an enzyme important in the normal function of the
nervous system. Spectroflurometric measurement of
cholinesterase activity in the brain of birds suspected
to have died of organophosphate poisoning and
comparison of control values for a given species
commonly are used as forensic techniques to diagnose
organophosphate or carbamate poisoning. Biochemical
reactivation of the depressed enzyme using oximes
also is used to confirm organophosphate or carbamate
depression. Carbamates typically reactivate more
spontaneously than do organophosphates. Cholines-
terase activity and reactivation in blood also has been
used to monitor exposure of red-tailed hawks in
orchards (Hooper and others, 1989). In this way,
measurements can be made without sacrifice of the
animal. Methods also have been developed for moni-
toring the presence of alkyl-phosphate metabolites in
urine (Weisskopf and Seiber, 1987). This technique
allows organophosphate exposure to be classified into
one of six varieties based on the alkyl-phosphate
groups. This technique has been applied to assess
exposure in farm laborers and hawks (Weisskopf and
Seiber, 1987, Hooper, 1988).

BIRDS

Eighteen mallard digestive tracts were examined
for organophosphate and carbamate residues (table 8).
Ducks were flushed from the marsh, shot, and diges-
tive tracts were removed for residue analyses of the
crop contents. None of the organophosphates or
carbamates in table 8 were detected. Conclusions that
can be drawn from such negative data are limited,
particularly with regard to acutely toxic compounds
with comparatively short residence times of a few
days to a few months. Ducks exposed to organophos-
phates high enough to produce the usual symptoms of
organophosphate poisoning would not readily be
flushed from the marsh.

Waterfowl kills due to pesticides that depress
cholinesterase have occurred in the Klamath Basin.
Some, including a 1986 kill attributed to the car-
bamate pesticide temik, have been confirmed by the
National Wildlife Health Research Center in Madison,
Wisconsin using the techniques described above.
These die-offs are not comprehensively documented.
The extent of waterbome contamination from organo-
phosphate and carbamate insecticides is unknown.

Table 8. Organophosphate and carbamate
pesticides that were analyzed for, but not
detected in mallard, western grebe, or coot
gastrointestinal tracts

Organophosphates
Acephate Famphur
Azinphos-methyl Fensulfothion
Chlopyrifos-dursban Fenthion
Coumaphos Malathion
Demeton Methamidophos
Diazinon Methyl parathion
Dichlorvos Mevinphos
Dicrotophos Monocrotophos
Dimethoate Parathion
Disulfoton Phorate
Epn Terbofos
Ethoprop Trichlorfon

Carbamates

Aldicarb Methiocarb
Carbaryl Oxamyl
Carbofuran
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The suspected link between organophosphate and
carbamate pesticide use in the Klamath Basin (table
1), its distribution within the irrigation system, and its
effect on wildlife is largely unknown and could not
be adequately measured in this reconnaissance level
study.

SUMMARY AND CONCLUSIONS

A reconnaissance investigation of irrigation
drainage related problems in the Klamath Basin in
California and Oregon was done in 1988-89. Concen-
trations of many trace elements and organochlorine
pesticides were determined in bottom sediment and
biological tissue samples. Concentrations of trace
elements and major dissolved inorganic constituents
in water samples were determined, and analyses for
selected organophosphate pesticides were done on
several mallard ducks. The values obtained were
compared with regulatory standards and criteria and
with baseline concentrations reported from other
areas. An extensive review of previous studies in the
Klamath Basin, along with field observations made
during the course of the study, were used to interpret
the results of the chemical analyses.

The study was done during a year with lower than
average precipitation. Including 1988, 3 of the last
4 years were below average precipitation years.
Because of the large storage capacity of the Klamath
irrigation system, however, full deliveries of irrigation
water were made during the study period.

