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ABSTRACT: The paper reports on levels of heavy metals in some organisms from the eastern 
Adriatic coast and polluted areas near a big urban centre (Split area). Surprisingly high Hg and 
MeHg concentrations were found in sea bream (Pagellus erythrinus) and striped mullet (MuBus 
barbatus) from the south-eastern part of the Adriatic. The reason for the high levels are probably 
geochemical anomalies. Studies of total and organic mercury content in bivalves have also shown 
that the gills and hepatopancreas had high levels of accumulated mercury. Our results have shown 
that fish contain significantly higher concentrations of MeHg than mussel. High concentrations of 
these elements in fish may be a consequence of the methylation process in the visceral organs. 
Bacterial activity in the intestinal contents is most likely to be responsible for this methylation (Rudd 
et al., 1980). 

I N T R O D U C T I O N  

In tens ive  popu l a t i on  e x p a n s i o n  a long  the  coas t  of the  Adr ia t ic  Sea  (par t icular ly  
du r ing  summer )  and  a rap id  d e v e l o p m e n t  of indus t ry  and  t e c h n o l o g y  resul ts  in an  

i n c r e a s e  of p roduc t ion  of was t e  w h i c h  un fo r tuna t e ly  is in the  e n d  d i s c h a r g e d  into the  sea. 

E v e n  t h o u g h  ini t ia l ly  the  sea  s e e m e d  to be  c a p a b l e  of i nde f ina t e ly  r e c e i v i n g  was t e  

disposal ,  pe r s i s t en t  d i s cha rges  into the  sea  h a v e  g e n e r a t e d  cons ide r ab l e  conce rn  for the  
c o n t i n u a n c e  of no rma l  funct ions  of those  coas ta l  a reas  w h i c h  h a v e  u n d e r g o n e  ser ious  
d a m a g e  due  to i n c r e a s i n g  pollut ion.  

Long  t e rm s tudies  of meta l s  (Hg, As, Se, Cu, Cd, Sb and  Zn) in seawa te r ,  s e d i m e n t s  
and  s o m e  m a r i n e  o rgan i sms  in the  coas ta l  a r ea  of the  m i d d l e  and  sou the rn  Adr ia t ic  h a v e  

s h o w n  that  a reas  in the  v ic in i ty  of indus t r ia l  cen t re s  are  the  most  a f fec ted  s ince  indus t ry  is 
the  pr inc ipa l  source  of pol lu t ion  by  these  m i c r o e l e m e n t s  (S tegnar  et al.. 1981: Vukad in .  

1980). In our  s tudies ,  specia l  a t t en t ion  was  g i v e n  to the  inves t iga t ions  of Kagtela  Bay, 

coas ta l  a r e a  of the  t o w n  of Split  (Fig. 1), w h e r e  m a n y  indus t r ia l  and  m u n i c i p a l  e f f luents  

(still un t rea ted)  a re  d i s c h a r g e d  into the sea. Kagtela  Bay is one  of the mos t  t h r e a t e n e d  
a reas  a long  the  ea s t e rn  Adria t ic  coast.  

M A T E R I A L S  A N D  M E T H O D S  

The  p a p e r  p r e sen t s  da ta  on s o m e  me ta l s  (Hg, M e H g ,  As, Se, Cu, Cd. Sb and  Zn) in 
m a r i n e  o r g a n i s m s  (Table  1). T h r e e  c o m m e r c i a l  f ish spec ies :  s t r iped  mul le t  (Mullus 
barbatus), h a k e  (Merluccius merluccius) and  sea  b r e a m  (Pagellus erythrinus) w e r e  
co l l ec t ed  by bo t tom trawl from seve ra l  cha rac te r i s t i c  s ta t ions in the  v ic in i ty  of b i g g e r  
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Table 1. Content  of heavy metals in some marine organisms in the open Adriatic Sea (Island of Vis 
and  in Ka~tela Bay (Split area) in mg kg - l ,  FW, (Sb i [~g kg ~ FW) 

