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THE DYNAMICS OF MERCURY AND CADMIUM UPTAKE
INTO DIFFERENT ORGANS OF ANODONTA CYGNEA L.

KataLmn V.-Bavogr and J. SaLANKI
Balaten Limnological Research Institute of the Hungariun Academy of Sciences, H-8237 Tihany, Hungary

{Received July 1983}

Abstraet—The bicaccumulation of Hg and Cd into various ergans of the freshwater mussel Anodonra
cygnea was investigated during an 840 h experimertal period. Parallel with the metal concentrations the

perodicity of activity and ihe body weigh! of the animils Weré also checked, ™

The accumulation of Hg in all of the investigaied organs, and that of the €6 into the kidney have two
phises, up to 24 h it was non linear, between 24 and 72 h # became linear in most organs up to 840 h,
and could be tharacierized by 2 regression line. For Hg sccumulation the gills while for Cd accumation

the kidney and viscera were exceplions, here safuralion was observed after 504 and 672 k. respectively

The speed of Hg and (d uptake was differem in various organs of Anodonta eygnea, Into the kidney
the accumutation of Hg was six Uimes fasier than that of Cd. As compared to the adductor muscles the
Hg and Cd uptake of the kidney was 20 and 10 times faster, respectively.

The faclor of concentration was in al! organs except adductor muscles over 1000, in case of the kidney
the rate of bioconcentration for Hg reached nearly 106,000

The dry weight of organs dropped during the metal uptake by 20-68%

up to 840 h

but no mortality was observed

sas

In the presence of Hg and Cd the filtering activity of the mussels became reduced 25 a result of increase
of maciive rest periods. Nevertheless, the decrease of activity did not prevent the linear uptake of matals

into the animal

Kep words——heavy metals, mercury, cadmium, bioconcentration, {reshwater mussel, Anodonia cygned.
filering activily, concentration factor, gills, kidney, adductor muscles

INTRODUCTION

It is well known that among water animals, mussels
are good accumulators of heavy metals (Butler 1 ol
1971; Roberts, 1976} therefore they are suitable test
organisms for indicating low level metal pollution of
natural waters (Majori and Petronio, 1973; Goldberg

et al., 1978). At the same time some heavy melals are

known fo reduce filiration activity of mussels
{Salanki, 1966, 1977) and in tlis way they inhibit
both feeding and growth of these animals. Accumu-
fation of heavy metals is different in various organs.
The highest concentration of metals was found in the
gills of both marne (Zaroogian, 198%0) and fresh
water species {(Salank: er o, 1982) collecied from
their natural habitat. in mussels taken {rom Lake
Balaton we found that the concentration of seven
heavy metals (Hg, Cd, Cu, Pb, Zn, Fe and Mn) was
FoO0-10.000 times higher in the gill then in the water,
while in oiher organs (mantle, sdductor museles and
footy the rate of accumulaton was usually 10 tmes

fower (Satanki er af. 19823
When investigating, under laboratory conditions.
the upiake of Od (Zar
c

LAY in ma

lation was found dur several weeks long exposure

pe ¥ the Nailomal Auwthoniiy for Environment
Protection and Nature Conservation.

time, and in a 2 week long experiment a linsar uptake
of Hg was described for the fresh water Ancdonia
grandis (Smith ¢ al., 1975). According 1o lahoratory
experments in & concentration 10” "gmi~' Hy and
Cd change the activity thyihm of mussels very simi-
larly {Salanki, 1960}, resulting in & reduction of the
active periods. Since beth Hg and Cd block mainiy
SH groups in proteins, it can be supposed that they
affect physiological processes through a similar mech-
ansm.