Source water for the Klamath Irrigation Project is
low in dissolved major ions. Specific conductance
was 112 uS/cm at Link River below Link River Dam,
95 uS/cm at North Canal below Miller Creek Dam,
and 203 pS/cm at Lost River below Malone Dam.
Dissolved salts accumulated in the water as it flowed
through the natural and manmade conveyances of the
Klamath Irrigation system. The ionic composition of
the water changes from a mixed cation bicarbonate
type water at the source to a sodium sulfate type
water after inputs of irrigation return water and
evaporative concentration. pH exceeded the national
baseline 75th percentile value of 8.1 at 13 of 16 sites
sampled. Dissolved oxygen was less than the national
baseline 25th percentile value of 8.7 mg/L at 11 of 16
sites sampled. Eutrophic conditions in the basin
waterways during the sampling period probably
contributed greatly to the high pH and low dissolved-
OXygen measurements.

Most trace-element concentrations were near or less
than reporting levels in all media sampled with the
exception of arsenic and mercury. Arsenic concen-
tration in one water sample at Lower Klamath Lake
was 62 pg/L, which is greater than the drinking-
water standard of 50 pg/L. Arsenic was detected in
bird livers in concentrations less than acute toxicity
levels and in coot eggs in concentrations approaching
levels that may be detrimental to normal embryonic
development. Arsenic also was detected in pond
weed (a primary waterfowl food) in direct proportion
to the concentrations in water. Maximum arsenic
concentration in pond weed was 25.1 pg/g dry weight
in one sample from Lower Klamath Lake. Studies at
Patuxent Wildlife Research Center showed that
dietary concentrations of 30 pg/g dry weight inhibited
mallard duckling growth. Concentrations of arsenic
in other media sampled (bottom sediment, aquatic
invertebrates, and fish) were low and are not an
environmental concem.

All mercury concentrations in water were less than
reporting levels and were very near reporting levels in
all bottom sediment collected except for the sample
from Link River below Link River Dam, which had
a concentration of 0.22 pgfg. Concentrations of
mercury were greater than the reporting level in four
of nine samples of pond weed and in several inverte-
brate samples. The highest concentration of mercury
in invertebrates was in a Daphnia sample from Lower
Klamath Lake (3.88 pug/g dry weight), which was
higher than the 0.25 to 0.5 pug/g dry weight dietary
concentration associated with adverse effects on avian
reproduction. The geometric mean for mercury
concentrations in fish was less than the geometric
mean reported in the 1984-85 National Contaminant
Biomonitoring Program. The highest mercury con-
centration (0.57 pg/g dry weight) was in a largemouth
bass. Previous studies by the Oregon Department of
Environmental Quality reported mercury concentration
in largemouth bass slightly exceeding the U.S. Food
and Drug Administration action level of 1.0 pg/g for
human consumption.

Mercury concentrations in bird livers were highest
in western grebes (8.35 to 11.0 pg/g dry weight).
Liver samples from mallards and coots were much
lower (0.500 to 1.70 pg/g dry weight). Mercury
concentrations were higher in mallard eggs collected
in the Lower Klamath Lake area than in those
collected in the Tule Lake area. This also was true
for samples of pond weed, invertebrates, tui chub,
mallard fledgling liver, and western grebe liver,
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suggesting that the Lower Klamath Lake area is more
likely than the Tule Lake area to be a source of
mercury contamination.

Selenium concentrations were near or less than
reporting levels, and much less than levels of
toxicological significance in all media sampled with
the exception of western grebe livers. The selenium
in these birds probably came from other locations on
their migratory routes. These results indicate that
selenium is not a contaminant of concern in the
Klamath Basin.

Five different organochlorine compounds were
detected in bottom sediment. The most widespread
compound was DDE, which was detected in 11 of
14 samples. DDE was highest (6.6 pg/kg) at Link
River below Link River Dam (site 1). This site also
had the highest concentration of DDD and was the
only site where chlordane was detected. PCBs were
detected at three sites, with the highest concentration
(180 pg/kg) at Tule Lake near pump C (site 4). The
highest detected concentrations of total DDT metabo-
lites and PCBs approached the lower confidence limit
of the interim Environmental Protection Agency
criteria for sediment.

