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The c o n c e n t r a t i o n s  o f  PCB- and DDT-compounds in  B a l t i c  
w i l d l i f e  have been e x t e n s i v e l y  s t u d i e d  d u r i n g  t he  l a s t  
decade.  

S ince the  use o f  DDT was banned in  t he  e a r l y  70 's  i n  
many c o u n t r i e s ,  i n c l u d i n g  t h o s e  i n  B a l t i c  a rea ,  the  
l e v e l  of  DDT-compounds has dec reased  in  t he  B a l t i c  en-  
v i r o n m e n t  by PAASIVIRTA and LINKO (198o)o The use of  PCB- 
compounds i s  now banned in  Sweden and i s  p r a c t i c a l l y  
n o n e x i s t a n t  in  F i n l a n d .  In EC c o u n t r i e s  the  use of  
PCB is  w i d e s p r e a d ,  however  and we have ve ry  l i t t l e  
i n f o r m a t i o n  on t h e i r  use in  e a s t e r n  European c o u n t r i e s .  

I t  has been p roved  t h a t  the  c o n c e n t r a t i o n s  o f  PCB's i n  
B a l t i c  w i l d l i f e  i s  now d e c r e a s i n g  (PAASIVIRTA and 
LINKO 1979) .  So f a r  l e s s  a t t e n t i o n  has been pa id  to  
t o x a p h e n e s  and c h l o r d a n e s  in  B a l t i c  e n v i r o n m e n t .  
These compounds a r e ,  however ,  i n  use in  e a s t e r n  
European c o u n t r i e s ,  t h e i r  use be ing  banned in  Sweden 
and F i n l a n d .  

Ch lo rdanes  and t o x a p h e n e s  have been found  in  s e a l s ,  
b i r d s  and f i s h  in  t he  B a l t i c  area (JANSSON et al. 1979; 
~ICKSTROM et a l .  HELLE et a l .  1982 ) ,  bu t  so f a r  no 
t ime  t r e n d  a n a l y s i s  on t h e i r  c o n c e n t r a t i o n s  has been 
r e p o r t e d .  

The a n a l y s i s  of  t o x a p h e n e s  and c h l o r d a n e s  b e i n g  
m i x t u r e s  of  t ens  of  compounds i s  l a b o r i o u s  and needs 
s o p h i s t i c a t e d  i n s t r u m e n t a t i o n  l i k e  h i g h  r e s o l u t i o n  
~ , _ ~ - s e l e c t e d  ion  m o n i t o r i n g  mass s p e c t r o m e t r y .  
Toxaphenes were s u s p e c t e d  to  be found  in  most B a l t i c  
a n i m a l s  at low l e v e l s ,  however ,  t he  c o n c e n t r a t i o n s  of  
t hese  compounds in  t he  samples a n a l y s e d  in  t h i s  work 
were too  low f o r  e x a c t  q u a n t i t a t i v e  and t ime  t r e n d  
a n a l y s i s .  C h l o r d a n e s  wh ich  are m a i n l y  a m i x t u r e  o f  m- 
and ~ - c h l o r d a n e s ,  o x y c h l o r d a n e  ( c h i e f l y  by m e t a b o l i s m )  
and t r a n s - n o n a c h l o r ,  were,  howeve r ,  d e t e r m i n e d  
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wi th  h igher  accuracy.  The f i s h  s tud ied  were pike (Esox 
l u c i u s ) ,  averag ing 1 kg in weight  and b a l t i c  h e r r i n g  
(Clupea harengus) ,  economica l ly  the most impor tan t  f i s h  
in the nor thern  B a l t i c  area. 

The f i r s t  p ike samples were c o l l e c t e d  in 1971 and the 
l a t e s t  in w i n t e r  1982. Samples were deepfrozen u n t i l  
1982. The B a l t i c  he r r i ng  samples covered only the 
years 1978-82, but the t ime t rends a n a l y s i s  of PCB's 
and DDT's in B a l t i c  he r r i ng  in 1972-78 has been pub- 
l i s h e d  before (PAASIVIRTA and LINKO 1980). 