In the present investigations we wanled to clarify
(&) the dynamics of the uplake of these two toxic
heavy metals in the fresh water mussel when the
metzls are present in the waler in low concentration;
{b) what is the degree of the differences in the
accumulalion capacity of various organs; and (¢}
whether saturation with heavy metals can be reached
during a 5 week long exposure or not. During the
expersmental period we recorded the pumping activ-
ity of the animals and we followed the changes in
weight of the organs, since the formes
the ascumulaton sell, while the latler shouwld he
taken into consideration when evaluating the rate of
accumulation,

can influence

MATERIALS AND METHODRS

For the experimenis specimens of adult Anodonrg cyeneg
Lo{iv. 9+ Liem length) collected from fish ponds were
used. Before the experiments the animals were kept in an
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aguanum supplied with Baluton-water for 2 meonths or
more. for acclimation. There was encugh food i the water

before or during the expersment that no additional food was
provided,

Experiments were carried oul durtng the winier months.
The arimals were placed separately in plexigriass tanks (31

each) with running water. The position and movement of

the shells was recorded on & mussel aclograph (Salanki and
Balla, 1964). In paralle! experiments 14 animals were used.

in the expertments Mg was added 2s HpCl, €% as
CdS0,. Stock solutions were prepared and added 1o the
experimental tank afier dilution with the inflow water to the
reguired  concentration. The rate of the How  was
48 mimin” ' assuring the exchange of the water within 1 b
and keeping the metal concentration constani around the
animal. The Hg and Cd concentrations were measured in
the tank from time 1o time.

Ihuring the experimental period average concentrations
were 1047 0g1" for Hg and 164 Spgl™! for €4, The
temperature of the waler varied beiween 7-15°C in scoord-
anee with changes of the reservon’s temperature. Mo mor-
tality was observed dvrﬁ; ihe experiments,

The Hg conceniration of the organs was measured afier
0501, 309, 24072, 168, 504 and 840 b while Cd concen-
tration after 1, 3, 6, §2, 34, 72, 168, 336, 504, 672 and 840 h
from the start of the experiments. Three mussels were
analysed at euch tme, and arother three animals served us
controls before adding the beavy metals, The wer weight of
tssues used for & measurement vared between i-15g,
depending on the mass of the different organs.

Both Mg and Cd concentrations were analysed in the gills,
mantle, adductor muscle and kidney. The rest of the soft
parts (te. the fool and viscera) were used (otally for Hy
determination, while Cd was measured only in the viscera,

Sampies were prepared for Mg and Cd determination
according to the method of Paus (1972) and Krishramurty
er af. (1976) respectively. For the measurements an alomic
absorption spectrophotometer Tyvp Zeiss AAS] was used.
Cd was measured in wr-scetylene with flame atomization as
described earlier (Salanki er af., 1982, while for NeAsUring
Hg concentration an additional unit {Spectromom} was
applied according 10 the method of Hatch and Ot (1968},
Values are given to dry weight both for Hg and Cd.

The factor of bicconcentration was calculsted agcording
1ty raylm {1983y on the basis of the f@rmmu
(}: = Co—= OO where € concentraton  factor,
lhc rer] conceniration in the organs al the end of the
4 == the metal concentration in the comtrol ani-
mas and €= the metal concentration of the water during
the experiment.

Filtering activity of the snimals was followed by record-
ing the position and movements of the shells. Filiering takes
place when the shells are open and fast pumping movements
ocecur, while a persisient closed position of the shells marks
a rest period {Salanki and Lukacsovics. 1967). We con-
tinuousty recorded the shell movements, both | week before

the experiments and during the exposure to heavy metals,
The duration of the sctive and the rest periods are gven in
hours.
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Table 1. Conczmm'zniu.\ of he
antmals {xg metal g7

v ometals in the organs of
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meiat |

CORIre
alon g

Crgan

Gilt 349 4 h\j’m
Foot and viscers

Adductor muscle 36T+ 103

Mantlc 267 & (155
Kadney tig
Yiscera 445 + 0418
Balaton water O.00073 0.06008

¥ = Mean concentration; SEM = standard errar of mean,
tme given as duration of exposure includes both
active and rest periods.