Organochlorine compounds were detected in six of
nine fish samples with DDE being the most often
detected compound. Concentrations of organochlorine
compounds that were low or less than the reporting
levels in fish in the Tule Lake and Lower Klamath
Lake areas make it difficult to explain the relatively
large organochlorine concentrations in western grebe
eggs. Sampling was limited, however, and no
grebe tissue except for eggs was analyzed for
organochlorine compounds.

The largest diversity of organochlorine compounds
was detected in bird eggs. The highest concentrations
of organochlorine compounds in any biological
samples were in western grebe eggs (geometric mean
4.48 pg/g wet weight). The geometric mean of total
organochlorine concentrations in mallard eggs was
0.08 pg/g wet weight and 0.02 ng/g wet weight in
coot eggs. Twelve different compounds were
detected in western grebe eggs with DDD (0.11 to
6.2 pug/g wet weight) and DDE (1.6 to 2.6 pg/g wet
weight) being detected in the highest concentrations.
Organochlorine compounds were more diverse and
were detected in higher concentrations in mallard eggs
from the Tule Lake area than from the Lower
Klamath Lake area. The most commonly detected
organochlorine compound in mallard eggs was p,p’
DDE. The types of organochlorine isomers detected

in bird eggs indicate that these are predominantly old
compounds transformed by metabolic processes, and
likely reflect past usage of persistent pesticides in the
Klamath Basin.

Samples of mallard digestive tracts from 18 birds
were analyzed for organophosphate and carbamate
pesticide residues. None of these compounds were
detected in any of the samples. Waterfowl kills in
Klamath Basin have been attributed to carbamate pes-
ticides. The most recent of these was in 1986 when
the pesticide temik was determined as the cause of a
waterfowl kill. The suspected link between organo-
phosphate and carbamate pesticide use in Klamath
Basin, its distribution within the irrigation system, and
its effect on wildlife, is largely unknown and could
not be adequately measured in this reconnaissance
level study.

The overall effect of the irrigation-return flow to
the water in the Klamath Basin from the sources of
the Klamath River downstream of the project was to
increase salt content and sodium and sulfate ions and
to decrease dissolved oxygen. Accumulations of
some trace elements such as arsenic and mercury also
are localized. Although the presence of these
elements may not be related to irrigation practices,
evaporation and leaching in soils due to irrigation use
probably are concentrating these elements in certain
areas. Organochlorine pesticides (particularly DDT
derivatives) are still detected in bottom sediment at
many locations due to past pesticide application
practices.

Use of pesticides and the effects of eutrophication
are major environmental concerns in the Klamath
Basin and were not addressed by this reconnaissance
study. Both of these are water-quality concerns and
probably relate directly to agricultural practices.
Pesticide usage in the basin is very heavy, and
although the application of most of these compounds
is closely controlled, their use on and around the
refuges suggests that an investigation of the potential
effects of these compounds on wildlife and human
health would be an important research topic.

Pesticides can affect wildlife in several ways.
First, many pesticides have an acute toxicity that can
directly cause mortality of organisms. This has
happened in the Klamath Basin on several occasions.
Second, pesticides can have chronic effects on
organisms that can limit their survival by lowering
resistance to diseases, decreasing uptake of food, or
affecting nervous system activity. Third, pesticides
can cause widespread disruption of food chains
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affecting aquatic habitats throughout the basin.
Observations made during this reconnaissance study
indicate very low numbers of benthic organisms in
several locations, including Tule Lake. These
organisms are a very important source of food for a
variety of animals, and their absence could cause a
significant disruption to the food chain. Other
observations made during the reconnaissance study
and by others who have lived in the basin for a long
time indicate that nearly all aquatic reptiles and
amphibians that used to be present are no longer
found. A possible explanation for these changes in
the basin is the use of pesticides. This relation
between pesticides and disruptions of the food chain
has not been investigated and is one of the primary
needs in understanding environmental problems in
Klamath Basin.

