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INTRODUCTIOU

Cadmium as a potentially dangerousbaaVY metal in rlver sediments

(KOBAYASHI, 1971;13ANAT II &., 1912), estuaries (EUSTACE,1974) and near

shorewaters (ABDULLAB II ~., 1972; D~TTERWORTH ~~., 1972; ABDULLAB
and ROYLE" 1974) has.recently causedconsiderable efforts to investigate

the' toxicity of this metal and lts accumulation by aquatic organi~ms.
, ,

Numerous experiments have proved the acute.and chronic, toxicity of cadmium

to ',annelids (DROWN and ABSANULLAB, 1971), ~oliuscs (CALURESE II &.~: 1973),
CI.~.lstace'ans (OtHARA, 1973; JONES, 1975)' ~dfi~h egga (RÖSENTHAL and

SPEatING, 1974; WESTEIDrnÄGEN'!i al., 1974, 1'975; WESTEIUffiAGEN and DETHLEFSEN,

.1975).

High cadmium levels in the environment are often reflected in the accumulatlon

of this metal by organisms like' Patella vulgata (PEDEll .2!.!l., 1973)

Littorina sp~ (LEATHERWUiD andEURTON, 1974), Nucella sp. (STERNER and
NICKLESS,: 19'74), and Crassostrea'gigas (nATKOWSKY II &., 1973). In

. laboratory experiments ROSENTHAL andSPERLING.(1974), WESTERNHAGEN'!i~.

(1974)'-,and 'WESTERNHAGEU 'and'DETHLEFSEN (1975) were able to show that fiah
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eggs incubated in cadmium polluted vater accumulated this metal up to a

factor of 40. Highest accumulation factors were reached'shortly after

exposure. During the course of incubation cadmium contents of egge

decreased continuously.

Reporte on the accumulation of cadmium by fishes are not consistent.

Investigations conducted by BROOKS and RUMSBY (1974) and HARDISTY ~ ~.

(1974) indicate that soma fishes do, at least in kidney and liver,

'accumulate cadciUm, vhile POR~~rn (1972), TOPPING (197), WINDOM ~~.

(197) and BUSTACE (1974) vere not able to confirm accumulation of cadmium

by teleosts to higher than usual concentrations.

Although ~or reproductive success fiah larvae are an important and seneiti'"

stage in the life cycle of fiahes (SPRAGUE, 1971) there are no data

available on the accumulation of cadmium by fish larvae.

This study tries to shed some light on the effects ofthe to~ticant .cadmium

on newly hatched larvae and postlarvae of inshore fiahes and to find out

vhother thera do exist species spocific differences in the accumulation of

this metal as shown for the eggs of these species by WESTEE1iHAGEN et al.,
, ._-

1974.

MATERIAL AHD }ffiTHODS

Larvae of three common inshore teleostsof the Baltic Sea,herring (Clupea

harengUa L.), flounder (PlatichthYs fleBUS t.) and garpike (Belonebelone"')

were subjected to cadmium contaminated water.

2!~E~~_~~~~~~

Eggs of Baltic spring spawning herring from Travemünde (Germany) were

artificially inseminated and incubated in clean and cadmium contaminated
, ', 0 .' , "0"

vater (0.1, 0.5, 1.0, 5,0 ppm Cd) of 15.7, 25 and)2 /00 S at 10 c.
, - - ' . '" .. 0

Newly hatched larvae of all trials were removed and stored (dried at 80 C). . "' ..

for later cadmium determination. For further experiments newly hatched
control Iarvae o~ t~e·15.1%o trial~ere transfe~ed into 1000 'ml jars

(100 specimens/jar) containing clean and cadmium contaminated seawater of
15.80

/00 S. Cadmium concentrations employed were: 0.01, 0.05, 0.1, 0.5,

1.0, 2.0,).0 and 4.0 ppm. Water was exchanged every second day. The jars
were not aerated. The Iarvae were not ~ed throughout the entire experiment.
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Platichthys flenus ,
-------~-----------
Egge of live Baltic flounder of the, Fehmarn Belt were artificially ;

