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METAL SPECIAIION AND THE IN—SITU ACCUMULATION BY THE MUSSEL DREISSENA
POLYMDRPHA
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ABSTRACT

A survey in the river Rhine and its downstream man-made lake showed .the
existence : of geographic gradiénts in cadmium and copper. Cadmium accu-
mulation in the freshwater bivalve D..polymorpha is strongly related to
in-situ dialysable "free" cadmium of river and lake water. In-situ
dialysable "free" copper is only weakly related to copper accumulation
by D. polymorpha, probably by biological regulation. "Free" metal is
measured by DPASV under standardised conditions irrespective of the
origin of the water sample.

INTRODUCTION

In the Dutch struggle against the sea a large dam was built in 1932
closing off a coastal 1agoon (IJsselmeer) This operation created a

large freshwater body contalnlng 5.5 km3 of water, mainly fed by the
river Rhine. The estuarine ecosystem had dlsappeared within 3 years,
Large amounts of contaminants are discharged in the lake and accumulate
in sediments. This topic is discussed by Salomons during this conference.
The route’ and fate of heavy metals during the summer of 1982 in the river
Rhine was investigated by a team of biologists and chemists in a study
sponsored by the Dutch government. This paper will be restricted to the
biological monitoring of cadmium (a non-essential element) and copper

(an ‘essential -element) in relatlon to aquatic metal spec1at10n in the
region studied - (Fig. 1) .

A previous- field study (Ref 1) showed a weak correlat1on between filtrate
water ‘and soft tissues for cadmium and a poor correlatlon for copper in
rlver sectlons. a = :

» MATERTALS AND METHODS

- The freshwater bivalve D. polymorpha responds in a similar way to cadmium
pollution as other organisms and 1s suitable for biclogical monitoring
studies. (Ref. 1)}.

D. polymorpha (15-20 mm) was sampled at a relatively clean area, the
Afsluitdijk, randomised to samples of about 100 individuals and exposed
during 40 or 60 days at selected locations. The animals were put in hard-
Polythene baskets, 1-2 metres below the water surface.

After collection saﬁples were stored frozen (- 20 C) The soft tlssues
were homogenised with an Ultra Turrax (deldrin cutters) and stored in
acid-¢leaned glassware until analyses. After wet ashing cadmium and
copper were determined with ETAAS (Perkin Elmer 430, HGA 500). The per-
centage of ash-free dry material was determlned by drying (105 C)
followed by ashlng 1n a muffle oven (600 C) -
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The dialysis cells (Fig. 2) cons13t1ng of PTFE tubes, with dialysis
membranes (Amlcon, MWW cut—off 5.000 D) at both ends, filled with 0.0l

‘M KCl, were put in baskets mext to D. polymorpha. Every 7 days during

a six-week period, 25 1 of water was collected in jerrycans and dialysis
- cells were collected and replaced by new ones. The raw water samples were
collected for e.g. filtration purposes. The pH was measured on the spot.
The last date of sampling colnclded with day 60 of the exposure of D.
polymorpha.

The content of the cells was analysed for "free" cadmium and copper by
means of DPASV in 0.09 M acetate-buffer, pH 4.65.

Deposition time 2.5 minutes, rest 0.5 minute, scanning. from -1.3 V to

+ 0,2 V with a rate of -5 mV/sec and a modulation amplitude of 10 nV,
The samples were deoxygenated with nitrogen prior to analysis (10 min.).
Apparatus PAR 303, 174 A combination.

Total metal in f11trate water was measured with ETAAS after b0111ng with
HNO, (pH = 1, one hour). : _ o _

RESULTS AND DISCUSSION

In the present study findings of the previous study (Ref. 1) were con-
firmed: metal levels in filtrate (0.45 um) yleld a poor estimate of
biological uptake., . .
In the present study juptake. of cadmlum by mussels was related to the
last 3 weeks of exposure and copper to the last week, bedause of the
uptake kinetics of these organisms for these metals. D1a1y51s cells Ylel&
information over the:last few days. ;
~Dialysable "free" cadmium shows a strongkllnear relatlon w1th cadmlum
accumulation (r = 0.84, n = 19). This relation is shown in figure 3.
This suggests that the measured "free" cadmium must be strongly related
to the actual available cadmium spec1es in the water.
It was noted that downstream the river Rhine both "free" metal and o
concentrations gradually decrease (pH rises from 7.5 to 8.7). Because
—.of this, multlple linear regression calculation was used to establish
the necessity for pH-correction for the explanatlon of the metal. uptake
by D. polymorpha, The calculation showed that pH is an 1n31gn1f1cant
factor (t = 1.48; n; = 2, ny = 19). "Free" cadmium alone, equation (1):

is sufficient to predlct uptake by the organisms (p <0.025).
Regre331on equation:

Cd (D. pol ) uif2 13 + l 65 x 10 [H ] + ]1 5 ke ]0 [Cd ]Free (U
(mg-kg ) ' (Mol) e 1 ).

Copper showed another type of exposure—aceumulatlon relat10nsh1P- =
There was .a tendency of low exposure leading to. low uptake and hlgh
exposure leading to high uptake (Fig. 4). SR
The. relation seems to be S-shaped. At low exposure the blologlcal 1evels
are kept between 9 and 12 mg/kg, probably by some regulatlng mechanism,
while from a certain. exposure level, the biological levels rise quite-
abrubtly to ‘a higher level. What happens at still hlgher exposure 19""'ls
is not known from the present study._,v : =
This shall be studied in an -experiment under 1aboratory condltlons.**
There is a p0351b111ty that the second "biological copper level finds
its explanation in competition with cadmium for the same binding sites:
- At ‘high cadmium uptake copper uptake does not rise anymore, . although
exposure levels rise simultaneously for both metals (Flg. 5) “

1
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Dose-response relationships for both metals at a location of the river
Meuse (with different characteristics: e.g. lower pH and chlorinity) fit
in well with the overall picture of the river Rhine system., This indicates
that "free" metal levels of dialysates may be used to predict biological
uptake in entirely different aquatic systems.

Further studies will be necessary. to investigate this possibility.

. CONCLUSTIONS

DPASV-measurements of in—situ dialysates under standardised conditions
seem promising for prediction of biological uptake of cadmium, irrespec-—
‘tive of the type of river system involved. The prediction of copper levels
is more complicated as biological regulating mechanisms and/or competition
with other metals at the same binding sites in the organism may influence
the dose-response relationship.’
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Fig. 1. Map of The Netherlands
showing the sampling locations.
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Fig. 3. Relation between ,
dialysable "free" cadmium ipn
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Fig. 2. Schematic diagram of the
dialysis cell. 1. Body, 2. Holder,
3. Screwcap, 4. "Viton" ring,

5. "Amicon" filtre.’ o

Body, holder and screwcap from PTFE.
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‘Fig. 4. Relation between dialysable
"free" copper . in water and biological
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Fig. 5. Relation between cadmium and
_copper concentrations in D..polymorpha
for each location.