EXPERIMENTAL 

Two grams of the f i s h  sample were homogenized wi th  ten 
grams of anhydrous sodium su lpha te .  Heptach lo r  was 
added as an i n t e r n a l  standard (1 mg/kg).  The homog- 
enate was e x t r a c t e d  at 25:C once w i th  35 ml of acetone- 
hexane (25 + I0 ml) and tw ice  w i th  20 ml of hexane- 
d i e t h y l  e ther  (18 + 2 ml) fo r  30 minutes in an u l t r a -  
sonic bath.  The e x t r a c t s  were f i l t e r e d ,  combined and 
shaken in a separa to ry  funnel w i th  0.9 % sodium 
c h l o r i d e  in 75 ml of water .  The aqueous laye r  was 
e x t r a c t e d  wi th  hexane (10 ml ) ,  whereas the organ ic  
layers  were combined and I0 ml of abso lu te  e thy l  
a lcoho l  was added. The so l ven ts  were evaporated at 
40~ in vacuo, the s o l i d  res idue was d i s s o l v e d  in 2 ml 
of  hexane and 2 ml of concent ra ted  s u l p h u r i c  acid was 
added. A f t e r  shak ing ,  the m ix tu re  was c e n t r i f u g e d  and 
the organ ic  l aye r  separated.  The s u l p h u r i c  acid was 
added. A f t e r  shak ing ,  the m ix tu re  was c e n t r i f u g e d  
and the organ ic  l aye r  separated.  The s u l p h u r i c  acid 
c lean ing  procedure was repeated u n t i l  the a c i d i c  l a y e r  
was c o l o u r l e s s .  

I " ~  j' 
The p u r i f i e d  hexane concen t ra te  
was f r a c t i o n e d  using a S i l i c a  
gel column ( I0  mm x 300 mm, 
K iese lge l  60, 0,063 - 0,200,  
Merck).  The s i l i c a  was f i r s t  
heated at 360"C fo r  16 hours 
a f t e r  which 3 % water was added. 
The column was e lu ted  w i th  
60 ml hexane then 60 ml hexane- 
d i e t h y l  e the r  (75:25 v / v ) .  The 
f r a c t i o n s  c o l l e c t e d  were combined 
and evaporated at 25~ in vacuo 
to 200 ~I .  

F igure 1. Sampling area 

The sample was f u r t h e r  cleaned by t h i n  l a y e r  
chromatography using S i l i c a  gel p la tes  (K iese lge l  60, 
Merck) and a d ich lo romethan-hexane (1:3 v / v )  so l ven t  
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system. The analyzed compounds were removed from 
the p l a t e s ,  the s i l i c a  ma te r i a l  (Rf= 0 . 3 - 1 . 0 )  was 
packed in a Pas teur  p i p e t t e  w i th  a g lass  wool plug and 
e l u t e d  from t h i s  column w i th  4 ml of cyc lohexane-  
d i e t h y l e t h e r  (6 :4  v / v ) .  The e lua te  was subsequen t l y  
concen t ra ted  in a gen t l e  f low of n i t r o g e n  to 200 NI. 

The f i n a l  c o n c e n t r a t e  was analysed w i th  the aid of  
h igh r e s o l u t i o n  gas c h r o m a t o g r a p h y / s e l e c t i v e  ion 
m o n i t o r i n g  (HRGLC-SIM, mass f r a g m e n t o g r a p h y ) ,  A 30 m 
( i . d : 0 . 2 5  mm) OV-IOI g lass  c a p i l l a r y  column. The GLC 
oven was tempera tu re  programmed from 120 to 240~ 
15~ per minute.  