" . . - " " '0' ,"',
inseminated in uncontaminated sea water of 16, 25, 32 and 42 /00 S,at

50 C, and i~cubat~d in 800 m1 jars containing seawa'ter ~d te~t soluti~ns
" ;

of 0.1, 0.5, 1.0, 2.0, 3.0 and 5.0 ppmcawmium. The larvae ware kept at
0' '

5 C without aeration and food for two weeks •

. Belone belone

Eggs of freshly caught Baltic garpike from Travemünde (Germany) were

artificially inseminated in seawater (15; 25 and 35 0/00) at 14.7°C.'
,', ,', , 0'" ' , ,

The eggs then were incubated at 15 C in 800 mIjarscontaining unconta-

minated seawaterof the above saliiiities and test solutions of 0.05. 0.1,
, ' ' ++ "

0.5; 1.0, 2.0and 5.0 ppm Cd using CdCl2 as toxicant. Newly hatched

larvae were transferred into uncontaminated seawater werethey ware,fed

and reared until thay reacbed 60 mm in Iength•. Other,newly hatched Iarvae

were kept in 50 I basins containing natural and contaminated (0.05 ppm Cd)

seawater'of 32 0/00'5 and230C 'and reared for34 days. Water in tbe two
, "

baeins was exchanged every 5 days.,

Cadmium determination in all experiments was accomplished .by. means of,

f~ameless atomic absorption spectophotometry using a Perk~n EImer Type ,300

equipped with an electrodeless discharge lampe For determination'of. cadmium
~. .',. ~ . -.... ",'

water samples and larval samples were treated as described by WESTERNHAGEN

and DETHLEFSEN (1915) •

RESULTS

In Fig. 1 cadmium concentrationsfound in newly hatched' larvae' are depicted

for all three ~pecies. Concentrations foundin garpike larvae were of two

orders of magnitude lowcr than thone ror flounder and herring larVae .

incubated' at the same contaminatio'n levelB'~ Maximum values at 5.0 ppm in

garpike larvae'only reached 0~018 ng Cd/0.1 mg larval 'dry weight; while

flounder'and herring larvae at 5.0 ppm contained1. 9 and' 2.3 ng 'Cd/0.• 1' mg

dry weigbt.
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F1g. 2 presents cadmium uptake of newly hatched herring larvae incubated in

uncontaminated water and subjected to different cadmiumconcentrationsafter

hatching. From 0.01 'to 0.1 ppm uptake'over the 8~day period did not exceed

valuesderived from thecontrol trials. It was only at ambientcadmium .

coricentrations of 0.5, ppm and core that metal concentrations in larvae

showed clear differencestocontrols', at 4.0 ppm reaching 15 timesthe

. concentrations (48 ng Cd/0.1mg dry weight) recorded' from control individuals

during tho study period. Larval survival during the 8-day period was

lowest with 51 %in the 4.0 ppm trial increasing over 64 %·(;.0 'ppm) ,

12 %(2.0'ppm) and 13 %(1.0 ppm) to 84 %in the controls.

Fig•. ; ..shows cadmium uptake of newly hatched flounder larvae incubated in

c~dmium co~taminated water and exposed to different cadmium concentrations 4It
immediately after hatching. Concentrations of 0.5 ppm and higher caused

• . ' T

accumulation of cadmium with exposure time. The same trend is.noticeable
.. • ~ .t '. ~

in Fig. 4, where mean valuea (ng Cd/0.1 mg larval dry weight) for the
, . " 0" .

