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Absiract, Mercury concentrations in lateral muscle tissue from rainbow
trout {§almo goirdneri) stocked in a mercury contaminanted eastern Oregon
reservoir increased linearly during the first five months that the fish were in
the reservoir, followed by a leveling off period during which the mercury
uptake curve became nearly asvmptotic after eight months. In addition, the
mean mercury concenirations present in three vear classes of trout which
had Lived in the reservoir for 7, 19, and 31 months, respectively, were not
significantly different, indicating that the uptake curve remains nearly
asymptotic indefinitely. The shape of the curve 1s believed fo be a result of
exchange equilibria between water and tissue and factors that influence fish
metabolism. It is estimated that §.05 ug Hg/t of methyimercury in water
would have accounted for ail of the methyvlmercury accumulated by trout in
the reservoir. Growth rates (mg/g per day) of trout in the reservoir ranged
from 0.7 in December to 39.7 in April, resulting in food consumption rate
estimates ranging from 25 to 140 mg/g per day.

The finding in 1970 that fish from Lake 51. Clair in southeastern Oniario con-
tained elevated concentrations of mercury, triggered survey programs through-
out the United States to examine the extent of mercury contamination in this
couniry (Klein 197Z). These surveys helped pinpoint areas of high mercury
contamination and focused atfention on some major sources of mercury to the
environmeni (both natural and anthropomorphic). Included among the mercury
problem areas implicated in the Pacific Northwest was Antelope Reservoir, an
impoundment located about 78 miles south of Ontario, Oregon, near the Idaho
berder {Figure 1). Of 19 fish from this reserveir analvzed by Buhler e7 ol
{1973}, all but two had mercury concentrations in lateral muscle tissue exceed-
ing the U.B. Food and Drug Administration’s guideline level (0.5 pug Hy/o) for
human consumption.
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Fig. 1. Map of Antelope Reservoir showing the drainage ditches at the inlet and outlet, Inset map
of Oregon shows location of study arga

Mercury contaminaiion in the reservoir is belisved to have resulted from
gold mining activities in the Jordan Creek drainage mear Siiver City, kdaho,
during the 1860s. Using the " Washoe pan process,” it was reported that nearly
2.5 tons of metallic mercury were lost into Jordan Creek between 1866 and 1869
(Gebhards et o, 19733 Hill er ¢f. {1973) have reported concentrations of fotal
mercury in sediments taken from Antelope Reservoir approaching 17 ug Hg/g.

The Oregon Depariment of Fish and Wildlife stocks fingerling rainbow
trout (Salmo gairdnerl) from theilr Oak Springs Hatchery (near Maupin, Ore-
gon} in Antelope Reservoir each April. This stocking program provided an
opportunity to sample fish which had lived in 2 mercury contaminated envi-
ronment for known periods of time and 1o follow the growth of rainbow trout in
a Wesiern reserveir.

Materials and Methods

Fish were collected from Antelope Reservoir for total mercury analyses on 26 October 1972, 18
March 1973, 16 May 1973, 15 June 1974, 30 Avgust 1974, 16 Ouiober 1974 and 16 Decamber 1974,
and from Ouk Springs Hatchery near Maupin, Oregon, just prior (o stocking of the reservoir on 14
April 1974: stocking typically occurs from early 1o mid-April in most years.

Fish were collected with a variable mesh gilinet; the net was set in Iate afternoon, fished
overnight, and retrieved the following morning. The fish were weighed, measured. bagged, and
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frozen for subsequent mercury anslyses, Different vear clas
voir wers gasily distingaished by
growth.

sew of rainbow trout in Antelope Reser-
ze, since the resarvelr provided an exceptional environment for

Growth retes of the reservoir fish were caleulated for monthly intervals by dividing the growth
Xz sach month by the mean Bsh biomass over the same inferval, Monthly growih
estimated by infer

olation between months when fsh weights were actuaily
measured, Food consumption rates were estimated from Inboratory experiments during which
rainbow trout were fod Hiving twbificid worms (Tubifer s {Phillips 1976).
The laboralory experiment was performed at 1530, which approxzimates the average temperature
of the reservolr during most of the growing season.

yat a series of fized o

Prior to mercury analyses, a portion of lateral muscle tissue (520 10 g) was removed, weighed,
and digested in nitric acid {3 hy) under reflux. The digest was oxidized with hydrogen peroxide and
assayed by atomic absorpilon spectrophotomelry {stannous chioride reduciant, nitrogen carrier
aas). using a Coleman Mode! 30 mercury analyzer equipped with a Solec Model 324 recording ung
{bdagos 1971).

Results

Fish coliected from the reserveir on 26 October 1972 included rainbow frout
from three distingt vear classes, representing residencies of 7, 19, and 31
months, Mo significant differences in mercury conceniralion exisied hetween
year classes {Table 13, which indicated that mercury concentration in muscle
tissue muist reach an equilibrium concentration sometime during the trout’s first
year in the reservoir.

