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ABSTRACT: The concentration of Zn, Cu, Pb, Cd, Ni, Co, Ag, Mn, Fe, Ca, Mg, K and Na in molluscs 
Macoma balthica, Mya arenaria, Cardium glaucum, Mytilus edulis and Astarte borealis from the 
southern Baltic was determined. The surface sediments and ferromanganese concretions associated 
with the molluscs were also analysed for concentration of these metals. Species- and region- 
dependent differences in the metal levels of the organisms were observed. The properties of 
molluscs analysed which have a tendency toward elevated biological tolerance of selected trace 
metals were specified. The interelement relationship between metal concentrations in the soft tissue 
and the shell was estimated and was discussed. 

INTRODUCTION 

The ability of marine mussels to biologically incorporat9 trace metals in their tissues 
has been  well estabhshed; most of the studies have been  carried out on the soft tissue 
(Amiard et al., 1986; Bloom & Ayling, 1977; Bryan, 1980, 1983; Coleman et al., 1986; 
Cossa et al., 1979; 1980; Davies & Pirie, 1980; Di Giulio & Scanlon, 1985; Farrington et al., 
1983; Galloway et al., 1983; Gault et al., 1983; Goldberg, 1975; Goldberg et al., 1978, 
1983; Hung et al., 1981, 1983; Johnson & D'Auria, 1980; Julshamn, 1981; Karbe et al., 
1977; Langston, 1986; Martinci~ et al., 1984; M6ller et al., 1983; Phillips, 1976a, 1976b, 
1977b, I977c, 1978; Popham & D'Auria, 1983a, 1983b; Ritz et al., 1982; Segar et al., 1971; 
Slabyj & Carpenter, 1977; Szefer, 1986; Szefer & Szefer, 1985; Szefer & Wenne,  1987). 
However,  the number  of articles on the concentration or distribution of metals in shell 
material, particularly relating the metal concentration in the soft tissue to that in the shell 
is scanty (A1-Dabbas et al., 1984; Bertine & Goldberg, 1972; Carriker et al., 1980b, 1982; 
Chow et al., 1976; Ferrell et al., 1973; Koide et al., 1982; Pilkey & Goodell, 1963, 1964; 
Sturesson, 1976, 1978; Wada  & Suga, 1976). 

In recent years, much attention has been  paid to the chemical composition of marine 
organisms, especially of molluscs, and of the associated sediments (Luoma & Bryan, 1978, 
1979; Luoma & Jenne,  1976a, 1976b, 1977; Langston, 1986; Thomson et al., 1984). The 
sediments at the water-sediment  interface are more important to benthic invertebrates 
than the subsurface sediments because meiofauna hves above the reduced zone in 
sediment (Luoma & Bryan, 1981). Detritus-feeding organisms are exposed directly to 
sediment-bound metals, and the bioavailability of the latter depends  to a significant 
extent upon the geochemical  fraction with which a metal is associated in the bottom 

�9 Biologische Anstalt Helgoland, Hamburg 



412 Piotr Szefer & Krystyna Szefer 

subs t ra te  (Luoma & Jenne,  1976a). Compared  to sediments ,  organisms exhib i t  a g rea te r  
spat ia l  sensit ivity and a grea te r  abil i ty to concentra te  some meta ls  and  therefore  are  often 
cons idered  as bioindicators.  Analysis  of seawate r  and  sed iments  are  r a re ly  carr ied out; 
the  ma in  d i sadvan tage  of the two non-biological  moni tor ing me thods  is tha t  ne i ther  
allows for the  est imation of the  biological  avai labi l i ty  of the  trace meta l s  (Bryan, 1980). 

The  aim of the  presen t  p a p e r  was  to examine  species-  und  r e g i o n - d e p e n d e n t  
variat ions of metals  concentrat ions in some Baltic mollusc as wel l  as in  the  associa ted  
bot tom sediments .  