Eutrophic conditions in the waterways of Klamath
Basin are another concern. Recent studies show that
the accelerated eutrophication of Upper Klamath Lake
is causing pH levels typically greater than 9 and often
exceeding 10 during much of the summer and autumn
months. In some locations of the lake, this high pH
along with the near zero dissolved oxygen is a direct
threat to various organisms in the lake. The most
prominent concern at the moment is the demonstrated
effects these conditions have had on reproductive
success and recruitment of the native suckers in the
lake.

The eutrophic conditions in Upper Klamath Lake
also are causing problems in the areas downstream
from the lake because this lake is a primary source of
irrigation water to the Klamath project. Treatment of
canals to control aquatic vegetation is necessary to
efficiently move water through the system. The most
often used chemical agent for this treatment (acrolein)
is highly toxic to fish and invertebrates as well as to
the aquatic vegetation yet the effects of these treat-
ments on the aquatic system are still largely unknown.
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Table B. Trace elements and carbon concentrations in bottom sediment analyzed by methods other than
inductively coupled plasma method (Severson and others, 1987)

[Site No.: D, duplicate sample; S, split sample. Concentrations: First line shows concentration for bottom sediment less than
0.062-millimeter size fraction; Second line shows concentration for bottom sediment less than 2.0-millimeter size fraction.
<, actual value is less than value shown. --, no data]

Microgram per gram Total
Si Total rgani
No, Date Arseni B M Seleni Urani carbon caron
. senic oron erc elenium ranium
ury (percent) (percent)
1 8-24-88 6.8 08 0.22 04 0.70 7.10 7.08
55 1.0 .26 4 40 5.80 5.78
3 8-17-88 2.6 <4 .06 2 S5 136 1.32
28 <4 10 J A5 .26 23
4 8-23-88 6.3 7 .04 7 S5 727 6.08
58 1.1 .06 .6 55 7.08 5.70
5 8-23-88 5.8 1.7 .06 .6 .50 7.76 7.37
52 1.0 02 5 .60 8.87 8.43
6 8-23-88 6.7 1.2 .04 6 85 9.71 7.68
6.8 1.7 04 6 1.10 9.79 8.08
6S 8-23-88 6.8 18 04 .6 1.10 9.66 7.65
6.7 1.2 04 .6 s 9.74 8.00
8 8-24-88 14 2.7 04 .6 S5 109 8.01
11 2.3 02 5 .65 124 9.94
8D 8-24-88 15 - 04 .6 .90 114 8.56
12 34 04 .6 55 129 10.6
13 8-17-88 16 2.5 .06 .6 45 6.99 6.73
15 24 04 .6 .50 7.50 7.24
17 8-19-88 1.0 <4 04 i .75 1.39 138
1.0 <4 <.02 d 35 1.04 1.02
18 8-19-88 .6 <4 <.02 A 25 97 97
1.0 <4 <.02 N | 15 33 33
24 8-26-88 5.1 9 .06 4 40 5.89 5.78
5.2 -- q2 4 .50 6.61 6.61
25 8-26-88 85 8 04 .6 .70 7.15 7.14
8.6 - 02 5 .70 8.14 8.14
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Table D. Trace elements in biological tissue analyzed by methods other than inductively coupled plasma

method

[Trace-element concentrations in microgram per gram on a dry weight basis. <, actual value is less than value shown.

