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The use  of  o r g a n o c h l o r i n e  c o m p o u n d s  in i n d u s t r y  and  a g r i c u l t u r e  
ha s  led to t he  con tamina t ion  of  f o o d s t u f f s ,  e spec ia l ly  t h o s e  h a v i n g  
h i g h e r  f a t  c o n t e n t s .  Codf ish  l i ve r  f rom the  Baltic Sea, which  
c o n t a i n s  more t h a n  35% of lipid, r emained  un f i t  f o r  human  
c o n s u m p t i o n  f rom 1969 unt i l  r e c e n t l y  b e c a u s e  of e x t e n s i v e  
con tamina t ion  b y  PCBs, DDTs, HCHs and  HCB r e s i d u e s  ( F a i a n d y s z  
1986). Hence p r o c e s s i n g  of  t he  l i ve r s  of  Baltic cods  was b a n n e d  
in Poland in t he  e a r l y  1980s ( F a l a n d y s z  1986). However ,  t he  
c a n n e d  c o d - l i v e r s  "W~trdbka rybna  po Kaukasku" r e c e n t l y  
a p p e a r e d  aga in  in t he  Polish marke t .  We h a v e  p r e v i o u s l y  r e p o r t e d  
t h e  p r e s e n c e  o f  c o n s i d e r a b l e  l e v e l s  o f  t o x i c  c o p l a n a r  PCB 
c o n g e n e r s  in t h e s e  p r o d u c t s  ( F a l a n d y s z  e t  al. 1992). 

A r e c e n t  i n v e s t i g a t i o n  of c o d - l i v e r  oils of t he  s o u t h e r n  Baltic 
o r i g i n  r e p o r t e d  a s t e a d y  s t a t e  in t he  r e s i d u e  levels  of  most  of  the  
o r g a n o c h l o r i n e  p e s t i c i d e s  excep t  DDTs, imply ing  a c o n t i n u o u s  i n p u t  
of  c e r t a i n  o r g a n o c h l o r i n e  c o n t a m i n a n t s  f rom e a s t e r n  E u r o p e a n  
c o u n t r i e s  (Kannan e t  al. 1992a). This s i t ua t ion  p r o m p t e d  us  to 
examine a wide r a n g e  of  o r g a n o c h l o r i n e  po l l u t an t s  in t he  c a n n e d  
c o d - l i v e r s  m a r k e t e d  r e c e n t l y .  

btATERIALS AND METHODS 

Canned  c o d - l i v e r s ,  W~tr6bka r y b n a  po Kaukasku, examined in th i s  
s t u d y  were  p r o c e s s e d  commercia l ly  b y  a company ,  Z a ~ d y  Rybne, 
in Gdar~sk, Poland.  Basic i n g r e d i e n t s  in t he  ne t  w e i g h t  of  105 g 
c o n t a i n e r  i nc luded  tomato  c o n c e n t r a t e ,  ga r l i c  p a s t e  a n d  tab le  sal t .  
The c o d - l i v e r s  u s e d  fo r  p r o c e s s i n g  were  t a k e n  d u r i n g  J a n u a r y  - 
b iarch  1990 f rom cod c a u g h t  in t he  Polish exc lus ive  economic zone  
in t he  Baltic Sea. 

C o n t e n t s  of  t he  c a n s  were  well g r o u n d  and  ca  15-20 g sample  was 
u s e d  f o r  t he  a n a l y s i s  of  PCBs, DDTs, HCHs, HCB, a ld r in ,  d ie ld r in ,  
h e p t a c h l o r ,  h e p t a c h l o r  epoxide  and  c h l o r d a n e s .  Details of  t h e  
ana ly t i ca l  p r o c e d u r e  h a v e  b e e n  ment ioned  e l s e w h e r e  (Kannan e t  al. 
1992b). In  s h o r t ,  t h e  method c o n s i s t s  of  Soxhle t  e x t r a c t i o n  wi th  
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d i e t h y l - e t h e r  a n d  hexane  fo r  7 h followed b y  t he  remova l  of  f a t  
b y  e l u t i n g  t h r o u g h  a d r y  F l o r i s i l  c o l u m n .  C l e a n  u p  a n d  
f r a c t i o n a t i o n  w e r e  p e r f o r m e d  u s i n g  s i l ica  gel  p a c k e d  in a g l a s s  
column. Samples  were  t h e n  t r e a t e d  wi th  5% fuming  s u l f u r i c  ac id  
a n d  i n j e c t e d  in to  a cap i l l a ry  GC-ECD fo r  quan t i f i c a t i on .  

