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PREFACE

The Hel sinki Commi ssion initiated during its interim period
(1974-1980) activities focused on preparation of relevant

Reconmendati ons regarding reduction and elimnation of
harnful substances discharged to the Baltic Sea, nentioned
in the Annexes of the Convention (CONVENTION ON THE
PROTECTION OF THE MARINE ENVIRONMENT OF THE BALTIC SEA
AREA, 1974 ( HELSI NKI CONVENTI ON) ) . The first
Recommendations in this field were adopted by the
Comm ssion in 1982. The collection of relevant information
from all Baltic Sea States has been a current activity
since early 1980s based on the "Lead Country" principle.

Each of t he seven countries has under t aken t he
responsibility to collect relevant information on at |[east
one of the harnful substances.

This publication consists of three first Progress reports
on the harnful substances as foll ows:

PROGRESS REPORT ON CADM UM prepared by Sweden

PROGRESS REPCRT ON MERCURY; prepared by the Union of Soviet
Soci ali st Republics

PROGRESS REPORT ON COPPER AND ZI NC, prepared by the Gernan
Denocratic Republic

There are differences in the origin and the age of the data
from country to country and substance by substance. The
values are often very prelimnary and rough, and therefore,
it is obvious that the values should be used with great
caution. Due to effective neasures taken in the Baltic Sea
States the anmounts of harnful substances discharged vary
fromyear to year. In sone cases nore recent data mght be
available in open literature and the users are advised to
study also other sources of information

The conpilations prepared by the Lead Countries (for this
publication Sweden, the USSR and the German Denocratic
Republic) are based on national information submitted by
the Baltic Sea States within the franmework of the Hel sinki
Conm ssion. However, the responsibility of the Progress
Reports is not on the Commssion, but the Lead Country
concer ned.



PROGRESS REPORT ON CADMIUM;
prepared by Sweden

PREFACE

To the 6th Meeting of the Ad hoc Wrking Goup on Criteria
and Standards for Discharges of Harnful Substances into the
Baltic Sea Area (WGS) in 1983, Sweden submtted a first
Progress Report on Cadmum The report includes, i.a.
information on sources, discharges of cadm um from these
sources and effects of cadm um observed in the marine
environment of the Baltic Sea as well as proposals for
possi bl e neasures aimng at the reduction of discharges of
cadm um from various sources.

Comments were nmade and additional data given during and
after the WSS neetings in 1983 and 1984. |n accordance,
parts of the docunent were revised in Cctober 1984.

Sweden has, as Lead Country, further revised the docunent

during the summer of 1987 in order to be able to give sone
nore recent data. Sweden has also added sone Lead Country
coments for 1987.



1. INPUT OF CADMIUM TO THE BALTIC SEA

1.1 Airborne load

Different estimates of the airborne load on the Baltic are
avail able. Poland reports an annual airborne load into the
Gdansk Basin of an estimated 38 tonnes. Finland has
submtted information on the rate of direct deposition in
the Gulf of Bothnia and the western part of the Qulf of
Finland, 0.17 mg/m2 year and 0. 31 mg /m2 year respectively.
(Ruoho 1981, The Finnish Meteorological Institute 1981).
This indicates an airborne load of circa 20 tonnes/year to
the Gulf of Finland. Rhode et al present in a Swedish report
from 1980 an estinmated deposition of circa 80 tonnes/year
for the whole of the Baltic Sea (range 20-300) of which
20-25 tonnes reach the Baltic Proper, and circa 10 tonnes
the Rattegat and the Belt Sea. The atnospheric fallout on
Dani sh marine areas is estimated to be 8.8 tonnes/year by
precipitation rate of 0.20 mg/m? year (Jensen and Mghlenberg
1980). The proportion of dry deposition to wet deposition is
very different in the Swedish report nentioned above when
conpared to the data of the Polish National Report (10/70
and 22.8/14.6) but it nust be pointed out that deposition
data can be very uncertain.

According to a conpilation nmade by the Commi ssion in

1986, the airborne load on the Baltic Sea is about 80
tonnes/year. This is probably the best estimate presently
avail abl e.

Concentrations of cadmumin the air are reported by the
Federal Republic of Germany. Average concentrations vary
considerably, fromcirca 1 ng/m3 in areas wth unpol | ut ed
air and 2-3 ng/m3 in rural areas, via 5-15 ng/m3 and 15-25
ng/m3 in urban areas without and with specific enission



sources, to 60 ng/m3 in the direct proximity to enission
sources. Measurenents in Copenhagen and in rural areas of
Denmar k have shown levels of 2 ng/m3 and 1 ng/m3 respec-
tively. These concentrations cone close to the detection
limt.

1.2 River load

The estimates of the river input of cadmumto the Baltic
are very uncertain due to cadmum levels in the water near
or below the detection Iimt. Finland has reported an i nput
from seven rivers of between 2.2 and 9 tonnes/year. The
estimate from Denmark is 1.3 tonnes/year. Sweden reported
earlier 14 tonnes/year, but nore recent nonitoring indicates
a considerably lower flow of cadm um around 3 tonnes/year.
The cadm um |l oad of the Vistula River in Poland is estinated
at 10.4 tonnes/year. The Soviet Union reports 21.6 tonnes/
year to the Gulf of Finland. The input by Warnow River in
the German Denocratic Republic has been cal cul ated on basis
of analyses to 0.088 tonnes/year. The major rivers of the
Federal Republic of Germany do not enpty into the Baltic.

According to the conpilation nade by the Conmmission in 1986,
the river load is about 60 tonnes/year. This is probably the
best estinmate presently avail able.

1.3 Direct discharges

Data have been obtained from three of the nmenber states.
Finland estimates the direct nunicipal emssions at 0.15
tonnes/year from approxi mate cadm um concentrations in the
effluents from nunicipal waste water plants (0.5 mg/m3). The
industrial emssions are circa 0.12 tonnes/year. Denmark

di scharges circa 2.8 tonnes/year in sewage to narine areas.
Swedi sh em ssions from nunici pal sources are circa 0.2



t onnes/year. The em ssions from industrial sources were
circa 1 tonne in 1985 but have been larger, the figures from
the main source, the Rénnskar snelter, having shown a

consi derabl e variation. The USSR reports 0.4 tonnes/year to
the Baltic Proper.

No other data regarding the discharge of cadmumto the
Baltic have been submitted. It is thus inpossible to assess
t he absol ute amounts discharged, but from the information
available it can be concluded that the direct discharges are
of a lower magnitude than the river |oad, except perhaps in
Denmar k.



2. CADMIUM IN TEE AQUATIC ENVIRONMENT

An assessnent of the reported cadmum levels in the Baltic
environment nust be done with great care. First, we know
hardly anything about the seasonal variations in the cadm um
level s of water and biota. Reports from the different areas
consisting of materials samples at different tines cannot be
put together for an estimation of the regional variations.
Secondly, there have been several intercalibration exercises
whi ch show that the agreenment of the cadm um anal yses
between the participating |aboratories is rather poor (see
for instance Baltic Sea Expert Meeting 1974, Report of the
Baltic Intercalibration Wrkshop 1977, |CES Cooperative
Report 1977, Joanny et al 1980).

The general conclusion nust be that a reliable regiona
estimate of the cadmum levels in the Baltic environnent
nmust be based on better know edge of seasonal variations in
the various subareas and intensified intercalibration

exerci ses.

2.1 Concentrations iIn the water

Several regional cruises have been done inthe Baltic Proper
to investigate the cadm um concentrations in the water
Filtered and unfiltered water have been analysed with atomc
absorption spectophotonmetry (AAS) and anodic stripping

vol tammetry (ASvV) techniques. Sone of the results are listed
in Table 1. Since at least 90 & of the total cadmum in the
wat er appears in soluble form the various results can be
conpared directly. The absolute cadmum |levels differ by

al nrost one order of magnitude between the older and the nore
recent reports. The latter probably better represent the
actual situation, a result of nore accurate sanpling and

anal ysi s.



A regional variation in the cadm um concentrations of the
surface water was found in only one of the six cruises
(Briigmann 1977): Briigmann found the highest values in the
south-western Baltic, south of Oland, in the Gdansk Basin
and in the Gulf of Finland.

Both Kremling (1973) and Qustavsson (1981) consider their
values to be at the sane levels as in open ocean waters. The
range of concentrations reported is 0.03-0.07 pg/1
(Westerlund 1980, Koroleff 1980, QGustavsson 1981).

Table 1 Average cadm um concentrations in unfiltered and
filtered water fromthe Baltic

Unfiltered water from different cruises (all depths)

Dat e of pg/1 £ sds Range pg/1
sanpl i ng
Kremling (1973) Sept 1971 0.17 71 0.03 - 0.49
Briigmann (1977) 1972-1975 0.29 168 0.01 - 8.79
Koroleff (1980) 1980 0.03 - 0.07
Magnusson &
Westerlund (1980) March 1980 0.03 0.05 0.02 - 0.07
Briigmann 1981* 0.03 - 0.07

* Conpiled from various reports

Filtered water from different cruises (all depths)

Dat e of })g/l * sd% range Pg/l
sanpl i ng
Kremling (1973) April 1972 0.22 46 0.08 -0.53
Qustavsson (1981) July 1979 0.043 28 0. 029-0. 053

Nov 1979 0.035 81 0.03 -0.122



Recent investigations in the Danish marine areas of the
Baltic have shown cadm um concentrations between 0.,025-0.06
(Magnusson and Rasnussen, 1981). In the Little Belt an
average of 0.025 pg/1l (standard deviation 0.004 pg/1) has
been found (Rasnussen, 1981).

Average cadm um concentration of 0.261 pg/l and 0.277 pg/1
in filtered and unfiltered water from the Polish economc
zone of the Baltic have been reported by Pol and. These
values are rather high and mght reflect a strong coastal

i nfluence.

Vertical variations in the cadm um concentrations in the

wat er have only been reported occasionally. Kremling (1978)
found increased dissolved cadm um concentrations in the
upper layer during the BOSEX expedition in the southern
central Baltic. This was suggested to be due to uptake of
cadm um by plankton in the surface water and regeneration in
t he deeper layers. Qustavsson (1981) found |ow cadm um
concentrations in sone deep water sanples, which was
suggested to be due to precipitation of Cds.

O the total cadm um concentrations in the Baltic sea water
only 2-3 % seem to be in particulate form (Kremling and
Petersen 1978, Daniel sson and Westerlund 1978). However,

cal cul ations by Kremling (1978) indicate that the particu-
|ate fraction of cadm um can be substantially higher during
spring and sunmer.

To sunmarize, in general the cadm um concentrations in the
Baltic sea water seem to be rather stable regionally and

i ndependent of water depth. According to recent analyses,
the concentration is about 0.03 mpg/l. The ol der values are
probably too high. |Inprovenent in sanpling and anal ysing
techni ques m ght reduce the variations and even decrease the
mean val ues.



2.2 Concentrations in plankton and particulate matter

Cadmium in seston has been reported by Weigler (1975) and
kreming and Petersen (1978). Weigler found 1-5 ng Cd/ kg dw
in seston fromthe Gotland Deep and the Bornhol m Basin,
while the levels in the @ulf of Finland were higher, 5-10 ny
Cd/ kg dw. Kremling and Petersen found 3.2-5.6 ng Cd/ kg dw in
t he Bornhol m Sea. The cadmi um content was correlated wth
iron content but not with particulate carbon. Gustavsson and
Notter (1978) reported 1-4 ng Cd/ kg dw in the Bothnian Bay.
Briigmann (1977) has reported 5.4 ng Cd/ kg dw in blue green
algae from the Bornholm Basin. Lithner (1981) nmade a survey
at two occasions of the cadm um content in zooplankton from
t he Bot hnian Bay, the Bothnian Sea and the Baltic Proper
(see Table 2).

From Poland is reported 14.5 ng Cd/ kg dw in suspended
material and values of 1.04 ng Cd/kg dw in zoo- and
phyt opl ankton from the Polish econom c zone.

Table 2 Cadmi um concentrations in zooplankton in Muy/June
1975 and 1979. After Lithner 1981

ng Cd/ kg dw t sd n

Bot hnian Bay 1975 2.1 0.4 7
1979 1.6 0.6 5
Bot hnian Sea 1975 2.6 0.6 16
1979 3.8 2.2 10
Aland Sea 1975 3.2 2
Baltic Proper 1979 3.4 1.0 3

It is difficult to draw any reliable conclusions on the
regional variation from these few reports. Furthernore, the
conposition of plankton and seston varies in tinme and space,
which mght influence the cadm um content. The only rough
conclusion that can be drawn is that the cadm um content of

particulate matter in the Baltic is at the ppmlevel.



2.3 Concentrations in the sediments

Several investigations of sedinent chem stry have been
perfornmed in the Baltic and sone of themare listed in
Tabl e 3, where the cadm um and carbon contents in the
surface sedinments are given. The cadm um content of the
surface sedinent of the Baltic-is generally rather high
Thus, the variability between the different basins probably
does not depend on bad anal ytical precision

Niemistd and Voipio (1979) found indications of differences
in the sedinmentation processes between different basins.

The scavengi ng agent for heavy netals was assunmed to be iron
in the Bothnian Sea and organic carbon in the Gulf of
Finland and the Baltic Proper. This neans that basins wth
different sedinmentation environments, for instance including
bot h anoxic and oxidi zed sedinents, cannot be conpared. In
Table 3 there are indications that a covariation mght exist
bet ween the carbon and the cadm um content in the surface
sedinents (r circa 0.9).

The organic accunulation bottons in sonme of the deep basins
of the Baltic mght be a result of a transport of organic
matter from the coastal areas. Since cadm um seens to be
associated with organic carbon this would result in a high
cadm um content in these bottons. However, O ausson et al
(1977) found alnost no differences when conparing cadm um
and carbon contents in surface sedinment from near shore and
off shore localities (see Table 3). In an overview of
cadmum in the marine environment (ICES Coop. Res. Report
1982) it is noted that the atnospheric deposition of cadm um
is conmparable to the riverine input of the.elenent. A very
| arge portion of the cadm um brought down to the ocean in
wet and dry atnospheric precipitation is solubilized in the
oceanic surface waters. The distribution and transport in
the ocean is greatly influenced by marine biologica
activity.

2 4731782
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Suess and Erl enkeuser (1975) nade calculations of the zinc
fluxes to the bottons of three different basins in the
Baltic Proper. The zinc concentrations in the surface
sedinments varied by a factor 2, while the fluxes expressed
as ng zZn/m? year were the sane. This type of calculation for
cadm um has been tried by Jensen (1980), when the natura
background of cadm um was known only for two cores of six,
which permtted rather few conclusions. In the future,

cal culations of this kind mght give nore reliable inform
ation about the differences between the basins of the
Baltic. However, the nethods for determ ning the sedinent-
ation rate and the inportance of diagenesis, bioturbation
and resuspension need further consideration

The cadm um concentrations in sedinment cores increase
generally towards the sedinent surface, about tenfold, due
to anthropogenic influences. By dating the sedinent cores,
the tinme for the increase can be estimated. By the profiles
by Niemistd and Voipio (1979) it can be concluded that the
increase of cadmum in sedinment cores from the Gotland Deep
started at the beginning of this century, and slightly later
in the northern Baltic Sea. Jensen (1980) found that the
increase of cadmum in the sedinents from the Arcona Basin
and to the west of Bornholm started at the beginning of the
| ast century.

Some of the cadm um concentrations reported in Table 3,
notably from the Gotland Deep and the Northern Baltic, are
remar kably high, alnost on the sanme |evel as concentrations
in the top layer from polluted areas.
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Table 3 Cadm um and organic carbon in surface sedinents
fromthe Baltic

Area ng Cd/ kg dw % dw Ref er ence
@Qlf of Bothnia 4.1 £ 1.3 Hallberg 1979
0.2% 2% Niemistd & Voipio 1979

@l f of Finland 1.5% 5% -"-

Bal tic Proper

near shore 1.1 £0.2 4.5 0.4 A ausson et al 1977

of f shore 0.7 £0.1 4.0 £ 0.3 -"-

Northern Baltic 5.7%* 10 Niemisto & Voipio 1979
Gotland Deep 6.5 8.5% -"-

Bornholm Basin 2.2 5.1 Suess & Erlenkeuser 1975
Southern Central 5.5-6.3 8.9-10.5 Niemistd & Tervo 1978
Ki el er Bucht 1.9 5.5 Er | enkeuser et al 1974
West  Bor nhol m 0.7 Jensen 1980
Ar kona 0.9 4** - -
The Sound 1.6 S5x* -"-

*

Estimated from di agrans
** Estimated from diagrans on the loss of ignition and
calculated by a fornmula given by Jensen, 1980

A marked increase in the surface |layers of sedinent cores
has been observed in sanples taken in the vicinity of an
iron and steel factory in Finland (Luotano and Luotano
1979). Most levels in the top layer were between 1 and 2
mg/kg dw but at sonme points the level rose to 6-7 mg/kg dw.
Hakkila (1980) found cadm um concentrations significantly
exceeding the natural background |level in the surface
sedinents of Pihlavanlahti situated at the nouth of the
river Kokemdenjoki. The results from this and adjacent
sanpling sites are shown in Table 4. Rermarkably high
concentrations of cadmum in surface sedinents, 9 mg/kg dw,
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have been neasured outside the harbour of a fertilizer plant
of f Uusi kaupunki (H&kkild 1980 a). The explanation is
probably handling of raw materials in the harbour and

di scharges to water from the plant.

Table 4 Aver age cadm um concentrations in surface |ayer
(G2 cm and in older layers of bottom sedinents
in the sea area off Pori on the west coast of
Finl and (Hakkila 1980)

St ati on Concentration of
Cd mg/kg dw

Pi hl avanl aht i

160 o- 2 11
12 - 14 2.0
161 o -2 7.1
9 - 10 0.4
162 o -2 6.2
8 -9 0.4
Ahl ai nen
163 o- 2 1.3
6 -7 0.2
164 0 -2 2.2
8 -9 0.2
Surroundi ngs of Reposaari
2 o- 2 1.6
6 -7 0.5
9 o- 2 0.6
8 -7 0.3
Kai j akari - Tahkol uot o
22 o- 2 0.9
10 - 11 1.0
26 o- 2 0.9
9 - 10 1.1
16 o- 2 il
9 - 10 0.6
D scharge area
49 o- 2 0.2
2 - 4 0.
Open sea area
90 0o -1,6 0.53
2.4 - 4 0.27
91 0 - 1.6 0.39
2.4 - 4 0.13
92 0 - 1.6 0.21
2.4 —- 4 0.14
93 0 - 1.6 0.15
2.4 - 4 0.07
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In the assessnment of todays situation (ICES 1982) the rates
at which cadmum is being mobilized through industria
activity are conparable with the natural fluxes of the

el ement through the atnosphere and runoff.

The total cadmum input to the Baltic Sea is about 140
tonnes/year. The input is one order of magnitude greater
than the output through the Sound and the Danish straits. It
must be assuned, then, that about 140 tonnes of cadm um are
accunul ated yearly in the sedinents of the Baltic Sea.

This figure may be related to sedinent concentration as
fol | ows.

The sedinment |oad on the accumnul ation bottons of the Baltic
is about40mllion tonnes of dry matter per year. Mst of
this originates fromtransport bottons and sonme of it is of
river origin. The cadm um input will accunulate in the
sediments, rising the cadm um concentration by an average
140/40 = 4 mg/kg. This corresponds rather well to concent-
rations obtained by analysis of deep bottom sedinents (3-9

mg/kg).

Analysis and asinple budget calculation thus indicate that
cadm um concentrations in recent Baltic Sea sedinents are
about ten tinmes higher than background concentrations (about
0.3 mg/kg).