MATERIALS AND METHODS 

Samples  were  col lected during the cruise of the research  vesse l  "Ocean ia"  in the  
southern Baltic in May  1987, The locat ion of the  s amphng  stations is p r e s e n t e d  in Figure  
1. The organisms were  caught  using a bo t tom trawl, and  were  i m m e d i a t e l y  sorted, in the  
ship laboratory,  in respect  to species,  size (age), and  the region  w h e r e  caught .  The  
animals  were  dissected,  and  the soft t issue s epa ra t ed  from the shell  wi th  a plas t ic  spoon. 
The shells were  carefully c leaned  of foreign matter ,  especia l ly  of n u m e r o u s  spec imens  of 
Balanus improvisus that  were  fas tened  on the shells of Mytilus edulis. Groups  of 5 to 33 
spec imens  of similar size were  pooled  for analysis,  w e i g h e d  and  d r i ed  at  105 ~ 
Sed iment  samples ,  col lected with a g rab  sampler ,  and  surface layers  of s ed imen t s  were  
frozen dur ing  t ransport  to the  laboratory.  Then, 1-g subsamples  (after d ry ing  at  105 ~ 
were  used  for the extract ion of meta ls  with 1M HC1 according  to the  p r o c e d u r e  recom- 
m e n d e d  by  Luoma & Bryan (1981). The organic  mat te r  content  of sed iments  was  
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determined from the weight  loss on ashing at 400 ~ to a constant  weight. The ferroman- 
ganese nodules  were taken by bottom trawl together with specimens of Astarte borealis 
(station B-2), and  then dried at room temperature.  Thin (~2 mm} portions of the surface 
and the subsurface of the disk nodules were scraped off. The first layer was brown, the 
second one was very dark brown. This material  was used for the extraction of metals in 
1M HC1 in the same m a n n e r  as described above for the sediment  samples. 

The biological material  was treated with concentrated HNO3 (30--50 re.l) and  left to 
rest a few days. Concentrated HC104 (2-3 ml} was added. Decomposition was accom- 
plished at the lowest possible temperature.  The dry residue was then converted to 
chlorides by evaporat ion with concentrated HC1 and heated in  1M HC1 to dissolve the 
salts. Such prepared solutions and both sediment  and  nodule filtrates were transferred 
into an acid-washed volumetric flask (25 ml). Cadmium, Zn, Pb, Cu, Co, Ni and  Ag were 
determined directly from the solution by atomic absorption spectroscopy {AAS); Fe, Ca, 
Mg, K, Na and  partly Mn determined after appropriate dilution. As the sample weight  
varied, the detection hmit of the method used (expressed in ~tg g - l )  also varied. The shell 
results of Pb, Ag, Ni, Co and  Cd were general ly below the hmit of detection, i.e. were 
lower than 0.1 #g m1-1 for Pb and Ag, 0.04 ~tg ml - i  for Ni, 0.02 ~tg m1-1 for Co and  0.01 ~tg 
ml - t  for Cd. Blank samples were routinely run  through the analysis to check for 
contamination. In order to correct for broad band  absorption in the case of both the shell 
and nodule  materials, deuter ium background correction was used.  The s tandard addit ion 
technique was applied to control the data quahty. The results obta ined for both the soft 
tissue and shell, by analysis of the spiked material, varied depend ing  on the metal  added, 
its concentrat ion and  part  of molluscs. The coefficients of variation of AAS measurements  
for metals in the soft tissue and  the shell (in parentheses) were be tween  3.8 {0.7) and  13.4 
(22.8) %. The average recoveries of metals ranged  from 77 (70) % to 100 (100) % and  
were as follows: Zn - 93 (76) %; Cu - 94 (100) % ; Pb - 100 (~6) % ; Cd - 99 (95) %; Ni - 97 
(100) %; Co - 87 (70) %; Mn - 98 (87) % and  Fe - 77 (94) %. 

DESCRIPTION OF HABITATS 

The Baltic as a shallow land-locked sea differs considerably from most seas and 
oceans. It is characterized by low sahnity main ta ined  by a high river inflow (457 km 3 
year -1) in relation to the total capacity of the basin  (21 500 km3). The hmited exchange  of 
the Baltic waters with saltier North Sea waters through the shallow Danish Straits 
continuously mainta ins  a low salt content (Lomniewski et al., 1975). 