Organisms n Hg Se As Cu Sb Zn 

KA~TELA BAY 
Striped mullet 0.52 0.33 15.8 0.48 4,52 3.19 
M u l l u s  b a r b a t u s  25 
(Trlja)* (0.11) (0.11) (2.2) (0.10) (1.0) (0.40) 

Hake 0.31 0.26 11.5 0.10 2.04 1.48 
M e r l u c c i u s  25 
m e r l u c c i u s  (0.08) (0.07) (1.8) (0.02) (0.45) (0.010) 
(Ostid)* 

Sea bream 1.04 0.44 6.34 0.18 2.42 2.83 
P a g e f l u s  25 
e r y t h r i n u s  (0.60) (0.04) (3.2) (0.03) (0.60) (0.25) 
(Arbun) ~ 

OPEN SEA (VIS ISLAND) 

Striped mullet 0.49 0.34 3.27 0.47 1.10 2.1 
M u l l u s  b a r b a t u s  6 
(Trlja)* (0.030) (0.17) (1.20) (0.09) (0.30) (0.10) 

Hake 0.13 0.24 
M e r l u c c i u s  6 - - - 
m e r l u c c i u s  (0.020) (0.10) 
(Ostid)* 

Sea bream 1.30 0.38 5.60 0.26 0.80 3.15 
P a g e l l u s  9 
e r y t h r i n u s  (0.010) (0.12) (1.70) (0.05) (0~25) (0.60) 
(Arbun)" 

" Croatian names  of organisms. Values in parentheses  are standard deviation 

u r b a n  c e n t r e s  a l o n g  t h e  e a s t e r n  A d r i a t i c  coas t  (Zadar ,  Split ,  Ka~te la  Bay  a n d  D u b r o v n i k  
Fig. 2; Z v o n a r i ~  e t  al., 1988). 

M u s s e l  ( I V l y t i l u s  g a l l o p r o v i n c i a l i s )  s a m p l e s  w e r e  co l l ec t ed  f rom two s t a t i o n s  in  
K a [ t e l a  Bay  [see  Fig. 1): 

- v e r y  c lose  to ch l o r - a l ka l i  p l a n t  (CAP) ( m u s s e l s  l ive  on  c o n c r e t e  p i les  a n d  a r e  p e r m a -  
n e n t l y  u n d e r w a t e r ) ;  

- t h e  i s l a n d  Ciovo  a r e l a t i v e l y  u n c o n t a m i n a t e d  a r e a  ( the m u s s e l s  h v e  on  r o c k  in t he  
i n t e r t i d a l  zone) .  

T h e  t i s sues  of m u s s e l s  (10 -20  s p e c i m e n s )  w e r e  u s e d  as  a c o m p o s i t e  s a m p l e  for  a n a l y s e s .  

T h e  e n t i r e  e d i b l e  pa r t s  a n d  v a r i o u s  o r g a n s  (gills, man t l e ,  m u s c l e  a n d  v i s c e r a l  o r g a n s )  of 
m u s s e l  w e r e  p r e p a r e d  in  t he  s a m e  m a n n e r .  

F i sh  s a m p l e s  w e r e  i d e n t i f i e d  a n d  l e n g t h  (L) a n d  w e i g h t  (W) w e r e  d e t e r m i n e d  for all  

s p e c i m e n s .  O n l y  t h e  m u s c l e  t i s sue  w a s  a n a l y s e d .  

Tota l  m e r c u r y  w a s  d e t e r m i n e d  by  n e u t r o n  a c t i v a t i o n  a n a l y s e s  (NAA) a n d  cold  

v a p o u r  a t o m i c  a b s o r p t i o n  s p e c t r o m e t r y  (CV AAS).  