RESULTS AND DISCUSSION 

High c o n c e n t r a t i o n s  of  PCBs and  DDTs w e r e  r e c o r d e d  in all t h e  
t h r e e  samples  e v e n  t h o u g h  t he  va lue s  o b s e r v e d  fo r  o t h e r  
o r g a n o c h l o r i n e  p e s t i c i d e s  a re  lower  (Table 1). 

Table I. Organochlorine pesticide and PCB contents 
(ng/g wet wt; n=3) of canned cod-livers from the 
southern Baltic 

Compound X • SE Range 

PCBs 2,000 • 400 1 ,200-2 ,600  
DDTs 1,000 • 140 830-1,400 
o,p'-DDT 1.8 + 0.1 1 . 6 - 1 . 9  
p,p '-DDT 0.7 • 0 .2 0 . 4 - 1 . 0  
p,p':DDD 320 +- 36 270-410 
p,p '-DDE 740 • 100 560-990 
HCB 60 + 6 50-76  
HCHB 54 • 3 51-61 
~-HCH 22 • 1 19-24 
B-HCH 26 • 2 22-30 
7-HCH 3.4 • 0 .1 3 . 3 - 3 . 5  
(Y -HCH 3.2 + 0 .6  1 . 8 - 4 . 1  
CHLs 24 -+ 5 12-30 
o~ - c h l o r d a n e  5.3 + 1.2 2 . 6 - 7 . 1  
7 - c h l o r d a n e  1.3 • 0 .2  1 . 0 - 1 . 8  
c i s - n o n a c h l o r  8.0 • 1.7 3 .8 -11  
t r a n s - n o n a c h l o r  1.9 +- 0 .2  1 . 3 - 2 . 2  
oxych lo rdane  7 .0  • 1.6 3 . 1 - 9 . 6  
Hep tach lo r  < 1.0 < 1.0 
Hep tach lo r  epoxide 4.2 +- 0 .1  3 . 9 - 4 . 4  
A ld r in  7.3 -+ 0 .4  6 . 7 - 8 . 3  
Dieldrin 56 • 2 50-60 

Fat  (g) 42 • 1 41-43 

The l i ve r s  of  cod  f rom the  s o u t h e r n  p a r t  of t h e  Baltic Sea, 
b e c a u s e  of  t he  e x t e n s i v e  con tamina t ion  b y  PCBs and  DDTs r e s i d u e s  
h a v e  been  b a n n e d  as  a food item a t  f i r s t  in  Sweden  (West66 and  
Nordn 1970) a n d  soon  a f t e r  in Denmark ( D y b e r n  a n d  J e n s e n  1978) 
and  in Poland in 1983 ( F a l a n d y s z  1984). The t o l e r a n c e  limits 
e s t a b l i s h e d  f o r  sea foods ,  p a r t i c u l a r l y  c o d - l i v e r s  in d i f f e r e n t  
c o u n t r i e s  h a v e  been :  2,000 n g / g  (USA) o r  5,000 n g / g  (in Sweden)  
f o r  PCBs; 500 n g / g  (Finland)  o r  5,000 n g / g  (Denmark,  Sweden,  
Germany and  Canada)  f o r  DDTs; 100 n g / g  (Fin land)  o r  200 n g / g  
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Table 2. Estimated annual intake of organochlorines from cod- 
livers in Poland (~ g/person/annum) 

Compound per  c a p i t a  consumption ( g / y r )  

10 105 '  95-160" 

PCBs 20 210 190-320 
DDTs 10 105 95-160 
HCB 0.60 6.3 5 . 7 - 9 . 6  
HCHs 0.54 5.7 5 . 1 - 8 . 6  
CHLs 0.24 2.5 2 . 3 - 3 . 8  
Hep tach lo r  <0.01 <0.11 <0 .1 -<0 .2  
Hep tach lo r  epoxide  0.042 0.44 0 . 4 - 0 . 6 7  
h l d r i n  0.07 0.77 0 . 7 - 1 . 2  
D i e l d r i n  0.56 5.9 5 . 3 - 9 . 0  

"105g f o r  W~tr6bka rybna po Kaukasku and 95-160g f o r  o t h e r  k inds  
o f  canned c o d - l i v e r  p r o d u c t s .  The t he se  two consumption 
q u a n t i t i e s  a re  c a l c u l a t e d  based on c o d - l i v e r  p r o d u c t i o n  and the  
e x i s t i n g  p o p u l a t i o n .  