Treating the animals with the experimental sojy,.
tions, the concentration of the tesied heavy metls
change differently in different ¢ organs {control i givey
in Table 1}

Exposing the animels 1o Hg solution, the Hp
concentration mereased in all organs within §.5. 1h
(Fig. 1}, however, dropped below the contral value
after 3h. As g resull of permanent exposure the Hy
concentranon increased again at firsl in the gills, ang
taler in other organs, but a significant uptake coulg
be measured only after 72 h.

In the presence of Cd there was an increase of Cd
during the first 24 h only in the kidney (Fig. 7). The
elevation of Cd concentration was measured - afier

& Gl

o Hidney
A Foot

< Mantia
0 Adduetor

ug Hg g " dry wi

Fig. 1. Change of g concentration in various organs of
Annrfw.m cygnea L. during 24 h exposure to 1 pe Hpt 1l
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Fig. 3. Increase of Hp concentration tn the gills (A}, foot (B}, adductor muscle (C}, mantie () and kidney
{E} of dnodoma cygnea L. during 72-840 h exposure to Wpg Hg™ 170

I'h, and after 12 h exposure it was four times higher
then in the control, This was lollowed by a moderate
decrease vp to 72 h.

Accurtilation of Hg and Cd during long term exposure

The concentration of Hg increased hinearly up to
the end of the experiments (840h) in nearly all
organs. The highest Hg concentration was measured
In the kidney, 5124 162pgg™' (Fip. 3E). In the
mentle, foot and adductor muscles there was also a
Hmear upiske of Hg (Fig. 33 B and O, however,
afier 504 h no further increase of Hg concentration
was found in the gills (Fig. 3A)

The fighest Cd concentration. 82,1 + 247 ugg
was measured in the kidney after 672h (Fig. 4E),
which decreased afterwards. Similarlv. Cd concen-
ration increased linesrly up to 677 h in the viscera

g

then dropped (Fig. 4F). In the mantle, gilis and
adductors the Cd uptake was linear by the end of the
experiment (Fig. 4D, A and C).

The significance for the hnearity shown in Figs 3
and 4 varies between P < (.001 and P < 0.01.

Rare of bicconceniration

in the adductor muscies the factor of bhio-
concentration was close 1o 1000 for both metals after

336 h exposure and this value became higher for Hg

by the end of the experiment. The mantle concen-
irated both metals with & factor of 1600 during the
first 168 b. This value did not increase further for €4
however for Hg the factor became 10000 during
84k In the gills the concentration factor for Cd
reached 1000 by the end of the experiments, but for
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Hg it was close to 10000 during 504 h. Kidneys
showed a 1000 times concentration for Hg and 4
aflter 72 and 168 h respectively. By the end of the
experiment the vonceniraiton factor Tor Cd digd not

the animals to heavy metals, the average duration of
the active periods decreased to 510 h for several
days, than gradually increased again and within 336 b

ireturned {0 approximately the control value {Fig.
each 10,000, while for Hp it was found 1o he 10,004

5). At the same time the duration of the rest periods,
at 504 h and nearly 00000 at 40 b wl ich wds 3-7h i

b

the contral pericd, started (o
FgCh or CdS50y, salution. The
; riods resulted m g 3-7-fold
increase by the end of the experimental penod, and
as a result the animals were in a closed position for #
Before  about the same portion of the time as in acthvity (Fig.
the application of the metals the length of the active 6i. Figures 5 and 6 show the duration of the sub-

eriods varied hetween 10-25h. bui occasionally  sequent active znd rest periods respeciively. Thirty
{ et were 48 h-long active periods. After exposure of  consecutive periods are plotted for both periods, ten

. _ 7 o elongation 0;‘ the rest
Change of the fltering activiry

Lmdﬂr the infiuence of Hell and €dSO, the
activity of the mussels changed remarkably
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Fig. 5. Change of the duration (h) of consecutive active periods (n) as a result of exposure (arrow) to
WpgHg Fand 16 ugCd¥ 177,

before adding the metals and rwenty afierwards. The
change of the active periods is very similar for the Hg
ané Cd, but there is a difference in the rest periods
for the two metals. Under the effect of Hg a gradual
increase exists, however with Cd there is 2 periodical
shortening and lengthening of the rest periods.