The southern Baltic (92 795 km 2) divides into the Arkona Basin, Pomeran ian  Bay, 
Bornholm Basin, Shipsk Furrow, Gdafisk Basin and  other smaller bays. Gdafisk Bay offers 
favourable conditions for marine life and, hence,  an abundance  of zoobenthic organisms. 
Potty one species and  three taxons are present  in the bottom fauna of this area; the 
average percentage  share of molluscs is est imated to be 93.7 % of the total biomass 
(Wenne & Wiktor, 1982). 

A great part of the southern Baltic floor is covered by fine and  medium-gra ined  sands 
and aleurite-silty loams. Residual sediments such as coarse-grained sands, pebbles  and, 
sometimes, f ine-grained sands are formed as a result of selective bottom abrasion. Most 
of the Polish coast is formed of such unconsol idated sediments  exposed to continuous 
movement  and  shifting because of the action of waves and  currents. The zone far from 
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coastal  accumula t ion  of sands is covered with med ium and f ine-gra ined  sands .  Richest in 
organic  mat te r  are  the silts from par t icular  Baltic deeps,  e. g. Gdaf isk  Deep .  

Fe r romanganese  nodules  are a b u n d a n t  in an  area  of Slupsk Furrow. Accord ing  to 
l~omniewski et  al. {1975), the floor of this region is, as a rule, covered  by  nodules  at the  
dep th  r ange  of 40 to 9I  m. The  bot tom sed imen t  accompany ing  f e r r o m a n g a n e s e  nodules  
a re  mainly  sands,  gravels  and  clays. The nodules  are  charac te r ized  by  dif ferent  shape  
and  magni tude ;  shapeless ,  g ranular  and  d isk-nodules  occur in the sou thern  Baltic. The 
mater ia l  ana lysed  in the  p resen t  s tudy was discoid, and  m e a s u r e d  - 1 . 5 - 5  cm; f ragments  
(to ~7  cm in length)  of nodules  were  also found. 

RESULTS AND DISCUSSION 

Table  1 presen ts  the concentra t ion of meta ls  in the soft t issue and  shel l  of molluscs 
t aken  from the southern  Baltic. Tables  2 and  3 give the results  for a labi le  (soluble in 1M 
HC1) fraction of surface sed iments  and  fe r romanganese  nodules  t a k e n  at the  same 
stations a s t h e  zoobenthic  organisms.  

M e t a l s  in  m o l l u s c s  

The meta l  concentrat ions ob ta ined  here  (Table I) are  genera l ly  c o m p a r a b l e  with 
those observed  in molluscs from other  Baltic regions (Brzezifiska et al., 1984; Brf igmann,  
1981; Karbe  et al,, 1977; M611er et  al., 1983; Tervo et al., 1980). The re  are  some 
i n t e r s p e c i e s - d e p e n d e n t  changes  in the meta l  concentrat ions.  M a x i m u m  levels  of Zn and 
Cu were  obse rved  in the soft t issue and  shell  of Macoma balthica whils t  both  of these  
par ts  in Mya arenaria conta ined the h ighes t  levels  of ,Fe and  Mn. Tissue me ta l s  such as 
Cd and Ni were  accumula ted  to the grea tes t  ex tent  by  Mytilus edulis and  Cardium 
glaucum, respect ively.  The da ta  ob ta ined  here  are in a g r e e m e n t  with those  repor ted  
previously  by  Brzezifiska et al, (1984) for the southern  Baltic molluscs; Macoma balthica 
accumula ted  par t icular ly  s trongly Cu and  Zn but  Cd less efficiently than h4flilus edulis. 
Bryan (1980) r ecorded  also significant b ioavai labi l i ty  of these  meta ls  to East  Looe Estuary 
molluscs; Zn and  Cu had a max imum bioavai labi l i ty  to Macoma balthica, Ni to Ceras- 
toderma edule (Cardium edule] and Cd to Mflilus edulis. It sugges ts  that  these  molluscs 
as non-regula tors  incorporate  quickly the t race meta l  levels  from the env i ronment  
because  of their  e l eva ted  biological  to lerance  and /o r  l imited e l iminat ion wi th  respec t  to 
the  se lec ted  metals .  