--, no data]
Sample type 15\1? Date Sa;lné)le Arsenic  Antimony  Mercury Selenium  Thallium
Aquatic Plants
Pond weed 1 7-15-88 LRD-PL-01 2.74 <0.463 <0.463 <19 <19
2 71188 AR-PL-01 4.25 <.397 <.397 <16 <16
4 7-15-88 TL-PL-01 499 <.338 <.338 <14 <14
5 7-15-88 TL-PL-02 541 <431 A48 <1.7 1.7
8 7-15-88 LK-PL-01 25.1 <.610 .829 <24 <24
9 7-11-88 LK-PL-02 2.67 <.342 <343 <14 <14
14 7-11-88 KSD-PL-01 8.65 <.521 625 <21 <21
KSD-PL-02 5.65 <439 <.439 <1.8 <1.8
17  7-14-88 LR-PL-01 .063 <.263 <.264 <11 <1.1
18  7-14-88 MC-PL-01 222 <.368 .382 <15 <15
24 7-14-88 UKL-PL-02 3.64 <272 <272 <11 <1.1
26  7-13-88 UKL-PL-01 4.24 <.510 <511 <20 <21
Aquatic Invertebrates
Chironomids 1 7-12-88 LRD-C-01 0.381  <0.138 <0.139 <0.55 <0.56
LRD-C-02 347 <.150 <.150 <.60 <.60
2  6-23-88 AR-C-01 4.36 <227 <.228 <91 <91
4 6-16-88 TL-C-01 - - <.246 <98 <99
5 6-15-88 TL-C-02 - - <214 <.85 <.86
8 6-22-88 LK-C-01 1.57 <.269 <.269 <l.1 <1.10
9 6-20-88 LK-C-02 - - <.230 <92 <92
18  7-14-88 MC-C-01 .389 <.198 <.199 <79 <.80
24 7-14-88 UKL-C-02 435 <272 <272 <1.1 <11
26  7-15-88 UKL-C-01 611 <.191 <.191 <.76 <77
Clams 2  6-23-88 AR-CL-01 4.14 <.338 459 1.4 <14
14  7-11-88 KSD-CL-01C  -- - <417 1.7 <1.7
17  6-18-88 LR-CL-01 3.76 <490 .608 <20 <2.0
18  6-17-88 MC-CL-01 - - - <17 <18
Crayfish 17  6-18-88 LR-CR-01 276 <117 <117 <47 <47
18 6-17-88 MC-CR-01 835 <.103 <.104 A1 <42
Damselflys 4 6-16-88 -D-01 625 <.142 <.143 57 <57
Damselflys, caddisflys 17 6-18-88 LR-D-01 740 <.098 <.099 <39 <40
Daphnia, water boatmen 1 7-13-88 LRD-DA-01 1.73 <.305 <.305 <1.2 <13
Daphnia, water boatmen, 8 8-23.88 LK-DA-01 437 <.287 322 1.1 <1.2
damselflys
Daphnia 9 6-21-88 LK-DA-02 2.94 <.735 3.88 <29 <3.0
Daphnia, water boatmen, 9 6-21-88 LK-DA-03 2.58 <.806 <.807 <32 <33
chironomids LK-DA-04 2.56 <.581 <.582 <23 <24
Daphnia, water boatmen 24 7-15-88 UKL-DA-02 1.80 <312 <.313 <1.2 <1.3
26 7-14-88 UKL-DA-01 .879 495 <.275 <11 <1.1
Dragonflys, damselflys 2 62388 AR-DR-01 1.03 <132 242 53 <.53
Dragonflys 5 6-16-88 TL-DR-01 629 <122 137 49 <.49
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Table D. Trace elements in biological tissue analyzed by methods other than inductively coupled plasma
method--Continued