combineddataderived from 16, 25 and;2 /00 S,are presented. There was a

marked tendency on,ly in~he higher cadmium concentratlons of 1.0 and 5.0 ppm

• towards increasing larval cadmium contamination with exposure time. Also

garpike larvae andjuveniles displayed accumulation of cadmium during a

prolonged period of expo~ure to 0;05 ppm cad~iUm'. After ;4 days' the
, ,

differences'in z::iean cadmium contents of control and continuously exposed

, ~ '~p~cimenB (final totallength, 60 mm) we're highlY significant (control:

x a 0.00'260 ng Cd/O.2 mg dry wt; 'O.05:x ... 0.00911 ng Cd/0.1. Ing' dry wt) ·tO•05=
;.82). . " • ,

We wore not able to prove any detrimental after effects of cadmium on

,garpike larvaeincubated in concentrations of up to 2.0 ppm. After transfer

to ,unpolluted water. newly hatched larvae ,of contamination levels from

0.05 to'-2.0 ppm cadmium fed and grew over aperiod of more than;O days,
." • " T ~

when the experiment was terminated. Initial body curvature of larvae. .
hatched at 2.0 ppm disappeared after about 10 days rearing and the young

, .' . '. . '-

garpikes at theend of the,experiment attaineda length between 55 and
' 'o • '"

62 mm. All of the specimens appeared normal and in good condition. Most

probably the recovery of the initially bent larvae could be contributed
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to the high vitaiity of Belonelarvae, since a ,cadmium clearance would
take longer, aS,deacrlbed by GREIG et al. (1974) who' ahowed that cadmium
'., . ,'" -- .' ..

oontaminate~ Tautogolabrua adaperaua:after reared In clean seawater for
one month did not exhibit' aubstantial reductiona'in cadmium residuea ,of'

liver and flesh.

DISCUSSION

Values of oadmium contamination of newly hatched larvae of flounder and

.' ,'herring incubated in polluted water'(Fig. 1) rangefrom'O.7, to>2.3'ng Cd/0.1

dry wt and are in;good agreement with'the data'glven'by ROSENTRAL and .

SPERLING (1974) who f~und about 1.7 ng/newly hatched'herring larva Incubated
a~ 5.0 ppm Cd. Althoughthe egg membrane aB described by ROSENTHAL and

SPERLING (1974)' and WESTERN1IA~EN .!!!.!!. (1914) acta aa a "protecting barrIer"
,that shields the developing embryo again'at .'the toXic effects of caduiium,
mea~urable amounts of thIs'metal do penetrateth~ oh~rion, 'wh1ch 1s refleoted

by the degree of ~ontamination of newly hatched larva~. With increasing
cadmium concentration,of the incubating medium the cadmium contents of larvae

rose. Larvae incubated at 5.0 ppm contained about thrice the.amounts of

the metal found in control specimenao Why contam1nat1on levels of newly' "
hatched garpike larvae were:of two orders of magnitude lover than found

in herrin~ and flounder larvae ia not ·olear. Thera might be the'possibili~y
,th~t the'chorion of Beloneeggs is especially.efficient i~ retaini~ oadmi~.
We are as jet not certain, ,but an indioation 'for this assumption 1s ,the,
'fact th~t in the high'oont~in~tionlevels (2.0 ~ 5.0ppm) a ye~low,.' .

precipitate developed on' the eggst surface. This WaD especially evident. '
where theadhes!'ve filaments' had 'be~n tom' off the, chorion' auria~e a.nd"

7ellowflakes (poasibl~ Cd~?) ooul~ be ~craped ofr~. Analysis 'ofthese
flakesahowed that they were extremely rioh in oadmium.

The ~xperiment show that fiah larvae oxposed to cadmium contaminated water
have reactions d1ffering from those displayed by developing eggs of the .

same species. While initial cadmium concentrations reachedby eggs during.