2.4 Biological availability

There is no evidence that cadmum is biologically essential
to any organism but its toxicity is well docunented in the
l[iterature. Cadmium has a high affinity for sulfhydryl
groups, and also for hydroxyl groups and |igands containing
nitrogen (Nilsson 1970). Thus, binding to such groups in
essential enzynmes or enzyne systens mght affect various
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basi ¢ bi ochem cal and physiol ogi cal processes and thereby
interfere with and adversely disturb central functions of
the organism even at very |ow cadm um concentrations
(Larsson et al 1976). Furthernore, the |ow excretion rate of
accurmul at ed cadm um makes even a minor cadm um contribution
to the environment a potential risk in a nore |long-term

per spective.

Due to conplexation with chloride in saline waters, data on
upt ake and toxicity in fresh water are not applicable to the
situation in the Baltic. The toxicity and the bicaccumula-
tion potential of cadmum are lower in this environnment.
Sone evidence for this statenent is given bel ow

Wthin the ecological range of the Baltic, the sensitivity
to cadm um increases with higher tenperatures and | ower
salinities (Scholz et al 1978, Voyer et al 1977). Engel and
Fowl er (1979) have denonstrated that the toxicity of cadm um
to estuarine shrinmp and larval fish is a function of the
free cadmum ion concentration, which in turn is controlled
by the chloride concentration. The concentration of free
cadm um i on decreases relative to total dissolved netal, due
to its conplexation with chloride ions.

Accordingly, Bengtsson (1977) denobnstrated a strong negative
correlation between salinity and the accumul ation of cadm um
fromthe water in mnnow (Ph. phoxinus) and comobn goby

(Pomat oschi st us minutus).

Studies on Cava multicornis have shown, however, that the

pronounced dependence of toxicity on tenperature and
salinity may be reduced in long-term experinments (Fig. 1,
Theede 1980). This indicates that chronic toxicity is less
dependent of these factors.
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The toxicity of cadmum in soluble form al so depends upon
its degree of chelation. Less conplexed forms seemto
accunul ate nore easily in ciliate cells and are the nost
toxic ones (Houba and Remacle 1982). Organi c complexing
agents, such as NTA (Sunda et al 19781, EDTA (Hung 1982,
Bengt sson, unpubl. obs.) and hunus (Misani et al 1980) are
effective in reducing the toxicity. This further supports
the opinion that the cadmumion is the npbst toxic species.
Bengt sson and Granno (1977) have, in |aboratory experinments,
al so denmonstrated that increased salinity and EDTA
concentrations reduce the uptake of cadm um in nussels

(M. edulis). Further, Gessing (1981) has shown that the
toxicity of cadmumto fish and algae is considerably
reduced when hunmus is present. To sone degree, there appears
to be a relationship between the reduction of toxicity and
the concentration of hunus. The |inkage between hunus and
cadm um is, however, very weak, conpared with copper and
lead. Musani et al (1980) suggest that the anount of
chelating material (i.e. humic material) dissolved in the
open sea is too small to contribute significantly to the
chelation of cadmum while, in estuarine waters, their role
m ght be nore inmportant. This latter situation mght be
applicable to the Baltic.

Marine polychaete worns (Nereis japonica) accunul at ed
cadmum from the sedinent in |aboratory experinments, but it
was al so concluded that accunulation from water was a nuch

nore inportant way of contam nation (Ueda et al 1976).

Experinents perforned by Bengtsson et al (1983) in brackish
water (salinity 3.5 o/oo) have shown that cadmumin the
sedinments is biologically available to a certain extent.
Tubi fex sp. that were living in and feeding on a sedi nent
contamnated with 7.5 ng Cd/ kg dw increased their body
burden of cadm um from 0.7 to 2.1 pg/g dw after severa
weeks. Juveline fourhorn scul pin (Moxocephal us guadri-
cornis), which fed on the contam nated Tubifex during four

nont hs, denonstrated an increase of cadm um concentrations
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From experiments with marine invertebrates McLeese (1981)
concl udes that bioavailability and bioaccunulation of
cadm um depends largely on the concentration of cadm um

| eached from the sedinment to water, which, in turn, depends
on organic carbon content and cation-exchange capacity of
the sedinment. Studies of the release of netals from conta-

m nated sedinments, for exanple in the Bight of Skelleftead,
have shown that cadmum relatively easily passes from
sedinments to water (Edgren et al 1978). The lack, or slow
rate, of excretion indicates that accunulation of cadm um in
the organisns is practically irreversible. Cadmum in

sedi ments should therefore be considered a potential risk to
marine life.

From an experinmental marine ecosystem run with nussels and
pl ai ce (Pleuronectes platessa) for 300 days, it was concl ud-

ed that the nussel was the nost sensitive indicator of

el evated cadm um concentrations (Wsternhagen 1978). Many
nol luscs are able to accunmulate large quantities of cadm um
wi t hout any signs of physical damage (Scholz et al 1978).
The authors suggest the existence of special cadm um binding
proteins as the main reason for the high tolerance of

M edulis to cadmum Such a protein has also been identi-
fied in oysters (Engel and Fowl er 1979) and in fish (Beattie
and Pascoe 1979, Marafante 1976, Overnell and Coonbs 1979,
Wodworth and Pascoe 1983). The role of these proteins in
eventual ly reducing the cadmum toxicity is yet not fully
under st ood.

2.5 Concentrations in the biota

Phillips (1977 a) studied cadmum in whole soft parts of the
blue nussel, Mtilus edulis, fromthe Baltic Proper, the
Sound, the Kattegat, and the Skagerack, sanpled from Apri
to June 1976. He found higher cadmum levels in nussels from
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water of low salinity than in those fromrelatively high-
saline water (see Table 5). The sane pattern could be seen
in an investigation in June 1977 covering the regions of the
Sound (Phillips 1979).

Cadm um concentrations in Mtilus edulis from the Sound and
ot her Dani sh coastal areas are also shown in Table 6. These
variations in the mussels were believed to be dependent on

the trace nmetal concentrations of the food, which in turn
probably were dependent on the salinity. However, the
concentrations of cadmumin the tips of Fucus vesicul osus
fromthe regions of the Sound did not show any differences
between localities (see Table 7). The disagreenent between
nussel s and seaweed was suggested to be due to an uptake of

particul ate cadm um by the nussels and by direct uptake of
cadmium in solution by the seaweeds.

Results from an investigation of Mtilus edulis from the
coastal waters of the Federal Republic of Germany are given
in Table 8a (Theede et al 1979). The locations are shown in
Figure 2. The concentrations were higher in the Wstern
Baltic than in the North Sea and highest in the inner parts
of the Kiel Fjord (20-40 mg/kg dw). Small nussels had in
general higher concentrations than bigger ones. The

concentrations in nussels from pier tinbers were consider-
ably lower than in specinmens fromthe sedinents near by.

Cadm um |l evels in Macoma balthica collected near an iron and

steel plant near Tvarminne Zool ogical Station in Finland
have been determ ned by Luotano and Luotano (1976). Near the
di scharge from the plant, cadm um concentrations in snall
nmussels were between 1.5 and 5 mg/kg ww. In bigger nussels
and all mussels outside the direct influence of the dis-
charge the concentrations were lower, 0.5-1.2 ng. In the
earlier nmentioned study on heavy netals in sedinents and
bottom fauna in the sea off Pori, Finland (H&kkila 1980), an
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area affected by the river Kokemaenjoki and water discharges
froma titanium dioxide plant, cadm um concentrations in
Macoma balthica and Mesi dothea entonon were published. The
concentrations in Macoma balthica varied between 0.9 and 5.0
mg/kg dw depending on the proximty to the nouth of the
river, with an average of 2.1 mg/kg. The correspondi ng
variation for Mesidothea entonmon was 1.3-1.8 mg/kg and the

average 1.6 mg/kg dw.
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Table 5 Concentrations (mean * standard devi ations, g/9g
dry weight) of cadmum in whole soft parts o#
Mytilus edulis from 53 |ocations in Scandi navi a.
After Phillips 1977.
Location Mean sd Locati on Mean sd
@l f of Finland Great Belt
Hel si nki 5.3 0.82 Svind 1.2 0.82
Koppar nhs 4.2 1.26 Nybor g 0.6 0.19
Korsor 1.1 0.28
Aland Sea Bogense 0.7 0.20
Saggd 6.0 1.05 Sval | erup 0.8 0.17
Fi nbo 9.3 3.78 Gyl ling Nnss 1.2 0.31
dregrund 4.0 0.83 Arhus 0.8 0.11
Ebel t of t 0.5 0.06
Baltic
Edof jorden 2.8 0.88 Kat t egat t
Gi ssl ehol nmen 3.6 0.9 Risd 1.0 0.16
Kor shol nen 9.5 2.58 Nyrup 0.5 0.09
R&nd 11.7 4_55 Kul | en 1.9 0.44
Landsort 5.3 0.98 St eni nge 0.8 0.14
Savésund 5.6 2.16 Kl osterfjorden 0.7 0.23
Risd 4.2 0.97 Ri nghal s 0.6 0.18
Ut t er hol nen 1.7 0.42 Onsal a 0.6 0.10
Oxeldsund 4.8 1.60 Lbnghol nen 1.0 0.31
Navekvarn 1.8 0.49 Rivé 0.9 0.22
Iso 1.3 0.46 Goteborg 1.5 0.38
Si npevar p 5.8 1.34
Oland 4.7 1.64  Skagerrak
Tor ham 2.6 0.52 Stenungson 0.7 0.12
St enungsund 0.8 0.24
The Sound St. Askerdn 0.7 0.09
Fakse Ladeplads 2.4 0.52 FI at hol nen 0.5 0.13
Mosede 2.5 0.28 Br of j orden 0.4 0.05
K8benhavn 0.8 0.15
Barsebidck 4.2 0.96 Cslo Fjord
Taar baek 1.5 0.52 Steil ene 0.9 0.14
Ni ver od 1.9 0.62 Ostdya 0.8 0.12
Helsingdr 0.7 0.10 Malmoykalven 0.9 0.13
Hovedodya 1.2 0.27
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Table 6 Concentrations of cadmum in Mtilus edulis from
Dani sh coastal areas (mg Cd/ kg dry tissue)

Area year nmean  nex. mn. No. of
sanpl es

Li nfj orden (whol e area) 1975 3.0 8.6 0.5 14
Ebeltoft Vig 1976 0.5 10
Arhus Bugt 0.8 10
Gyl ling Nas 1974 1.1 1.9 0.25 2
Gyl ling Nas 1976 1.2 10
Nyborg Fjord 1976 0.6 10
Baring Vig 1976 0.7 10
Roski | de Fjord 1976 1.0 10
Nyrup Bugt 1976 0.5 10
Jammer | and Bugt 1976 0.8 10
Korsor Nor 1976 1.1 10
Fakse Bugt 1976 2.4 10
Oresund (ved Stevns) 1977 3.3 10
Koge Bugt 1976-77 2.3 20
1977 6.3 9.2 3.6 10
Oresund (ved Dragdr) 1977 5.0 10
(ved Korgedybet) 1976 2.4 3.6 1.9 10
(ved Kobenhavn) 1976-77 0.8 20
(ved Skovshoved) 1972 4.3 8.5 1.2 14
(ved T&rbaek) 1976-77 1.3 20
Niva Bugt 1976-77 2.0 20
Oresund (ved Helsingdr) 1976-77 0.9 20
Kattegatt (ved Gilleleje) 1977 1.5 10
Ostersoen (ved R&nne) 1975 6.0 6.4 5.5 2
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Table 7 Concentrations (nmeans % standard deviations, pg/g
dry weight) of cadmumin whole soft parts of
Mytilus edulis from19 |ocations and growi ng tips
of Fucus vesicul osus fromo |l ocations in the
region of the Sound. Swedish, Danish and M d- Sound
| ocations are quoted in separate grougshlfrom
il

south to north in each case. (After P ps 1979)
Locati on M/tilus edulis Fucus vesi cul osus
Mean sd Mean sd

SVEEDEN

Snygehuk 7.6 2.50 2.1 0.41

Fredshdg

Fal sterbo kanal 2.4 0.25

Barseback 2.3 0.62

Saxtorp 5.0 1.50

Fortuna 0.9 0.15 0.30

Vi ken 0.9 0.19 0.42

Kullen 0.7 0.13 3.2 0.68

Ripagdrden 0.6 0.10 ) 0.51

Haver dal sstrand 1.2 0.40 3.9 0.85
DENVARK

Hgijerup 3.3 0.80

Mosede 2.1 0.44

Draggr 5.0 1.12

Kdbenhavn 0.8 0.32

Taar baek 1.1 0.35 2.4 0.69

N ver od 2.0 0.70

Helsingdr 1.0 0.31 2.7 0.45

Glleleje 1.5 0.63 1.9 0.55
M D- SOUND

Sal t hol m 3.3 1.06

Ven 0.9 0.15
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the North Sea and

Table 8a. Mtilus edulis. Cadmium content in mussels from
| ocations on the Gernman coasts of
the Baltic (from Theede et al 1979).
Posi Shell- Fresh weight Ory weight Cd<ontent Number of
tion Arca keageh of voft parts of soft parus wlg doy individuals
No om t 3 weight n
ta’ Flensbg. Fjord 166 =0Cb 015001 004 =001 39 %037 10
la” " 350 £ 0.14 1.16 * 0.17 0.29 + 0.04 274 + 0.32 9
1b " 3.79 £ 0.10 1.19 * 0.10 0.29 * 0.02 6.62 £ 0.47 9
lc v 426 £ 0.14 2.36 + 0.24 0.49 % 0.05 294 £ 0.28 10
1d ” 231 £ 0.07 0.24 #* 0.03 0.05 £ 0.01 4,29 = 0.10 10
1d ” 426 * 0.15 157 # 0.10 0.32 % 0.02 4.86 *+ 0.19 10
td .’ 6.11 * 0.15 6.00 %= 0.60 1.07 £ 0.14 359 £ 031 9
le ” 4.90 * 0.14 4.00 % 0.32 0.81 = 0.0s 2.63 * 0.16 >
le ” 6.51 % 0.19 7.23 * 0.49 129 £ 0.11 4.04 * 0.16 9
If ” 212 = 0.10 050 £ 0.C6 0.12 = 0.02 2.66 £ 0.23 9
If * 454 * 0.07 454 + 008 0.67 = 0.08 411 £ 0.30 S
If " 7.33 *0.17 11.50 # 0.52 244 £ 0.09 391 + 0.29 13
2 Schleiminde 2.27 % 0.09 d.44 £ 006 0.12 £ 0.02 419 * 0.45 9
2 " 437 £ 0.12 257 # 036 0.65 % 0.09 493 £ 0.33 9
3 D:lmp 7.74 * 0.15 11.50 # 0.71 2.04 = 0.17 8.34 £ 052 9
4 Bight of 256 £0.14 0.61 * 0.09 0.13 + 0.02 3.78 + 0.18 11
1 Eckernf{orde 4.35 + 0.18 254 4 024 0.53 % 0.05 3.00 £ 0.13 11
" 7.06 £ 0.09 9.38 = 0.11 1.72 £ 0.10 3.55 # 0.40 4
4 ” 8.36 # 0.18 12.32 = 0.75 2.38 + 3.16 4.81% 0.4-1 8
5a2* Kid Fjord 1.75 * 0.5 0.19 = 0.02 0.04 + 0.0 34.10 % 1.54 10
%a‘ " 3.23 £0.10 140 * 0.17 0.29 * 0.03 2590 = 1.27 12
b* " 165 *0.41 0.13 = 0.01 0.03 = 0.20 12.30 = 1.35 10
5b . 2.04 £0.04 0.23 + 0.02 0.04 + 0.0 10.60 * 0.23 8
5be " 3.01 %£-0.06 1.6 £ 0.08 0.22 = 0.02 8.40 * 0.60 9
5b* ” 421 £006 252 020 048 = 005  9.60 = 1.03 6
5¢* " 274 * 0.07 0.83 + 0.07 0.19 = 0.02 2.70 £ 0.17 10
i dx 3.22 ¥ 0.13 1.27 + 0.15 0.24 %= 0.04 2.30 £ 0.16 10
¢ " 323 + 0.12 125 + 0.1’ 0.20 * 0.02 6.80 = 0.70 8
fx ' 2.94 % 0.05 1.11 + 0.0s 0.26 %= 0.02 1.78 £ 0.11 10
Seg* 241 % 0.05 052 =065 0.12 £0.01 1.40 % 0.09 10
5 2.86 £ 0.12 1.08 £ 0.16 0.20 £ 0.03 3.04 £ 0.14 8
5h * 6.23 * 0.07 9.01 * 0.80 1.68 % 0.17 590 = 043 8
S ” 232 * 009 0.29 %= 0.02 0.04 * o.co 2.40 * 0.19 10
5% " 3.07 £ 0.08 0.73 = 0.11 0.10 # 0.02 2.90 * 0.38 9
5% " 465 * 0.11 213 #+ 0.19 0.24 = 0.01 3.00 £ 0.61 >
5) " 3.45 *£ 0.16 1.86 = 0.24 0.38 = 3.05 3.10 £ 0.31 10
6a Kiel Bigh: 1.64 £ 0.07 0.23 * 3.03 0.05 *+ 0.01 297 £ 031 10
6a " 4.07 * 0.17 2.3+ 2031 0.51 * 0.C8 281 £0.12 8
6a - 6.57 £ 0.17 9.21 = 0.55 192 £ 0.12 3.85 + 0.22 10
6b ” 2.02 £ 003 0.42 £ 0.02 0.59 = 0.C1 3.69 = 0.22 10
bb " 2.64 * 0.0s 0.90 = 0.07 0.20 = 0.02 199 +£ 0.11 10
bc " 2.96 * 0.10 1.C4 = 0.10 0.22 = c.Q2 3.86 =044 9
bc ” 591 * 0.57 9.82 £ 2.60 2.X £ 061 4.05 = 0.73 6
7 Fehmarn Sound 7.28 % 0.09 1t.15 #* 0.74 213 * 0.17 751 * 059 10
8" Libeck Bay 2.08 * 0.03 0.19 *+ 0.03 Q.03 £ C.Co 6.15 * 0.66 b]
8* " 457 *# 0.10 249 +# 019 0.38 = 0.03 5.89 * 0.57 8
9 Western Balcic 7.75 £¢C.13 11.3C+ 1.C8 1.99 £0.22 594 = C.49 9
10% {sle of Syk 7.92 * 0.16 113 = Q.20 0.24 = 0.04 1.36 = 0.05 3
10 r 3.17 # 011 101 *=0.05 0.23 £ 0.01 i.85 # 0.11 9
11 Isle of 328 £ 0.1: 094 # c.13 0.19 = 3.03 1.10 = 0.39 14
11 Nordstrand 521 = C.15 +4.C3 £0.24 0.89 + 0.07 113 = C.13 1o
122 Biisum 3.55 # 0.06 1.42 £ 0.12 0.27 = 0.C3 262 = 5.17 8
12b * 3.85 £ 0.12 165 020 0.32 £ 0.05 293 %+ 0.19 3
13 Isle of 274 £ 3.8 0.39 + 0.02 0.07 = 0.01 2.62 %= 0.C9 7
15 Helgoland 334 x C.11 119 +0.14 0.26 = C.04 2.79 = 3.13 9
13 " 5.94 * 0.12 bh.CO £ 0.31 .48 = 0.09 292 = 0.24 1c
t4a Cuxhaven 355 + C.10 1.32 +£0.10 0.25 += ¢.02 274 = 0.14 S
4b " 325 xcll 0.98 +¢.10 0.1 = 0.01 261 £ C09 9

* From piles.
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Fig. 2. Locations of Mytilus edulis from German Coasts of
the North Sea and the Baltic (from Theede et al

1979).
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Exanpl es of cadm um levels in Msidothea entonon and Macoma
balthica fromdifferent parts of the Baltic Sea are shown in
Table 8b (data from Tervo et al 1980 and the National Report
of Poland 1981).

