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FOREWORD

This report was prepared using data collected by the California Department of Fish and
Game’s (DFG) Selenium Verification Study (SVS) from August 1988 through May 1989, and
July 1989 through September 1990. Some of the shorebird and migratory waterfowl
samples from the south San Joaquin Valley were from collections made by the U.S. Fish and
Wildlife Service (D. Barnum and J. Skorupa). All selenium analyses were performed by
DFG’s Water Pollution Control Laboratory (WPCL). These data were collected from the
Sacramento-San Joaquin Estuary south through portions of the San Joaquin River and valley
floor to selected agricultural evaporation ponds in Kern, Kings, and Tulare counties. This
report fulfills a contractual commitment to the California State Water Resources Control
Board (State Board) to provide additional information and selenium (Se) concentrations in
various biotic and abiotic media. This effort represents a continuation of a statewide
investigation of Se in fish and wildlife which began in January of 1986.
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EXECUTIVE SUMMARY

The 1988-89/1989-90 Selenium Verification Study (SVS) provided an assessment
of levels of selenium (Se) contamination in fish and wildlife from the

San Francisco Bay and Delta, the lower San Joaquin River and selected
Grasslands tributaries, and agricultural drainage evaporation ponds of the
Tulare Lake Basin.

The purpose of this program is to measure levels of Se in biota from areas of
concern to determine if concentrations are high enough to be harmful.

Four species of birds, six species of fish, and nine species of invertebrates
were collected from 1988 through 1990 from 15 locations statewide. Filtered
water, microscopic filtrates, plankton, and sediments were collected in 1988-
90 at San Joaquin River sites during fish collections, and whole water from
evaporation ponds, in order to investigate food chain relationships.
Principal findings were as follows;:

e Late winter collection of surf scoters from the San Francisco Bay complex
showed extremely high levels of Se (more than 30 ppm wet weight in liver
and more than 6 ppm in flesh). The trend towards increasing Se
concentrations seems to have leveled off in 1990 (Figure 1.A). These
levels are generally much higher than Se levels for coots and puddle ducks
measured by the U.S. Fish and Wildlife Service (USFWS) which resulted in
Se toxicosis and reproductive impairment (10 ppm wet weight in liver).

e Se levels in adult striped bass from the Delta (0.39 pPpm wet weight in
flesh) remain unchanged and are similar to the national average for
freshwater fish (0.42 ppm wet weight on a whole body basis).

® Se levels in muscle tissue of adult white sturgeon collected from Suisun
Bay were higher in 1989-90 (average of 4.1 ppm wet weight) than when first
measured in 1986 (1.8 ppm); (Figure 1.B). In recent years, more than
50 percent of the white sturgeon muscle samples have exceeded 2 ppm wet
weight, the State Department of Health Services (DHS) interim level used
to screen data for potential hazard to human consumers. DHS is currently
evaluating the data to determine if a health warning should be issued.
Food habitat studies show that white sturgeon feed predominantly on
Potamocorbula Spp., the recently introduced asiatic clam. On a whole body
basis, this new predominant food species has higher levels of Se than
other clam species in the diet of white sturgeon.

The new species may be contributing to recent increases in Se levels in
these fish. Se levels in juvenile white ‘sturgeon were measured for the
first time in the 1989-90 study. Se levels in juvenile sturgeon were
approximately half the levels found in adult fisgh.