Sample type i;;e Date Sal\xlr:)ple Arsenic  Antimony Mercury Selenium Thallium
Aquatic Invertebrates--Continued
Dragonflys, damselflys, 5 6-10-88 TL-DR-02 1.78 <0.140 0.191 0.56 <0.57
water boatmen
Dragonflys, beetles 18 6-18-88 MC-DR-01 A82 <.147 <.148 <.59 <.59
Mayflies, caddisflys, 18 6-17-88 MC-M-01 974 <.130 <.130 52 <52
stoneflys
Mussels 9 6-20-88 LK-MU-01 5.17 <210 <211 .84 <.85
14 7-11-88 KSD-MU01 8.06 <.180 <.180 14 <72
KSD-MU-02 8.73 <.176 <177 14 <71
Snails 5 6-10-88 TL-SN-01 3.10 <132 <133 <.53 <53
18 7-14-88 MC-SN-01 488 <.250 <.250 <1.0 <1.0
Water boatmen, Daphnia 4 6-17-88 TL-B-01 1.70 <.236 264 94 95
Water boatmen, damselflys, 5  6-10-88 TL-B-02A .890 <.106 195 42 <43
amphipods TL-B-02B .656 <139 178 <.56 <.56
Water boatmen, damselflys 8  6-23-88  LK-B-01 912 <137 302 1.1 <.55
Water boatmen, Daphnia 14  7-12-88  KSD-B-01 1.48 <.205 .295 <.82 <82
Fish
Bullhead 3 8-26-88 ARD-BLCF-01A <0.20 -- 0.37 0.74 <40
16 9-08-88 LR-BLCF-01A <20 - 31 12 <4.0
Largemouth bass 16 9-08-88 LR-LMB-01A 20 - 57 72 <40
18 9-08-88 MC-LMB-01 20 - .16 54 <4.0
Pumpkinseed 9 9-09-88 LKL-PCF-01 30 - 17 49 <4.0
Rainbow trout 22 8-26-88 UK-RTR-02 20 - .19 A7 <4.0
Sacramento perch 4 9-09-88 TL-SP-01B <20 -- 18 .70 <4.0
12 8-23-88 KSD-SP-01 .30 - .16 .59 <40
16 9-08-88  LR-SP-01A .20 - 29 .80 <40
Tui chub 1 8-22-88 LRD-TCF-02 30 - 33 .63 <4.0
3 82688 ARD-TCF-01B 20 - 34 .76 <40
4 9-09-88 TL-TCF-01B <20 - 29 1.0 <4.0
S 9-08-88 TL-TCF-03A 30 - 17 1.2 <4.0
9 9-0988 LKL-TCF-01 .20 - .38 52 <40
12 8-23-88° KSD-TCF-01 67 - 32 .94 <40
18 9-08-88 MC-TCF-01 .30 - .19 43 <4.0
22  8-26-88 UKL-TCF-04 30 - .29 .67 <40
Yellow perch 1 8-22-88 LRD-YP-01 <.20 - .16 49 <4.0
2 8-26-88 ARD-YP-01B <20 - 30 .76 <40
Birds
Coot liver 7 6-21-88 TU-COIL 0389  <0.088 0.926 42 <0.36
10 6-21-88 LK-C-OIL 1.00 <.088 .500 2.8 <.36
LK-C-02L 656 <.097 .386 42 <39
7-11-88  LK-CF-01L 637 <.093 .907 4.8 <38
LK-CF-02L 571 <114 1.37 32 <.46
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Table D. Trace elements in biological tissue analyzed by methods other than inductively coupled plasma

method--Continued

Sample type IS\;::’ Date Sal:gﬂe Arsenic  Antimony Mercury Selenium  Thallium
Birds--Continued
Mallard liver 7 5-11-88 TU-M-01L 0.122  <0.090 0.989 29 <0.36
TL-MF-01L .149 095 324 38 <.39
TL-MF-02L 131 <.093 317 30 <.38
10 5-12-88 LK-MF-01L 307 <.104 1.12 5.0 <42
LK-MF-02L 384 <.091 1.66 5.8 <37
7-11-88 LK-M-0I1L 270 <.093 1.70 4.1 <.38
LK-M-02L 446 .090 906 36 <.36
Western grebe liver 7 7-11-88 TL-G-01L 930 <.098 8.35 16 <.40
10 7-11-88 LK-G-01L 113 <.088 9.58 1.7 <.36
LK-G-02L 184 <.092 11.0 15 <37
Coot egg 10 6-22-88 LK-C-01B .398 <.104 241 .83 <42
LK-C-02B 324 <.092 .187 74 <.37
LK-C-03B 471 <.090 133 1.1 <.36
LK-C-04B 502 <.096 .149 77 <.39
LK-C-05B .521 <.097 187 78 <.39
LK-C-06B 369 <.091 .168 73 <37
Mallard egg 7 5-11-88 TL-M-01B .108 <.077 1.28 31 <31
TL-M-02B 091 <.076 .100 1.2 <31
TL-M-03B .149 <.076 191 1.2 <31
TL-M-04B .190 <.080 <.081 1.3 <.33
TL-M-05B 109 <.088 <.088 14 <.36
10 6-16-88 LK-M-07B 173 <.076 1.48 1.5 <31
LK-M-08B 181 <.078 .533 1.3 <32
LK-M-09B 199 <078 1.65 1.6 <32
LK-M-10B 080 <074 .198 59 <30
LK-M-11B 212 <.073 2.38 1.2 <.30
LK-M-12B 262 <.087 1.08 70 <.35
Western grebe egg 7 7-11-88 TL-G-01B <.099 <112 395 22 <45
TL-G-02B 096 <.110 465 1.8 <.44
TL-G-03B 099 <.103 .550 1.7 <42
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Table F. Organochlorine compounds in bottom sediment