To charac ter ize  the r e g i o n - d e p e n d e n t  variations,  the da ta  concern ing  Macoma 
balthica t aken  in the  same per iod  but  from different  sites of the  southern  Baltic were  
compared .  The  h ighes t  levels of the trace meta ls  analysed,  except  for Cu, occur red  in the 
soft t issue of Macoma balthica from the Vistula estuary.  This is to be  e x p e c t e d  since the  
a rea  borders  immedia te ly  on a h ighly  u rban ized  and  indust r ia l ized cent re  a n d  hence  is 
exposed  to an an thropogenic  flux of meta ls  (Szefer, 1990a, 1990b; Szefer  & Skwarzec,  
1988). As far as the  variat ions of concentra t ions  in the shell  are  concerned ,  Macoma 
balthica from stat ions P-2 and  ZN-2 conta ined  ma x imum levels  of Zn, Pb and  Mn, Fe, 
respect ively.  Spec imens  of this species  t aken  from station ZP incorpora ted  the h ighes t  
amount  of Cu. The  results ob ta ined  sugges t  that  Macoma balthica and  Mytilus edulis. 
m a y  be  good bioindicators  of meta l  pol lut ion since, according to severa l  authors  (Bryan, 
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Table 3. The concentrations (mean • s. d., and range) of Zn, Cu, Pb, Cd, Ni, Co, Ag (~g g-l) ,  Mn and 
Fe (mg g-l)  in a soluble in 1M HC1 fraction of ferromanganese nodules of Slupsk Purrow, the 

southern Baltic. Results are means of triphcate analysis. BLD = below limit of detection 

Layer  of nodu le  Zn Cu  Pb Cd  Ni Co A g  M n  Fe 

16~___3 22.7+--1.3 26.7__.3.3 33.3+-2.5 19 .2 •  17.5+-1.3 171_---7 
Surface  top 1 6 1 - 1 7 1  2 0 . 3 - 2 4 . 9  2 0 . 2 - 3 1 . 1  BLD 3 0 . 0 - 3 8 . 0  1 8 . 3 - 2 0 . 3  BID 1 5 . 0 - 1 9 , 2  1 6 0 - 1 8 5  

167__.3 15.2_+0.8 16.2+-1.3 15.1+-2.0 1 4 . 6 + I , 9  156+-5 
Subsur face  top 1 6 3 - 1 7 3  1 3 , 8 - 1 6 . 6  BLD BLD 1 3 . 8 - 1 8 . 1  1 1 . 9 - 1 8 . 6  BLD 1 2 , 0 - 1 8 . 5  1 4 6 - 1 6 1  

1980; Go ldbe rg  et  al., 1978; Phillips, 1980), among the proper t ies  r e q u i r e d  of such 
organisms are  that  they  should be  easi ly recognised,  wide ly  distr ibuted,  common,  
accessible,  sensit ive to locally d e p e n d e n t  variat ions of the t race metals ,  ava i lab le  at all 
t imes of year,  relat ively s tat ionary and sufficiently tolerant  of low sahnity. The  la t ter  
p roper ty  is very  impor tant  for es tuar ine  and nea r  es tuar ine  areas,  r ep re sen ted  he re  by  the 
Vistula estuary.  It is notewor thy  that  all these  requi rements  for the two molluscs 
inves t iga ted  are  ent i rely satisfied. Moreover ,  specimens of Macoma balthica a n d  espe-  
cially Mytilus edulis often reach  a re la t ively substant ia l  weight  and  length  of shell; hence ,  
their  sui tabil i ty in the  p repara t ion  of pooled  samples  composed  of not  numerous  speci-  
mens  be long ing  to the  same or similar size (age) populat ion.  The a g e - d e p e n d e n c e  of 
shell  l ength  in Macoma balthica from the Gdafisk Bay was descr ibed  by  the logary thmic  
curve and the yon Bertalanfly equat ion (Wenne & Klusek, 1985). A relat ion b e t w e e n  size 
and  age  of NfytiIus edufis and  Cardium glaucum from this a rea  has  also b e e n  p re sen ted  
previously  (Barton & Wolowicz, 1981; Wolowicz, 1984). 