Table 8b. Cadmum in sone invertebrates

Speci es Area mg Cd/ kg
WW dw
Mesi dot hea ent onon Bot hni an Bay* 0.253 1.15
Bot hni an Sea* 0.156 0.74
Macoma balthica @l f of Finland* 0.132 0.70
Gdansk Bi ght** 0.58
Porer ani an Bi ght ** 0.07

* Tervo et al 1980
** National Report of Poland 1981
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Cadm um concentrations in the liver of cod, Gadus norhua
(Engberg 1976, Table 9) and of Baltic herring, O upea
harengus (Table 10, Edgren unpublished) indicate again a
dependence on the salinity and/or differences in the
bi oavailability of cadmium in the different hydrographic

regions. QO her exanples, see Tables 11 and 12.

Table 9 Cadmumin the liver of cod from Dennmark coll ected
1973-1975 (Engberg 1976)

Ar ea ng Cd/ kg dw * 95% conf n

The Baltic 0.11 0. 05 9
The Sound 0.12 0. 04 15
Kat t egat 0.08 0. 04 12
North Sea 0. 06 0.04 13

Table 10 Cadmumin the liver of herring from Sweden
collected in the autum of 1980 (Edgren 1981

Ar ea ng Cd/ kg dw * s.d. n

The Bot hni an Bay 3.49 2.19 20
The Bot hni an Sea 1.43 1.26 20
Northern Baltic 2.69 1.19 17
Sout hern Baltic 1. 37 0.55 20
Kat t egat 0.62 0.48 20

Table 11 Cadmumin the liver of cod from Finland coll ected
1979 (Tervo et al 1980)

Area ng Cd/ kg ww t s.d. n

Vaasa 0. 016 0. 005 28
Por i 0. 012 0. 004 4
Hanko 0. 056 0. 056 27

Kot ka 0. 065 0. 049 21

3 4731782
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Table 12 Cadmum in the dorso-lateral nuscle of Baltic
herring (honobgenate of 20 specinens) collected
1979 (Tervo et al 1980)

Area ng Cd/ kg ww
@l f of Bothnia
Kal aj oki 0. 007
@l f of Finland
Hanko 0. 007
Kaunissaari-
Haapasaari 0. 006

Anal yses of cadmum in the liver of flounder from Danish
areas, caught in 1979 and 1980, show an average cadm um
concentration of 0.11 mg/kg ww (Table 13, Jensen 1981). This
isalittle lower than what was found in 1973/76, but the

di fference could be explained by analytical divergence.

Table 13 Levels of cadmumin liver of fish and in Mtilus
edulis 1979/80 (mg Cd kg dry weight: ng Cd/ kg wet
weight). Nunber in brackets is the nunber of analysed

fish.
Fl ounder Dab M edulis!)

1979 1980 1979 1980 1979 1980
The Sound 0.27:0.084 |0.27:0.01
N vaa Bight (19) (19)
G eat Belt 0.23:0.066 (0.28:0.,096 |0.12:0.050 - 1.7 1.7
Hal skov (19) (20) (5)
S ael | ands - 0.24:0.10 1.9 1.9
Odde (19)
Laesd 0.65:0,202 - 0. 80 -

(20)

1) The sanple is an aggregate sanple of 40-50 nussels
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The cadm um concentrations in fish nuscles are about one
order of magnitude lower than in fish liver (ICES 1977,
Tervo et al 1980). An exanple is given in Table 14,
concerning five coastal fish species fromthe area of the
Bot hni an Sea.

Table 14 Concentrations of cadmum in tissues of fish from
the brackish water area near Tvarminne Zool ogica
Station. Al values are expressed as ppm fresh
wei ght. Figures represent nean + s.d.
(Kristoffersson and Oksama, unpublished).

Speci es/ ti ssue Mean s.d. n

Perca fluvialis

Perch, nmuscle 0.031 0.018 28
l'iver 0. 57 0. 27 26
Esox lucius
Pi ke, nuscle 0.021 0. 017 15
l'iver 0.10 0. 05 14
Leuci scus rutilus
Roach, nmnuscle 0. 017 0. 003
l'iver 0.21 0.09 9
Myoxocephal us quadri cornis
Scul pin, nuscle 0.019 0.009 8
l'iver 0. 16 0. 06 7
Zoar ces Vi vi parus
Eelpout, nuscle 0. 028 0. 024 19
l'iver 0.77 0.42 8

Cadm um concentrations in fish from the Bothnian Bay, near
the Rénnskdr snelter in Sweden, are determined regularly.
Levels in liver of fourhorn sculpin and in liver and nuscles
of whitefish and pike are summarized in Table 15 and 16
(Andersson 1980). A tendency to seasonal variations
reflecting the concentrations in the water can be discerned
in the liver of fourhorn sculpin, where the levels are
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building up during the tinme of the year when the water is
frozen to a maximumin May. Differences between the three
sanpling sites (Byske circa 30 kmnorth of R&nnskar,
Rénnskar and Skalldn circa 15 km sout h-east of R&nnskar) can
be seen in liver of fourhorned sculpin but not in liver and
nmuscl es of whitefish. The concentrations in pike are
relatively |ow

Table 15 Cadm um concentrations in liver of fourhorn
scul pin from Rénnskar.

May Cct ober January
1979 1979 1979
Average concentration
(ma/kg ww) 0.70 0.52 0.41

Table 16 Cadm um concentrations in liver and nuscl es of
different kinds of fish from the R&nnskar area

(mg/kg ww).

Sanpling station
Speci es Byske RoOnnskar Skalldn

Fourhorn scul pin

l'iver 0. 30 0.52 0. 30
Wi tefish

nuscl e 0.003 0.02 0. 008

l'iver 0.18 0.19 0.18
Pi ke

nmuscl e 0.01

liver 0. 021
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The determ nation of the |ow cadmum levels in organisns is
still a difficult analytical problem However, cadm um
pollution does not seemto increase the levels in fish
muscle, which is believed to be due to internal regulations
by the organisns (Eustace 1974, Phillips 1977b, Chernoff and
Dool ey 1979). This is supported by |aboratory tests (Row and
Massaro 1974, Benoit et al 1976, Edgren and Notter 1980).

The problens concerning the analytical precision at the |ow
levels in biota make it difficult to conpare todays data
with older material. The nmeasurenents of cadmum in benthic
invertebrates and fish in the Qulf of Bothnia and the Qulf
of Finland in 1979 (Tervo et al 1980) indicate, however,
that the concentrations have not increased in these areas

when conpared with the Baltic Baseline Studies in 1974/1975
(I1CES 1977).

The sedinent is obviously polluted by cadm um throughout the
Baltic. The higher levels, especially in recent deposits,
point to an anthropogenic influence. Wth the exception of
locally polluted areas along the coasts, the |evels of
cadmum in biota seemto be mainly salinity dependent. A
gradient of decreasing concentrations wth increasing
salinity can be denonstrated in invertebrates and fish

liver. The levels of cadmumin fish nuscle are |ow and no
correlation can be denonstrated with cadm um pollution

Salinity thus seens to be of great inportance to the

bi oavailability of cadmum but it is not evident for all
organisms. Differences in ways of exposure could influence
the uptake. Size and age of individual organisns sanpled are
factors which also nust be considered. Concerning the blue
nussel, for exanple, the size decreases with the salinity,
which partly mght explain the effect of salinity on cadm um
| evel s.
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2.6 Indications of toxic effects iIn the Baltic

As already nentioned, cadmumis less toxic in saline
waters, and fresh water data are not applicable to the
situation in the Baltic. The nussel, for instance, has

hi gher concentrations of cadmum in aeras of |low salinity
than in high salinity areas, ‘which has been denonstrated by
Phillips (1977a). H's studies were based on offshore
material, and he concluded that the situation in the Baltic
shoul d cause sone concern, especially as these waters are
knowmn to be polluted by several other conpounds as well. In
this context, it deserves to be nentioned that the perhaps
nost critical area, the Bothnian Bay, was not covered by his
survey, due to the fact that M_edulis can not survive in
such low salinities.

Cadmum levels in liver of herring, caught in the Bothnian
Bay and Northern Baltic (Edgren 1981, Table 10) are rather
high, i.e. 3.5 and 2.7 ng Cd/ kg dw respectively. Larsson and
Haux (1982) have found in |aboratory experinents that

rai nbow trout, with conparable |levels of cadmumin the
l'iver, show increased blood glucose |evels and decreased

| evel s of glycogen in nuscle. Larsson (1975) suggested that
this kind of response mght be a result of a conbination of
reduced insulin secretion and a stinulated gluconeogenesis
in cadm umexposed fish. It is different to evaluate the
ecol ogi cal significance of the observed response, but it

m ght lead to serious consequences for the general body

met abol i sm and the energetic econony of the fish.

O her sensitive reactions of brackish water fish to cadm um
have been reported by Johansson-Sjobeck and Larsson (1978)
and Larsson et al (1981). Flounders, exposed to cadmum in

| aboratory experinents, devel oped reductions in hematocrit,
hemagl obin and red blood cell counts. An increase of the
nunber of |ynphocytes was also noted, indicating an action
on the immunol ogi cal defence of the fish. Further, cadm um
caused ionic and neuronuscul ar disturbances.
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Recent data from fourhorn scul pin (Moxocephal us gquadri-
cornis), caught up to 3 km east of the Ronnskarsverken
snelter, have denonstrated high concentrations of cadmum in
the liver (Johansson-Sjobeck et al 1983). Thus, a nean
concentration of 52+12mgCd/kg dw was reported. 1In

unpol luted areas the concentration is usually below 1
mg/kg. The material was also investigated for subletha
effects and a variety of physiological disturbances was
recorded. It is uncertain, however, whether the effects can
be related only to cadmum as several other netals were
present in the water.

In conclusion, there is reason for sone concern about the
present (and future) cadmum situation in low salinity areas
of the Baltic. Sonme fish populations may already be severly
affected, or are very close to a critical level. A nore
systematic search for sublethal effects in field popul ations
of fish is therefore recomended for the future.

2.7 Cadmum in human food and in man

In the National Report of Finland on cadmum information is
presented from a project concerning, anongst others, mneral
conposition of foods, initiated in 1975 and conpleted in
1978. The sanples of sea fish were collected from Hel sinki
fish harbour, where fish from different areas are avail able
(@ulf of Finland, @ulf of Bothnia, Northern Baltic Sea).

Some results of the study are given in Table 17. The esti-
mated per capita intake due to ingestion of fish products is
0.4 pg Cd/d.

Cadmum in fish fromthe open market in Sweden has been
reported by the Swedish National Food Adm nistration. A
selection of potential species from the brackish waters is
given in Table 18. The cadm um concentration in fish muscle
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varies within the range of |-72 pg/kg ww and the nean val ue
of herring, known to be caught in the Baltic, is 20 pg/kg

wWw.

The daily intake of cadm um for an average Dane is circa 30
pg/day of which only a few per cent cones from food of
marine origin. Mst of the cadmum intake can be assigned to
agricultural products such as potatoes, cereals, vegetables
and neat and intestines from aninmals. D fferent cadm um

| evel s can be seen in products fromdifferent areas, but the
nodern distribution systens for food and the variety in the
normal diet reduces the potential differences in intake.
Special diets or consunption of garden vegetables grown in
particularly polluted areas may, however, lead to a higher
daily intake (Miljgministeriet 1980).
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Table 17 Concentrations of Cd per 1 kg/wet weight (neans
and range) in fish and fish products

. Cd ng
Speci es mean range
Per ch 5
(Perca fluviatilis)
Pi keper ch 5
(Luci operca 1luciop.)
Baltic Herring filets 5 2-10
(d upea harengus membras)
Baltic Herring with bones 10 5-10
(d. har. membr.)
Sprat (Sprattus sprattus) 10 10- 20
Sal non (Salmo salar) 5 2- 5
Rai nbow trout 5 2-5
(Sal no gairdnerii)
Waitefish (Coregonus sp.) 5 | -20
Vendace filets 10 5-20
(Cor egonus albula)
Vendace W th bones 20 | -20
(Cor. alb.)
Roach (Rutilus rutilus) 5 1-10
I de (Idus idus) 5 1- 5
Bream (Abramis sp.) 5 1- 5
Pi ke (Esox lucius) 5 1- 5
Eel (Anguilla sp.) 50 30-60
Cod (Gadus morhua) 5
Bur bot (Lota lota) 5 1-5
Fl ounder (Platichtys flesus) 5 2-5
Roe, perch 5
Roe, vendance 5 1-5
Baltic herring, snoked 20 10-20

Information from the National Report on'cadm um Finland
1981.
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Tabl e 18 Concentrations of cadm um pg/kg wet weight, in
nmuscl es of sonme selected fish species from the

open market in Sweden.

Cd pg/kg ww

Speci es Mean range n
Pi ke (Esox lucius) ! 1-2 11
Pi ke-perch (Luci operca luciop.) ! | -2 3
Bur bot (Lota lota) ! !
Sal nron (Sal nb salar) 1 | -3 8
Wi tefish (Coregonus sp.) 3 !
Fl ounder (Platichtys flesus) 20 15-24 4
Baltic herring (Clupea harengus) 20 3-72 23
Cod (Gadus morrhua) 6 1-18 40

Studies of cadmum levels in humans living near or working
at the Ronnskar snelter in Sweden showed a slight but not
statistically significant tendency towards higher |evels
(Blinder et al 1978). An increase in the concentrations in
food fromthe areas near the snelter has al so been seen
(Kjellstrdom 1973, Pettersson 1976). Elinder and Piscator
(1978) analyzed cadmum in the renal cortex from horses and
found high levels in horses from the Ronnskar area. Simlar
studies of liver and kidney from cattle in the sane area did
not show any significant changes in cadm um concentrations
when conpared to results from other investigations.

A net accunulation of cadmum in Danish soils, caused mainly
by atnospheric fallout and the use of fertilizers, has been
observed. This will likely involve increasing levels in
agricultural products, leading to a higher intake of
cadm um by man. The differences in daily intake and reten-
tion by the organism has led to the statistically based
estimate that between 1 000 and 30 000 Danes could be
expected to have increased protein concentrations in their
urine, due to elevated cadm um renal contex concentrations
(Miljgnministeriet 1980).
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3. USES AND EMISSIONS OF CADMIUM

3.1 The use of cadni um

An unanbi guous definition of the national use of cadm um for
different applications has not been given, and the anounts
reported do not always correspond to the sane concept of

use. The use of cadmum in pignents, for exanple, can thus
inply the anmpbunts of cadm um incorporated in pignments
produced in the country, but also the industrial use of

cadm um pignents, inported or donestic, or even the total
amounts of cadmum in pignents consuned in the country both
industrially and in inported goods. The cadm um content of
imported products is often not well known, and the use of
cadm um can be difficult to assess wth accuracy. WMany of
the figures presented in Tables 19 and 21 are very approxi-
mate. Neither are they conplete as data are |acking from the
USSR and the German Denocratic Republic. Sonme of the inform
ation is noreover referring to the situation a decade ago.

A very rough estimate of the "final" cadm um cunsunption
may, however, be nmade as foll ows.

World production is about 18 000 tonnes/year. Mst of this
is consuned in the USA, the USSR Europe and Japan with a
total population of 1100 million. The average per-capita
cunsunption, thus, is about 16 g/year. The final Swedish
cadm um consunption (8 mllion people) could thus be
estimated at 150 tonnes/year. (The Swedi sh cadm um
regul ati ons have, however, resulted in a markedly | ower
consunption; probably |less than 100 tonnes/year in 1985.)

According to Swedish estimates, Sweden has accunulated (in
various products) sone 5 000 tonnes of cadm um within its
t echnosphere. The final fate of this cadmum is uncertain.
It nust be assuned, however, that sonme of it will eventually
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reach the bi osphere. The nagnitude of this potential

pol lution problem may be illustrated by the fact that 5 000
tonnes of cadm um corresponds to the natural cadm um content
of the uppernost 5 centineters of all Swedish land. Simlar
estimates may, of course, be made for other countries.

Intentional use

Consi der abl e anounts of cadm um are thus spread with
products. There is, however, a tendency towards a nore
restricted use of cadm um in several European countries in
consideration of the health and environnental hazards
associated with cadmum Finland and Sweden report, for
exanpl e, decreasing anounts of cadm um used for plating, in
plastics, and for electrical purposes. Substitutes for
cadmum in different applications exist or are being

devel oped. In sone countries, voluntary measures are
considered sufficient, while in others |legal actions are

di scussed or realized. The Swedish ban on cadm um
conprising the use of cadmum for electroplating and in
stabilizers and pignents, is aimng at a reduction of the
cadm um cunsumption to only those applications where cadm um
is absolutely necessary. Simlar actions have been taken in
Denmark and are considered in Finland, while neasures to
reduce cadmum use in the Federal Republic of CGermany are

t aken case-by-case and mainly on a voluntary basis. Very
stringent emssion Iimts can also have the effect that the
use of cadm um decreases, which has been seen, for exanple,
in electroplating. Exanples of neasures to |limt the use of
cadmum are listed in Table 20.
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Table 19 Intentional use of cadmum in tonnes/year (no data
subm tted by USSR and GDR)

Finl and FRG Denmar k Sweden Pol and
(1980) (1977)1  (1977/78)  (1980)  (1983)
Accumul ators | production - 238 170
and
batteries use 7 4.2 38
Paints and 0. 022 572 27.23 g4
pi gnents
Stabilizers 14 366 133 75
production 47 40 > 333
Al'l oys
t use 6
Sur f ace treatment 1 397 1.16 | -27
Electric and
el ectronic 2 6
products
3 ass 15

1 No specifications of the uses given

2 |n production of Ti0O2 pigments. Circa 4 tonnes of pignents are
inmported for industrial use.

3 Inports in products included but probably under-estinated.

4 Used in donestic manufacture. Circa 60 tonnes inmported in
goods.

5 Used in donestic manufacture. Circa 36 tonnes inported in
goods.
Imports not taken into account.

7 Plus circa 40 tonnes in inported goods.



38

The use of Ni/cd cells, on the other hand, has rapidly
increased during the 1970's. The larger, open cells are |ess
wi dely used and easier to collect and recycle than the
small, sealed cells, found in, for exanple, calculators,
phot ographi ¢ equi pnrent and industrial applications.

Col l ection systens for batteries exist or are being

di scussed in several countries, and there is no doubt that
the environnment could be spared considerable quantities of
cadmumthis way. As an exanple could be nentioned a newy
constructed plant in Sweden for the recovery of 40 tonnes of
cadm um per year from open cells.

Table 20 Measures to reduce the use of cadm um

0 Shift to cadmumfree pignents, stabilizers and
sol ders.

0 Plating wwth zink instead of cadm um

0 Restrictive use of nickel-cadm um batteries.

Cadm um as contam nation

Exanpl es of the quantities of cadmum as inpurity handled in
different industrial fields are presented in Table 21. Most
of the cadm um appear in netallurgical activities such as
m ning and netal production. Sulfur dioxide occurring as a
by- product from processing and refining of non-ferrous
netals, contains cadm um which can be emtted directly or
during the conversion of sulfur dioxide to sulfuric acid.
Some cadmum follows the acid. The em ssions from the
production of TiO, pignents in Finland are entirely due to
the cadm um content of the sulfuric acid used in the

pr ocess.
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The quantities of cadm um handled in the phosphate-based

i ndustry vary depending on the cadm um | evel of the raw
phosphate. As a good deal of the phosphoric acid produced
goes to fertilizer production, sonme of the cadmumw Il end
up in the fertilizers. Gypsum waste from this production

al so contains cadmum and is considered an inportant source
of emssions to water in sonme European countries.

