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Mereury Soncentrutions were measured in water, sediments, and three species of clums from
tukes with and without reported mercury contamination. Elevated mercury levels in clams were
awsociated with elevated mercury fevels in water and sediments.

Uncontaminated clams were exposed te three mercury compounds at 1.9, 10, 50, und 100 i
Hyffiter for up 1o 3 wk in the labortory. The clams concentrated the metal in the order
methyimercuric chloride = phenyimercuric acetate = mercuric chloride. The rate of uptake of
mercury inereased with incrcnsing mereury concentration in the water. In most cuses, tempera-
e had no effect on the rate of mercury uptake or ehmination.

The distibution among orgins depended on the compound to which the cliims had been
exposed. Oaty methylmercurte ehloride was concentrated extensively in foot muscie. Transfer of
methylmercaric chloride among organs apparently continued alter exposure o the compoind
it ended.

SMiTH, AL ROH Green, anp AL Lurz, 1975, Uptake of mercury by freshwuater clams (family
Unionidael. J. Fish. Res, Board Can. 32: 1297-1303.

bes auteurs ont mesuré les concentrations de mercure dins Veau. les sédiments of brods
espeees de coques provenint de ey 00 on avait signalé ou non une Contaminalion w mercure,
Les hauts niveaux de mercure dans fes cogues sont iés aux niveaux élevés de mercure duns Peuu
et fes sediments.

I3es cogues non contaminges furent exposées  trois composés de mercure i des concentra-
tions de 1.0, 10, 50 et 100 ug Ha/litre duvint des périodes allant jusqu'sa 3 semaines au laboratoire.
Les coyues assimilent le mercure dans Dordre chlorure methylmercurigue ™ acétite phényi-
mercurique > chlorure merctyique. Le taux dassimilation du mercure sugmente en fone-
tion de kuconcentration du mercure dans Uesw. Duns fn plupart des cas, Ta température o affecte
pas fe taux dassimilation ou Jd'élimination du mercure.

Lis répartition dans les organes dépend du composé auguel la CogUe @ €18 exposde. Seul le
chlorire méthylmercurique se concentre i un haut degré dans le muscle du pied. Le transfert du
chlorure méthylmercurique ¢ un otgane 3 avtre semble se poursuivre aprés b fin de Pexpasition
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Brvaivis are noted for their ability to concen- cury compounds by Venus jeponica. Although
frate trace metals (Pringle et al. 1968). Fimreite  some authors {Trukayama et al. 1962; Yoshida
et al. (1971) have found mercury levels of .93~ et al. 1967) have recorded varying mercury levels
3.59 pg/g in both freshwater and marine clams  in different organs of hivalves depending upon the
cellected near pulp mills and chior-alkali factories. mercury compound to which the animals were
Few studies have dealt with conditions influenc- exposed, no papers have dealt with differences in
ing rates of uptake and release of mercury by patteras of uptake and release by specific organs.
molfuscs. Hannerz (1968) reported concentra- We have attempted to determine the effecis of
tion factors for mercury of up to 3570 times in terperature, type of mercury compeund, and
gastropods  exposed o inorganic and organic  mercury concentration on the rates of uptake and
Fnercury compounds, Irukayama et al. (1962)  release of this metal by freshwater clams, and
found greater accumulation of alkyl mercury  have considered variations in mercury levels and
compounds than of inorganic or other organic mer- uptake—release patterns in several organs. Al-
though clams can obtain mereury both from water
printed in Canada (J3361) and from food, only uptake from water is con-
tmprimé au Canada (F3307) sidered here. .
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Materials and Methods
SAMPLING PROCERURES AND MUERCURY ANALYSES

During the summers of 1970-72, Anodaonta grandis
were collected from several locations in Manitoba and
northwestern Ontario, both with and without reported
mercury contamination. In late summer 1971 and in
1972, sampling was concentrated in Minnedosa Lake,
Man. (50°16'N, 99°48'W), and Clay Lake, Ont
(S0703'N, 93°30°W). Mercury levels in water, sedi-
ments, and the unienid clams Lampsilis radiata and
Lasmigona complarata, in addition to A. grandis
were determined,

In order to avoid loss of mercury, waler sampies
were acidified in the field using 5 ml of concentrated
H.S0, for each 500 mi of water. Clams and sediments
were f{'L)ZCTT UPOI'I refurn o th- liibU!'illOl'y-