O t h e r  e l e m e n t s  w e r e  d e t e r m i n e d  u s i n g  a d o u b l e  b e a m  AAS.  a p p l y i n g  a f l a m e l e s s  
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spectrometry. The methods for Hg, MeHg and other e lement  determinations were tested 
by using standard reference materials (NBS SRM 1566, oyster tissue; NBS SRM 1572, 
leaves; NBS SRM 1577A, liver). 

Samples were prepared and digested with HNO3, according to the method recom- 
mended  by UNEP/FAO/IAEA/IOC (Anonymous, 1984). The results are expressed on a 
fresh weight  basis (FW). 

RESULTS AND DISCUSSION 

Concentrat ion levels of Hg, Se, As, Cu, Sb and Zn in three fish species studied 
(striped mullet, hake and sea bream) are presented in Table 1. Results are expressed as 
m e a n  concentrations. Although there are not many  data available for marine o rgan i sms ,  
similar values may be found in the Medi te r ranean  (MAP/UNEP Report). 

The values found for Hg, As and Sb in Ka~tela Bay are somewhat  higher than for 
organisms collected from the open sea station (Vis Island). The values found here do not 
exceed the tolerance levels for human  consumption recommended  by WHO (World 
Health Organisation, 1973) for fillets. 

Table 2 shows the range of total mercury and methyl mercury with a percentage  of 
methylat ion in the same fish species caught from the open Adriatic Sea and  in Ka~tela 
Bay. The probable reason for such high contents of mercury in ment ioned species could 
be a consequence  of higher background  mercury concentrat ion in the southern part of 
the Adriatic (natural mercury anomaly) or terrestrial influence from the coast, due to a 
high percentage of methylation for most of the species analysed (Zvonari~ et al., 1988). 
The highest mercury levels and MeFtg levels were found in sea bream, and the lowest in 
hake. This may be due to the behaviour  of this fish (P. erythrinus) which is a demersal  fish 
feeding mainly on benthic organisms. 

The rate of bioaccumulat ion of Hg in an organism depends  not only on the presence 
of the pollutant, but  also on a whole range  of biological (age and physiological condition) 
and envi ronmenta l  factors (temperature, salinity, primary production) (Bryan. 1979; 
Mikac & Picer. 1985). 

Significant differences of mercury and methylmercury concentrations were found 
be tween  sampling locations. Levels of Hg and MeHg increase towards the southern part 
of the Adriatic. The values in the south-eastern part are much higher even than in the 
mercury-polluted area of Ka[tela Bay (Table 2). This was an unexpected finding, and 
these higher concentrat ions can be attr ibuted to natural  sedimentological processes, and 
submarine  springs carrying mafic consti tuents of igneous and limestone rocks [Paul & 
Meischner, 1976: Horvat et al., 19891. The percentage  of MeHg is about 95 %, with 
insignificant differences be tween  species. 

Concentrat ions of total and organic (methyl - dimethyl) mercury, arsenic, cadmium, 
copper, ant imony and zinc in the whole body and  internal  organs of the mussel  Mytilus 
galloprovincialis are presented in Table 3. 

The results obtained so far have shown highly increased Hg and MeHg concen- 
trations in the organs of the animals from the area constantly affected by mercury from 
chlor-alkah plant  (CAP), compared to the values from the vicinity of Ciovo island (Fig. 1). 
Among the isolated organs, the gills conta ined the highest  amount  of mercury and zinc in 
animals from the polluted area of Ka[tela Bay, while in the animals collected in a 
relatively clean area, the highest Fig, MeHg, Sb and  Zn content, [ound in the hepatopan-  
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Table 3. Trace elements in composite samples of the mussel Mytilus galloprovincialis (in mg kg-1), 
MeHg and Sb in ~g kg -1 FW). Values in parentheses are standard deviation 