Fossil fuels hold small anmounts of cadmum which are
rel eased to the atnosphere during conbustion. The grow ng
use of coal, which contains nore cadmum than oil, could
result in increasing em ssions from energy production

The figures in Table 21 show that the quantities of cadm um
in uses where cadm um appears as an inpurity are very
inportant. They cannot easily be restricted. Actions are
taken to reduce the distribution of cadmumto the

envi ronnment through em ssion control and, in sone cases,
selection of less cadmumrich raw materials. Cadmum is
usually not the only heavy netal from these sources.
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Tabell 21 Quantities of cadm um handled as contam nation in
tonnes/year (data not submtted by Poland, USSR

and GDR)
Fi nl and* FRG Dennar k Sweden
(1980) (1977) (1977/78) (1985)
M ning industry 175 40
Snelters, iron 596 6 50-100
and st eel
Producti on of
fertilizers and
phosphoric acid 26 8.1 3-14
Energy production (2) 8.7 2-3
Producti on of
sul furic acid 9
Cadm um in zinc 52 3.4 10- 40
Cadm um i n sl ags 18
& hers 121 5.1

* Quantities potentially affecting the Baltic Sea, figure in
parant hesis valid for the whole of Finland

3.2 Emissions of cadmium

The em ssions of cadmumin tonnes/year to air and water are
shown in Tables 22 and 23. They include emissions from all
sources wthin the country and not only those which m ght
affect the Baltic Sea. A conparison between the two tables
shows that the em ssions to air are larger than the
emssions to water. This observation is supported by data,
reported by e.g. Denmark and Sweden, on the atnospheric

fall out versus the direct input of cadmum to the aquatic
environment. It seens reasonable to suppose that nuch of the
airborne cadmum finally reaches the sea. This points to the
i nportance of controlling cadmum em ssions to the air as
well as direct discharges to water
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Tabl e 22 Emissions of cadmiumto air in tonnes/year (no data
submtted by the USSR and the German Denocratic Republic)

Fi nl and FRG Denmar k Sweden Pol and
(1979)  (1977/78) (1985) (1983)

M ni ng . No mning 0.2

Snelters, iron 21.1

and st eel

i ndustry 2 0.2 5 14,2

Manuf act ure of
accunul ators and

batteries 0.3 No prod. 0. 06
I ncineration of
muni ci pal waste 0.26 2.9 0.4
> 2.2
QG her handling
of nuni ci pal
wast e
Pi gment s 0.3
Stabilizers 0.1
Energy production 0.3-0.7 9.6 1.4 0.35
O hers 5 1.2 0.5
(gl ass) (cable
I nci ner a-

tion)

4 6131782
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Table 23 Emssions of cadmum to water in tonnes/year (no data
submtted by the USSR and the German Denocratic

Republ i c)
Fi nl and FRG Denmar k Sweden Pol and
(1978/80) (1977/78) (1985) (1983)
M ni ng 0.02 - - 0.4
Abandoned m nes 1.0

Snelters, iron

and steel 0.2 8-18 Very small 0.5 6,2
El ectropl ati ng 0.8 0.1 0.05
Manuf act ure of

accumul ators and

batteries - 3 - 0.01
Fertilizer and

phosphoric acid

i ndustry 0.7 0.7 0.1
Sul phuric acid

manuf act ur e 0.3 0.1"
Muni ci pal sewage 0.15 2.8 0.2

Pi gnent s 0.02 1.2

* Except sulfuric acid as by-product from snelting of
sul fide ores

3.3 Methods for reducing cadmium emissions

Cadm um often occurs together with other heavy netals in

di scharges to air and water. Conventional nethods for
reduci ng netal em ssions, such as electrostatic precipi-
tators or bag filters on dust are therefore naturally also
applied to cadmium Exanples of water pollution control are
precipitation, ion exchange and electrolytical renoval
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Specific nmeasures justified by the presence of cadm um

m ght, however, sometimes be necessary. Cadm um in process
gas or flue gaspreferably absorbs on to or fornms small
particles, which put higher demands on renoval efficiency.
Finland reports that cadmum until recently escaped with the
ejector water from jet condensers in a sulfuric acid plant.
Drop separators have now been installed which, together with
sonme process nodifications, are expected to lead to a
substantial reduction in the em ssions of cadm um from this
plant. Scrubber water froman iron and steel mll in Finland
will be treated and recycled in a closed system The Federal
Republic of Germany reports that dry methods for dust

control are preferred within the iron and steel industry.
Dust from different metal production processes is recycled.
Process water and run-off is collected and recycled or
treated.

A facility in Sweden producing copper-cadmum alloys is
currently testing an inproved filtering technique, a
so-called absolute filter, for capturing dust.

Wast ewat er contai ning cadm um should be treated apart from
other water streans for the best result. Chem cal treatnent
is comon and recycling of process water reduces cadm um
em ssions even further.

Em ssions from incineration of donestic waste can be tackled
in two ways: through installation and inprovenent of

em ssion control devices or through partial elimnation of
cadm um from the waste. Exanples from Denmark and Sweden
show that while larger facilities for incineration of waste
are often equipped with sufficient em ssion control, smaller
facilities seldom have em ssion control equi prent or use
very rudinmentary control systens. The greater inportance of
refuse as a source of energy can in the future result in

i ncreasing em ssions. Actions to reduce the use of cadm um
in consunmers products would counteract this tendency.
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A summary of the different nethods reported to reduce
cadm um em ssions are presented in Table 24.

Table 24 Measures to control cadm um pollution (proposed or
actual ly applied)

Recycling of process water in ore concentrating
pl ants.

Condensation of cadmum funmes in zinc production

Precipitation and flocculation of cadmum in waste
wat er and scrubber water.

Process gas treatnment (electrostatic
precipitators, bag filters, scrubbers).

Drop separators in sulfuric acid production.

Recycling of scrubber water from gas treatnent in
iron and steel production.

Manual or nechanical separation of cadm um from
scrap (cars and cables) and donestic refuse
(plastics and batteries).

Col | ection of open and sealed Ni/Cd cells and
recovery of their cadm um content.

3.4 National standards
Em ssi on standards

Three principal constructions of the legislative basis for

em ssion control can be seen:

- Ceneral em ssion standards.

- Permt systens with individual prescriptions and em Ssion
limts.

- Emssion limts as a function of environnmental quality
criteria.

Em ssion standard conbined with a permt system exist in the
Federal Republic of Germany. The rules of the Technische
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Anl eitung zur Reinhaltung der Luft (TA-Luft), which is an
ordinance to be used by the permt-issuing authorities and a
conpl enent to the Bundes-I|nm ssionsschutzgesetz, limt the
concentration of cadmum and its sol uble conpounds in

emi ssions to air to 20 mg/m3 provided that the emission rate
is 0.1 kg/h or nore.

Directives concerning limt values for water discharges have
been adopted by the Comm ssion of the European Comuniti es.
The em ssion limts are set individually for different kinds
of industrial sources, both as a nmaxi mum concentration in
the effluent and a maxi num anount of cadm um di scharged per
kg of cadm um handled (see Table 25). These are the maxi num
emssion limts, stricter provisions may thus be pre-
scribed. The directives also state that, in the case of new
plants, the em ssion standards shall be set in accordance
with the best technical neans avail able.

Denmark has to date no em ssion standards for cadm um The
water quality criteria can be used for control of em ssions
to marine areas. The standpoint of the environnental
authorities is that the emssions of cadmum to the whole
envi ronment shoul d be reduced as nmuch as possible.

Nei t her Finland nor Sweden apply general standards for

em ssions, but limt values are set case by case. Anyone
planning to handle cadm um industrially in Finland nust, not
later than six nmonths in advance, notify the National Board
of Waters and present, inter alia, an estimate of the
effects, preventive neasures and a nonitoring programe. A
supervision rule of the 1970's sets the maxi num concentr a-

tions in effluents from surface treatnent plants to 2-3
ma/1l. There are also draft standards for the influent to
muni ci pal sewage treatnent plants. 0.01 mg/1 if only treat-
ment process is considered 0.005 mg/1l if the sludge is to be
used for fertilization.
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Tabl e 25 Em ssion standards of the Conmmi ssion of the
European Communities (from the official Journal
of the European Communities 1983)

I. Limit values and fime limits

limit values which
. must be complied
Isr;(itj‘f:r(lla)l Unit of measurement with as from
I. 1. 1986 1.1.1989 (%)
1. Zinc mining, lead and zinc refining, cad- | Milligrams of cadmium per litre of dis- 0,30 0,203
mium metal and non-ferrous meta indus- | charge
try
2. Manufacture of cadmium compounds I\{I]illigrams of cadmium per litre of dis- 050 0,2(%
charge
Grams of cadmium discharged per kilogram 0,5(% é)
of cadmium handled,
3. Manufacture of pigments Milligrams of cadmium per litre of dis- 0,5(G) 0,2(3)
charge
Grams of cadmium discharged per kilogram 034 )
of cadmium handled
4, Manufacture of stabilizers Milligrams of cadmium per litre of dis- 0,5(%) 0,2(%)
charge
Grams of cadmium discharged per kilogram 0,5(Y Q)
of cadmium handled
5. Manufacture of primary and secondary [ Milligrams of cadmium per litre of dis- 0,5 0,2(3
batteries charge
Grams of cadmium discharged per kilogram | -1,5(%) O]
of cadmium handled
6. Electroplating (¢) Milligrams of cadmium per litre of dis- 0,5(3) 0,2(3)
charge
Grams of cadmium discharged per kilogram 0,3(% ¢)
of cadmium handled
7. Manufacture of phosphoric acid and/or — —_
phosphatic fertitizer from phosphatic
rock (")

(") Limit vaues for industrial sectors not mentioned in this table will, if necessary, be fixed by the Council at a later
gtage. In the meantime the Member States will fix emission standards for cadmium discharges autonomously in
accordance with Directive 76/464/EEC. Such standards must take into account the best technica means available
and must not be less stringent than the most nearly comparable limit value in this Annex.

(3 On the basis of experience gained in implementing this Directive, the Commission will. pursuant to Article 5 (3),
submit in due course to the Council proposals for fixing more restrictive limit values with a view to their coming
into force by 1992.

(*) Monthly flow-weighted average concentration of total cadmium.
(%) Monthly average.
(¥ It is impossible for the moment to fix limit values expressed as load. If need be, these values will be fixed by the

Council in accordance with Article 5 (3) of this Directive. If the Council does not fix any limit values, the vaues
expressed as load given in column *1. 1. 1986" will be kept.

(%) Member States may suspend application of the limit values until | January 1989 in the case of plants which
discharge less than 10 kg of cadmium a year and in which the total volume of the electroplating tanks is less than
1,5m3, if technical or administrative considerations make such a step absolutely necessary.

(7) At present there arc no economically feasible technical methods for systematically extracting cadmium from
discharges arising from the production of phosphoric acid and/or phosphatic fertilizers from phosphatic rock. No
limit values have therefore been fixed for such discharges. The absence of such limit values does not release the
Member States from their obligation under Directive 76/464/EEC to fix emission standards for these discharges.
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2. Limit values expressed asconcentrations which in principle must not be exceeded arc given
in the above table for the industrial sectors in sections 2, 3,4,5 and 6. In no instance may
limit values expressed as maximum concentrations be greater than those expressed as
maximum quantities divided by water requirements per kilogram of cadmium handled.
However, because the concentration of cadmium in effluents depends on the volume of
water involved. which differs for different processes and plants, the limit values. expressed
in terms of the quantity of cadmium discharged in relation to the quantity of cadmium
handled, given in the above table must be complied with in al cases.

3. The daly average limit values arc twice the corresponding monthly average limit values
given in the above table.

4. A monitoring procedure must be ingtituted to check whether the discharges comply with the
emission standards which have been fixed in accordance with the limit values laid down in
this Annex.

This procedure must provide for the taking and analysis of samples and for measurement of
the flow of the discharge and the quantity of cadmium handled.

Should the quantity of cadmium handled be impossible to determine. the monitoring
procedure may be based on the quantity of cadmium that may be used in the light of the
production capacity on which the authorization was based.

5. A sample representative of the discharge over a period of 24 hours will be taken. The

quantity of cadmium discharged over a month must be calculated on the basis of the daly
quantities of cadmium discharged.

However, a simplified monitoring procedure may be indtituted in the case of industrial
plants which do not discharge more than 10 kg of cadmium per annum. In the case of
industrial  electroplating plants, a smplified monitoring procedure may only bc ingtituted if
the tota volume of the electroplating tanks is less than 1,5 m3.

Sweden applies a permt system where emssion limts,
necessary precautions, emssion control equipnent etc. are
established by the National Franchise Board or the County
Adm nistration Boards with consideration of the risks of
effects in the environnent, the best avail able technol ogy
and econom c neans.

Polish |egislation does not involve em ssion standards but
regul ates discharges wth the help of environnmental quality
standards. Water discharged to the nunicipal sewage systens
should not contain nore than 0.1 mg Cd/I.



48
Standards of environmental quality

The adopted directives of the Comm ssion of the European
Communities include limt values for fresh water and salt
water as well as certain constraints regarding cadm um

| evel s in sedinments and organi sns (see Table 26).

Table 26 Environnental aualitv obijectives of the CEC
(O ficial Journal of the European Conmunities,
1983).

For those Member States which apply the exception referred to in Article 6 (3) of Directive
76/464/EEC, the emission standards which Member States must establish and ensure are
applied, pursuant to Article 5 of that Directive. will be fixed so that the appropriate quality
objective or objectives from among those listed below is or are complied with in the area
affected by discharges of cadmium. The competent authority shall determine tbe area affected
in each case and shall select from among the quality objectives listed in paragraph 1 the
objective or objectives that it deems appropriate having regard to the intended use of the area
affected, while taking account of the fact that the purpose of this Directive is to eliminate all
pollution.

1.  The following quality objectives(!), which will be measured sufficiently close to the point
of discharge, are fixed, with the object of eliminating pollution within the meaning of
Directive 76/464/EEC and pursuant to Article 2 of that Directive (%) :

I.1. The total cadmium concentration in inland surface waters affected by discharges must not
exceed 5 pg/litre. -

1.2. The concentration of dissolved cadmium in estuary waters affected by discharges must not
exceed 5 pg/litre.

1.3. The concentration of dissolved cadmium in territorial waters and in internal coastal waters
other than estuary waters affected by discharges must not exceed 2.5 pg/litre.

1.4. In the case of waters used for the abstraction of drinking water, the-cadmium content must
conform to the requirements of Directive 75/440/EEC (3).

2. In addition to the above requirements, cadmium concentrations must be determined by the
national network referred to in Article 5 and the results compared with the following
concentrations (3) :

2.1. In the case of inland surface waters, a total cadmium concentration of 1pug/litre.
2.2. In the case of estuary waters, a dissolved cadmium concentration of 1 &litre.

2.3. In the case of territorial and internal coastal waters, other than estuary waters. a dissolved
cadmium concentration of 0,5 ug/litre.

If these concentrations arc not complied with a any one of the points on the national
network, the reasons must be reported to the Commission.

3. The concentration of cadmium in sediments and/or shellfish, if possible of the species
Mytilus edulis, must not increase significantly with time.

4. Where several qudlity objectives are supplied to waters in an ares, the quality of the waters
must be sufficient to comply with each of those objectives.

(%) ‘The cadmium concentrations indicated in 1.1, 1.2 and 1.3 are the minimum requirements
necessary to protect aquatio life.

(¥ With the exception of quality objective 1.4, al concentrations relate to the arithmetic mean
of the results obtained over one year.

(?) Directive 75/440/EEC concerns the quality required of surface water intended for the
abstraction of drinking water in the Member States(OJ No L 194. 25.7.1975, p. 26). It
provides for a mandatory cadmium value of $ug/litre on the basis of 95 % of the samples
taken.
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The environmental quality standards in Poland follow
different water areas and purity classes. The nmaxi mum
adm ssi bl e cadm um concentration in harbour basins and
interval sea water is 5 pg/l. Surface fresh waters are
divided into three purity classes, each with its environ-
mental quality standard:

Drinking water, water for cultivation of salnonide
fish. CadmiumIlimt 5 pg/l.

Il Water for cultivation for other kinds of fish,
drinking water for farm animals, bathing, recreation
and water sports. Cadmum limt 30 pg/l.

(11 Water for industrial purposes (where water of higher
quality is not required), irrigation of agricultural
| and used for horticulture and in greenhouses. Cadm um
[imt 100 pg/l.

A simlar classification of water bodies exists in Finland.
Five different classes are defined by physical and chem cal
paraneters: | (excellent), Il (good), IlIl (satisfactory), IV
(passing), V (poor). Cadm um concentrations higher than 10
pa/l puts the water in question in the classes IV-V and it
can then only be used for cooling, power production and
transportation. The maxi num cadm um concentration in water
for domestic use is 5 pg/l.

Standards for the maxi mnum concentration of cadmum in waters
of the USSR are

10 pg/1l as a standard related to human health,

5 pg/1 as a standard for fishing waters.

Standards of environnmental quality do not exist yet in
Sweden, but standards for cadmum in fresh water are being
di scussed. In the proximty of point sources, cadmum |evels
are below 0.5 pg/1, with the exception of one industry,
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outside which levels around 1.5 pg/1 have been neasured, and
the normal |evel is considerably Iower. A Swedish standard
of environnmental quality will probably be set much below 1

pg/1.
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4. PROPOSALS FOR FURTHER ACTIONS

4.1 Actions reported by the Contracting Parties

Some of the nenber states have submtted informati on on
national strategies, proposed or inplenented, to reduce the
use and em ssions of cadm um

Finland. A working group with the task to study these
matters has been formed. Finland would also like to
enphasi ze the need for taking every practicable neasure to
elimnate cadm um discharges, butdoes not recomend
insertion of cadmuminto Annex | with the notivation that
Annex | should be reserved for synthetic hazardous sub-

st ances.

Dennar K.
Consi deri ng

that cadmumis extrenmely toxic to man and ani nal s,

that an increasing occurrence of cadmum in our environ-

ment, especially the soil, can be observed,

that cadmum is accumul ated in human ki dneys,

that these tendencies can be expected to persist if

counter-neasures are not taken

national and international shift to the use of cadmium-
free products should be endeavoured and an inproved contro
of cadm um di scharges to the environment should be rea-
lized. The follow ng concrete actions have been reported to
the Paris Conm ssion:

L. Pigments: restrict the use of cadmumto few strictly
necessary areas.
PVC-stabilizers: shift to cadmumfree stabilizers.

3. Surface coating: restrict the use of cadmumto few,
necessary areas.
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4. Sol dering: restrict the use of cadmumto few,
necessary areas.

5. Ni -Cd accumul ators: consider marking and recycling.

6. Coal: investigate the possibilities to inprove

em ssion control equipnent on power plants.

7. Ref use and sewage sludge: inprove em ssion contro
equi prent on incinerators.

8. Fertilizers: investigate the possibilities to reduce
t he cadm um content.

9. Local em ssions: specific actions.

By the end of 1982 actions had been taken on itens 1, 2 and
3 by way of drafting a statutory order to ban cadmum wth
sone exceptions, for these three areas of use, which
supposi ngly woul d reduce the cadm um burden by 60-70 % The
order was passed in 1983 (Miljgministeriets bekendtggrelse
nr. 196 af 26. juli 1983) and bans all use of cadm um for
cadm ation and as pignments and stabilizers from 1989, 1987
and 1988 (for other plastics than PVC, 1987) respectively
with a few exceptions.

A nunber of studies and nonitoring programmes related to
cadmi um are al so running. Anbng these can be nentioned plant
upt ake of cadmum from fertilizers, nobility of cadmum in
soil and ground water, inport of cadmum in plastics and
coated products, and nonitoring of cadm um deposition and

| evel s in human ki dneys.