Bear ing in mind that  one species  only, i, e. Astarte borealis, was t aken  at  s tat ion B-2, 
it is impossible  to de te rmine  both the in terspecies-  and r e g i o n - d e p e n d e n t  var ia t ions  of 
metal  concentrat ions.  The significantly e l eva ted  levels of t issue metals  (Cd, Co, Mn and 
Fe) as wel l  as shell  metals  (Zn, Pb, Cd, Co, Mn and Fe) in this species  o r ig ina ted  p robab ly  
from ambien t  f e r romanganese  nodules.  This mater ia l  covered  closely the  surface  a rea  of 
the shell, and  conta ined high concentrat ions of the metals,  s ignificantly h igher  than  those 
in the ambien t  surface sed iments  (Tables 2 and 3). Moreover,  f ine-gra ined  f ragments  of 
nodules  accompan ied  numerous  spec imens  of Astarte borealis dur ing each  and  every 
haul.  

M e t a l s  in  s u r f a c e  s e d i m e n t s  

As can be  seen  from Table  2, min imum amounts  of Zn, Cu, Ni, Mn, Fe and  K as well  
as organic  mat ter  were  found in a labi le  fraction of sediments  from the stat ion ZN-2 (the 
Vistula estuary). The levels  of Pb, Cd and  Co were  also low, similar to those in sed iments  
of the station GN. Since the  Vistula es tuary  sediments  are  r ep resen ted  by  coa r se -g ra ined  
sands mixed  with very small  amounts  or organic  matter,  the  total levels  of the  trace 
meta ls  in these  sed iments  were,  therefore,  very  low. According  to Bostr6m et at. (1981) 
and Kr ishnaswami  & Sarin (1976), trace meta ls  may  be  concent ra ted  in par t icu la te  mat te r  
by biological  activities. It concerns especia l ly  metals  such as Zn, Cu, Pb and  Cd, as 
pos tu la ted  by  Di Giuho & Scanlon (1985). The  authors obse rved  a signif icant  correlat ion 
be tween  the concentra t ion of these  four meta ls  and  organic  mat ter  in surface sed iments  
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from the C h e s a p e a k e  Bay. Such d e p e n d e n c e  may  be  used  to normal ize  s amples  in order  
to dis t inguish the var iabi l i ty  of sed iment  samples  reflecting b a c k g r o u n d  me ta l  levels  and  
samples  inf luenced by  industr ia l  contaminat ion (Di Giulio & Scan]on, 1985). It should  be  
kep t  in mind  that  the Vistula es tuary  sediments  contain a high amount  of ac id- inso luble  
matter, essent ia l ly  composed  of an admixed  trace meta l -poor  and  s i l icate-r ich dilutant.  
The concentra t ions  reca lcu la ted  to an  ac id- insoluble  free fraction or  to o rgan ic  mat te r  
content  showed  that  sediments ,  l ike mollusc soft tissue, from the Vistula e s tua ry  concen-  
t ra ted  most  t race metals.  On the other  hand,  the analysis  of the  e s tua r ine  s andy  
sediments  for total  meta l  concentrat ions is insufficient for pol lut ion control  b e c a u s e  of too 
h igh  a pe r cen t age  share  of sil icate dilutant. Moreover,  the concentra t ion  of meta l s  in 
sediments ,  unl ike  that  in organisms,  might  not r epresen t  the t ime- in t eg ra t ed  va lue  of the 
biological ly  avai lab le  metals.  