Change in weight of the tissues

We could follow directly the change of dry weight
only in the ¢ase of Cd determination, hecause the
method of Hg measurement requirement wet samples
and in this case only indirect calculation was possibie.

We found that under the infiuence of 16 gl
concentration of Cd?* there was a reduction in the
weight of the tssues. Starting from 72h of the
experimental period when linear uptake of the metal
beging, the dry weight of the gil, kidney, viscera,
edductor muscles and mantle was reduced by 61, 50,
49,43 and 217 respectively to the end of the exposure
time (84G h). Under the influence of 16 ug 1™ Hg®' &
19, 22 and 34%, reduction of the wet weight was
observed for the kidney, foot and adductor muscles

Fig. & Change of the duration (ht of consecutive rest
PENCAS (n} as a resull of exposure (arrowito 10 gg He'= |7
and 16 up Cd> 10

only. The dry weight of the gill, kidney, viscera, foot,
adductor muscles and mantle was 0.16, 0,12, 0.12,
14, 013, 0.1l gg™' wet wi, respectively.

DISCUSSION

Our results show that there is a difference hetween
the Hg and Cd uptake by the fresh water musse} in
the first day of exposure. The concentration of Hg
increased in nearly all organs within 1 h, then with the
exception of the kidney, #t dropped below the control
and reached the original level anly after 24 h. How-
ever the concentration of Cd showed an increase in
the first 24 h only in the kidney.

Invastigating the Hg uptake in total wet tissue of
Crassostrea virginica, Ruzic (1972) and Mason er al.
{1976} described two independent phases of accumu-
lation. According io them the first phase is 2 loga-
rithmic, reversible, while the second is a linear.
irreversible process. The transition from the first to
the second phase occurs about 30-35h for a
40 pg 't Hg concentration.

In our experiments we slso found 2 non-linear and
a linear phase of the uptake for Hg in all organs,
however, for Cd uptake the two phase could only be
distinguished in the kidney The duration of the
exposure during which the second phase prevails was
between 24 and T2 h

Cmn the basis of these results it is suggested that
there are differences in the mechenisms for the untake
and releasz of these two metals in variovs organs of
Arodonia during the early period of exposure.

In sccordance with the model of Ulfvarsan {1962}
when Hg release becomes much less then the uptake,
the process of concentration can be characterized by
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inedr regres
ments after 7

on up o the safuration. In our experi-
24 both Hg and Cd upt:
;s.ppmxin‘s.aaie-d wnh a simmple linear repression {Figs 3
andd 4) and most of the Investigaied UsSUes WeTe not
satuvated up to the end of the exporiment. However,
the uptake for He was linear only up to 304 I in the
p 5 and for Cd up 10 672 hin the ldney and viscera.
The metal concentration did not increase further with
time in these organs at the given experimentai condi-
tions. These findings are In accordance with the data
of Smth er ol (1975 who found thav in Aradonia
grandis the uptake of orgapic and inorganic Hg
compounds was Bnear m g 4 day long experiment by
the gills. foot and Yver. Looking for Cd uptake in the
wtal body of £ wirginica. Zaroogian (1980} described
a hnear upizke v a 40 week long experiment when
vging 5. 10 and 1aupl © Od concentrabon. In
general our data are not in contradiction with these
resubts, nevertheless. they show that in various organs
the processes of UI‘:E‘ARC and storage can be different

which is masked if megsurements are carried cut with
total animals.

The speed of conceniration of Hp and Cd s
characterized dunng the lineur perod by the re-
gression equalions. As it 15 seen (Figs 3 and 4}
accumuiation of Hg was 6 thmes [aster in the kidney
and 4 times faster in the gills than accumulation of
Cd. I is interesting to note that the uptake of Hp and
Cd was 20 and 10 times faster into the kidney than
in the adductor muscles.