Regarding insertion of cadmum to Annex |, Dennmark woul d
like to await the final report on cadm um

The Federal Republic of Gernmany. In a report to the
Technical Wrking Goup of the Paris Convention (1983), the
Federal Republic of Germany stresses em ssion control at

maj or sources as being the nost cost-effective way of
reduci ng cadm um pol | uti on.
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The contribution froma few industrial sources to the over-
all cadm um em ssions, especially to water, seens rather

i nportant, and el sewhere has been reported that non-ferrous
metal works and renelting installations contribute al nost
90 % of the emssions to water.

The recommendations of the Federal Mnister of the Interior
and the Federation Panel on Environnental Chem cals can be
summari zed as fol |l ows:

1. Revi sion of the TA-Luft. Is there need for nore,
specific emssion limts?

2. Further research in the field of

- substitutes for cadm um pignents (exception for high
process tenperatures)

- substitutes for cadmum stabilizers (exception for
high process tenperatures)

-~ substitutes for cadmum as protective coating
(replacenent by alum nium and other netals possible
in some applications)

- possibilities of reuse and recycling of Ni/cd
batteries, and plastics containing cadm um
stabilizers and pignents, which have been proven to
be technically feasible

- no-effluent electroplating processes.

3. Limtations of indirect discharges to nunicipal sewage
pl ant s.

4, Ordi nance on dredged nmateri al

5. Identification of polluted agricultural soils.

6. Monitoring stations for specific ecosystens.

7. Ground water control
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8. Protection of non-productive soils.
9. Surveillance of levels in food.

10. Epi dem ol ogi cal studi es.

11. | nprovenent of analytical nethods.

Sweden. Measures should be taken in accordance with the
follow ng principles:

1. Cadmium in pignments, stabilizers and cadm um for
surface treatnment: all use of cadm um should be
prohi bited where it is not absolutely necessary.

2. Cadmium in batteries: the use of cadm um should be
permtted, but conplete nmarking, collecting of used
batteries and recycling should be endeavoured.

3. Cadmium in fertilizers: developnent of nethods to
el i mnate cadm um shoul d be pronoted.

4, Cadm um from industrial sources, conbustion of fossi
fuels and incineration of donmestic waste: the best
avai | abl e technol ogy for reducing cadm um em ssions
shoul d be used, determned on a case-by-case basis.

Actions on itens 1, 3 and 4 were taken in 1983 or earlier.
In 1987 the Governnent decided that cadm um batteries shoul d
be marked and collected for recovery or safe disposal. A
pilot plant for |ow cadm um phosphate fertilizers will be
built with Governnment support.
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4.2 Summary and Lead Country recommendations as by May
1983")

It is evident from what has been reported on neasures and
activities in different countries that cadmum pollution is
considered a serious hazard to human health and to the
environnment. The inportance of'the cadmum flow to the
Baltic Sea from anthropogenic sources is reflected in the
cadm um |l evels of the sedinents. Dating of the sedinent

| ayers reveal an increase, about tenfold, since the [ast
century or the beginning of this century. The concentrations
in invertebrates and fish do not constitute an inmmedi ate
threat to human health in general, but certain risk groups
m ght need closer attention. The human intake of cadmumis
mainly a function of cadmum levels in other parts of the
diet than food of marine origin. However, the concentrations
in the Baltic are such that local fish popul ations mght be
affected, especially in areas of |low salinity where cadm um
toxicity is higher.

Routes of input to the Baltic Sea are deposition of airborne
cadmum river load and direct discharges from coasta
sources. The annual |oad of airborne cadm um seens to be as
large, if not larger, than the collected discharges to
water. Controlling cadmum em ssions to the air is thus just
as relevant to the situation of the Baltic as [imting
direct cadm um discharges to the Baltic itself or its
tributaries.

1) These are the original recomendations made by Sweden in
1983. They are repeated here, in spite of the fact that
sone of them are no longer up to date (1987).
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The strategy of cadm um pollution abatenent follows three
principal lines:

Restriction of the use of cadm um in products.

Reuse and recovery of cadm umcontaining products and
materi al s.

Control of emssions to air and water from point

sour ces.

Cadmium in products is an inportant future source of cadm um
pol lution. The consunption for intentional use has been, and
still is, decreasing in many fields of application as a
result of national regulations or voluntary action. Equi-

val ent substitutes are available for nmuch of the cadm um
used as stabilizers, pignments, solders, and for neta

plating, and the devel opnent of processes and products wll
probably further reduce the nunber of applications. There

is, however, probably still nuch cadm um incorporated in
products for reasons of routine, costs or lack of inform
ation, which easily could be omtted.

The Contracting Parties are recomended to take every
opportunity to elimnate or reduce the use of cadm umin
products to only strictly necessary applications.

The followng fields of applications should be considered
specifically:

- el ectroplating

- stabilizers

- pignments

- sol ders

- fertilizers

- al |l oys.

It is also recommended that neasures taken and pl anned be
presented to the Commission, at latest to the neeting of the
WGS in 1984.
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Recovery of Ni/Cd cells is technically feasible, and
collection systens exist or are being arranged in severa
European states. Labelling of the batteries is of vita

i nportance, and should be effected on an internationa

| evel .

The Contracting Parties are recommended to see to that

| abel ling, collection and recovery of batteries containing
cadm um be acconplished as soon as possible or |atest by
January 1, 1986. The Parties are also recommended to report
to the Conm ssion on actions taken, the anount of batteries
collected, the final destination etc.

Em ssions to air and water from many point sources have
decreased substantially with the devel opnent and introduc-
tion of emssion control techniques, but, according to the
National Reports, nuch remains to be done. The Contracting
Parties are recommended to take all available neasures to
reduce cadm um em ssions as far as possible. Tangi ble plans
for how and when emissions to air and water will be |imted
on the national level, together with conplenmentary data on
the emtted anmounts of cadm um and em ssion rates/concentra-
tions from different sources, should be presented to the
nmeeting of the WGS in 1984.

An em ssion standard for discharges to water of 0.1 mg/1 as
a nonthly average is suggested. Too little information on
current em ssion rates and standards is available today for
a proposal regarding standards for em ssions to air to be
made. The Contracting Parties are requested to submt such
information to the neeting of the WSS in 1984.

Only one statenent concerning transfer of cadm um from Annex
Il to Annex | has been submtted. Finland is of the opinion
that Annex | should be reserved for synthetic pollutants,
which cadmum is not. Sweden does not, on the other hand,

see any formal hindrance for inserting cadmumin to Annex

5 4731782
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I, which would, in fact, facilitate an agreenent on actions
to prevent discharges and environnmental effects of cadm um
As the Lead Country, Sweden therefore recomends that
cadm um be inserted into Annex I.

The cadmum levels in the Baltic Sea are generally wthin
the range of 0.02-0.03 pg/l according to recent investi-
gations. Higher values can be found in areas directly

i nfluenced by rivers or coastal discharges. Threshold val ues
between 0.5 and 1.0 pg/1 for toxic effects on fish in fresh
wat er have been reported. Reproduction of certain inverte-
brates is disturbed already at levels below 0.2 pg/1 in
fresh water and changes in the conposition of fresh water

pl ankton communities occur at 0.2-0.3 pg/l. The toxicity of
cadm um decreases with increasing salinity, but the
difference between toxic levels and levels common in the
environnent is relatively small, especially in low salinity
areas of the Baltic.

Sweden proposes that the following water quality objectives
for the Baltic Sea be adopted by the Contracting Parties:

- the concentration of cadmum in the coastal zones of the
Baltic Sea should not exceed 0.10 pg/1,

- in general, an increase in the cadm um concentration of
nore than 25-30 % of the background |evel should not be
permtted.

Environnental quality objectives regarding cadm um
concentrations in biota, e.g. Mtilus edulis, could be a

val uabl e conplenment to the water quality criteria. However,
such objectives have not been suggested in this report. Mre
information is needed on background |evels in indicator
organi sns, taking into consideration variations due to
analysis, locality, season, and phenonena such as the

i nfluence of the salinity on devel opnent and cadm um upt ake
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of the organism A nethod to overcone several of these
difficulties has been suggested by Fischer (1983 and 1984).
The body burden of soft parts is related to shell weight,
which is considered a nore precise way of nonitoring,
especially for detection of slightly elevated |evels.

Regardi ng the sedinment, a general recommendation, simlar
to the environnental quality objectives of the European
Communities, that an increase over tinme in cadm um
concentration not be permtted, is suggested.

4.3 Comments on the first progress report

The additional information from the Contracting Parties to
the technical och scientific review in this report confirnmed
t he general conclusions drawn on basis of the forner version
of the docunent, nanely that

~ Deposition of airborne cadmum followed in inportance by
river input are the main routes of cadmumto the Baltic
Sea.

- In certain areas the |level of contamnation is such that
the marine environnment is endangered.

- The flow of cadmiumto the Baltic nust be reduced as far
as possi bl e.

Witten comments to the lead country proposals on water
guality objectives and on nethods to reduce cadm um

pol lution were received from the USSR, the Gernman Denocratic
Republic and Finl and.
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The USSR accepts the recomendations to

- take every opportunity to elimnate or reduce the use of
cadmumin different applications and to report on the
nmeasur es adopted and pl anned,

- to consider the possibilities to |abel, collect and
recover cadm umcontaining batteries at the latest January
1, 1986, and to inform the Conm ssion about the actions
undert aken,

- to take all opportunities to reduce the em ssions of
cadm um and to submt specific proposals on nationa
pl anni ng of appropriate neasures as well as data on
guantities and concentrations of em ssions from different
sour ces,

- to submt proposals concerning standards for em ssions to
air,

- to prevent an increase in the cadmum | evels of bottom
sedi ment s.

These recomendations agree in all essentials with the
correspondi ng Swedi sh proposal s

Regarding the recommended standards for water quality, the
USSR has objection to the proposed maximum al |l owabl e
concentrations in water, 0.1 pg/l. It is pointed out that
this is many times |ower than the hygienic and fishery
freshwater criteria in the Soviet Union and several other
countries. A nore precise evaluation of the effects of
cadm um on the marine environment 1i1s necessary. Such |ow
concentrations are also practically inpossible to neasure.
A definition of the concept "coastal zone" is needed. If an
increase of nore than 25-30 % of the background concentra-
tion is not to be permtted, what |evel should then be
accepted as background |evel ? The USSR finds no reason to
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transfer cadm um from Annex Il to Annex | with the
notivation that cadmumis a natural elenment of the sea.

The German Denocratic Republic states that |owest neasurable
concentration is 0.2 pg/l.

The response from Finland al so'deals with the anal ytica
difficulties connected with the proposed standards.
Resources should be allocated to establish reliable

techni ques for nonitoring cadm um concentrations in water,
mari ne organisns and sedinents. It mght also, according to
Finland, be difficult to reach 0.1 pg/1 near an effluent
outfall even when the concentration in the effluent is very
low. The criteria should therefore include instructions as
to where and how far from di scharges the cadm um
concentrations shall be measured.

Comments were also nade to the proposed standard for

em ssions to water. The USSR considers it hardly possible to
establish just one standard for em ssions independent of the
water quality criteria and local conditions. Finland can in
principle accept the lead country proposal, which should,
however, be conplenented by recomendations regarding
dilution. Finland also recommends an adjustrment of the limt
to each kind of industrial source and proposes that a small
wor ki ng group be established to study the possibilities for
such a differentiation.

Lead Country Comments (1987)

Recent investigations of cadmum in the Baltic water show
that the concentrations lie well under 0.1 pg/l, nostly in
the range 0.02-0.03 (-0.05) pg/l. Few regional variations
can be seen. This level, low as it may seem nmay well be

el evated over the natural background |evel since the present
cadmum input is at least ten tinmes larger than the natura
input. Levels around the proposed water quality objective of
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0.1 pg/1 constitute a considerable increase over the present
| evel and of the anount available to the marine environ-
ment. The basic principle nust be that only a slight
augnent ati on of the background |evel can be permtted. This
means that circa 0.1 pg/1 would be the upper limt for
accept abl e cadm um concentrations. At levels from 0.1 pg/1
there are strong reasons to believe that ecological effects
on the marine environnment can occur. These mnmust be the main
factors to take into consideration when establishing a
quality objective for water

Sweden is of the opinion that neasurenent of such | ow
concentrations is feasible but realizes that it presents
many practical difficulties. A certain time for inprovenent
of analytical methods should therefore be all owed.

The concentrations in sedinents and |iving organisns reflect
water quality. Analysis of cadmum in sedinents and |iving
organi sms can be of help when water analysis is uncertain.
Concentrations in sedinents and biota also give nore

rel evant information about the degree of pollution from a

t oxi col ogi cal - ecol ogi cal point of view Sedinent data also
provi de valuable information about the variation in cadm um
concentrations over tinme. Sweden is of the opinion that
water quality objectives should be conplenented by

obj ectives for sedinments and biota.

Sel ection of indicator organisns and determ nation of

maxi mum perm ssi bl e concentrations are conplicated by the
variations in salinity between different areas of the
Baltic. The common mnussel (Mytilus edulis) is generally
considered a suitable indicator organism but does not exist
in the northern parts. It would be advisable that one or
several conplenentary species be chosen. An interesting
possibility could be perch liver, where cadm um concentra-
tions have shown a correlation with the concentrations in
the surrounding water. This, however, needs further

consi der ati on.
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However, a draft recommendation docunment regarding prinmary
products and em ssion control is being prepared and will be
presented to the WGS.

4.4 Proposed recomendati ons (WGS 1984)

At the 7th neeting of the WES in 1984, Sweden submtted a
draft proposal for recommendations to reduce the emn ssions
of cadmum to the environment from a nunber of industrial
sources and from the handling of cadm um contai ning
batteries. Sweden also proposed environnmental quality
objectives for water and, in a rather general form for
sedi nrents and nussel s:

(1) in general a maxi mum el evation of the background |evel
in water of 30 %,

(ii) in water of the coastal zones a maxi num concentration
of 0.1 pg/1 from 1. 1.1987. Mnitoring and anal ysis
nmet hodol ogy will be defnied |ater.

(ii1) no significant increase of cadm um concentrations wth
time in sedinments and shellfish should be permtted.
Standards for maxi mum | evels of cadmum in sedinents
and mari ne organisns based on health assessnents and
ecol ogi cal aspects will be established later.

The neeting was of the opinion that priority should be given
to recommendations aimng at reduction of use and em ssions
of cadm um and that the environnental quality objectives can
be considered at a later stage. Two proposals for recomend-
ations were adopted, one for safe handling of used mercury-
and cadm um containing batteries and one regarding limt-
ation of cadm um discharges from | andbased sources. They
appear here in the form adopted by the Helsinki Conmm ssion
(see pages 118-120).
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PROGRESS REPORT ON MERCURY;
prepared by the Union of Soviet Socialist Republics

1. 1 NTRODUCTI ON

The main chem cal contam nant of the environnment is
considered nmercury and nercury conpounds. Different from
pesticides, detergents and other toxicants of anthropogenic
origin nercury and its conpounds occur in all parts of

the environnent and in all living organisns. In the process
of geochem cal cycle nmercury is released to the environnment.
Unf avour abl e ecol ogical effects are caused by elevated
concentrations of nercury.

In this report an attenpt is nmade to generalize the
materials submtted by the Baltic Sea States to the
Hel si nki Convention concerning the occurrence of nercury
in natural systens, the use of nercury in various sectors
of econony and em ssions of nercury to the environnent.

The Baltic Sea States are aware of the actual and potential
probl ens which can be caused by nercury pollution. The
environnmental protection efforts are concentrated on a
nunber of counter-nmeasures. Mich is already been done both
at national levels and within the Helsinki Convention to
reduce the levels of nercury entering the marine environnment.
However, the national governnments recognise that continuing
actions need to be taken in order to ensure that the sea

is kept free from pollution
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2. MERCURY IN THE ENVIRONMENT OF THE BALTIC SEA

21 Mercury in the environnent and the toxicity of nercury
conmpounds

The nercury contam nation of the environnment was established
as the main cause of an unknown desease in Japan during

whi ch hundred of people died. Since that tine, increasing
scientific interest has been devoted to nercury as an
environmental contam nant. Studies are concentrated on

the effects of nmercury on organisns and on the behavi our

of mercury in the aquatic environment. Mercury and its
conpounds are toxic, bioaccunmulative and persistent.

The el enental nercury although chemcally conparatively

inert possesses a high ionization and oxidizing potential

I n agueous nedium the metallic nmercury is oxidized to

nMer cur ousi ons (Hg22+) whi ch have a high affinity to sgginents
and which are easily transformed to mercuric ions (HJ™ )

that are often very soluble in water. In bottom sedinents
under the vital activity of bacteria the inorganic nercury
conmpounds are converted to organic conpounds. Characteristic
to nercury is the formation of organic nercury conpounds

of the type R,Hg and RHgX (R - organic radical. X - residue
of inorganic or organic acid). The reaction ability is

| argely depending on the nature of R and X Under the prol onged
i nfluence of air, light and warnth the organic nercury
conmpounds are deconposed by free radical nechanismto free
radi cal and elenental nercury. The elenental and inorganic
forns are prevailing in the atnosphere. The environnmenta
cycle of nercury is shown in Figure 1.

Mercury conpounds belong to thiolic poisons. Wen entering
the organism ions of nmercury react on the carboxyl and

am no groups of the proteins. Mrcury spreads relatively
fast to all tissues of the organism especially to those
rich in lipoids, including the brain. As a result changes
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appear in the vegetative nervous Systemas well as in the
heart, organs of respiration, stomach, liver, kidneys etc.
Met hyl mercury is considerably nore toxic than other organic
and inorganic conpounds. This can be explained by the
pecularities of its netabolism The biological half-life

period of nmethyl nercury in an organism|asts for about
two years.
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t i +
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Fig. 1. The biol ogical cycle of nercury

(Figure taken from Wod and Col dberg, 1977)
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2.2 Mercury in the water

Pesticides, radionuclides, hydrocarbons and nercury are

consi dered the nobst dangerous contam nants of the marine
environment. Single determnations of nercury concentration
in natural waters (sea water included) and hydrobionts have
been made in the early 50-ies. |nvestigations in this field
have expanded in the |ast decade, but the devel opnent of

anal ytical techniques for determining mercury in the
environnment has evidently been unsufficient. The analysis

of the data has indicated an interesting |aw governed process:
the content of nercury in the environnent is continuously
decreasing despite of the increasing anthropogenic input.

Up to date there has been no confidence in the reliability

of the obtained values of the concentration of mercury,

al though the sensitivity and selectivity of techniques used
for determning the levels of nercury in environnental sanples
has i nproved. Results obtained only recently can be trusted.
The obtained data are presented in Table 1.

Tabl e 1. Mercury content in the Baltic Sea water (ng/1)
Ar ea Mercury content
Central Baltic 0.007 - 0.217
@l f of Finland 0.01 - 0.14
Gl f of Bothnia 0.002 - 0.04
@l f of Riga 0.01 -~ 0.04
Bay of Gdansk 0.277 - 0.63
Bay of Tallinn 0.005 - 0.14
Bay of Narva 0.01 - 0.14
Bay of Pdrnu 0.01 - 0.04
Bay of Matsalu 0.005 - 0.13
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These findings denonstrate an uneven distribution of
mercury within the aquatory of the sea. Uneven distribution
is also observed in the North Atlantic. Evidently this
phenonenon is characteristic for all surface layers of the
seas and oceans thus being determ ned by hydrochem cal and
hydrol ogi cal processes proceeding nore intensely in the
upper |ayers of the water colum. Along the vertical the
content of mnmercury is decreased. The vertical distribution
of nmercury in the water colum, based on the data of the

| Soviet-Swedish conplex cruise in the Landsort Deep is
shown in Figure 2.
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Fig. 2. Changes in the content of nercury along the

verti cal

I nvestigations carried out in the Matsalu Bay in 1982-1983
have indicated a seasonal dynamics in the content of nercury
in the near-shore water of the Baltic Sea. In the wnter

the nmercury concentration was 0.01 pg/l, in the spring

0.08 ng/1l and in the sumer 0.12 pg/l.
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Experinmental results are in agreenent w th published data.
It may be assuned that seasonal dynamcs of the content of
mercury in the Baltic Sea water is influenced by hydro-

bi ol ogi cal processes.