Station and n Hg MeHg As Cd Cu Sb Zn 
samples 

1 CAP 
whole body 3.32 27.2 3.20 0.15 1.65 12.96 29.4 

(1.20) (10.8) { 0 . 7 0 )  (0.03) (0.30) (2.50) (3.10) 

gills 4.53 26.8 2.10 0.10 0.99 7.25 35.8 
(0.50) (6.7) (0.60) (0.01) (0.20) (1.50) (3.40) 

mantle 25 0.53 31.0 2.43 0.06 0.93 4.37 24.9 
(0.12) (13.0) (0.55) (0.01) (0.010) (0.70) (2.2) 

hepatopancreas 2.46 41.6 3.56 0.29 1.98 12.71 44.6 
(1.20) (19.0) (0.70) (0.03) (0.20) (3.00) (3.5) 

muscle 0.61 23.6 2.32 0.07 0.62 2.44 14.8 
(0.25) (13.6) (0.40) (0.01) (0.010) (0.45) (1.4) 

2 CIOVO 
whole body 0.30 18.8 6.62 0.08 0.66 5.64 16.5 

(0.12) (4.2) (1.20) (0.01) (0.02) (0.75) (1.00) 
gills 0.26 13.3 2.53 0.08 0.70 8.16 13.0 

(0.06) (9.5) (0.40) (0.01) (0.03) (1.00) (1.10) 
mantle 25 0.10 14.2 4.76 0.03 0.58 12.32 8.2 

(0.03) (6.8) (1.5) (0.01) (0.02) (1.20) (0.80) 
hepatopancreas 0.67 23.4 5.99 0.40 1.58 73.73 47.3 

(0.42) (12.0) (1.20) (0.02) (0.03) (17.0) (4.0) 
muscle 0.15 21.0 3.44 0.14 0.35 12.49 21.9 

(0.07) (10.3) (0.70) (0.01) (0.01) (1.40) (1.5) 

creas,  was  a p p r o x i m a t e l y  twice  as h i g h  as that  in o the r  organs ,  The  pa t t e rn  of d is t r ibu t ion  
of H g  in the  in t e rna l  o rgans  of the  m u s s e l  s h o w e d  that  H g  is a c c u m u l a t e d  in t he  d iges t i ve  

g land.  The  m e r c u r y  con ten t  of the  h e p a t o p a n c r e a s  shows  a par t  of t he  m e t a l s  w h i c h  
en te r s  the  me tabo l i sm.  

F igu res  3 a n d  4 p r e s e n t  s ea sona l  var ia t ions  of m e r c u r y  and  m e t h y l m e r c u r y  concen -  
t ra t ions  in the  m u s s e l  Mytilus galloprovincialis, f rom Ka~tela Bay, i,e. in the  m u s s e l ' s  

en t i re  soft par t  and  in d i f ferent  t issues.  T h e  v a l u e s  o b t a i n e d  s h o w e d  good  cor re la t ion  wi th  
va lues  for t race  m e t a l  concen t r a t ions  in o the r  par ts  of the  M e d i t e r r a n e a n  as s h o w n  by  
M A P / U N E P  T e c h n i c a l  Repor t  of 1988 (MAP tech.  Rep. Ser. 23). 

Most  of the  m a x i m u m  va lues  of H g  w e r e  o b s e r v e d  in spr ing  (June). W e  w e r e  u n a b l e  

to conf i rm the  s tat is t ical  s ign i f i cance  of o rgan ic  m e r c u r y  (MeHg)  in the  w h o l e  b o d y  and  

in te rna l  o rgans  of the  musse l s  f rom the  bay  (Martin[i4,  1981; V u k a d i n  et  al., 1984). 
R e d u c e d  me ta l  v a l u e s  in w i n t e r  a re  p r e s u m a b l y  due  to the  fact  that  Mytilus galloprovin- 
cialis s p a w n  in the  m i d d l e  Adr ia t ic  in w i n t e r  w h e n  they  lose  up  to o n e  th i rd  of the i r  
w e i g h t  {~imunoviG p e r s o n a l  comm.) .  
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