During the expermments the highest concentration
was found in the kidney after 672 b exposure. How-
ever, hocause of 2 decrease of Cd concentration m the
kidney at the end of the experiment the order of
organs was for Cdror kidney =
gills > adductor muscles. For Hg # was the kidney
which contsined the highest concentration af each
measurement, At the end of the experiment the order
of organs weas for Hg concentration: kidney >
mantle = gils = foot » adductior These
resufts show that 1n the bioconcentration process of
heavy wmetals dney plays an impertant role
This had been emphasized by Bryan (1976} and
Carmichael o7 ol {1980}, However, due to the low
weight of this organ as compared to Ehf: total body
weight. the kidney cannot be significant in the storage
of Hg and 4
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showed thai
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Hed 1S very high
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sration was N

times greater in the gills for both Hyg and Cd, wiy
in the mantle for Hy it was 100 times Mgher thay iy
natural conditions. Since saturation Was not reached
in these organs one can suppose that the factor of
congentration may increase over 14,000 during a long
exposure or at higher metzl concentrations,

In various tissues the Hy and Cd content changed
Taking nto consideration the total mass of i,
investigated organs by the end of the experinsents, the
highest amount of Hg was present in the g
(181 gy, followed by the mante {(J05pugl oo
(72.9 pp), kidney (373 pg) and adductor muscies
(6.7 pg). The order of organs according to the (g
conlent was: mantie (42,3 ugh gills (39.8 ug), viscers
(126 ug). kidney (4 6%yg} adductor  muscleg
2.52 pg). These data show that in Anodonia cygreq
the wills and mantle can be used as best indicaror
organ for Hyg and Cd pollution.

From: {actors  influencing
water organismes the temperatu

bicconcentration  of
re (Pringle er al, 1968)
and the reproduction cycle are considered to be
imporiant (Cunningham and Tripp, 1973} Since
Smith er ¢l (1975) did not find a significant difference
in the accumulation of Hg between 10-20%C in
Anodonia grandis, we did not take nto consideration
the change of % in our experiments
between 7-157C.

in the reproduction cycle lhcsc was no remarkable
change during the experimental period. I'} winter
there were, in some cases, growing vehper larvae in
the gils. This could influence the increase of heawy
metals i this organ. which could be monitored by
special experimenis. We did not follow the mesl
accumulation of the gills during spring. when glo-
chidia are relessed to the eavironment.

Fri the evaluation of increased metal concentrations
one should take mte consideration the fact that

carred out

during the expenimental period the tots) weight of

tigsvey was reduced by 30507,
loss of wei ]

Supposing that the
: ted to the orgame part of the
body. it would itseil be a factor increasing the metal
conceniration. However, on the ane hand. the redug-
tion of the body mass would increase the
concentrations by 28-50%

neastired
at the most, on the other,

it is probable that together, with the loss of arganic
elements a part of the heavy metal s extruded {rom
. These considerations are supported by
Frazier (1973)
increase of Cd coneent
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well 28 binding of the metals already inside the animal
can take place in closed shells as well The duration
of consecutive aciive and res periods  varies
differently during Hg and Cd uptake {Figs 5 and &)
refersing again 1o the fact that there is a difference nol
only between the uptake mechanism but also between
the physiclogical effect of these two heavy metals.

At higher Hyg and Cd concentrations as well ag
other heavy metals, the filtering activity of bivalve
motluscs became strongly reduced {Salanki, 1966;
Salanki and Varanka, 1976}, This can have a marked
eflect on the bicaccumulation. The mechanisms
which heavy metals influence, is still unknown, Asin

the. . neural. regulation- of. the - activity and- rest -of

mussels, serotonin and catecholamines play a key
function {Salanki er al., 1974 Hiripi, 1977) one can
suppose that the effect of heavy metals may be
realized through acting on the metabolism and re-
lease of these newrotransmitters in the brain or af the
periphery.
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