Further studies were underiaken {0 investigale mercury uptake by trout
during their first vear in the reservoir. Fish stocked on 14 April 1974, were
sampled at five intervals through December 1974, Total mercury concentra-
tions in lateral muscle tissue increased steadily during the first five months the
trout were in the reservoir, then leveled off and appeared to approach a steady
state condition after eight months {Table 2 and Figure 2a). Further, the total
quantity of mercury in trout declined as both the rates of fish growth {Fig, 2b}
and mercury accumulation in tissue dechined (Table 2 and Fig. 2o).

There 15 considerable evidence in the htersture from both laboratory
{Reinert o1 /. 1974 McKim ef ol 1976) and field {Bache o1 al. 1971,
Fagerstrom o7 gf. 1974; Olsson 1976} investigations that support the notion that
mercury untake in fishes proceeds linearly for at least several months and often
for several vears. Accordingly, the average rate of mercury accumulation (mi-
crograms of mercury scoumulated per gram of fish per day) by trout in Antelope

Table 1. Mean total mergury concenirations in Iateral muscle tissue from rainbow frout col
lected from Antelope Reservoir (26 {ciober 1972) in relation to fish size and time spent in the
PESETVSIT

Mean bean Total Hg in
Sample Months in length = 5D weight = 513 muscle = 50
$ize TESEEVOIY fomy (g} {pp Hpig
14 7 333z 1.4 P45 - 34 14 =43
i 19 5 R 37 = 23 IR
it 31 7.3 17 462 = 71 132402
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Table Z. Actual or interpelated fish weights, mercury concentrations in muscle, and mercury
body burdens Tor Antelope Reservoir rainbow trout following stocking on 14 April, 974

Estimated total

Mean mercury mercury conlent
Time in Mean CORC. in of average
FESETVEIT weaight” musale’ figh!
Date® {days; (g = 3In {pg Hg/g = 5359 {ug of Hg)
April 14 {43 3] 9o G0 = 2.0 i
May 15 32 42 0.2 g
June 15 {4 &2 a8 = 23 4.3 = 0.3 27
July 15 G2 174G 4.8 83
Aug. 30 (3} 138 467 = 152 67 = 0.1 ¢
Sept. 13 154 3 4.7 216
et 16 (8 i85 348 = 37 0.8 = 0.1 278
Mov, 13 215 362 0.8 80
Dec. 16 (%) 246 365 = 52 0.8 = 4.3 329

“ Values in parentheses are the actual number of fish sampled

" Weights expressed as g = 5D are actual mean weights for sampled fish and all other weights are
imterpolated from Fig. 2b

¢ Mercury concentralions sxpressed a8 ug Heg/g = 8D are actual concentrations for sampiled fish
and all other concentrations are interpolated from Fig. 2a

* Assuming muscle 1o be an average tissue with respect (o mercury content

© This value was not derived since only three fish were sampled op this date, two of which were
unusually large

Reservoir was calculated over the first five months of mercury exposure. Trout
accumulated, on the average, 0.005 ug Hg/g per day during this period.

Trout growth rates ranged from approximately 4% of body weight per day
during April and gradually decreased to less than §.1% by mid-December, while
at the same time rout increased in mean weight from 910 365 g (Table 3). These
growih rates correspond to food consumption rates ranging from 140 mg/g per
day {milligrams of food consumed per gram of mean biomass per day) during
late spring and early summer to 25 mg/e per day during mid-December (Ta-
ble 3.

Driscussion

Rainbow trout in Antelope Reservoir accumulated mercury rapidiy for seversl
months, Tollowed by a reduced rate of uptake. Several workers have studiad
mercury upiake by fish with respect to time in lentic environments. Pagersirom
and Asell {1973} observed a nearly asympiotic uptake curve for Swedish roach
similar 1o the uptake curve seen for rainbow frout from Antelope Reservoir
{Fig. 2a). Bache er of. (1971) sampling lake trout (Salvelinus namaveushy and
Fagerstirom and Asell {1973) looking al northern pike (Esox lucius) observed
more parabolic upiake curves. The curves for all of these species can be di-
vided into three distinct phases: 1) an initial linear or almost linear phase during
which mercury concentraiions increase rapidly and nearly uniformiy with re-
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spect to time; 2) a distinct levelling off phase when the rate of mercury ac-
cumulation rapidly decreases: and 3) a final equilibrium phase during which
mercury concentration in the fish increases very slowly or remains relatively
constant for several vears.

The shapes of these mercury upiake curves are probably the result of
several factors. Factors affecting the metabolic rates of fishes {e.z. temperature
or dissolved oxygen concentration) have a large influence on the accumulation
of mercury from water {Fagerstrom and Asell 1973) as do age-related decreases
in metabolic rate {Brett 1965). However, in view of the fact that the third phase
of mercury uptake was observed to be siable over several vears (Table 1), a
maore encompassing factor is probably also responsible.