¢ No consistent seasonal patterns were found in Se levels measured in
filtered water, suspended particulate, plankton, sediment, resident
Corbicula, catfish, bass, bluegill, and transplanted Corbicula in the
San Joaquin River and its west side tributaries. While there are some
significant seasonal variations in some media, levels in all media-were
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lowest in the San .Joaquin River at the Lander Avenue sampling statiomn
above the influence of Grasslands. The Se levels observed in filtered
water and plankton from Grasslands streams or zanals (Camp 13 ditch,
Agatha Canal, Mud and Salt Sloughs) were occasionally highly elevated
(>20 ppb for water and >2 ppm dry weight for plankton). The highest
levels observed could result in toxic impacts to aquatic fauna. The
highest Se levels in filtered water were found in the Camp 13 ditch,
while the highest levels in plankteon and sediments were found in Mud
and Salt Sloughs. The concentration of Se in the muscle tissue of
catfish ranged from 0.1 to 2.0 ppm (wet weight) with the highest value
observed in Agatha Canal. The values of selenium in large mouth bass
and bluegill ranged from 0.2 to 1.5 ppm (wet weight) with the highest
value found in Salt Slough. Sportfish and freshwater species tissue
that could be consumed by local subsistence anglers from the Grasslands
area should be monitored periodically to ensure that they do not exceed
the DHS advisory level (Figure 1.C).

Levels of Se in fish in the Delta are not approaching levels which DHS
would consider to be o concern for human consumption (2 ppm wet
weight), nor are they approaching levels of concern for fish health.
Largemouth bass and bluegill tended to have lower concentrations in
flesh than catfish species. No freshwater resident species of fish
contain Se in flesh at levels of concern for human health (2 ppm wet
weight). Species of fish sampled in dead-end sloughs of the Delta did
not appear to be accumulating higher levels of Se than the rest of the
Delta.

Sampling of aquatic invertebrates in evaporation ponds indicated
significant differences in Se levels between species, among cells in a
pond complex, and within a single cell of the same pond complex.
Additional analysis of results are needed to discriminate significant
differences between sample means. An evaluation is underway to develop
improved monitoring schemes to assure adequate sampling and to account
for the variability in evaporation pond invertebrate Se levels.

Waterfowl (ruddy ducks, northern shovelers [diving ducks]; northern
pintail, mallards, and green-wing teal [dabbling ducks]) collected from
evaporation pond complexes showed accumulation of Se in liver and muscle
tissues significantly above background levels. Birds from the most
contaminated sites, such as Westfarmers ponds had Se levels
significantly higher than birds from Kern National Wildlife Refuge. The
jevels of Se measured in the livers of some dabbling ducks (pintail,
teal, and mallards) are elevated above background in ponds studied;
however, they have not reached chronic or acute impact levels (>10 ppm
wet weight--as determined by USFWS research). On the other hand, Se
levels in ruddy ducks and northern shovelers are high enough to be of
concern for the potential to cause chronic impacts (Figure 1.D). Adult
black-necked stilts (shorebirds) accumulate Se while using evaporation
ponds during winter (3--15 ppm wet weight in liver). Juvenile stilts
often accumulate Se from ponds at higher levels than adults collected
from the same site a month or two earlier (8--23 ppm wet weight in
liver). Chicks that do hatch and appear normal may still be chronically
impacted by high body burdens of Se at some evaporation pond complexes.
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USFWS researchers have demonstrated teratogenesis (mutations) and
reduced hatching success of shorebirds on some evaporation ponds. The
concentrations of Se in pond water varies greatly and the wildlife
impacts vary with concentrations of Se in pond waters.

Comparison of this program’s past and present study results have
verified problem areas regarding potential harm to fish and wildlife.
Problems most in need of correction are occuring in the San Francisco
Bay complex and at evaporation ponds.

Risks associated with the current mode of operation of existing
evaporation ponds have largely been established. Present management
actions, primarily hazing, are not effective for protecting certain
species of waterfowl and essentially all shorebirds. More stringent
management actions are needed, such as the recommendations outlined in
the San Joaquin Valley Drainage Program Management Plan, September 1990
(smaller sized ponds, steeper sides, etc.) It may be necessary to place
nets over evaporation ponds (thus the need for the smaller size). New
ponds should be designed in this manner as well.