M e t a l s  in  f e r r o m a n g a n e s e  n o d u l e s  

The concentra t ions  of Mn, Fe, Zn and Cu in a soluble in 1M HC1 fraction of 
f e r romanganese  nodules  of Slupsk Furrow were  smaller  but  within the  s ame  order  of 
magn i tude  compared  with those in nodules  from the Gulf of Bothnia, Baltic Sea  (Bostr6m 
et al., 1982). The signif icantly lower  results ob ta ined  here  than those g iven  by  Suess  & 
Djafari  {1977) for wes te rn  Baltic nodules  m a y  be  a resul t  not only of na tura l  var ia t ions  but  
also of the different  analyt ical  methods  used. Suess & Djafari p rov ided  bu lk  chemica l  
composi t ion da ta  whils t  results g iven in the presen t  s tudy concern  an ac id  l eacha te  
fraction. Bear ing in mind  that, for example ,  Mn, Cd, Pb, Co, Ni, Cu and  Zn are 
preferent ia l ly  concent ra ted  in a major  phase  of fe r romanganese  nodules  such as Mn-  
oxides (Li, 1982), lower  values  for Zn, Cd, Pb, Cu and Co in an ac id-so luble  fract ion than  
in bulk  mater ia l  may  be  exp la ined  by  incomple te  dissolution of Mn-mat r ix  in cold 1M 
HC1 dur ing 2 h. It is notewor thy  that  the concentrat ions of Cu, Co and  par t i cu la r ly  Pb and 
Ni were  h igher  in the  surface layers  of the nodules  than in the d e e p e r  layers .  It sugges t s  
that  these  meta ls  are  of an thropogenic  origin and/or  are more ava i lab le  to efficient 
l each ing  from surface parts  by  1M HC1. 

R e l a t i o n s h i p  b e t w e e n  soft  t i s s u e  a n d  s h e l l  m e t a l s  

In order  to de te rmine  the relat ion be tween  both the shell  and  t issue concent ra t ions  of 
metals ,  we  ca lcu la ted  the ratio (FR)of  metal  content  and  meta l  concent ra t ion  in these  
parts  of molluscs (Table 4). The concentrat ion of metals  in almost every  case  is h ighe r  in 
the  dry soft t issue than  in the shell. However  FR values  r ega rd ing  the ratio of meta l  
content  in shell  to meta l  content  in the dry soft t issue were  genera l ly  ~> 1 for Cu, Pb, Mn 
and Fe; the FR < 1 was  recorded  in pr inciple  for Zn and Cd. Koide et al. (1982} also 
ob ta ined  the FR values  < 1 for Zn and Cd in ?r eduiis from the  West  and  East  Coast  
of U.S.A. 

The correlat ion coefficients (r) for meta l  b e tw e e n  its concentra t ion in the  soft t issue 
and  in the shell of Macoma balthica are p resen ted  in Table  5. Since a h ighe r  n u m b e r  of 
pooled  samples  of shell  than of soft t issue was analysed,  the w e i g h t e d  a ve ra ge  of the  shell  
meta l  concentrat ions  a t t r ibuted to the corresponding tissue da ta  was  c o m p u t e d  before  
correlat ion analysis,  in order  to obta in  the  same number  of both. Rega rd ing  Mn concen-  
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Table 4. Ratio (FR) of metal  content in the shells to the dried soft tissues of the southern  Baltic 
molluscs, calculated by dividing the total amounts of metal  in the shell sample by those in the soft 
tissue sample; ratio of metal  concentrations (in gg g-1 dry wt.) is given for comparison in paren theses  

Zn Cu Pb Cd a Ni a Co a Mn Fe 

Macoma baltt~ca 

ZP 0.2(0.05) 1.2(0.3) 1.7(0.4) 
GN 0.i(0.02) 3.0(0.4) 1.6(0.2) 
P-2 0.3(0.07) 0.7(0.2) 2.9(0.7) 
ZN-2 0.2(0.03) 2.4(0.4) 0.6(0.1} 

Mya arenaria 

ZN-2 0.3(0.07) 0.4{0.1) 1.1(0.3) 

Cardium glaucum 

ZN-2 1.5(0.09) 1 .9(0 .1}  1.9(0.1) 

Mytilus edulis 

GN 0.4(0.08) 1.2(0.2) 2.1(0.4) 

Astarte borealis 

B-2 24(0.76) 2.9(0.1) >32(> 1.0) 

a FR values for Cd, Ni and Co were < 1 

<0.08(<0.02} <1.1(<0.3} <0.5(<0.I) 1.3{0.3) 1.1(0.3) 
<0.07(<0.01) 2.6(0A) 1.0(0.2) 
< 0.08(< 0.02) 2.4(0.6) 2.7(0.7) 