The moni to red  ions were m/e = 237 ( p a r t i c u l a r l y  f o r  
de te rm in i ng  p ,p ' -DDT,  p ,p ' -DDD,  oxych lo rdane ,  ~- and y- 
ch lo rdane  and t r a n s - n o n a c h l o r ) ,  248 ( p , p ' - D D E ) ,  263 
( a l d r i n e ,  o x y c ~ a n e ,  ~- and y - c h l o r d a n e  and t r a n s -  
n o n a c h l o r ) ,  272 ( h e p t a c h l o r ) ,  283 ( t r a n s - n o n a c h l o r ~ ,  
324 (PCB), 341 ( c h l o r i n a t e d  te rpenes  and c h l o r d a n e s ) ,  
343 ( c h l o r i n a t e d  t e r p e n e s ) ,  358 (PCB) and 377 (m- and 
y - c h l o r d a n e  and c h l o r i n a t e d  t e r p e n e s ) .  

In ambiguous cases the i d e n t i f i c a t i o n s  were con f i rmed  
by s e l e c t i v e  ion m o n i t o r i n g  of the s i x  most prominent  
ions in the mass spectrum of an i n d i v i d u a l  compound. 

The r e t e n t i o n  t imes of the i d e n t i f i e d  compounds were 
i d e n t i c a l  w i t h  those of r e f e rence  compounds s u p p l i e d  
by the U.S. Env i ronmenta l  P r o t e c t i o n  Agency. 

The q u a n t i t a t i v e  d e t e r m i n a t i o n s  were based on 
compar isons of the peak areas ob ta ined  from the 
samples w i th  those ob ta ined  from re fe rence  s tanda rd  
s o l u t i o n s .  The peak area of the i n t e r n a l  s tandard  
h e p t a c h l o r  was taken i n t o  account  in c a l c u l a t i n g  the 
f i n a l  c o n c e n t r a t i o n s  by use of a p p r o p r i a t e  response 
f a c t o r s .  

The s e n s i t i v i t y  of the method was about 10 Ng per k i l o  
f o r  the s tud ied  compounds, when no i n t e r f e r r i n g  
compounds were p r e s e n t ,  even h ighe r  s e n s i t i v i t y  was 
o c c a s i o n a l l y  ob ta i ned .  

Fat con ten t  of the samples was ana lysed acco rd ing  to  
method of AOAC (1980) .  

The r e g r e s s i o n  models were computed us ing s tepw ise  
r e g r e s s i o n  a n a l y s i s  us ing the SCSS-programm (NIE 
1980).  
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RESULTS AND DISCUSSION 

The essential results are presented in tables I-2 and 
figures 2-3, 
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Figure 2, Concentrations of ZPCB-, ~DDT- and chlordane- 
compounds in pike tissue 1971-82 (A,B,C) and in pike 
l iver  (D,E,F) and the corresponding equations (C = 
concentration, mg/kg, Y = year) 
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Table i .  SPCB-, SDDT- and ch lordane-concentrat ions 
(mg/kg) on the basis of fa t  content in the pike samples. 

sam- in muscle t i ssue  in l i v e r  t i ssue  
weight p l ing  t i ssue  fa t  % Chlor- Chlor- 

g sex time fa t  % l i v e r  ~PCB ~DDT danes ~PCB ~DDT danes 

920 f 1971 0.80 8.08 71.2 40.3 0.38 39.6 35.8 0.20 
1170 m 1971 0.78 7.75 56.4 25.8 0.13 31.9 50.4 0.13 
I I00 m 1971 0.70 59.1 49.7 0.86 
1035 m 1971 0.77 7.25 54.7 39.6 1.04 34.8 46.4 0.36 
1070 f 1972 0.73 6.75 72.6 21.9 0.96 25.6 16.2 0.21 

920 m 1972 0.69 43.8 30.2 1.30 
I I00 m 1972 0.67 6.83 47.5 27.6 0.75 39.5 31.4 0.16 

700 m 1972 0.75 45.6 21.5 0.13 
900 f 1972 0.69 7.00 49.9 25.8 0.44 43.4 31.5 0.27 
800 m 1972 0.71 6.93 40.1 28.2 0.14 40.1 18.3 0.17 
650 m 1973 0.74 6.05 39.7 31.2 0.14 17.3 24.8 0.46 

1200 m 1974 0.78 6.81 30.0 24.9 0,77 27.6 22.9 0,56 
1110 f 1975 0.77 6.39 38.6 21.8 1.95 22.2 14.3 0.70 
I I00  m 1978 0.80 6.11 33.0 21.3 2.63 9.2 11.7 0.62 
1190 f 1978 0.74 5.88 27.0 14.6 3.11 14.2 7.76 0.65 