A long-term monitoring program is needed to determine Se level trends in
certain "at risk" species of fish and wildlife (surf scoters, white
sturgeon, and fishes in the lower San Joaquin River and west side
tributaries). The data collected in the 1988-90 study reflects the
conditions during two dry years. More data needs to be collected for
wet years as well. In addition to monitoring trend information, further
research is needed to determine if high levels of Se in certain species
of fish and wildlife pose an actual serious threat to the organism or a
potential risk for human consumption.
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Figure 1.
Selenium Levels in Selected Fish and
Birds from 1988-1990 Study
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CHAPTER I

INTRODUCTION

The Selenium Verification Study (SVS), begun in 1985, is one of eight original elements of
the State Water Resources Control Board’s (State Board) Subsurface Agricultural Drainage -
Program. The study plan of the State Board program called for: 1) problem identification,
2) problem verification, and 3) regulatory efforts to protect beneficial uses of water from '
potentially toxic trace elements found in subsurface agricultural drainage waters in

California. The purpose of the SVS is to provide rigorous assessments of selenium (Se) and
other trace elements in biota from previously identified areas of concern to determine if trace
elements occur at levels known to be harmful to fish and wildlife.

The Department of Fish and Game conducts the SVS work under an interagency agreement
with the State Board. Sample collection and data analyses and interpretation are performed
by the Bay-Delta Project in Stockton. Sample preparation and chemical analyses are
performed by the analytical chemistry unit of the Water Pollution Control Laboratory
(WPCL) in Rancho Cordova.

This report covers results from biota collected from August 1988 through May 1989, and
from July 1989 through September 1990,

Findings are interpreted in relation to the continuously growing body of knowledge pertaining
to Se and its effects on biological systems. The tissue burden of Se measured in an organism
depends on its exposure history in terms of concentration and duration; species specific rates
of uptake and depuration; and the age, sex, and reproductive condition of individuals.
Relating tissue burdens to local environmental conditions requires an understanding of factors
affecting speciation and bioavailability of Se in natural systems; trophic pathways through
which uptake of Se occurs; process of biological accumulation in individuals and
biomagnification through food chains which produce high tissue concentrations of Se from
low ambient levels; the behavioral ecology of each species; and particularly for migratory
‘species, knowledge of Se exposure at different locations in other seasons. Determining the
implications of tissue burdens for the health of individual organisms and populations requires
documenting adverse effects associated with above-normal tissue burdens; though normal
levels for most species except marine aquatic birds are now well defined (Birkner 1978,
Eisler 1985, Hothem and Ohlendorf 1989, Saiki, et al., in press, and Skorupa and Ohlendorf
in press) precise toxic effect criteria for tissue Se levels are not always available. Selenium
may impact individual organisms through impairment of various physiological functions and,
even without mortality of individual adults, may eliminate populations by making individuals
functionally sterile (Lemly 1987). |



Protection of fish and wildlife from the toxic effects of Se will involve establishing criteria
for concentrations in water, a difficult task given the tendency for biological accumulation
and magnification in food chains from low levels in water and the often small differences
between essential levels and toxic levels of Se in some animals. Recent laboratory
experiments conducted by the U.S. Fish and Wildlife Service (USFWS) have provided some
data on "effect levels" of Se in fish and wildlife diets and tissues. However, only a few
species have been included in experimental investigations. Other trace elements may react
synergistically or antagonistically with Se. These interactions are poorly understood and
complementary data for other elements are not always available. This study has measured
tissue burdens of biota, with no in‘ent to evaluate reproductive success or effects on target
species at the population level. Measured levels of Se in biota are compared with data from
other sources; conclusions are drawn, appropriately qualified in the context of the
uncertainties described above. Ir the absence of complete information, hypotheses are stated
to stimulate thought and to identiiy needs for additional information.

The presence of Se in biota was determined by analyzing specific tissues. In fish and birds,
Se was measured in liver tissue, primarily because Se concentrations are higher in liver than
in flesh and it is a satisfactory indicaio: of an animal’s exposure (Lemly 1982), and also to
be consistent with previous studies and other on-gzoing investigations. Because of a potential
public health threat, Se was measured in the breast muscle of game bird species and in the
skeletal muscle of fish. In clams and mussels, Se was measured in the soft tissue or, when
dissection was not possible in whole body composite samples.