Hamelink ¢r /. (1971) have explained DDT accumulation maxima in fish
on the basis of exchange equilibria, and Ferguson ef af. (1966) have simiiarly
described endrin uptake. Apparently, these pesticides reach steady states be-
tween the animals and their environments governed by equilibrium conditions
batween water, blood and tissue, Assuming the same to be true for methylmer-
cury, accumulation would initially proceed rapidly and uniformly, because of
the large number of available binding sites; at some point in time, mercury
accumulation rate would then begin 1o decrease, primarily due to the saturation
of tissue binding sites, but also because of a reduced metabolic rate (hence
reduced mercury intake via both food and water} associated with increased fish
size. These phenomena probably account for the shapes of the mercury uptake
curves observed for fishes in nature.
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Adult rainbow trout sampled from Jordan Creek (Hill ef al. 1975} contained
considerably less mercury (0.32 pug Hg/g on the average) than trout from An-
telope Keservoir that were analvzed during this study (Tables ! and 2). Other
workers have found a similar relationship between the concentratisns of mer
cury found in fish from impoundments and their respective feeder sireams
tGebhards er o, 1973 Buhler e /. 1973, Higher mercury concenirations in the
reservoir trout are believed to result from Anielope Beservoir possessing a
greater capacity for methylmercury formation than Jordan Creek. The water
temperature, dissolved oxvygen conceniration, pH, and organic sediment load
existing in the reservoir {Personal communication, Bill Hosford, Oregon De-
partment of Fish and Wildlife) are similar to the conditions described as en-
hancing methylation of mercury by Jernelov (1972} and Fagerstrom and Jer-
nelov (1972},

During this siudy, food consumption rate estimates for rainbow frout in
Antelope Reservoir ranged from 140 mg/g per day (1492} in summer {o 25 mg/g
per day {2.5%) during late fall and winter. Simularty, Hakonson er ¢f. (1975)
reports values ranging from 8.29 in summer to 9.04% in winter, for rainbow
trout in a Colorado bog lzke. The decrease in winter is the combined result of
reduced fish activity and decreased food availability associated with decreasing
water temperaiure. The high rate of food consumption during summer reflects
the abundance of food in Antelope Reservoir.

The methvlmercury concentration in water that could have independently
accounted for the observed mercury accumulation rate by fish from the reser-
voir (0.005 wg Hg/g per day) can be estimated from the laboratory experimenis
of Phillips and Bubler {1978). Using this approach, 0.05 ug He/L as methyimer-
cury in water wouid account for all of the methvimercury accumulated. Simi-
larly, brook trout (Salvelinus fontinalis) contained about 0.4 ug Heg/g after three
months {compared to 0.5 ug Hg/g for rainbow trout after three months in
Antelope Reservoir) exposure to 0.05 g/l of methylmercury in water (femper-
ature 9-153°C) in experiments conducted at the National Water Quality Labora-
tory in Duluth, Minnesota (McKim ¢7 o/, 1976} thus, the Duluth experiments
fead to g similar prediction.

Detection limits reported for methylmercury in water (ug Hg/L) include
(.1 (Bisognl and Lawrence 1974}, 6.05 (8ievens and Robertson 1974} and 0.004
{Chau and Saitoh 1973} however, most natural waters contain interfering sub-
stances that reduce detection limits. Kiein er ¢f. {1978}, in their recen! assess-
ment of current analvtical capabilities state, "1l is not now possible to analvze
methyimercury in water at the reguired levels.”” It is therefore unlikely that
methylmercury hazard in natural waters can curreniiy be evaluated by the
analysis of water.

although methylmercury congenirafions in agualic insects are generally
fow (Jernelov and Lann 1971 Cox #7 ¢f. 1873, Hildebrand e1 4/, 1976 Phillips
1976}, concentrations of methylmercury present in fish from contaminated en-
vironments are consistently high. The implication is that dietary methyimer
cury would then be more imporiant in piscivorous fish species than to insec-
tivorous ones. A suggested hypothesis is that water accounts for a subsiantial
amount of the mercury ohserved in both insectivorous fish species, such as
trout in Antelope Reservoir, and in known piscivores. Fish eaters, such as
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aorthern pike, acquire an additional increment of mercury through their diet.
This hvpothesis accounts for northern pike having consistently higher mercury
concentrafions than other fish species living in the same environment {(Johnels
er ai. 1967 Jlernelov and Lann 1971 Walter ¢¢ of. 1974). The observation
that squawfish (Buhler g7 af. 1973 Standiford ¢7 @, 1973) contain higher con-
centrations of mercury than coinhabiting species in some environmenis, but not
in others, possibly reflects the degree 1o which this species depends on fish as
opposed to insects for food in different environmentis.
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