the first 24 hrs would usually decrease 'during inou~ation" cadmium content

of exPo.sed larvae ,increased with time. Herring larvae. expo.sed: to 4.0 ppm,.-'.
rar 8 days acoumu:Lated up .ta 48 ng Cd/O.1 mg dry wt (Fig. 2). This' was·,

twice the amount of the maxi~um contamination level of eggs eXposed to 5.0
ppm. Flounder :Larvae with an initial oontamination level of about 1.0 ,ng Cd/'

mg

,:
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0.1 mg dry wt accumulated up to 7.0 ng Cd/0.1 mg dry wtatter 10 to 14

days exposure,to 2.0ppm cadmium (Fig. 3 and 4),: whioh sl:1.ghtly'surpasses

the maximum co~centrations reached by~eggsunder the same conditions

(WESTERNHAGEN and DETBLEFSEN, 1975)~ The mechanisms'with wichthe binding ,

of the metal to the larvae is accomplished appear to be differe~t from'

those assumed to funotion in the reaction of egg surfaceswith oadmium.

In the case of metal binding to fish eggs ROSENTHAL and SPERLING (1974)

and WESTERNllAGEN ~ ~.(1974) assumed the presence of a complexing agent

on or in the chorion, which would account for the rapid metal uptake until

a saturation level is reached, depending on the ambient cadmium concentration.. . ...

The continuous increase in metal contents of larvae with exposure time

indi~ates :~mechanism su~gested by GOULD and KAROLUS (1974) for the binding 4t
or ~etal in the' ounner Tautog~labrus adspersus: the formation of metal-

protein. In this conneotion it might be ofinterest that metal binding

. pr~~ein's (~~taliothio~ein)' have ~lreadY suo~essfullY been isolated by

OLAFSON'andTHOMPSON (.1974)from the,rockfiah 'liver (Sebaatodes oalirinus)
< '

on administration of CdCl2•

,', Herring larvae inour experiments accumulated, moreoadmium/0.1 mg dry wt

during a certain period of time than didflunder larvae'(difterences in

holding.temperatures beingnegleoted). Species apecitic ditterencea in the

ability toaccumulate certain metala,have already been noticed by HARDISTY

II &.' (1974). In their investigations; tissuea 'trom tloundera (Platichthya

tlesus),trom the Severn es~uary'contained about tour times,less cadmium than

samples, taken from Liparia liparis or Pomatoachistus minutus from the same, tt
area.

'Thera appears to occur time depending fairly rapid uptake.of cadmium by

fiah larvaeexposed to'high concentrations of thi~ metal. Experiments

conducted by GREIG ll~. (1974) with Tautogolabrus adspersus also proved

very rapid uptake of cadmium trom the s~roundins medium. After 4 daya of

exposure to ,.0 ppm ed(as CdC12) cadmium concentrations in liver tissues

of experimental fiah approximated 15 ppm (wet weight basia)~ These valu~a"

are similar to those recorded by BROOKS and RU}1SEY (1974) in the liver of
wild catches or Polyprionoxygeneios from lfaw Zealand, ahowing that in

their natural habitat fiehes are able to accumulate cadmium against an
existing ambient'concentration. Similar reaulta have been obtained by
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PORTMANN(1972) and PRESTON (197;) who could show that cadmium concentrations
in fishes from ~ritish waters were well abovethose of the surrounding water

(0.12 -' 0.18"ug/g wEtt weight fiah; 0.6 - 0.8pg/l seawater).,

In our experiments larvaeexposed to low concentrationoof cadmium'(0.01;
0.05, 0.1' Fig. 2' and ;) did over' a short period of 8 to 14 day's'not show'

elevated metal coneentra'Üons.·· Yet longer exposure of ;0 days at high

temperatur (22oC) did, ·in rearin~ experiments with ~elone larvae and
.' . . . ' ... ~ .

juveniles yield cadmium concentrationa in the experimental fiah 4 times
" .. .,- ~ . . .

higher thandetermined in control speeimens. Also EISLER ~'al. (1972)
were able to prove aecumulation of cadmium by Fundulus at concentrations

• of 0.01 ppm after 21 daya of expo.sure.,

AB evident from 'our experimentsas. of now there are not acute toxie or
,.

lethal effects'on fiah larvae expectedto be cauaedbycadmium in'concen~.·

tr~tions pres~ntlyfound"in the environme~t'(unpolluted ,waters: .' I •

<0.00001 - 0.00041 ppm, PRESTON 1'97;; polluted watera: O~005 ppm, ~UTTERWORTH. ,

~!!.. 1972). Yet the domonstrated,ability of fish larvae tO,extract and'

accumulate cadmium from the surrounding seawater i8 rea8on'enough to wateh

the developmentof heavy metal coneentrations in coastal waters carefully•.
. .