2.7{0.5) 1.8(0.3) 

0.8(0.2) 0.7(0.2) 

8.5(0.5) 6.8(0.4) 

7.3(1.4} 0.6(0.1) 

0.32 19 23 56(1.8} 65(2.0) 

Table 5. Correlation coefficients (r) for metals be tween  their concentrations in the soft t issue and  in 
the shell of Macoma balthica from the southern Baltic 

Station No. of pooled Zn Cu Mn Fe 
samples 

ZP 6 0.44 0.77 b 0.71 b 0.03 
GN I 1 - 0.50 0.59 b 0.40 0.31 
P-2 5 - 0.76 b - 0.79 b 0.94 a 0.36 

Altogether c 24 0.15 0.22 0.78 a 0.37 

"p <: 0.01 
b p < 0.05 
c The metal  concentrations for two samples from station ZN-2 were additionally included 

t ra t ions ,  t h e  r v a l u e  b e t w e e n  t h e  sof t  t i s sue  a n d  t h e  she l l  is e s t i m a t e d  to b e  0.78. O n l y  a 

w e a k  c o r r e l a t i o n  b e t w e e n  she l l  a n d  sof t  t i s sue  c o n c e n t r a t i o n s  for 24 s a m p l e s  of M a c o m a  

balthica is o b t a i n e d  for Z n  a n d  Cu,  a l t h o u g h  g r e a t e r  c o r r e l a t i o n  coe f f i c i en t s  (pos i t ive  or  

n e g a t i v e )  for t h e  two  m e t a l s  w e r e  f o u n d  in  s a m p l e s  f rom p a r t i c u l a r  s t a t ions .  O n  t h e  o t h e r  

h a n d ,  t h e r e  is s t r o n g  c o v a r i a n c e  b e t w e e n  c o n c e n t r a t i o n s  of she l l  me t a l s ,  u n h k e  t i s s u e  

me ta l s ,  for t h e  f o l l o w i n g  a s s e m b l a g e s :  Z n - C u ,  Cu-Fe ,  Z n - F e  a n d  p a r t l y  F e - M n  ( T a b l e  6). 

A c c o r d i n g  to Koide  e t  al. {1982), t h e  r e a s o n  for s t r o n g  she l l  c o r r e l a t i o n  p r e s u m a b l y  r e l a t e s  

to d i f f e r e n c e s  in  t h e  b i o c h e m i c a l  b e h a v i o u r  of t h e  m e t a l s  in  t he  p e r i o d  b e t w e e n  t h e  

u p t a k e  b y  t he  o r g a n i s m  a n d  t h e  r e l e a s e  to t h e  e n v i r o n m e n t  or to t h e  shel l .  M o r e o v e r ,  
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Table 6. Correlation coefficients {r) be tween  metal  concentrations in the shell and in the soft tissue of 
Macoma baltln'ca from the southern Baltic 

Metal  pair Correlation coefficient 

Station ZP (n=7) GN ( n = l l )  P-2 (n=6) Altogether  
(n=27) c 

Shell 
Z n - C u  0.75 b 0.49 0.94 a 0,35 b 

Cu-Fe 0.90 a 0.50 0.88 a 0.79 a 
Zn-Fe  0.86 a 0,06 0.78 b 0.87 a 
Z n - M n  - 0.11 0.38 0.95 a 0.09 
C u - M n  - 0.45 0.27 0.91 a - 0.13 
Fe--Mn - 0.12 0.57 b 0.765 0 .38  b 