2.3 Mercury in the hydrobionts

Information on the levels of nercury content in the
hydrobionts of Baltic Sea is rather scanty. Due to the
variety in the sanpling, preparation and storage procedures
as well as analytical nethods used the conparison of
avai l able data on the content of the nmercury is rather
difficult. The concentration of nercury in hydrobionts
depends on several factors, such as individual, sexual
specific differences, on growh and seasonal dynam cs.

A relationship exists between the levels of nmercury
concentration in the water and hydrobionts, the accumnul ation
of mercury is influenced by several environnental factors,
such as tenperature, salinity and pH. In every concrete
case the influence of the above-nentioned factors is
exposed in various ranges or may not occur.

The follow ng hydrobionts - plankton, benthos, fish - are
exam ned. The content of mercury in hydrobionts of the
Baltic Sea is listed in Tables 2, 3, 4.

Tabl e 2. The content of mercury in plankton
(mg/kg dry weight)

Ar ea Mercury content
@l f of Finland 1.08 - 1.24
Central part of the Baltic Sea 0.16 - 0.81

Bay of Matsalu 0.1
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Tabl e 3. The content of nercury in benthos
(mg/kg wet weight)

Area Macoma baltica M/tilus edulis
@l f of Finland 0. 07
Central part of
the Baltic Sea 0.003 - 0.017
Coastal waters
of Finland 0.013 - 0.35
Coastal waters of FRG 0.07 - 0.09
Bay of Tallinn 0.05 - 0.18 0.02 - 0.09
Coastal waters of PPR 0.04 0.01 - 0.04

Data presented in Table 3 do not serve as inmmedi ate basis
for conclusions on the regional changeability of the
concentration of nercury nolluscs. The reason being the
structural heterogeneity of selection (difference in age)
and the scantiness of conparable results in several parts
of the Baltic Sea.

Tabl e 4. The content of nmercury in fish
(mg/kg wet weight)

Fi sh species Kind of feeding Content of nercury
Herring pl ankt onophag 0.007 - 0.073

Spr at " 0.00 - 0.079

FI ounder bent hophag 0.003 - 1.50

Cod predatory fish 0.01 - 0.21

Average content of nmercury in fish (mg/kg)
- Pl ankt onophag 0.05
- Bent hophag 0. 05
- Predatory fish 0.48
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As seen, the content of nercury in predatory fish is

hi gher than in planktonophages and bent hophages. The
content of nercury in the marine environment is regularly
growi ng along the food chain and achi eves maxi num val ues
in predatory fish.

2.4 Mercury in the bottom sedinents
The data on the content of nmercury in bottom sedinents

is rather scanty.

Tabl e 5. Content of nercury in bottom sedinents
(mg/kg dry sanpl e)

Ar ea Content of nercury

Econom ¢ zone of PPR 0.02 - 0.67
Northern part of the Baltic Sea 0.01 ~ 0.68
Bay of Tallinn 0.01 - 1.22
Baltic Sea Qulu district 1.3 - 9.8
Baltic Sea Pori district 0. - 3.

Bay of Matsalu 0.02 - 0.44
Central part of the Baltic Sea 0.02 - 0.48

The content of nercury in bottom sedinents is influenced

by the nature of deposits (m neral ogical and granul onetric).
Sandy deposits are characterized by |ower content of mercury
in conparison with clayey nuds, which indicates on the
sorbtion ability of the bottom sedinents. The content of
mercury less than 1 mg/kg points to the satisfactory state
of the bottom sedi nents. Elevated concentrations of nercury
in bottom sedinents are recorded in the areas affected

by nercury-containing discharges.
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Figure 3 denonstrates the distribution of nmercury between
the Iinks of the ecosystem of the Baltic Sea.

LN

I

M S S
172 3 4 5 6 7

Fig. 3. Distribution of nean concentration of nercury
in the main conponents of the ecosystem of
the Baltic Sea

At the ordinate axis are the logarithnms of nean
concentrations of nercury in per cent of wet weight,

the abscissa axis represents the conponents of the
ecosystem 1 - water, 2 - suspended solids, 3 -
phyt opl ankton, 4 - zooplankton, 5 - planktonophagic

fish, 6 - predatory fish, 7 - bottom sedinents.

The dotted line represents the assuned nean concentration
of nmercury in the water and suspended solids.
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3. PRODUCTION AND USE OF MERCURY AND SOURCES OF MERCURY
POLLUTION

31 Production and use of nercury

In this chapter the materials of the Contracting Parties
of the Helsinki Convention concerning the production and
use of mercury in various branches of econony are revi ewed.
The bal ance of mercury between production, use and | osses
to the environment is inprecise, since the reports reflect
t he approach and point of view of the separate states to
the problem of environnental protection. In the reports

of Denmark, Finland and the Polish People's Republic the
main attention is focused on the use of nmercury in separate
branches of econony. Considerably less attention is paid
to the load on the sea via river systens and point sources.
The specification of the load of nercury to the Baltic Sea
is not possible on the basis of presented data, as the
materials reflect the discharge of mercury from industria
plants to the aquatic environnent, whereby the anounts of
nmercury entering the Baltic Sea are not defined. In the
Soviet Union main consideration is given to the contro

of the state of the environnent.

The annual production of nmercury in the Baltic Sea states,
listed in Table 6, is of the same order of nagnitude as
the use in these countries.

Tabl e 6. Production of nercury in the Baltic Sea States
(t/y)
State Producti on
Fi nl and (1980) 75
Federal Republic of Germany (1982) 48 (primarly)
126 (recycling)
Polish People's Republic (1976) 357

Sweden (1976) 130
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No nercury processing industries are in Denmark and in the
Baltic Soviet Socialist Republics. Data on the production
and use of mercury in the German Denocratic Republic are

m ssi ng.

Mercury and its conpounds are used in a |large nunber of
fields. The use of nercury in'various branches of econony
in the Baltic Sea States is showmn in Table 7. The main
consuners of mercury are chlor-alkali industry, dentistries,
manuf acturing of batteries.

Studi es perforned have shown that nmercury is also used in
various other industries a.o. the netallurgic, tanning,
plastic, textile and paint industries. For centuries nercury
and nercury conpounds have been used for nmnedical treatnent

of some deseases. To-day nmercury-containing nmedicine is

used to a very limted extent for antiseptic, chemo-
terapeutic and preservati on purposes.

A lot of investigations have shown that various types of
| aboratories a.o. educational, research, devel opnent and
service l|laboratories use netallic nmercury in equipnent,
and nercury conpounds are used as anal ytical reagents.

In agriculture nmercury conpounds are used in limted
guantities for the treatnment of agricultural seeds.
Extensive research into substitutes for nercury-containing
pesticides is being carried on.

The figures presented in Table 7 are rather inprecise.

Some of the information is referring to the situation

7-8 years ago. The degree to which the industries in the
Baltic Sea catchnent area do in fact use nercury is rather
difficult to estimate, since the Federal Republic of Germar y,
the Polish People' s Republic and the USSR are only partly
located in the catchnent area of the Baltic Sea.



Table 7. The use of mercury in the Baltic Sea States (t/y)

Branch of econony Denmark Finland Federal Pol and Sweden USSR**
Republic
of Germany

1977 1980 1982 1979 1976
1. Chlor-alkali industry 3-4.4 46. 3 66. 7 39.0 -
2. Dentistry and pharnacy 4.2 3.4 23.6 9.4-10.9 10
3. Manufacturing and use of batteries 6.0 1.8 56. 8 10.0 6.5 4
4. Laboratories 2.0 3.0 - - 1.4 2

5. Control neasuring apparatus (thernoneters,
manoneters etc.) and processing of electro-

t echni cal equi prment 5.0 0.8 15.0 45,5% 13.9 2

6. Production and consunption of paint 0.5 3.8 5.4 0.1

7. O her chemcal industry 53.9 100
8. Agriculture 2.3 2.3 4.1 1.4
9. Uninvestigated use 4.0
10. O her kinds of industry 6.0 5.2 8.4

The val ue presented includes ambunts of nercury used in pharmacy, dentistry and |aboratories

* %

Expert estimations
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3.2 Sources of nercury pollution

Mercury conpounds are emtted in the atnosphere by biol ogica
and physical processes. The main natural sources are rocks,
vol canoes and soil-formng mnerals. Mercury is released
into the soil environnment due to weathering and as a result
of vital activity of mcro-organisns. Vol canic em ssions,
evaporation of gaseous nercury from oceans and ot her water-
bodi es contribute to the inflow of nmercury and its conpounds
to the atnobsphere. Mercury emssions to water-bodies are
originated by river discharges and atnospheric fall-out.

Ant hr opogeni ¢ emi ssions of nmercury to the environnent are
ensued i.a. from mning and snelting, burning of fossi
fuel, industrial production processes, agriculture and
consunption-rel ated discharges.

The anmpbunts of mercury contained in the atnosphere have
been established between 1.10'9 and 1.10 2 g/m3. Mer cury
is introduced to the atnosphere by such human activities
as the burning of fossil fuel, from chlor-alkali factories
emtting nmercury vapours and from | and-based incineration

plants for solid wastes.

Deposition of nercury from the atnosphere to |and and sea
surface can take place either by precipitation or by direct
uptake at the surface. Up to now there is little information
about the level of nmercury content in the atnospheric
precipitation within the agquatory of the Baltic Sea. The
determnation of the input of air-borne nmercury is based
either on the atnospheric precipitation over Wst Europe

or on global estimates. According to literature data the
deposition of nercury in the Baltic Sea is estimated in
the ranges of 4 to 29 tons per year. The analysis of data
presented by the Baltic Sea states does not allow to nake
a precise estimation of the load of nercury on the Baltic
Sea.
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Studies on the |l osses of nercury to the air from severa
branches of industry have been perforned in Denmark and
Sweden. Mercury emi ssions to the atnosphere based on
Dani sh data are listed in Table 8.

Tabl e 8. Mercury em ssions'to the atnosphere (kg/y)

Pol | uti on source Em ssion to the
at nosphere

Cement and |inme production 300
Dentistry 900
Fossi| fuel 1000
Refined oil products 340
Conbustion of waste in Copenhagen 1000 - 1500
Production processes 500
El ectrical supplies 4000
El ectrical equi pnent 500
Pai nt 400
Ther nonet er s 1000
Measurenent and control equi pnent 500
Laboratories 1000

The annual em ssion of nercury to the air amounts to about
12 tons. The greatest discharges originate from consuned
batteries (4 t/y), waste incineration (1.0 - 1.5 t/y) and
from conbustion of fossil fuel. In Denmark the discharge
of mercury to the atnosphere constitutes 30% from the tota
mercury used.

In Sweden the discharge of nmercury to the atnosphere is
estimated to be from6.1 to 6.9 t/y. The main contam nation
source is the chlor-alkali industry. The input to atnosphere
(2.16 t/y) constitutes approximately 6% from the tota
quantity of mercury used in industry. The nodifying or
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changi ng of production processes and the inprovenent of
waste treatnment nethods have resulted in considerable
reduction of mercury em ssions from chlor-alkali industry.
At present the main contam nation source is considered the
energy production, the em ssions of which are estimted at
1.3 t/y. The other substantial sources of mnmercury em ssions
are mning and processing of netals, elimnation of wastes
and consuner goods.

In the Polish People's Republic the discharges of nercury

to the atnosphere from chlor-alkali industry anmount to
about 8 t/y. In the Federal Republic of Gernmany the
di scharges of nercury from chlor-alkali industry to the

at nrosphere anount to 9.5 t/y (1982). But it should be born
in mnd that the nentioned industry is |ocated outside the
catchnent area of the Baltic Sea.

In the Baltic region of the USSR the main source of nmercury
pollution is the conbustion of solid fuels (oil shale, peat
briquette). The discharge of nmercury to the atnosphere is
estimated at 5.5 t/y.

The nercury em ssions to the atnosphere fromthe Baltic

Sea states anmount to about 50 t/y. But it nust be enphasized
that the submitted data are inconplete and inapplicable for
the determnation of the anmount of nercury entering the
Baltic Sea via atnosphere. On the grounds of the presented
data it may be concluded that nore than half of the nercury
emtted to the atnosphere is originated from chl or-al kal

i ndustry.

The main pat hways through which nercury enters the marine
environment are river discharges, direct discharges from towns
and industrial plants and atnospheric precipitation

The nean content of nmercury in river water fluctuates from
0.02 to 0.10 pg/1 and the total load on the Baltic Sea
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ranges from8 t/y to 43.5 t/y. About 3.7 t/y of nercury
is transported to the Baltic Sea fromthe territory of
the USSR via rivers. The discharge of river water
constitutes about 20% from the total balance of the

Bal tic Sea.

The | oad of mercury on the Baltic Sea cannot be revised

on the basis of presented data, since the materials reflect
the total nmercury discharges fromthe industries to the
aquatic environnent, whereby the proportion of nercury
entering the Baltic Sea is not defined.

According to Swedish data the em ssion of nercury to the
aquatic environment are 0.11 t/y (50% are emtted to the
at nrosphere). The main sources of nercury pollution of the
aqueous nedia are dentistries (3.4-4.0 t/y), about 30-35%
fromthe nercury used is thrown to sewage water. An

anal ogous situation is observed in Dennmark. The other
sources of nercury pollution are of |ess inportance.

The presented docunents give no evidence about the anounts
of untreated and treated effluents entering the sea or
rivers as well as the anounts of nercury deposited in
rivers.

Muni ci pal discharges to which nmercury is supplied from
dentistries, |aboratories and enterprises are inportant
sources of the pollution of the marine environnment. In
Pol and the observed naxi num concentration of mercury in
muni ci pal effluents is 0.01 pg/1, in Tallinn and Kohtla-
Jdrve the mean concentrations are 0.54 and 0.11 pg/1,
respectively. The efficiency of biological purification
is 75-85% As the data of other nunicipal discharges are
mssing, it is not possible, however, to estimate the
anounts of nercury carried to the Baltic Sea by rmunicipa
di schar ges.
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3.3 National requirenments for discharges

The protection and control system of the environment is
based on principally differing systens of standardization

standards for discharge (em ssion standards)

standards for environnmental quality
(imm ssion standards)

Very often a conbined standardization and control system
is used. The system first nentioned is applied in Denmark
the Federal Republic of Germany and Finland. There exist,
however, sonme normative indices for the estimation of the
state of the environnment. The emi ssion standards referred
to are concerned with chlor-alkali industry. In Finland
the content of nercury in effluents from chlor-al kal

i ndustry was not to exceed 0.2 g/t O produced, according
to a target set by the national water authorities. The
target has been |ater set by the Water Court at 0.3 g/t

C produced. Mercury emssions in ventilation air are
restricted by requirenents set for in-plant air quality:
in practice nmercury content of 3-5 g/t O produced has
been reached. As for nercury content in hydrogen gas the
[imt ained at is 1 g/t O produced. The content of nercury
in alkali has been kept by the industry in the range of
0.2-0.5 mg/1.

In Sweden the follow ng requirenents for existing
enterprises are set:

the total nercury emssion in ventilation air nust
not exceed 5 g/t produced chlorine;

t he maxi mum em ssion of nmercury in hydrogen gas nmnust
not exceed 1 g/t produced chlorine.
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Limt values for nercury discharges from chl or-al kal
industry binding for the Federal Republic of Germany are
set in the corresponding Conmm ssion for the European
Community (EEC) Council directives.

Tabl e 9 depictures the em ssion standards, tinme |limts and
nmoni tori ng procedures.

3.4 Environnental quality standards

The environnmental quality objective approach is used in
various countries. In the Soviet Union limting permssible
concentrations for pollutants in the water of a water-body
depending on the kind of water use have been established.
Wat er - bodies are divided into two groups according to the
ki nd of water use:

wat er - bodi es for fishery,

wat er - bodi es for nunicipal drinking water supply.

The limting perm ssible discharge of pollutants, depending
on the kind of water use and hydrol ogi cal and hydrochem ca
characteristics are determned so that the pollution
concentration at the site of water use should not exceed
the prescribed concentration norns.

The limting permssible concentrations of nmercury in the
wat er - bodi es and waste effluents to be converted to the

treatnent plant in the Soviet Union are as follows:

for municipal drinking water supply 5 pg/l in fresh
wat er ;

for fishery 1 ng/l in sea water;

for effluents to be converted to the treatnent plant
10 pg/1.
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Tabl e 9. Limt values, tinme limts and nonitoring procedures
for mercury-containing discharges

I ndustrial sector Limt values which nust Unit of
be conpiled as from nmeasur enent
1 July 1986/1 July 1989

1. Chemcal industries
using nercury catalysts

(a) in the production 0.1 0.05 mg/1 effluent?*

of vinyl" chiori de R gt vinyl chlori de

production capacity

(b) in other processes 0.1 0.05 mg/1l effluent
10 5 o/ kg Hg processed
2.  Manufacture of nercury
catal ysts used in the 0.1 0.05 mg/1 effluent
production of vinyl —  tIT L L
chl ori de 1.4 0.7 g/ kg Hg processed
3. Manufacture of organic
and non-organic nercury 0.1 0. 05 mg/1l effluent
conpounds (except for LTt AR
products referred to in 0.1 0.05 9/kg Hy processed
poi nt 2)
4,  Manufacture of primary
batteries containing 0.1 0.05 mg/1l effluent
mercury 0.05 0.03 g/kg Hg processed

5. Non-f errous netal

i ndustry **
5.1 Mercury recovery plants 0.1 0. 05 mg/1l effluent
5.2 Extraction and refining 01 005 méii'éffoéht """"

of non-ferrous netals

6. Plants for the treatnent
of toxic wastes containing
nmercury 0.1 0.05 mg/1 effluent

7 4731782
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Limt values for industrial sectors other than the
chlor-alkali electrolysis industry which are not
mentioned in the table such as the paper and stee

industries or coal-fired power stations, wll, if
necessary, be fixed by the Council at a |later stage.
In the neantine, the Menber Stations will fix em ssion

standards for nercury discharges autononously in
accordance with Directive 76/464/EEC. Such standards
must take into account the best technical neans
avai l able and nust not be |ess stringent than the
nost nearly conparable limt values in this Annex.

On the basis of experience gained in the inplenmentation
of this Directive the Commssion will, pursuant to
Article 6(3), submt to the Council proposals for nore
stringent limt values to be introduced ten years

after the notification of this Directive.
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In the Polish People's Republic the environnental quality
standards establish the follow ng permssible concentrations
of nmercury in the aquatic environnent:

harbour basins and internal sea waters 1 pg/l

surface fresh water
I purity class 1 pg/1
(drinking water, water for econom c need,
fish farmng)
Il purity class (recreational use) 5 pg/l
[l purity class 10 pg/l
(water for agricultural irrigation and
i ndustrial water supply)

effluents to be converted to nunicipa
sewage plants, nercury content nust not
exceed 500 Pg/l

In the Federal Republic of Germany neasures to prevent

| and- based pollution are based on the Federal Water Act;
one of its objective is to prescribe em ssion standards
designed to keep quantity and noxi ousness of waste water

as |l ow as possible when applying the appropriate mnethods

in accordance with the generally accepted rules of

t echnol ogy. The established m nimum standards nust be
conpiled with irrespective of the given water quality.
Stricter standards will be inposed on a case-by-case basis
if required in view of the water quality of the receiving
body of water. Nevertheless, quality objectives set by the
EEC are respected by the Federal Republic of Germany, so in
EEC Directives quality objectives for nercury content are
set to river water which is directly used as drinking water
as well as fishing grounds. The content of nercury in
these waters nust no exceed 0.5 pg/l.