The 1988-89 program included investigations in the San Francisco Bay and Estuary, the
Sacramento-San Joaquin Delia, the lower San Joaquin River and selected tributaries and
canals in the Grasslands area of western Merced County, and evaporation ponds in the
Tulare Lake Basin currently used for the disposal of subsurface agricultural drainage water
(Figure I-1). Appendix A contains the location and description codes. Specific aspects of
the studies in San Francisco Bay and Estuary were designed to: 1) determine if there are
detectable trends in Se levels in adult striped bass, 2) determine if there are detectable trends
in Se levels in adult white sturgeon and compare these Se levels to the Department of Health
Services interim internal guidance level used for screening sample data for potential health
risks, and 3) determine if Se is increasing in San Francisco Bay waterfowl. Investigations in
the lower San Joaquin River were designed to: 1) determine if there are detectable increases
in biotic Se levels caused by agricultural drainwater that was discharged into downstream
reaches of the San Joaquin River, and 2) determine if Se accumulates to greater and
potentially harmful levels in the slower moving environment of the southern Delta than in the
more rapid flowing environment of the San Joaquin River.

Studies in evaporation ponds in the Tulare Basin were designed to: 1) determine if waterfowl
collected from wildlife areas near evaporation ponds contain concentrations of Se similar to
waterfowl collected from evaporation ponds, 2) determine if shorebirds nesting on
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evaporation ponds accumulate significant amounts of Se from the time they arrive until the
time they leave, 3) determine if a single invertebrate species can serve as an "indicator”
species to assess compliance with monitoring requirements, 4) determine whether more than
one cell of a pond complex needs to be sampled to characterize Se levels in each pond
complex system, and 5) determine how many samples of invertebrates are required to assure
that accurate monitoring results are obtained.

The 1989-90 program included investigations in the San Francisco Bay and Estuary, the
Sacramento-San Joaquin Delta, the lower San Joaquin River and selected tributaries, and
evaporation ponds in the Tulare Lake Basin (Figure I-2). Specific aspects of the

San Francisco Bay/Estuary studies were also designed to determine if there are detectable
trends in adult striped bass. In addition, several new elements were added to studies on adult
white sturgeon including determining: 1) if the diet has changed, 2) the current preferred
species of bivalves, 3) which dietary species have high levels of Se, 4) if Se levels in the
1989-90 diet are different from the 1987-88 diet, and 5) if there are differences in Se levels
in dietary species between bays. Studies on waterfowl in the Bay were designed to determine
if Se levels in diving ducks are increasing. '

Investigations in the San Joaquin River were designed to determine trends in Se levels
occurring in biota from waters with varying proportions of subsurface agricultural drainage
(source channels vs. receiving waters vs. mixed drainage resulting from dilution by east
side tributaries, and to determine if Se was accumulated to a greater degree in the fauna of
dead-end sloughs in the Delta). In addition, San Joaquin River investigations included an
element to determine if Coroicula fluminea can be used as a site-specific monitor of short-to
intermediate-term accumulation of Se by aquatic biota. This study is designed to help
evaluate annual or seasonal impacts of future levels of agricultural drainage.