Table 3. Repor ted  c o n c e n t r a t i o n s  (ng/g  wet wt) o f  PCB and DDT 
r e s i d u e s  in c o d - l i v e r s  from d i f f e r e n t  p a r t s  o f  the  world 

L o c a l i t y  Year PCBs DDTs Reference  

H a l i f a x ,  1980 240-4,300 530 Freeman e t  a l .  
Nova S c o t i a  (1984) 

A n t a r c t i c  1977 10 37 B a l l s c h m i t e r  and 
Ze l l  (1980) 

North Sea 1987 - 800 Boer (1989) 

Norwegian f j o r d  1982 450 1,100 Sk~re e t  a1 . (1985)  

Nor thern  B a l t i c  1985 1,370 490 Haaht i  and P e r t t i l ~  
(1988) 

B a l t i c  p rope r  1983 

Southern  B a l t i c  1981 

Southern  B a l t i c  1990 

7,200 2,600 Falandysz  (1986) 

3 ,700-65 ,000  220-15,000 
Falandysz  (1984) 

2,000 1,000 p r e s e n t  s t udy  
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(Sweden)  o r  500 n g / g  (Germany - f a t  wt  bas i s )  f o r  HCHs; 100 n g / g  
(Fin land and  Sweden)  o r  1,000 n g / g  (Germany - f a t  wt  bas i s )  f o r  
a ld r in  and  d ie ldr in ;  200 n g / g  (Sweden)  o r  500 n g / g  (Germany - 
f a t  wt  b a s i s ) f o r  HCB; 10 n g / g  (Germany)  o r  100 n g / g  (Fin land)  
f o r  c h l o r d a n e s  and  50 n g / g  (Germany)  o r  100 n g / g  (Finland)  f o r  
h e p t a c h l o r  a n d  i ts  epoxide  ( r e f e r  NPRLF 1990; SFR 1983). In  l igh t  
of  t h e s e  t o l e r a n c e  limits, i t  is expl icable  t h a t  t he  PCBs and  
c h l o r d a n e s  h a v e  exceeded  t he  p r e s c r i p t i o n s  (i.e., c o n c e n t r a t i o n s  
r e c o r d e d  in few samples  in th i s  s t u d y  a r e  a b o v e  2,000 and  10 
n g / g  r e s p e c t i v e l y ) .  The c o n c e n t r a t i o n s  r e c o r d e d  fo r  o t h e r  
o r g a n o c h l o r i n e  p e s t i c i d e s  a r e  h igh  espec ia l ly  wi th  r e g a r d  to a ld r in  
a n d  d ie ld r in ,  c o n s i d e r i n g  t h e i r  g r e a t e r  mammalian toxic i ty .  

The p r o p o r t i o n  of a - H C H  in t h e  to ta l  HCH c o n c e n t r a t i o n  is 
r e l a t i v e l y  l a r g e  i nd i ca t i ng  a r e c e n t  i n p u t  of  HCH to t he  s o u t h e r n  
Baltic. I n  fac t ,  e a r l i e r  s t u d i e s  a lso ind ica t ed  s u c h  a g r e a t e r  c~- 
to T-HCH ra t io  in cod l ive r  oils and  biological  samples  f rom the  
s o u t h e r n  Baltic (Kannan e t  al. 1992a). P r o b a b l y ,  HCH t r a n s p o r t e d  
t h r o u g h  a t m o s p h e r e  f rom po in t  s o u r c e  a r e a s  is d e p o s i t e d  in t h i s  
r eg ion .  Local con tamina t ion  a r i s i n g  f rom the  u se  of HCH in t he  
s o u t h e r n  Baltic na t ions  is also a sou rce .  