The national Board of Health of Finland has set limts for
mercury content in drinking water at 2 Pg/L Also the Iimt
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for nmercury content in raw water used for preparing

pot abl e water has been brought down to 2 pg/l. According
to the general water use classification a water-body is
classified as passing or poor if the content of nercury
in water is above 5 pg/l. A new general classification
of waters is under devel opnent.

On the basis of the above review it may be concluded that
the setting of em ssion and inmm ssion standards for various
ki nds of water uses is an inportant step in solving water
protection problens and in the abatenent of environnmenta
pol lution. Em ssion standards provide the mni num well
founded technol ogi cal discharges of nercury to the

envi ronnent, while the inmssion standards el aborated

for receiving water-bodies affected by discharges of
mercury enable to check up the efficiency of elaborated

em ssi on standards.

3.5 Proposals concerning reduction of nercury emssions to
t he environnent.

3.5.1 Measures applied in the Baltic Sea states for reducing
nmercury emssions to the environnent

The proposals by the Contracting Parties of the Helsink
Convention concerning the use and discharges of nercury
and neasures to be taken to reduce the discharges of
mercury to the environnent are discussed.

Denmar k

On the basis of results of investigations and gained
experience the Wrking Goup of the National Agency of
Envi ronnental Protection has proposed to reduce nercury
di scharges and to control the use of nmercury in the
foll ow ng branches of economy:
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nmercury batteries
clinics, hospitals and dentistries
mer cury- cont ai ni ng paint.

The limting of nmercury use in other economc fields is
foreseen in the nearest future on the basis of new

know edge. It will be possible within a 5 year period

to reduce the nercury pollution by a total of approxinmate
8 tons or 30% of the present estinated total release.

Fi nl and

According to Finnish water legislation the discharge of
certain harnful substances, anong them nercury, is
prohibited in quantities which would cause pollution of
the waters. To guarantee the purity of water-bodies the
Nati onal Board of Waters el aborates case by case

requi rements, wusually incorporated in Water Court
permts, for discharges from different enterprises.

In chlor-alkali industry follow ng nmeasures aimng at
reduction of mercury discharges are applied:

Separate sewerage is used for nercury-containing waste
water. These waste waters undergo advanced treatnent.

A reduction in the anmbunt of nercury released into the
at rosphere has been achieved e.g. by the application of
speci al anodes .

The Federal Republic of Germany

Limt values for mercury discharges from chlor-al kal
industry are in force in the Menber States of the EEC
from1 July 1983. The EEC Council Directives 82/176/EEC
and 4964/84 are binding for the Federal Republic of
Germany. Tables 10 and 11 present data on mercury

di scharges, time limts and nonitoring procedure.
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Tabl e 10. The maxi mum perm ssi bl e di scharges from chl or-
al kali industry
Kind of enterprise, Monthly nean from Remar ks
unit of measurenent 1 July
1983 1986
Al'l kinds of chlor- Applicable to al
al kali industry

ki nds of mercury-

M crogramns of 75 50 cont ai ni ng wast es
nmercury per litre

The limt values expressed as maxi mum concentrations nay not
be greater than those expressed as naxi num quantities divided
by water requirenments per ton of installed chlorine production
capacity. Taking into consideration that the limt values of
nercury in effluents depend on the technol ogy of processing

it were expedient to express the limt values in terns of
guantity of nercury in relation to a unit of production

Tabl e 11. The maxi mum perm ssi bl e di scharge of mercury per
ton chlorine depending on the applied technol ogy

I ndustry and unit Monthly average |imt Remar ks
of nmeasurenent val ues not to be exceeded
from1 July
1983 1986
Recycl ed brine 0.5 0.5 Applicable to the

nercury present in
ef fl uent di scharged
of installed chlorine from chl orine

production capacity 1.5 1.0 production unit.
Applicable to the
total quantity of
nercury present in
all nercury-containing
wat ers di schar ged
fromthe site of
i ndustrial plant.

Lost brine 8.5 5.0 Applicable to the

total quantity of
(Jags of mercury pgr ton nercury present in
of installed chlorine all mercury-containing
: : wast e di scharged
producti on capacity fromthe site of
the industrial plant.

Grans of mercury per ton
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Sweden

No em ssion or immssion standards to control the discharges
of mercury to the environnent are there in Sweden. Sone
neasures are taken to reduce the nercury em ssions to the
envi ronnent. Anmong others are the follow ng:

i medi ate collection of discharged nercury from
industrial effluents

the cooling of reactors before opening

collection and redistillation of mercury-containing
wast es

floor coatings of easily cleaned nmaterials

the cooling and cleaning of hydrogen gas on activated
carbon filters

collection and treatnent of all nercury-containing
effluents in central purification plants.

Several nodifications of chem cal-nechanical purification
have been used in effluent treatnent.

Al kali is filtered through activated carbon. The content
of mercury in alkali is reduced to 0.1 mg/1 corresponding
to 0.2 per ton chlorine produced.

.5.2 Proposals of nmeasures ained at the reduction of discharges
of mercury

The proposed neasures and tine limts dealt with in nationa
reports point the inportance of the problem Investigations
carried out in the area of the Baltic Sea have indicated

an increase in the content of nercury in the biota and
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bottom sedi ments in zones influenced by the activity of
man. The el evated concentrations of nercury in flora and
fish at present do not create danger for nman, but the risk
factor requires attention.

The main sources of nmercury emssions are industrial plants
(chlor-alkali, chemcal industry), dentistries, electrical
batteries, liquid and solid fuel, raw material for cenent
and lime processing etc. Mercury is released to the Baltic
Sea from atnosphere, via river discharges or discharges
fromindustries and towns.

To elimnate the discharges of nercury to the environnent
it would be necessary:

to reduce the industrial use of nercury

to collect and reproduce nercury-containing goods

to control discharges of nmercury to the air and to
aquatic environnent.

Recommendat i ons concerning neasures for reducing nercury
di scharges from main pollution sources have been submtted
by the Contracting Parties of the Helsinki Convention
Prelimnary recomendations presented in docunents WGS
5/2d/rev.1l and WGS 6/12/3 are revised in the light of
subjected correlations. The proposed technical neasures
are replaced by nore general requirenents, which enable
industry and l|local authorities to solve technical details
and to take necessary decisions based on the best econom ca
possibilities. Attention is paid towards the presentation
of concrete nunerical values for nercury discharges per
unit of installed production capacity. The presented
recommendations are foreseen for industries located in

the catchnent area of the Baltic Sea. The countries of

the Hel sinki Convention partly |ocated outside the
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boundaries of the catchnment area of the Baltic Sea

(Federal Republic of Germany, Polish People's Republic,
USSR) are bound to agreenents of other internationa
conventions. The authorities are responsible for the

i npl erentation of neasures for reducing mercury-containing
wastes from dentistries and consunmed batteries.

Recommendati ons of neasures ained at the reduction of
di scharges of nercury related to chlor-alkali industry,
dentistry and the use of batteries are encl osed.
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INSERTION OF MERCURY TO ANNEX 1 OF THE HELSINKI CONVENTION

The main responsibility of the Convention is the prevention
of the pollution of the Baltic Sea. The term "pol |l ution"
is defined in Article 2as follows: "Pollution" neans

i ntroduction by man, directly or indirectly, of substances
or energy into the marine environnment, including estuaries,
resulting in such deterious effect as hazard to human
health, harmto living resources and marine |ife, hindrance
to legitimate uses of the sea including fishing, inpairnent
of the quality for use of sea water, and reduction of
amenities. According to Article 5 the Contracting Parties
undertake to conteract the introduction, whether airborne,
wat erborne or otherwise, into the Baltic Sea Area hazardous
substances as specified in Annex 1 of the presented
Conventi on.

In Article 6 are sited the principles and obligations
concerning | and-based pollution. According to Article 2

the Contracting Parties are obligated to take al

appropriate nmeasures to prevent and abate pollution wth
noxi ous substances and materials listed in Annex 2 of the
Hel si nki Convention. |In accordance wth paragraph 5 of

the nmentioned Article the Contracting Parties shal

endeavour to establish and adopt criteria for issuing
permts for discharges. In Annex 1 are |isted hazardous
substances which discharge to the Baltic Sea is prohibited.

The Contracting Parties shall take all appropriate neasures
to control and strictly limt pollution by noxious
substances and material in accordance with Annex 2 of the
Convention. Mercury is a natural elenment and is constituent
of many rocks, fromwhich it is released in natural geo-
chem cal processes and as a result of the activity of man
The use of nercury in various branches of econony is well
known. At present nmercury is used in chlor-alkali industry,
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in control neasuring instrunments, dentistry, in nmanu-
facturing batteries etc. The use of nercury in pulp and
paper mlls and agriculture is prohibited due to the
toxicity of mercury and its conmpounds. In nmany sectors
of the econony extensive research into |ess harnfu
subsitutes for nercury is carried out. In recent years

a reduction in the nmercury emssions to the environnent
has been recorded. The recomended neasures for reducing
mercury discharges to the Baltic Sea, when applied in the
Baltic Sea states may serve as a basis in a step-by-step
reduction of the use of mercury in the econony.

In view of the above-said the |eading country is of the
opinion that mercury should not be inserted into Annex 1
of the Hel sinki Convention.
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PROGRESS REPORT ON COPPER AND ZINC;
prepared by the German Democratic Republic

GENERAL

This report was prepared on the basis of the information
and comments received fromthe Contracting Parties to the
Hel si nki Convention to the questionnaire relating to copper
and zinc (WES 4/8, Annex 16).

COPPER AND ZINC IN THE MARINE ENVIRONMENT

Anmong a nunber of heavy netals, which are to be considered
to be highly toxic (e.g. nercury and cadm um) and those to
be less toxic (e.g. arsenic, antinony, bismuth, thallium
and nickel) to the nmarine environnment, copper and zinc

besi des sel enium vanadium and cobalt are the nost
essential trace elenments for the living food resources,

if the respective critical limt values are not exceeded.
It is unlikely and not to be expected that copper and
zinc will affect the human organi sm through the marine
envi ronnent .

Since conparative data fromthe past are mssing, it is,
presently, inpossible to assess the trend of advancenent
of quantity of copper and zinc contained in water and

bi ol ogical material of the marine environment of the
Baltic Sea.
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Summary No. 1 shows the present quality situation with
respect to the copper and zinc content of water, sedinent
and organi sns of the Convention area.

Summary No. 1.
Copper and Zinc Content of the Convention Area

Wat er (pg/m3) Sedi nent (mg/kg) Oganisns (mg/kg)

dry wei ght wet wei ght
Copper 0.3 - 52 1 - 210 0.08 - 16
Zinc 1 - 120 6 - 640 1.2 - 110

Bel ow concentration intervals are nentioned for the centra
part of the Baltic Sea. This can be considered to be a
normal basic | oad:

copper 0.3 -3 pg/dm3

zinc 1 -7 pg/dm3

The highest concentration |levels were neasured in the
regi ons bel ow

\Wat er Sedi nent
Copper Kattegat, @resund, Belts, Gotland Deep
Bay of Kiel
Zinc @l f of Finland Gotland Deep

The highest contents of copper and zinc found in organi sns
were neasured in shells.

Copper and zinc are mainly discharged into the Baltic Sea
area fromrivers and atnosphere. A first assessnent of

the pollution effects on natural resources of the Baltic
Sea (1980) revealed that about 50 - 80 p.c. are discharged
from the atnosphere into the Baltic Sea and 53 - 83 p.c.
of zinc fromrivers. Donestic sewage contributes to the

| oad by heavy netals for about 1 - 6 p.c. only.
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Di scharges from the industry significantly contribute to
an increase of the content of trace netals in relatively
cl osed regions of the Baltic Sea.

Swedi sh investigations prove that discharges of copper

and zinc into the marine environment |ead to concentrations
whi ch possibly nmay endanger the biotop of the appropriate
marine area. ToO characterize the quality situation near

the discharge places of the R&nnskdr sneltery (RS) at

t he Swedi sh coast, results of long-term investigations

were published, out of which sonme are given bel ow

Wat er Copper (pg/l) Zinc (ng/1)
basi c val ues 2 3
Baltic Sea 0.6 - 1.0 1.5 - 3.5
0.5 km sout hwards of RS 15 50
10-100 km sout hwards of RS 2 1
1976/77 >3 km of RS <0.6 - 8 0.4 - 20
1978 >3 km of RS 7.4 3.4
1979 >3 km of RS 2.7 10
during ice cover 18 - 22 66 - 110
Particular fractions Copper Zi nc
(Pore wdth 0.4 pm) (mg/kg of dry weight)
basi c val ue
30 km NE of RS 90
<5 kmof RS 2800 - 300 3700 - 400
<15 km of RS 400 - 200 630 - 170
Sedi nment Copper Zinc

(mg/kg of dry weight)

Near RS 4300 3500

about 5 km
sout hwards of RS 100 - 600 200 - 600
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@ Dpomeen) Copper Zi nc
(mg/kg of dry weight)

3 km sout hwards of RS 400 - 600 500 - 900

30 km sout hwards of RS 20 - 30 250

100 km sout hwards of RS 15 300

10 km northwards of RS 60 250

20 km northwards of RS 3 60

I nvertebraten (Lymea sp.) Copper Zi nc
(mg/kg of dry weight)

2 km sout hwards of RS 1400 - 1100 1100 - 800

20 km northwards of RS 92 - 60 130 - 100

To study the effect of copper and zinc on the marine
environment of the Baltic Sea area, several organisns
were exposed by Swedish investigators to the influence
of these heavy netals. The nost inportant results of
these tests are reflected in Sunmary No. 2.

Summary No. 2

Speci es Effects of

Copper Zinc
Ephenerella mucronata significant increase no effect
(larvae) in nortality
Salnp trutta significant increase no effect

in nortality

Fontinalis dalecarlia enrichment: enri chnment :
20fol d 3fold
Ephenerella ignita significant changes no effect

of nortality and of
breedi ng behavi our

Sal no gai rdneri Liver: 40-90 mg/kg no tendency
of fresh weight to enrichnment
liver:
20- 35 mg/kg

of fresh wei ght

8 4731782
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Speci es Ef fect of _
Copper Zi nc
Mytilus edulis increased nortality increased nortality
near sneltery near sneltery
20 mg/kg of fresh 20-50 mg/kg of fresh
wei ght wei ght
Al gae enri chment: enri chment :
5-10fold near 2-3fold near
sneltery sneltery
Phoxi nus phoxi nus 1)
1) - Wth advancing age and size of the fish increase
in resistance (96 hours LC 50 3,2 ng for adult
fish).

Interference with reproduction in case of rise of
zinc concentration from 0.05 ng (control val ue)
to 0.13 resp. 0.20 ng (decrease in nunber of eggs
per female for 17 p.c. - 21 p.c.).

Mortality of fry for 100 p.c. at 0.26 ng.

After 270 days rate of nortality of fish was
50 p.c. at 0.3 ng, 70 p.c. of vertebrates were
attacked (below 0.2 ng, vertebrates were not
attacked).

Only 18.4 ng caused nortality of 100 p.c. after
one day. Attack of vertebrates could not be
detected during this short tine.
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NATIONAL QUALITY STANDARDS FOR ENVIRONMENT

The |l oad of marine environment of the Baltic Sea area
caused by copper and zinc is regulated by the Contracting
States by neans of emssion |imts fixed to keep discharges
of noxi ous substances into the marine environnent as |ow
as possi bl e.

Binding fixed limt values are being applied in Denmark,
the German Denocratic Republic, the Polish People's
Republic and the Union of Soviet Socialist Republics.

Sweden, Finland and the Federal Republic of Germany fix
their limt values for discharges in each case. In doing
so, they fix different quality goals for taking into
account the sonetines rather conplex utilization of waters
and sections of waters. In particular, Sweden and Finland
orientate to a gradual reduction of the |oad of waters
caused by copper and zinc up to 1984 resp. 1986. In
practice below em ssion values are of inportance

Denmar k @R FRG PPR USSR

copper (mg/dm3) 0.1/0.5 0.005 0.05 0.01 0.001/0.005
zinc  (mg/dm>) 0.5/1.0 0.01 1.0 0.01 0.0l /0.05

To limt discharges of copper and zinc from sewage em ssion
some of the Contracting States apply |imt values for
em ssions, which regulate |oad capacity of the waters
concerned. They may be conbined in bel ow concentration
interval s:

cecpper: 0.1 - 3.0 mg/1l

zinc: 0.5 - 10.0 mg/1

Presently, the Baltic coastal states apply below limtations
of copper and zinc discharges from main pollution sources
into the marine environment of the Baltic Sea area, vide
Summary No. 3:
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zi nc di scharges

Zinc Sweden Finland') PPR FRG GDR
M ni ng <0.5 mg/1
Iron and 120 kg/ d+ - 4 mg/l -
st eel
i ndustry 30 kg/d*
3 kg/ d**

Snelteries 0.58 kg/t Cu 40 kg/d -
Textile 350 kg/d
I ndustry 150 kg/ d* 3 mg/l -
Zi nc and 60 t/a
cobal t
production 40 t/ar

20 t/a**
Ti tani um 3.5 t/t TiO, - -
di oxi de
i ndustry
Copper - 6 kg/d - - -
processi ng
Gal vani c - - 5 mg/l 0.7 t/a
i ndustry
Di schar ge of 5.0 mg/1 2 mg/l - 2 mg/l
i ndustri al 0.7 mg/1***

wast e water
i nto sewage
treatnent plants

(proposed limt val ues)
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Copper Sweden Finland') PPR FRG GDR
Srrel teries 0.63 kg/t Cu 20 kg/a*’ -

Cobal t 10 t/a

producti on

Textile - 1 mg/l

i ndustry

Copper - 20 kg/d

processi ng

Gal vani c 2 mg/l 0.2 t/a
i ndustry

Di schar ge of - 1.5 mg/1 0.2 mg/1 - 0.5 mg/1
i ndustri al -

wast e wat er 0.5 mg/1

i nto sewage (proposed limt val ues)

treatnent plants

1) proposals for limt values used

+

plant 1

1984, plant 2

1986, plant 2

*** in case of utlization of sludge

* %

9 4731782
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Dl SCHARGE COF COPPER AND ZINC INTO THE MARINE ENV'II RONMVENT

The figures yet submitted by the Contracting Parties on
copper and zinc discharged into the marine environnment of
the Baltic Sea area are subdivided according to major |oads
in Tables 1 and 2. Al though the reports show sonme non-
uniformty, what is obviously due to the age of the neasured
val ues based on cal cul ations, the assessnents prepared by
Denmark, Sweden and the Polish People's Republic prove a
relatively high airborne | oad caused by copper and zinc.

In conparison therewith as well as with the discharges of
copper and zinc fromrivers, load of the narine environnent
in consequence of direct discharge of donmestic and industria
sewage can be assessed to be rather |ow

The data presently available make it very difficult to prove
total load of marine environnent of the Baltic Sea area on
the basis of discharge values from all Contracting States.