Investigations on evaporation ponds were designed to determine: 1) if there are intra-cellular

differences in the Se levels of invertebrates occupying evaporation ponds, 2) if waterfowl and
shorebirds collected from wildlife areas contain concentrations of Se similar to waterfowl and
shorebirds collected from evaporation ponds (this was follow up to work initiated during the

1988-89 study), and 3) if juvenile shorebirds reared on evaporation ponds were accumulating
toxic levels of Se. A list of all species collected during sample year 1988-89 and 1989-90 is
included in Appendix B-1. Their scientific names and name codes are included in Appendix

B-2.
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CHAPTER 1II
SELENIUM IN WINTERING SURF SCOTERS FROM THE
SAN FRANCISCO BAY AREA

INTRODUCTION

Although waterborne Se levels have been found to be relatively low, Se levels in tissues of
diving ducks wintering in Suisun and San Pablo bays are high (White, et al., 1989) and Se
levels in birds in late winter appear to be increasing from year to year from 1986 through
1988. The SVS objective for collection and analysis of surf scoters (Melanitta perspicillata)
was to determine if Se levels in diving ducks in San Francisco Bay are increasing and
whether regulation of Se sources by the State Board and the Regional Water Quality Control
Board (Regional Board) could potentially effect changes in body burden.

FIELD METHODS

Surf scoters were collected using 12 gauge shotguns and steel shot. To reduce the
intraspecific variation among individuals, we attempted to collect only adult males. Female
and immature birds collected inadvertently or when necessary to obtain minimum sample
quantities were analyzed and included in our results. Ten adult female surf scoters were
collected in Suisun Bay in February 1988 for comparison with male scoters collected at the
same time and females were found to have lower muscle Se levels but equivalent liver levels.

Birds were weighed using spring scales. Age was determined based on plumage; sex was
determined from plumage or examination of gonads. The liver was removed from all birds;
a breast muscle sample was obtained in accordance with the study plan.

Disposable polyethylene gloves were worn during field dissections to prevent sample
contamination through contact with human skin. After the skin was peeled from the breast
muscle, the furcula and ribs were cut with stainless steel shears, the whole breast with
sternum attached was removed and placed in a sealable 4 mil plastic bag. The liver was
removed with Tefzel forceps and a scalpel and placed in a separate bag. The two sample
bags were placed in a third bag with a sample label. Samples were put on dry ice
immediately and frozen; they were subsequently stored in a chest freezer at -12°C, usually
for a few weeks but at most one month, until they were delivered to the DFG Fish and
Wildlife Water Pollution Control Laboratory (WPCL) in Rancho Cordova. Sample storage
conditions at WPCL are described in the section on laboratory operations.

In order to investigate possible pathways of selenium into the avifauna, the food habits of
collected birds were examined. Data was collected in 1988-89 but not in 1989-90, and have
not yet been analyzed. The esophagus, proventriculus, and gizzard of each bird were
removed, their contents emptied into a small jar, and preserved in ethyl alcohol for later
identification. Food items were quantified by frequency of occurrence. Volumetric



measurements were not made because digestion of soft parts had already occurred in many
samples.

LABORATORY METHODS
Tissue Sample Preparation

All whole body samples and field dissected birds were received frozen at the WPCL.
Samples remained frozen at -15°C until dissected (within three months).

All samples were prepared for analysis in a “clean room" to minimize airborne
contamination. All glassware, tools, and work surfaces were cleaned and samples were
dissected and homogenized as described in White, et al., 1989 Appendix B.

After homogenization, the samples were refrozen until they were subsampled for analysis.
When the samples were weighed for analysis, a portion of each sample was transferred to a
clean 30 mL linear polyethylene wide-mouth bottle (see Sample Container Preparation,
White, et al., 1989 Appendix B). These samples were then archived at -15°C.

WPCL Analytical Techniques and Quality Control for
Selenium in Tissues

All tissue samples received by WPCL were analyzed for Se by hydride generation atomic
absorption spectrophotomety (HGAA). In addition to Se, samples were also analyzed for
moisture content. Analytical procedures used for tissue samples are described in detail in
White, et al., 1989, Appendix C.

Approximately 10 percent of the samples analyzed for Se and moisture content were done in
duplicate to determine intra-laboratory precision. The relative standard deviation (RSD =
{standard deviation/mean} X 100), also called the coefficient of variation (Zar 1984), was
calculated from the results of each duplicate pair. The individual values as well as the
average percent RSD for duplicate samples analyzed for Se and moisture content are listed in
Appendix C for sample year 1988-89 and Appendix D for sample year 1989-90. Based on
duplicate analyses, we conclude that the Se and moisture determinations demonstrate
acceptable levels of precision.