I t  had  been  r e p o r t e d  t h a t  t he  p r o d u c t i o n  of c a n n e d  c o d - l i v e r s  in 
Poland in 1978-82 was be tween  181 and  466 t o n n e s  annua l l y ,  with 
t he  a v e r a g e  c o n s u m p t i o n  p e r  cap i t a  be ing  10g ( r a n g e s  f rom 5.0 to 
13g) ( F a l a n d y s z  1987). However ,  c a n n e d  c o d - l i v e r s  a r e  c o n s u m e d  
in l a r g e r  amoun t s  b y  t he  employees  of  t he  p r o c e s s i n g  i n d u s t r i e s  
a n d  o t h e r s  dea l ing  with t he  p r o d u c t i o n  and  m a r k e t i n g  of  t h e s e  
commodit ies .  Similarly,  r e l a t ive  p r e f e r e n c e  is g i v e n  to p r o c e s s e d  
c o d - l i v e r s  b y  f i s h e r m e n  and  coas ta l  i n h a b i t a n t s  due  to i ts  
de l icacy .  The i n t ake  of p e r s i s t e n t  o r g a n o c h l o r i n e s  f rom s u c h  
con t amina t ed  sea food  might  be  of  toxic c o n c e r n  to t h e s e  h i g h - r i s k  
g r o u p s .  I t  was es t imated  t h a t  t he  5% of Polish popu la t ion  
c o n s u m e s  one  can  of  p r o c e s s e d  c o d - l i v e r  p e r  annum (ca. 100 g) 
while 1% i n g e s t s  f ive  c a n s  e v e r y  y e a r  ( F a l a n d y s z  1987). Table 2 
shows  t he  es t imated  a n n u a l  i n t a k e s  of  o r g a n o c h l o r i n e s  f rom 
c a n n e d  c o d - l i v e r s  u s i n g  d i f f e r e n t  t heo re t i c a l  c o n s u m p t i o n  r a t e s .  
Due to low a v e r a g e  c o n s u m p t i o n  of  t he  p r o d u c t ,  t he  o r g a n o c h l o r i n e  
i n t ake  is small. When t he  h i g h e r  c o n s u m p t i o n  r a t e s  s u c h  as  53 g 
of  f i s h / d a y ,  as  o b s e r v e d  in Finland (Moilanen e t  al. 1986) is 
app l ied  fo r  t he  d i e t a r y  i n t akes  of  o r g a n o c h l o r i n e s ,  po ten t i a l  hea l th  
e f f e c t s  on  humans  is ev iden t .  This p a r t i c u l a r  ca se  is app l i cab le  in 
Poland f o r  t he  h i g h - r i s k  g r o u p s  as  ment ioned  above .  I t  has  been  
es t ima ted  t h a t  t he  h i g h - r i s k  g r o u p s  c o n s u m i n g  more t h a n  f ive  
cans  of  c o d - l i v e r  could  exhib i t  (950-1,600 gz g / y r  f o r  PCBs; 475-800 
/ z g / y r  f o r  DDTs; 29-48 / l g / y r  fo r  HCB; 26-46 / ~ g / y r  f o r  HCHs; 12- 
19 / ~ g / y r  f o r  c h l o r d a n e s ;  2.0-3.4 ] l g / y r  f o r  h e p t a c h l o r  epoxide  
and  31-51 l z g / y r  f o r  a ld r i n  and  d ie ld r in )  g r e a t e r  d e g r e e  of  
e x p o s u r e  to t h e s e  toxic con taminan t s .  Even  with t he  smal ler  
c o n s u m p t i o n  r a t e  of  10 g / y e a r  of  c o d - l i v e r ,  a n n u a l  PCB in t ake  is 
h i g h e r  t h a n  in deve loped  na t ions .  For  example, in Canada  t he  
to ta l  a n n u a l  consum pt ion  of  PCBs is on ly  32 /z g when  t h e  
i n g e s t i o n  from all t he  food g r o u p s  a r e  t a k e n  in to  a c c o u n t  (Davies 
1988). I n t a k e  of  20 lz g f rom c o d - l i v e r  a lone  in Poland is f o u n d  to 
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b e  s i g n i f i c a n t l y  h igh .  C o n s i d e r i n g  t h e s e  i n f o r m a t i o n s ,  c a n n e d  cod- 
livers are likely to impose problems to human health when 
consumed at higher amounts. 

I n  o r d e r  to  c o m p a r e  t h e  c o n c e n t r a t i o n s  of  PCBs a n d  DDTs 
o b s e r v e d  in  t h i s  s t u d y  wi th  t h o s e  p u b l i s h e d  f rom o t h e r  p a r t s  of  
t h e  wor ld  we  h a v e  s u m m a r i z e d  t h e  d a t a  in Tab le  3. I t  is  c l e a r  
f r o m  t h e  t a b l e  t h a t  t h e  c o n c e n t r a t i o n s  o b s e r v e d  in t h i s  s t u d y  a r e  
much  h i g h e r  t h a n  t h o s e  r e p o r t e d  e l s e w h e r e .  H i g h e r  l e v e l s  o f  
PCBs in t h e  Balt ic d e s e r v e s  a t t e n t i o n  a s  mos t  of  t h e  r e c e n t  
i n v e s t i g a t i o n s  a l so  e n c o u n t e r e d  a h i g h e r  c o n t a m i n a t i o n  of  t h e  
Balt ic b io ta .  

A c k n o w l e d g m e n t s .  Th is  r e s e a r c h  was  s u p p o r t e d  b y  t h e  J a p a n e s e  
S o c i e t y  f o r  t h e  P romot ion  of  S c i ence  ( JSPS)  u n d e r  t h e  l o n g - t e r m  
v i s i t i n g  p r o f e s s o r  f e l l owsh ip  a w a r d e d  to  Dr. J .  F a l a n d y s z ,  a n d  
p a r t l y  b y  t h e  Po l i sh  S t a t e  Commit tee  f o r  Sc ien t i f i c  R e s e a r c h  (KBN) 
u n d e r  g r a n t  DS. 
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