Tabl e 1. Di scharge of Copper into the Marine Environnment
(tons/year)

from Denmark Finland GCDR PPR Sweden USSR
1 50 2.3% - - 20 55
2 42%* - 48. 2 10

3 66 2742 1200 -
4 35 -
5 1.8 781 1890 320
1 ~ donmestic sewage

2 - industrial sewage

3 - airborne

4 - diffuse sources

5 - rivers

* Hel sinki and Turku
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Tabl e 2. D scharge of Zinc into the Marine Environnment
(tons/year)

from Denmark Finland CDR PPR Sweden USSR
1 300 18* - - 60 110
2 318%* - 1439 50 -
3 660 682 5000 -
4 70 -
5 8.7 1139 3140 645

- donestic sewage
- industrial sewage
ai rbor ne

- diffuse sources
- rivers

32 T~ SUR N
|

* Hel si nki and Turku

5, MONITORING OF COPPER AND ZINC DISCHARGED INTO MARINE
ENVIRONMENT

To check discharge of copper and zinc into the marine
environment of the Baltic Sea area the Baltic coastal

states conduct quite different nonitoring activites aim ng

at preparation of basic material for gradual limtation

of discharges of noxious substances and - within the Baltic
Sea Mnitoring Programme - being also of increasing inportance.
Sweden and Denmark reported on results of investigations:

Sweden Denmar k
copper zinc copper zinc

- fish
(mg/kg if wet weight) 0.3-6.9 4.5-34 0.24-10.5 5-124

- nytilus edulis
(mg/kg of dry weight) 1.5-6.9 7-21 1.1 -410 63-574
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Sweden Denmar k
copper zinc copper zinc

- sedi nment
(mg/kg of dry matter) 12-129 45-319 0. 04-220 3- 1050

- Baltic Sea water
(pg/1) 0.6-1.0 1.3-1.5 0.6 -1.0 1.5-3

The summary shows that the quality situation of the Baltic
Sea water is not comng up to values, which differ from the
known "normal" condition. |In contrast thereto, the nmaxi mum
val ues for biological material and sedinent show high rates
of accumulation, what mainly prove the results of the Danish
i nvestigations.

For fundanentally assessing discharges of copper and zinc
into marine environnment of the Baltic Sea area and devel opi ng
therefrom an effective limtation based on appropriate
neasures, it wll be necessary to use the results of
investigations of all the Baltic Sea states in future tine.

RECOMMENDATIONS FOR LIMITATION OF DISCHARGES OF COPPER AND
ZINC

To Iimt discharges of copper and zinc we recomend as
fol | ows:

Reduction of em ssions and discharges;

Preparation of instructions for standards of quality
for environnent and em ssions;

Moni toring of discharge;

Monitoring of effects of copper and zinc on the marine
envi ronnment .



113

REFERENCES

The netal concentrati ons have been taken from
"Assessnment of the effects of pollution on the natural
resources of the Baltic Sea, 1980".
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Basi ¢ | oad: page 206
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IV HELCOM RECOMMENDATIONS CONCERNING CADMIUM AND MERCURY,
adopted by the Commission in 1985 as Recommendations

HELCOM RECOMVENDATI ON 6/3:

Recomendat i on concer ni ng neasur es ai med at t he
reduction of discharges of nercury from chloralkal

i ndustry

HELCOM RECOMVENDATI ON 6/4:
Recommendat i on concerning neasures ai med at t he
reduction of nercury resulting from dentistry

HELCOM RECOMVENDATI ON 6/5:
Reconmendat i on concer ni ng saf e handl i ng of used
mercury- and cadm um containing batteries

HELCOM RECOMVENDATI ON 6/6:
Recommendation concerning limtation of discharges of
cadm um from | and- based sources
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CONVENTI ON ON THE PROTECTI ON OF THE MARI NE
ENVI RONVENT OF THE BALTI C SEA AREA

BALTI C MARI NE ENVI RONVENT PROTECTI ON HELCOM 6/16
COMM SSI ON - HELSI NKI COVM SSI ON - Annex 6

Si xth Meeting
Hel sinki 12-15 March 1985

HELCOM RECOMMENDATI ON 6/3

adopted 13 March 1985, having regard
to Article 13, Paragraph b} of
the Hel sinki Convention

RECOMMVENDATI ON CONCERNI NG MEASURES Al MED AT THE REDUC
TION OF D SCHARGES OF MERCURY FROM CHLORALKALI | NDUSTRY

THE COW SSI ON,

RECALLI NG that according to Article 6 of the Convention on the
Protection of the Marine Environnment of the Baltic Sea Area,
1974, (Hel sinki Convention), the Contracting Parties shal
take all appropriate nmeasures to control and strictly limt
pol lution by noxi ous substances,

RECALLI NG ALSO that Annex Il of the Hel sinki Convention defines

mercury as a noxious substance for the purposes of Article 6
of the Conventi on,

RECOGNI ZI NG that chloralkali industry is one of the main
sources of pollution by nercury,

BEI NG M NDFUL of the pollution caused by chloralkali industry,

DESIRING to limt this pollution by acconplishing the treatnent

of chloralkali industry effluents corresponding to nodern
t echnol ogy,

RECOMMENDS to the Governnments of the Contracting Parties to the

Hel si nki Convention that:

a) best technical neans should be used in industrial plants
to be constructed after 1986 to minimize pollution by
mercury; and

b) the existing industrial plants in operation should neet
the follow ng requirenents:

- the total quantity of nercury in all water discharged
fromthe site of the industrial plant should not exceed
the nonthly average of 1 g per ton chlorine production
capacity from 1986;
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HELOOM RECOMMENDATIONG, 3
page 2

- technol ogy should be devel oped and high-effective vacuum
equi prrent in departnments should be put into operation
before 1987 so that the losses in ventilation air are
less than 5 g per ton.chlorine production capacity, and
less than 2 g per ton chlorine production capacity as
target for 1990;

- the annual average nercury concentration in alkali should
be reduced to 0.5 mg/1 before 1987 and to 0.3 mg/1 by 1990;

- the nonthly average anount of nmercury in hydrogen gas
shoul d be reduced to 1 g per ton chlorine produced by
the end of 1986 and to 0.2 g per ton chlorine produced
by 1990.

RECOMMENDS ALSO that neasures taken in accordance with this
Recomendati on and the analyses and estimation nethods used
shoul d be reported to the Comm ssion one year after the adoption
of this Recomendation and thereafter every 3 years,

RECOMMENDS FURTHER that the Contractig Parties, whenever possible,
apply even nore stringent neasures than stated above ained at
the reduction of mercury from chloral kali industry.
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CONVENTI ON ON THE PROTECTI ON OF THE MARI NE

ENVI RONVENT OF THE BALTI C SEA AREA HELCOM 6/16
BALTI C MARI NE ENVI RONMVENT PROTECTI ON Annex 7
COMM SSI ON - HELSI NKI COMM SSI ON -

Si xth Meeting
Hel sinki 12-15 March 1985

HELCOM RECOMVENDATI ON 6/4

adopted 13 March 1985, having regard
to Article 13, Paragraph b) of
the Helsinki Convention

RECOMVENDATI ON CONCERNI NG MEASURES Al MED AT THE REDUCTI ON OF
MERCURY RESULTI NG FROM DENTI STRY

THE COW SSI ON,

RECALLI NG that according to Article 6 of the Convention on the
Protection of the Marine Environment of the Baltic Sea Area,
1974, (Helsinki Convention), the Contracting Parties shall take
all appropriate nmeasures to control and strictly Iimt pollution
by noxi ous substances,

RECALLI NG ALSO that Annex Il of the Helsinki Convention defines
mercury as a noxious substance for the purposes of Article 6 of
t he Conventi on,

RECOGNI ZI NG the relative inportance of dentistry as the source
of pollution by nercury,

BEI NG M NDFUL of the pollution caused by em ssions of nercury
resulting from dentistry,

DESIRING to Iimt this pollution by reducing nercury em ssions
from dental clinics, |aboratories and surgeries,

RECOMMENDS to the Governnents of the Contracting Parties to the
Hel si nki Convention that arrangenents for collection of waste
containing nmercury from dental clinics, |aboratories and

surgeries should be established for such undertakings that start
operating after the end of 1986 and for those already in operation
before that date not later than the end of 1988,

RECOMMENDS ALSO that elaborating new nercury-free materials for
tooth fillings should be encouraged and the use of mercury-

containing materials for this purpose should, whenever possible,
be abandoned,

RECOMMENDS FURTHER that the Contracting Parties report to the
Conm ssion data on the existing and avail abl e techni que one year
after the adoption of this Recommendati on.
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CONVENTI ON ON THE PROTECTI ON OF THE MARI NE
ENVI RONVENT OF THE BALTI C SEA AREA

HELCOM 6/16
BALTI C MARI NE ENVI RONVENT PROTECTI ON
COMM SSI ON - HELSI NKI COW SSI ON - Annex 8

Si xth Meeting
Hel si nki 12-15 March 1985

HELCOM RECOMVMENDATI ON 6/5

adopted 13 March 1985, having regard
to Article 13, Paragraph b) of
the Helsinki Convention

RECOMMVENDATI ON CONCERNI NG SAFE HANDLI NG OF USED MERCURY- AND
CADM UM CONTAI NI NG BATTERI ES

THE COW SSI ON,

RECALLI NG that according to Article 6 of the Convention on the
Protection of the Marine Environment of the Baltic Sea Area,
1974, (Hel sinki Convention), the Contracting Parties shal

take all appropriate neasures to control and strictly [imt

pol lution by noxious substances,

RECALLI NG ALSO that Annex |1 of the Hel sinki Convention defines
mercury and cadm um as noxi ous substances for the purposes of
Article 6 of the Convention

RECOGNI ZI NG the pollution caused by the introduction of nercury
and cadmi um from used batteries to the nmarine environnent of
the Baltic Sea Area,

DESIRING to |limt this pollution by a safe handling of such
batteries,

RECOMMENDS to the Governnments of the Contracting Parties to the
Hel si nki Convention that:

a) batteries containing appreciable anounts of nercury or
cadm um be | abell ed;

b) such spent batteries be collected;

c) recovery or safe disposal of the netal content of such spent
batteries be applied in order to avoid contam nation of
the environnent; and

d) research into less harnful substitutes in batteries con-
taining even small quantities of cadm um and nercury
shoul d be encouraged,

RECOMMENDS FURTHER that the actions taken by the Contracting Parties

in accordance with Paragraphs c¢) - d) above should be reported to

the Commssion by 1 July 1986 and subsequently at three years' inter-

1ol o
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CONVENTI ON ON THE PROTECTI ON OF THE MARI NE
ENVI RONVENT OF THE BALTI C SEA AREA

BALTI C MARI NE ENVI RONMVENT PROTECTI ON HELCOM 6/16
COW SSI ON - HELSINKI COW SSI ON - Annex 9

Si xth Meeting
Hel sinki 12-15 March 1985

HELCOM RECOMMENDATION 6/6

adopted 13 March 1985, having regard
to Article 13, Paragraph b) of
the Hel sinki Convention

RECOMVENDATI ON CONCERNI NG LI M TATI ON OF DI SCHARGES OF CADM UM
FROM LAND- BASED SOURCES

THE COW SSI ON,

RECALLI NG that according to Article 6 of the Convention on the
Protection of the Marine Environnment of the Baltic Sea Area,
1974, (Hel sinki Convention), the Contracting Parties shall take
all appropriate nmeasures to control and strictly Iimt pollution
by noxi ous substances,

RECALLI NG ALSO that Annex Il of the Helsinki Convention defines
cadm um as a noxi ous substance for the purposes of Article 6 of
t he Conventi on,

NOTING the existing risk of pollution of the marine environnent
of the Baltic Sea Area by cadm um caused by discharges of this
substance from various sources,

RECOGNI ZI NG that the concentration of cadmum in effluents
from industrial sources directly after treatnment can be kept
below 0.1 mg/1 by the use of common wastewater treatnent tech-
nol ogy (e.g. precipitation, ion exchange),

DESIRING to Iimt cadmum pollution of the Baltic Sea Area by
acconpl i shing special neasures concerned,

RECOMMENDS to the Governnents of the Contracting Parties to the
Hel si nki Convention that:

a) national regulations for the limtation of the use of
cadmum to a strict mninmum be established within the
followi ng applications:

(1) el ectropl ati ng;
(ii) pi gnents; and
(i) stabilizers;
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HELCOM RBECOMMENDATION 6/6
page 2

b) the follow ng neasures be taken to reduce discharges of
cadm um from i ndustrial sources:

(1) recycling of cadm um containing wastewater, or
otherwise limtation of the use of water in
processes where cadm um i s handl ed,

(i) strict separation of cadm um containing wastewater
fromall other effluents; and

(i) effective treatnment of wastewater containing
cadm um by the use of common or other advanced
technol ogy so that the concentration and quantity
of cadmum in effluents from various industria
sources as nonthly averages should not exceed the
follow ng values neasured at the point where the
effluent |eaves the plant:

from from
1986 1989
El ectropl ati ng 0.5 mg/1 0.2 mg/1
gj kg Cd handl ed 0.3%)
Manuf acture of pignents 0.5 mg/1 0.2 mg/1
gj kg Cd handl ed 0.3
Manufact. of stabilizers 0.5 mg/1 0.2 mg/l
g/ kg Cd handl ed 0.5
Manufact. of batteries 0.5 mg/1 0.2 mg/1l
g/ kg Cd handl ed 1.5
Manuf act. of Cd conpounds 0.5 mg/1 0.2 mg/l1
g/ kg Cd handl ed 0.5
Zinc mning 0.3 mg/1 0.2 mg/1

c) t he devel opnent of nethods to reduce the cadm um content
in phosphatic fertilizers and discharges from fertilizer
producti on be urged, and national regulations to this
matter be adopted when such nethods are avail abl e,

RECOMWENDS FURTHER that regular reports on national neasures
taken in accordance with Paragraphs a) (i)-(iii) be submtted

to the Commission by 1 July 1986 and subsequently at three years
intervals.

*) application of the limt value may be suspended until 1988
in the case of plants which discharge |ess than 10 kg of
cadmum a year and in which the total volunme of electroplating
tanks is less than 1.5 m3.
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BALTIC SEA ENVIRONMENT PROCEEDINGS

JO NT ACTIVITIES OF THE BALTI C SEA STATES
WTH N THE FRAMEWORK OF THE CONVENTI ON ON THE
PROTECTI ON OF THE MARI NE ENVI RONVENT OF THE
BALTI C SEA AREA 1974-1978

(1979)"

REPORT OF THE INTERIM COW SSI ON (IC) TO THE
BALTI C MARI NE ENVIRONMENT PROTECTI ON COVM SSI ON
(1981)

ACTIVITIES OF THE COW SSI ON 1980

- Report on the activities of the Baltic Marine
Envi ronnent Protection Conmm ssion during 1980

- HELCOM Recommendati ons passed during 1980

(1981)

BALTI C MARI NE ENVI RONMENT Bl BLI OGRAPHY
1970- 1979
(1981)

ASSESSMENT OF THE EFFECTS OF POLLUTION ON THE
NATURAL RESOURCES OF THE BALTIC SEA, 1980
PART A-1: OVERALL CONCLUSI ONS

(1981)*

ASSESSMENT OF THE EFFECTS OF POLLUTI ON ON THE
NATURAL RESOURCES OF THE BALTIC SEA, 1980
PART A-l: OVERALL CONCLUSI ONS

PART A-2: SUMMARY OF RESULTS

PART B: SO ENTI FI C MATERI AL

(1981)

WORKSHOP ON THE ANALYSI S OF HYDROCARBONS | N
SEAWATER

Institut fdr Meereskunde an der Universitat
Kiel, Departnment of Marine Chem stry, Mrch 23
- April 3, 1981

(1982)

ACTIVITIES O THE COW SSI ON 1981

- Report of the activities of the Baltic Marine
Envi ronnent Protection Conm ssion during 1981
including the Third Meeting of the Conm ssion
held in Helsinki 16-19 February 1982

- HELCOM Reconmendations passed during 1981 and
1982

(1982)

*

out

of print
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ACTIVITIES OF THE COW SSI ON 1982

- Report of the activities of the Baltic Marine
Envi ronnent Protection Conmm ssion during 1982
including the Fourth Meeting of the
Commi ssion held in Helsinki 1-3 February 1983

- HELCOM Recommendati ons passed during 1982 and
1983

(1983)

SECOND Bl OLOG CAL | NTERCALI BRATI ON  WORKSHOP
Marine Pollution Laboratory and Marine D vision
of the National Agency of Environnental
Protection, Denmark, August 17-20, 1982, Rgnne,
Denmar k

(1983)

TEN YEARS AFTER THE SI GNI NG OF THE HELSI NKI
CONVENTI ON

Nati onal Statenents by the Contracting Parties
on the Achievenents in Inplenenting the Goals
of the Convention on the Protection of the
Marine Environment of the Baltic Sea Area
(1984)

STUDIES ON SHI P CASUALTIES IN THE BALTIC SEA
1979-1981

Hel si nki University of Technol ogy, Ship

Hydr odynam cs Laboratory, Qaniem, Finland

P. Tuovinen, V. Kostilainen and A Hamalainen
(1984)

GUI DELI NES FOR THE BALTIC MONI TORI NG PROGRAMVE
FOR THE SECOND STAGE
(1984)

A&TIVITIES O THE COW SSI ON 1983
- Report of the activities of the Baltic Marine
Envi ronnent Protection Conmm ssion during 1983
including the Fifth Meeting of the Conm ssion
held in Helsinki 13-16 March 1984

- HELCOM Recommendati ons passed during 1983 and
1984

(1984)

SEM NAR ON REVI EW OF PROGRESS MADE | N WATER
PROTECTI ON MEASURES

17-21 Cctober 1983, Espoo, Finland

(1985)

ACTIVITIES OF THE COW SSI ON 1984

- Report of the activities of the Baltic Marine
Envi ronnent Protection Conm ssion during 1984
including the Sixth Meeting of the Conmm ssion
held in Helsinki 12-15 March 1985

- HELCOM Recommendati ons passed during 1984 and
1985

(1985)
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WATER BALANCE OF THE BALTI C SEA
A Regi onal Cooperation Project of the Baltic

Sea States; International Summary Report
(1986)

FI RST PERI ODI C ASSESSMENT OF THE STATE OF THE
MARI NE ENVI RONVENT OF THE BALTI C SEA AREA,
1980-1985; GENERAL CONCLUSI ONS

(1986)

FI RST PERI ODI C ASSESSMENT OF THE STATE OF THE
MARI NE ENVI RONVENT OF THE BALTI C SEA AREA
1980- 1985; BACKGROUND DOCUMENT

(1987)

ACTIVITIES OF THE COW SSI ON 1985

- Report on the activities of the Baltic Marine
Envi ronnent Protection Conmm ssion during 1985
including the Seventh Meeting of the
Comm ssion held in Helsinki 11-14 February
1986

- HELCOM Recommendati ons passed during 1986

(1986) *

BALTI C SEA MONI TORI NG SYMPCSI UM
Tallinn, USSR 10-15 March 1986
(1986)

FI RST BALTIC SEA POLLUTI ON LOAD COVPI LATI ON
(1987)

SEM NAR ON REGULATI ONS CONTAINED IN ANNEX |1 OF
MARPOL 73/78 AND REGULATION 5 OF ANNEX |V OF
THE HELSI NKI CONVENTI ON

Nati onal Swedish Adm nistration of Shipping and
Navi gation; 17-18 Novenber 1986, Norrkoping,
Sweden

(1987)

SEM NAR ON O L PULLUTI ON QUESTI ONS
19-20 Novenber 1986, Norrkoping, Sweden
(1987)

A&TIVITIES OF THE COWM SSI ON 1986
- Report on the activities of the Baltic Marine
Envi ronnent Protection Conm ssion during 1986
including the Eighth Meeting of the
Comm ssion held in Helsinki 24-27 February
1987
- HELCOM Recommendati ons passed during 1987
{1987) *

* out of print
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