National Institute of Standards and Technology (NIST) reference materials were analyzed
with each set of samples to verify accuracy (Appendix E). Results of Se analyses of NIST
reference materials indicated accuracy within the 95 percent statistical tolerance limits of the
certified selenium concentration. Results in Appendix E indicate that HGAA provides
acceptable accuracy for the analysis of selenium in tissue. -



Neutron Activation Analysis for
Selenium Concentration

In 1989, as part of our quality control program, a total of 102 samples were sent to the
University of Missouri for neutron activation analysis (NAA) following the method of
McKown and Morris (1978). These samples included bird flesh and liver tissue samples.
These samples had been analyzed by WPCL prior to sending them for neutron activation
analysis.

The average percent RSD for bird flesh samples was 7.0 while the average percent RSD for
bird liver samples was 4.4. Appendix F contains the results of NAA analysis, HGAA
analysis, and the percent RSD.

STATISTICAL METHODS

Statistical analyses were performed on wet weight data only. This was done because dry
weights are calculated using two numbers (wet weight/1-decimal % moisture) and thus the
computed sample variance of dry weight numbers does not adequately represent, and may
underestimate, the actual variance in these numbers, which are actually a product of the
variance of both the wet weight and percent moisture values. Selenium concentrations were
transformed to natural logarithms (log,) prior to statistical analysis because distributions were
non-normal and variances tended to be proportional to sample means (coefficients of
variation relatively similar). Where possible, two-way analysis of variance (ANOVA) was
used to test the effects of time period and collection location on Se concentrations. Because
sample sizes varied, a regression approach was used to partition sums of squares in testing
hypotheses. This approach tested the significance of individual model components after
adjusting for all other effects in the ANOVA model. When a main effect was significant,
Tukey’s studentized range test (HSD) was used to compare main-effect means and identify
nonsignificant subsets. One-way ANOVA was used to test the effect of time period or
location when data were not available for all time period-location combinations. The one-
way ANOVA'’s and Tukey tests often had to be run more than once using the same subset of
data. When this situation occurred, we ran our analytical tests at «=0.01 to keep the
cumulative significance of all tests less than «=0.05. Simple correlation was used to test for
a relationship between size and Se concentration. These analyses were performed on a
micro-computer with SPSS/PC+ or BMDPPC statistical packages (SPSS Inc., 1986 and
BMDP Inc., 1988).

Geometric means represent the values used to test for significant differences between groups
and, therefore, are presented in the text and in tables illustrating the results of statistical
analyses. Arithmetic means of untransformed data are plotted in figures used to illustrate the
range and variability of the raw data. Differences between geometric and arithmetic means
were usually small. '



Statistical significance was determined at p=0.05; references in the text to "significant"
differences unaccompanied by a probability value imply statistical significance at less than, or
equal to, the 0.05 probability level.

RESULTS AND DISCUSSION
Surf Scoters

The SVS has, since 1986, measured Se in tissues of several species of diving ducks that use
the San Francisco Bay and other California coastal bays during the winter (White, et al.,
1987, 1988, and 1989). Initial findings revealed that surf scoters, greater scaup and lesser
scaup (Aythya marila and A. affinis) found in San Francisco Bay contained Se
concentrations higher than background levels measured in the same species wintering at
Humboldt Bay or Morro Bay. Subsequent sampling confirmed these results. Findings in
1987-88 showed that Se had accumulated in diving ducks 12,000 to 30,000 times higher than
Se levels in the water. Clams, a primary food source for these ducks, had accumulated Se
between 4,000 and 5,500 times higher than the levels in the water. In addition, results from
1986-87 sampling indicated that Se concentrations in diving ducks increased as winter
progressed. Sampling in 1986-87 indicated that, although San Francisco Bay water contained
less than 1 ppb, Se was concentrated by organisms and accumulated to high concentrations in
bird tissues. Limited histological examination of diving duck tissues sampled in 1986-87
produced no evidence of S induced pathology associated with these elevated concentrations,
however. ’