Soft tissue 

Z n - C u  0.83 a 0.20 0,38 - 0.27 
Cu-Fe  - 0.23 0.45 0.64 - 0.10 
Zn-Fe  0.04 - 0.31 - 0.06 0.48 ~ 
Z n - M n  - 0.09 0.02 - 0.65 0.56 a 
C u - M n  0.43 - 0.09 - 0.25 - 0.49 a 
F e - M n  - 0 . 0 6  0.13 0.12 0.10 

a p  <0.01 
b p < 0.05 
c The metal  concentrations for three samples from station ZN-2 were additionally included 

fac tors  s u c h  as  a l o n g e r  b i o l o g i c a l  ha f f -h f e  in  t h e  she l l  t h a n  in  t h e  soft  t i s s u e  a n d  p e r h a p s  

a r e l a t i v e l y  u n i f o r m  p u m p i n g  of m e t a l  f r om soft  t i s sue  to she l l  p a r a l l e h n g  s h e l l  g r o w t h  

m a y  also b e  r e s p o n s i b l e  for  t h e  s t r o n g e r  c o r r e l a t i o n s  b e t w e e n  m e t a l  c o n c e n t r a t i o n s  in  t h e  

s h e l l  t h a n  in  t h e  soft  t issue.  T h e r e f o r e ,  Ko ide  e t  al. {1982} s u g g e s t  t h a t  t h e  s h e l l  m a t e r i a l  

as  w h o l e  l ife i n t e g r a t o r  of m e t a l s  m a y  b e  a b e t t e r  r e c o r d e r  for  e n v i r o n m e n t a l  m e t a l  l eve l s  

t h a n  soft  t i ssue .  Th i s  s u g g e s t i o n  is s u p p o r t e d  b y  m a r k e d l y  h i g h e r  c o n c e n t r a t i o n s  of 

m e t a l s  in  she l l s  f o u n d  n e a r  i n d u s t r i a l i z e d  a n d  p o p u l a t e d  a r e a s  t h a n  in  r e g i o n s  d e v o i d  of 

a n t h r o p o g e n i c  ac t iv i ty  (Koide  e t  al., 1982}. A l t h o u g h  u s e  of h a r d  p a r t s  a s  w e l l  as  soft  

t i s sue s  of m o l l u s c s  as  r e c o r d e r s  of m e t a l l i c  p o l l u t i o n s  is c l ea r ly  p r o m i s i n g ,  f u r t h e r  

r e s e a r c h  m u s t  b e  p e r f o r m e d ,  a c c o r d i n g  to p r o j e c t o r s  of , ,Musse l  W a t c h "  ( G o l d b e r g  e t  al., 

1978; Phi l l ips ,  1977a,  1980}, o n  t h e  e f fec t s  of v a r i o u s  fac to rs  o n  t h e  m e t a l  l e v e l s  in  shel l .  

T h e s e  i n c l u d e  o n t o g e n e t i c  m e t a l  v a r i a t i o n s  ( C a r r i k e r  e t  al., 1982}, t h e  i n t e r a c t i o n  of 

m i n e r a l  e l e m e n t s  in  s e a w a t e r  a n d  she l l  ( C a r r i k e r  e t  al., 1980b}, t h e  e f fec t  of w e a t h e r i n g  

o n  t h e  e l e m e n t a l  c o m p o s i t i o n  of she l l s  ( R o s e n b e r g ,  1980), m i n e r a l o g y  of t h e  she l l  a n d  

h e t e r o g e n e o u s  d i s t r i b u t i o n  of m e t a l  in  she l l  l a y e r s  ( C a r r i k e r  e t  al., 1980a ;  R o s e n b e r g ,  

1980; W a d a  & Suga ,  1976), t he  p r o p o r t i o n  of m e t a l s  a d s o r b e d  to t h e  s u r f a c e  a n d  

i n c o r p o r a t e d  in to  t h e  she l l  m a t r i x  (Phil l ips ,  1980}, t h e  i n f l u e n c e  of e n v i r o n m e n t a l  m e t a l  

v a r i a t i o n s  o n  t h e  ac t ive  i n c o r p o r a t i o n  of m e t a l s  d u r i n g  she l l  f o r m a t i o n  {Pi lkey & Har r i s s ,  

1966}. M o r e o v e r ,  t h e  e f fec t  of o t h e r  e n v i r o n m e n t a l  p a r a m e t e r s  s u c h  as  t e m p e r a t u r e  a n d  

sa l in i ty  (P i lkey  & Goode l l ,  1963) r e q u i r e  f u r t h e r  s tudy .  
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