Mercury analyses were performed on foot muscle,
other individual organs, or whole clam. For whole
clam determinations, soft tissues of individual clams
were homogenized in a Waring blender, and sz\mplcs
of the homogenate analyzed. Frozen clams were dis-
sected for analyses of separute organs. Mercury in
clam tissues was determined by the wet digestion and
flameless atomic absorpiion method of Armsirong
and Uthe {1971,

Mercury was extracted from water samples by the
dithizone method of Chau and Saitoh (1970). Sedi-

ments were prepared by Dow  (1970) method.
AT i E rvnevrmtrins amdraade Fomeee wnantan oaesed anddd
t‘\l{\.il.l\)th %) lll'blbl.liy L‘.A\iu\.lh rrl WAl chbivl  oCLirT

ments were used for mercury determination by flame-
fess atomic absorplion spectrophotometry {Armstrong
and Uthe 1971}

For mercury uptake experiments, A. prandis from
Mad Dog lake, Ont, and Minnedosa Lake, Man.,
were acclimated to faboratory conditions for at least
2 wk and then placed in 30-liter aquaria containing
disspived mercury compounds. The  water in cich
aquarium was changed daily and fresh mercury com-
pound added, in order to assure that the mercury
remained al the desired concentration. During mer-
cury release experiments, the clams were held in
constantly flowing clean water, Since the mercury
concentration in the water might be allered by the
formation and subsequent precipitation of mercury—
food particle complexes, the clams were not fed
during any of the experiments.

LABORATORY STUDIES OoF MERCURY UPTAKE AND
RerLpass

The rates of uptake and release of mercury were
first studied by exposing the clams 1o mercuric
chloride (HgCh)., phenylmercuric acetate (PMAY,
and methylmercuric chloride (MMC), at 10, 50, and
100 g Hg/liter at 10 and 20 C for 2 wk. The clams
were then allowed to releuse mercury at these tem-
peratures for an additionat 2 wk. One clam per treat-
ment was sampled at days 1. 4, 7, and 14 of the
uptake and release periods. Background mercury
determinations were performed on 18 clams prior to
any exposure, Mercury analyses for this experiment
were performed on fool muscle,
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When subsequent experiments suggested that uptake
and release of MMC by muscle fissuc differs from
uptake and release by other organs, a modified ver-
sion of the first experiment was performed using
homogenized whole clam for mercury analysis, Clams
were exposed to MMC at 1.0 and 10.0 g Hp/liter
for 3 wk at 12 or 20 C and allowed to reiense mer-
cury for 4 wk. Four clams {one per analytical
sample) were used to determine background mercury
levels, and individuals were sampled at uptake days
i,4, 7, 14, and 21 and release days 2, 7, 14, 21, and
28.

From these two experiments we attempted to build
a mathematical model to relate mercury concentra-
tions in clams to the mercury concentration in the
water from which the animals were collected.

The distribution  of mercury among organs waus
studied using contaminated clams from Clay Lake.
Initia! mercury levels were measured i the mantie,
gill, liver, and adductor muscle of five clams and the
foot of seven clams, After the animals had been
allowed lo release mercury at 20 C for 8 wk, mercury
concentrations in the same tissues of four additional
clams were measured.

An experiment was desipned to compare uptake
and release of the three mercury compounds in three
organs, After background mercury levels in the gitls,
foor, and lver of six replicate individuals were deter-
mined, clams were exposed to HpCh, PMA, and
MM at 50 g Hp/liter for 4 days at 20 O, with two
individuals per treatment Sampléd al days 1 and 4
The remaining clams were alfowed to excrete mercury
for 1 wk, with samples taken at 2, 4, and 7 days.

Mercury uptake date were analyzed by factorind
analysis of variance and split-plot analysis of vari-
ance. Since release of Hg was assumed 1o follow an
exponentinl curve, release data were wreated by co-
variance analysis as linear regression of log (Hg)
against time.

Resuits

Mercury concentrations were about 10 times
higher in A, grandis from Clay Lake than from
other waters (Table [, Clams from the Winnipep
River system {Dorothy and Nutimik iakes) did
not contain higher mercury levels than animals
from the remaining locations, although mercury
contanination has been rc.pm'lccl in the Winnipey
River (Biigh 1971). Water apparently must be
severely polluted before mercury concentrations
in clams become clevated.