[Organochlorine compounds in microgram per kilogram, wet weight. <, actual value is less than value shown]

i;::’ Date Time Aldrin  Chlordane DDD DDE DDT Dieldrin Endosulfan Endrin
1 8-24-88 1530 <0.1 13 2.7 6.6 <0.1 <0.1 <0.1 <0.1
3 8-17-88 1400 <.1 <1.0 <.1 3 <.1 <1 <l <1
4 8-23-88 1230 <1 <10 1.4 <1 <.1 <1 <1 <1
5 8-23-88 1345 <.1 <1.0 <.1 <.l <1 <1 <1 <1
6 8-23-88 0900 <.l <1.0 1.3 1.7 <1 <1 <1 <1
6S 8-23-88 0905 <1 <1.0 1.2 1.9 <1 <1 <1 <.1
8 8-24-88 0900 <1 <1.0 4 g <1 <1 <1 <.1
8D 8-24-88 0905 <1 <1.0 5 .6 <1 <.1 <1 <.1
13 8-17-88 1100 <.1 <1.0 <1 1.3 <1 <1 <1 <1
17 8-19-88 1200 <1 <1.0 <1 <1 <.1 <1 <1 <.1

19 8-19-88 1430 <.l <1.0 <1 2 <.l <1 <1 <.1

23 8-26-88 1200 <1 <1.0 <.1 8 <1 <1 <1 <1

24 8-26-88 0930 <1 <1.0 <.1 1.5 4 <1 <1 <1

25 8-26-88 1500 <1 <1.0 8 8 <1 <1 <l <1

e Date Time Heptachlor H:gg(‘;i‘” Lindane Oxf::‘l;r Mirex PCBs PCN Toxaphene
1 8-24-88 1530 <0.1 <0.1 <0.1 <0.1 <0.1 19 <1.0 <10
3 8-17-88 1400 <.1 <1 <1 <.1 <1 <1 <1.0 <10
4 8-23-88 1230 <.1 <1 <1 <1 <1 180 <1.0 <10
5 8-23-88 1345 <1 <1 <1 <.1 <l 27 <1.0 <10
6 8-23-88 0900 <1 <1 <1 <1 <1 <1 <1.0 <10
6S 8-23-88 0905 <1 <1 <l <1 <1 <1 <1.0 <10
8 8-24-88 0900 <.1 <1 <1 <.1 <1 <1 <1.0 <10
8D 8-24-88 0905 <1 <1 <1 <.1 <1 <1 <10 <10
13 8-17-88 1100 <1 <1 <1 <.l <1 <1 <1.0 <10
17 8-19-88 1200 <.1 <1 <1 <1 <1 <1 <1.0 <10

19 8-19-88 1430 <1 <1 <1 <.l <1 <1 <1.0 <10

23 8-26-88 1200 <1 <1 <1 <1 <1 <1 <1.0 <10

24 8-26-88 0930 <.1 <1 <1 <.1 <1 <1 <1.0 <10

25 8-26-88 1500 <1 <.1 <1 <.1 <l <1 <1.0 <10
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