Forty surf scoters were collected during the 1988 through 1990 study period (Table II-1).
Sampling in later winter 1989 confirmed that Se concentrations in surf scoters captured in the
San Francisco Bay Estuary continued to be higher than background levels measured in the
same species wintering at Humboldt Bay (Table II-2). There was no significant difference in
Se levels measured in flesh or liver from scoters taken from Humboldt Bay from 1987
through 1989. No sample was taken from Humboldt Bay in the 1989-90 period.

In 1989, concentrations of Se were higher in birds from Suisun and San Pablo bays than
concentrations from birds sampled in South San Francisco Bay. In 1990, however, there was
no significant difference among Suisun, San Pablo, and South San Francisco bays (Table II-
2). Trends were the same for both flesh and liver samples for both years. Levels measured
in surf scoters in recent years are much higher than those measured by USFWS researchers
in 1982 and 1985. Surf scoters from South San Francisco Bay had liver levels of 10.5 ppm
wet weight in 1982 (Ohlendorf, et al., 1986C) and approximately 16 ppm wet weight in 1985
(Ohlendorf, et al., 1989). Wet weight values were approximated using % moisture values
from Ohlendorf, et al., (1986C). Combined levels in surf scoters from South San Pablo Bay
and Richmond Harbor were approximately 21.4 ppm wet weight in 1985 (Ohlendorf, et al.,
1989), much lower than levels from this study in 1989 and 1990. Trends over the several

years of sampling at each location showed the following:



Table II-1

Location
Suisun Bay
San Pablo Bay

South
San Francisco Bay

Humboldt Bay

Selenium Verification Study Waterfowl Collections in the San Francisco
Bay-Estuary and Humboldt Bay During Late Winter 1988-1990. -

Species

Surf Scoter

Surf Scoter

Surf Scoter

Surf Scoter

10

Date Collected

2-17-89 2-21-90

1-26-89 1-18-90

1-24-89 1-24-90

1-18-89
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Suisun Bay - Concentrations of Se in both liver and flesh were higher in 1989 than in
1986, 1987 and 1990. Concentrations of Se in liver and in flesh were higher in 1988
than in 1986 and 1987. Concentrations of Se in liver and in flesh were higher in
1990 than in 1987, Figures II-1 and 1I-2.

San Pablo Bay - Concentrations of Se were higher in liver and flesh in 1987, 1988,
1989 and 1990 than in 1986. Concentrations of Se were higher in flesh in 1989 than
in 1987 and 1988, Figures I1I-3 and II-4.

South San Francisco Bay - Concentrations of Se were higher in liver and flesh in
1989 and 1990 than in 1986. Concentrations of Se in liver and flesh were higher in
1990 than in 1989, Figures II-5 and II-6.

In spite of occasional variability among bays and within bays, the overall trend appears to be
that Se levels have increased through 1989 and then leveled off in 1990 in wintering diving
ducks from the San Francisco Bay Estuary. Though limited histopathological studies of surf
scoters in 1986-87 (White, et al., 1988) failed to detect any effects of Se, the levels observed
in these birds in 1989 and 1990 are in excess of the levels measured in American coots from
Kesterson which were diagnosed to have died from Se toxicosis, and higher than levels
which caused reproductive impairment in puddle ducks (Ohlendorf, et al., 1986a and 1986b).
Waterfowl with liver Se levels greater than 30 ppm dry weight (approximately 8 ppm wet
weight assuming 75% moisture) during the egg-laying period have a very high risk of
embryonic deformities (USFWS 1990a).

We do not know exactly how the Se levels observed in this study might affect the overall
heaith and reproductive capacity of surf sco