Clams, waler, and wet sediments from Min-
nedosa lake showed concentrations of mercury
only 5-12% of those measured in Clay Lake
{Tabie 23. There were highly significant (P <
0.005) dilferences in mercary levels in whole
clams between Minnedosa and Clay lakes. Dif-
ferences among clam species were also highty
stpnificant, 4. grandis concentrating less mercury
than either Lampsilis radiata or Lasmigona com-,
planaia.
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Tawie I, Concentration of mercury in Anodonta grandis from various locations,
No.
ELocation Latitude Longitude Body part Hg (ug/e} specimens 85
Red Rock L. SG°00°N G5°12'W whole clam < (.01 i e
White L. 30°02'N 95°32°W L e <0.01 1 —
Betuia .. S0°05'N 95°34"W i ¢ < 0,0} 1 —_
Mad Dog L. 49°36'N G3E W foot 0.06 8 0.0t
Minnedosa L. 50°16'N 9948 W foot 0,05 6 0.01
Minnedosa L. @ " gill 8.07 G 8.02
e s “ liver .06 [ <{.0f
" “ t whole clam 0.01 & < (.01
Nutimik L. SO0U0TN 9542w whole clam 0.01 ) -
Dorothy L. SOPLI'N 95°45'W « .04 1 —m
Dorothy L.
NAITOWS SO°THN 95745 {iver 0.06 1 —
o e e adductor 0.07 I o
“ “ “ foot and
viscera) mass 0.07 | e
Clay L. $0°03'N G3°30"W mantle 0.47 5 .03
" o s gills 0.51 5 0.02
o * “ adductor 0.83 5 0.06
b ‘o ‘ liver 0.78 5 G.07
" “ “ faot 0.62 7 .05
b o " viscerai mass 0.65 5 .23
“ * o decaleified
shell 0.08 4 0.03
" v v whole ¢lam Q.18 6 0,02
TanLE 2. Mercury concentrations of water, sediment, and clams from two lakes. Values

are given as micrograms Hg per gram wet weight, except where noted. Values in parentheses
are Hg levels expressed as 4 percentage of the mercury concentration of the same substance

fromy Clay Lake,

Lakes
Substance analyred Year Minnedosa Clay
A. grandis (foot) 1971 G.05(8.19%) 0.62
A, grandis (Fool) 1972 — 0.40
A, grandis (homogenate) 1972 0.01 (5.6%) G.18
L. radiata (fool) 1971 — 0.74
L. radiara (homogenate} 1972 G.03 {12.0%) §.25
L. complanara {homogenate) 1972 0.039.19) 0.33
Water® 1972 0.01 (5.09) 0,20
Sediment, wet 1972 0,01 (10.0%) 0.10
Sediment, dry 1972 0.04 (33.3%) 0.12

"Water (g} is given as pg Hg/Hter.
UPTAKE AND RELEASE OF MERCURY

The mercury compound to which the clams
were exposed was the most significant source of
variation in uptake of mercury by clam foot
muscle (P < 0.01}. However, the concentration
of mercury in the water was also significant (P <
0.05}. Diflercaces in temperature at which the
experiment was run did not contribute significantly
to differences in mercury uptake, There were no
significant differences in slopes of the release

curves among the treatments, and the pooled
regression coefficient estimate of ~0.037 per day
was significantly different from zero. The test for
differences in intercepts of the release curves,
which is actuaily a test of mercury uptake, indi-
cated {P < 0.01) that PMA is concentrated to a
greater extent at 10 C than at 20 C. Al ather
intercept fests were in agreement with the analyses
of the uptake data.

Our model of uptake and refease of mercury
by efam foot muscle was similar to Ulfvarson's
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(1962) model for mercury uptake and release in
rats, except that his dosage constant was replaced
by the uptake rate, which is a flunction of the
mercury concentration in the water. The maodel
with slipht modifications it the duata, but the
equation we obtained greatly underestimated the
mercury levels in lakes to which the model was
applied.

Both the length of exposure and the concentra-
tion significantly (P < 0.01) influenced uptake
of MMCO by whoele clam, but temperature influ-
ence was not significant. Release rates were not
significantly different from zero, nor did the slopes
of the release curves differ with either temperature
or concentration of mercury to which the clams
had previcusty been exposed.