Further longtime experiments would have to reveal whether low cadmium

concentrations (0.01 - 0.1 ppb) would be aufficient to cause .dangerously.

high accumulation levels.in fish larvae, which due to their·h1gh aurfacel
• '. <I

,volume ratio are more liable to ooncentrate heavy metala than adult fiah •

• SUMMARy'

1. Egge of herring (Clupea harengua), .flounder (Platichthya flesus), and

garpike (Belone belone) were incubated in cadmium contaminated water

(0.05 - 5.0 ppm) and newly hatched larvae analyzed,for cadmium contents.

2. Cadmium residuea in newly hatched larvaewere dependent on cadmium

ooncentrations employed during inoubation.

;. Cadmium oontents of flounder and herring larvae (0.7 - 2.;'ng Cd/0.1 mg

dry weight) was of two orders of magnitude higher' than in Belone larvae

reared rinder the same eonditions (0.0017 0.0185 ng Cd/0.1 mg dry weight). '
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4. Cadmium contents of herring and flounder larvae held in cadmium

oontaminated water increased with exposure time.

5. Cadmium contents of herring laryae exposed to cadmium contaminated water

for 8 days was of one order of magnitude higher than contamination of

flounder larvae kept under similar conditions (max value"for herring

48 ng Cd/0.1 mg dry wt; max value for flounder 5.4 ng Cd/0.1 mg dry wt).

6. Cadmium contents of Belone larvae and juveniles keptat 0.05 ppm Cd for

30 days were significantly higher than cadmium contamination of oontrol

specimens.

We are indebted to G. Fürstenberg, T. Hudtwalcker, J. Klinckmann, E. Ropers

and G. Villa-Ruiz for expert technical assistance and M. Blake for advioe

on the preparation of the manuscript.
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Fig. 2: Cadmium uptake by newly hatched
herring larvae exposed to different
cadmium concentrations at 100C a~d 16%0 S.

Fig. 1: Cadmium content in newly hatched herring,
flounder and garpike larvae incubated at difförent
cadmium concentrations. Combined data from 15 /00
(160/00), 250/00 and 32%0) s experiments.
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Fig. 4: Cadmium uptake by netIY hatched
flounder larvae incubated at different
cadmium concentrations and exoosed to
the resnective concentrations- after
hatching at 50C. Combined data from
16% 0, 25% 0 and 32% 0 s.
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Fig. ~:Cadmium uptake by newly hatched
!loun er larvae incubated at different
cadmium concentrations and exposed to
to resuective concentrations after
hatchin~ at 50C and 420/00 S.

~

~ 0p ~ p p
~ 000
1 I I I I I I I 11 I I I I I I III I I I I I I I 11

5'
'<
I/l

Q,

~
"U a'Io
~
iD
0-
n
c. co

t

~

N

~

o

o

N

)( CI> .. a _

U1 ~ 0 0 n'
obi..n~o

"ouu"u a
"'Quuu o3 3 3 3 _

ng Cd IO.lmg dry weight

\ \~'\'
: ~o
./ /.

\ \ \
"/"~ I(

<':.... /0 ~
....., .... \ .

'\v
l~

<.::?/1 ...'•• ~ I.......... \ \L
-~' D..........

~

~ 0
o - p 0
~ 000
I I I 1111111 I I 11/1111 I IJ 111111

o

~

o

~

N

N

~

oo
'<
I/l

Q,a'I
ID
X

"8
I/l
C..,
ID
_0>
o
n
c.
:

.......