950 m 1982 0.72 21.1 4.86 5.14 
1200 m 1982 0.75 3.43 29.9 5,87 4.13 7.84 3.56 I . I I  
1125 f 1982 0.75 3.52 30.7 3.52 2.39 8.21 4.38 2.13 
895 m 1982 0.70 4.53 31.6 3.43 6.28 6.78 3.91 1.19 

I I00  m 1982 0.71 30.9 10.8 3.52 
750 f 1982 0.70 19.6 5.28 6.43 
950 m 1982 0.75 38.1 10.4 5.73 
960 m 1982 0.73 31.2 4.93 4.38 

Sampling Weight Fat % ~PCB >]DDT Chlor- 
time 9 danes 
1978 78.1 3.7 16.6 6.3 0.49 
1978 65.5 3.6 18.5 5.3 0.58 
1978 80.2 3.6 18.8 7.2 0.28 
1978 79.7 5.5 12.0 8.9 0.22 
1978 63.2 3.2 19.2 5.2 0.53 
1978 80.9 4.8 16.0 6.1 0.21 
1978 79.4 5.7 12.4 7.6 0.37 
1978 78.2 4.4 14.2 7.5 0.61 
1982 77.2 7.0 6.7 2.4 0.56 
1982 79.7 7.6 3.0 2.4 0.51 
1982 60.3 5.3 5.2 1.7 0.83 
1982 65.5 7.0 4.4 1.8 0.54 
1982 61.6 6.7 4.6 2.2 0.39 
1982 63.2 6.0 4.4 1.9 0.42 
1982 75.5 T.7 3.5 2.6 0.69 

Table 2. 

~PCB-, ~DDT- 
and chlordane- 
concentrat ions 
(mg/kg) on 
the basis of 
f a t  content 
in Ba l t i c  
her r ing.  
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The t ime t rends of PCB and DDT compounds dur ing  the 
years 78-82 are in accordance wi th  and are the l o g i c  
c o n t i n u a t i o n  of the r e s u l t s  from 72-78 presented 
e a r l i e r  by PAASIVIRTA and LINKO (198o): the concen- 
t r a t i o n s  of DDT- and PCB-compounds is decreas ing 
in B a l t i c  f i s h e s .  I t  seems, however, t ha t  the de- 
crease in PCB l e v e l s  is not any more rap id  than tha t  
presented f o r  the years 72-78. Conversely the 
inc rease  of chlordane c o n c e n t r a t i o n s  in f i s h  is 
c l e a r l y  seen in the f i g u r e s  and t a b l e s .  
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Figure 3. Concen- 
t r a t i o n s  of ~PCB-, 
ZDDT- and ch lo rdane-  
compounds in B a l t i c  
h e r r i n g  muscle t i s s u e  
1978-82. 
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In the m ix tu re  of d i f f e r e n t  DDT compounds the pro-  
p o r t i o n  of p,p'-DDE dominates.  The m ix tu re  of 
chlordanes is more compl i ca ted .  In t h i s  work the sum 
of oxych lo rdane ,  ~- and y - ch lo rdane  and t r a n s -  
nonachlor  was c a l c u l a t e d .  The r a t i o  of these 
compounds va r i ed  cons ide rab l y  in muscle and l i v e r  
t i s s u e s ,  as seen in Table 3. 

Table 3. The r e l a t i v e  c o n c e n t r a t i o n  of ch lordanes in  
p ike 

muscle l i v e r  
t i s s u e  t i s s u e  

oxych lordane 14.8 % 3 5 . 1 %  
y -ch lo rdane  33.9 28.4 
c -ch lo rdane  36.6 22.2 
t r a n s - n o n a c h l o r  14.7 14.3 

The r e s u l t s  in Table 3 give an i n d i c a t i o n  t h a t  
oxych lo rdane is formed in l i v i n g  organisms v ia  
metabol ism. 
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