According to the Ulfvarson model, if the
refease rate of Hp were zero, then uptake would
be described by a simple linear repression. This
cquation implics infinite capacity for uptake of
mercury, which in practice would be modified if
the number of binding sites for mereury in clam
tissue approached saturation before the body bur-
den of mercury proved fatal. For our data there
wias no sipnificant deviation from a straight line
regression. Thus, saturation of binding sites for
mercury apparently was not approached during
this experiment.

Since the release rate of mercury was neplipihle
i his cxperiment, il wag impnsr;ihlc to develop
ar egutlitriem madel of MMC uptake and release
by whole clam.

DISTRIBUTION OF MERCURY AMONG DRGANS

Mercury was distributed unequally among the
organs of A grandis from Clay Lake. Signifi-
cantly more mercury (£ < 0.01) was concen-
trated per unit weight of adductor muscle, Hver,
and foot thap of pill or mantle, while adductor
also contained a significantly higher mercury

Taney 3,
A. grandis collected from Clay Lake. Means and standard
errors of mercury concentrations are given as microgranms
Hg per gram wet weight. The number of clams in cach
sample is given in parentheses. .

Year clams collected

Organ 1971 1672
Mantle 0.473+0.01 (5) —

Gill 0.51£0.0f (5) —

Liver 0.781+0.02 (5% 0.47+0.07 (6}
Adductor 0.83+0.03(5 0.63+90.03(8)
Foot 0.6240.05 (7 0.40-+0.02 {14)
Visceral mass 0.65+0.08 {5 e

BOARD CAN.. VOI..

iMstribution of mercury in the organs of

AnEy, 197s

1.0 INITIAL  LEVEL
G OAFTER 8 WKS RELEASE
L M. 5.
o8}
‘o 06k
~
L)
2
o
T
cal-
0.2
MANTLE  GiLL LIVER ADDUCTOR FOQT
Fue 1. Change in mean mereury concentration in

several lissues of A nodonta gravdis from Clay Lake
after an B-wk period in uncontaminated water.

concentration than did the visceral mass (Table
3).

In contaminated clams allowed to release mer-
cury in the laboratory, climination of the metal
over the 8-wk period varied among tissues (Fig.
17, Aithough the mercury concentration of gili
and liver decreased significantly (P < 0.01),
chanpge in mercury concentration of mantle, ad-
ducter muscle, and foot was not statistically sig-
nificant.

The patierns of uptake and release of mercury
by various tssues in the laboratory suggested a
complex pattern of mercury trangfer {Fig. 2},

Among-organ differences in mercury uptake were

highly significant {(# < 0.01), with liver and gitl
concentrating more mercury per unit weight than
foot muscle. During the 4-day exposure, the form
in which the mercury was administered (HgCl,
PMA, or MMC3) did not signiﬁcnm!y influence
uptake.

The decrcase in mercury concenfration after
transfer to clean water was highly dependent (P
< .01 upon the compound to which the animals
had been exposed, with the order of retention of
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Uptake and release of three mereury compounds by A, grandis pifl, foot, and lver a1 20 C. Mercury

concentration in the water during the uptake portion of the experiment was 50 ug/liter, Bars represent standard

errors.

compounds  being MMC>PMAHaCly,.  Indi-
vidual organs also varied in their release of mer-
cury. In general, gill lost the most mercury per
unit weight and liver the least. A strong inter-
action (£ =0 0.01) between mereury compound
and organ was present. Figure 2 sugpgests that this
inleraction 15 due Lo the rapid toss of HeCl, from
the Hver while MMC is retained hy that organ,
and to the mcresse in the concentration of MMC
in foot muscle after termination of exposure.

The mercury concentration in clams at the end
of the uptake experiment was significantly hipher
than that tn clams after transfer to clean water
for 2 days: but there was no significant change in
mercury levels between day 2 and the end of the
release experiment. Apparently there s a change
i the slope of the release curve, with rapid loss
of mercury during the first 2 days after exposure
ends, followed by a period of much slower release
ar no refease of the remaining mercury.

Eriscussion
UPTAKE AND RELEASE oF MERCURY

The concenfration of mercury in clam tissue
depends on the compeand to which the animals

have heen exposed but two experiments suggest
conflicting reascns for compound-depeadent dif-
ferences. The study involving only foot muscle
supgests that cach compound is taken up at a
different rate, but thuat there is no sipnificant dif-
ference in the rates at which different compounds
are released, Howcever, the experiment including
several organs implies that there is no difference
in the instantancous rate of uptake but that long-
termy differences in the tissue concentrations of
mercury are dependent upon the degree of reten-
tion of each compound.

The second of these conclusions seems the
more reasonable since several researchers have
founpd that in mammals methyl mercury is ex-
creted more sfowly than PMA (Gage 1964} or
inorganic mercury (Berlin and Ullberg 1963;
Takabashi and Hirayama 1971). The compound-
dependent differences in mercury refention in
different orpans apparently are due to a rapid
(48 h or less) loss of unbound mercury, followed
by slower release of the remaining metal, Methyl
mercury binds more tightly to tissues than in-
organic forms (Brown and Kulkarni 1967), which
accounts for the greater retention of that com-
pound.
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Compound-dependent differences in the refease
of unbound mercury from foot muscle may not
have heen detected  because release was  not
measured until the clams had been in clean water
for 24 h. Further experiments of several months’
duration might demonstrate differences in the
long-term refease rates of the bound mercury
compounds.

Pringle et al. (1968) have reported that tem-
perature 15 closely related to uptake rtate and
aftimale concentration of a given metal, However,
the results of our experiments do not support this
observation. Mo significant differences in uptake
rates or concentrations attained were observed at
different temperatures, except that PMA  was
concentrated in foot muscle to a greater extent at
10 C than at 20 C.

Lack of temperature dependence of uptake
rates suggests that uptake is by diffusion followed
by the formation of stabic complexes within the
animals, a process considered likely by Craig
{19673, The other possible mechanism of concen-
tration, active uplake, is linked with the metabolic
activitics of the cells and hays a higher temiperature
coeflicient than simple diffusion (Pringle et al.
F968Y. Accumulation of mercury apparently de-
pends on the strength and degree of binding,
which is consistent with the formation of stable
complexes.

The higher uptake of PMA by foot muscle at
10 C was unexpected and is difficult to explain.
It may represent organ-specific temperature de-
perdence. Vernberg and O'Hara (1972% have
shown that the gills of Uca pugilator concentrate
mercury to a greater extent at low temperature
than at high temperature because the animal is
hetier able to transfor mercury from the gills al
higher temperature. Although no temperature-
dependent differences in the release of bound
PMA were observed, the higher concentration of
mercury in foot muscle at 10 C may represent
diminished ability to transport the unbound mer-
cury compound from that organ,

Variations in the release rates at different tem-
peratures were expected and have been reported
in fish {Jarvenpaa et al. 1970). We could not
demonstrate these differences, but if the half-life
of bound mercury in clams is on the order of
several hundred days, as the MMC data suggest,
temperature-dependent differences would be diffi-
cult to detect in experiments of 14-28 days’
duration.

DIsTRIBUTION OF MERCURY AMONG ORGANS

Hiph initial accumulation of mereury in the
gills of clams exposed to mercury in the labora-

RES. BOARD CAN.. VOL. 328, 1975

tory sugpests that some uptzke occurs across these
organs. Diffusion of mercury from the water
acress the pills has heen reported in several
aquatic crganisms (Corner 1959 Jernelov and
Lanpn 1971; Jones et al, 1972}, Korringa (1952)
found that positive polyvalent ions adhere to the
maucous feeding sheets of oysters. Since the
mucous sheets of A. grandis pass across the gills,
some of the mercury concentration measured in
the gills might be attributed to contaminated
mucus.

Methylated mercury is metabolized by the liver
of rats {Takahashi and Hirayama 1971). The
sustained high level of MMC in the liver of A.
grandis sugpests similar importance of clam liver
in the metabolism of MMC.

Only small amounts of HgCl, and PMA were
accumulated in foot muscle during the {-wk cx-
posure, and thesc apparenily were excreted in
clean water. However, the mercury concentration
in the foot muscles of animals exposed to MMC
continued to increase after cxposure had ended.
A similar situation is suggested by Jernelov and
Lann (1971}, who report that methy! mercury,
hut not inorganic mercury, is slowly eliminated
from liver and subsequently  accumulates  in
muscle, They explain that any change in the rela-
tion between accumulation and excretion is ob-
served in the liver before it is seen in the muscle
duc to the higher metabolic rate of liver. Ap-
parently there is a complicated system of transfer
of methylated mercury in and out of the orga-
nism. However, in our study it s also possible
that, because the clams were not fed, loss of
weight contributed to the observed increase in
mercury concentration,
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