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The,measurement of r e s i d u a l  c o n c e n t r a t i o n s  of 
p o l y c h l o r i n a t e d  b ipheny l  (PCB) i n  a v a r i e t y  o f  
f o o d s t u f f s  and o ther  b i o l o g i c a l  m a t e r i a l s  has been 
cha rac te r i sed  by a la rge  (up to  50%) i n t e r l a b o r a t o r y  
v a r i a t i o n  (b ias )  ( T u i n s t r a  e t  a l .  1985, Holden e t  a l .  
1983, Musial  and Uthe 1983). An i n t e r l a b o r a t o r y  
c o e f f i c i e n t  of v a r i a t i o n  of 14% was repor ted by 
T u i n s t r a  e t  a l .  41985) f o r  t h e i r  s tudy i n  which exact  
methodolog ica l  d e t a i l s  and q u a n t i t a t i v e  standard 
s o l u t i o n s  were supp l i ed  fo p a r t i c i p a n t s  who were asked 
to determine the l e v e l s  of a s u i t e  of  s i x  
c h l o r o b i p h e n y l s  (CB) present  a t  t race  l e v e l s  i n  eel 
f a t .  Fo l l ow ing  the complet ion of out  e a r l i e r  s tudy 
(Musia l  and Uthe 1983), remaining v i a l s  of f o r t i f i e d  
(approx imate ly  i mg A roc l o r  1254/kg h e r r i n g  o i l )  and 
c o n t r o l  o i l s  were s tored and analyzed s p o r a d i c a l l y  to 
determine i f  any changes in  measured PCB c o n c e n t r a t i o n s  
i n  the o i l s  r e s u l t e d  from changes in  PCB and the o i l  
du r ing  s torage of  approx imate ly  e i g h t  years.  

MATERIALS AND METHODS 

Prepara t ion  and f o r t i f i c a t i o n  of h e r r i n g  o i l s  have been 
descr ibed i n  d e t a i l  (Musial  and Uthe 1983). In 
summary~ f r esh  f rozen h e r r i n g  (Clupea harenqus 
harenqus) f i l l e t s  were ex t rac ted  th ree  rimes at  room 
temperature w i t h  h i g h - p u r i t y  acetone, water was added 
to  the acetone f i l t r a t e ,  the o i l  was p a r t i t i o n e d  i n t o  
h i g h - p u r i t y  hexane and the s o l v e n t  removed by f l a s h  
evapo ra t i on .  F o r t i f i c a t i o n  was performed w i t h  A roc l o r  
1254 (Monsanto Co. L td ,  St .  Lou is ,  MO) and the o i l s  45- 
�8 mL) placed i n  solvent-washed b o r o s i l i c a t e  g lass  
ampuls and f lame-sealed under n i t r o g e n .  The sealed 
ampuls were s tored a t  -20 C. No a n t i o x i d a n t s  were 
added to the o i l ,  and a f resh  ampul was used f o r  each 
sample r ime. Her r ing  o i l  has been repor ted to con ta in  
a l p h a - t o c o p h e r o l ,  a n a t u r a l  a n t i o x i d a n t ,  a t  a 
c o n c e n t r a t i o n  of  14-16 mk/kq (Braekkan e t  a l .  1963). 
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PCB was separa ted  from the o i l  ( 0 . 2 - 0 . 3  g in  2 mL 
hexane, 3 • 2 mL wash) and many o t h e r  co -con taminan ts  
by chromatography on F l o r i s i l  a c t i v a t e d  a t  450 C 
o v e r n i g h t  and d e a c t i v a t e d  w i t h  i% wa te r .  The F l o r i s i l  
was washed i n  the chromatography column w i t h  60 mL 
hexane ( d r i e d  over  sodium s u l f a t e ) ~  and PCB res idues  
were e l u t e d  w i t h  107 mL d r i e d  he• Var ious  batches 
o f  F l o r i s i l  and s o l v e n t s  were used over  the course o f  
the  expe r imen t .  The F l o r i s i l  was s t a n d a r d i z e d  by us ing 
a m o d i f i e d  M i l l s  (1968) procedure and the amounts o f  
the  adsorbent  were ad jus ted  as r e q u i r e d .  

Sas chromatography was performed i s o t h e r m a l l y  a t  200 C 
w i t h  a 4 mm i . d .  x 182 cm long s i l a n i z e d  g lass  column 
packed w i t h  3% SP -2100 on 80/100 mesh S u p e l c o p o r t ,  
us ing a rgon /methane :95 /5  a t  a f l o w  r a t e  o f  25 mL/min, 
an e l e c t r o n  c a p t u r e  d e t e c t o r  a t  350 C and the A r o c l o r  
1254 used to  f o r t i f y  the o i l  as a s tandard  (Musia l  e t  
a l .  1979). A t o t a l  o f  3 r eso l ved  peaks, e l u t i n g  a f t e r  
p,p ' -DDE, were used f o r  q u a n t i f i c a t i o n  (Musia l  and Uthe 
1983). The same batch o f  A r o c l o r  1254 was employed 
th roughou t  the e •  

RESULTS AND DISCUSSION 

PCB c o n c e n t r a t i o n s  i n  both the f o r t i f i e d  and c o n t r o l  
o i l s  d i d  no t  change a p p r e c i a b l y  d u r i n g  the f i r s t  
s i •  months o f  s t o r a g e  (Tab le  I ) .  C o n c e n t r a t i o n s  
v a r i e d  somewhat i n  both o i l s  t h e r e a f t e r  a l t h o u g h  the 
magnitude o f  the v a r i a t i o n  was no t  l a r g e .  However~ 
recovery  o f  added A r o c l o r  1254 was cons tan t  and 
e s s e n t i a I l y  q u a n t i t a t i v e .  The observed drop in  PCB 
c o n c e n t r a t i o n s  i n  the two o i l s  r e s u l t e d  from e i t h e r  
changes i n  the o i l s  themselves ( e l i m i n a t i o n  o f  
m a t e r i a l s  i n t e r f e r i n g  p o s i t i v e l y  i n  the PCB 
d e t e r m i n a t i o n )  o r  v a r i a t i o n s  i n  the d i f f e r e n t  batches 
o f  F l o r i s i l  used th roughou t  t h i s  s tudy .  Because the 
v a r i o u s  batches oT F l o r i s i l  were s t a n d a r d i z e d  accord ing  
fo  the M i l l s  (1968) procedure and the e l u t i o n  p r o f i l e  
checked w i t h  r e f e r e n c e  o r g a n o c h l o r i n e  s tandards  and 
f o r t i f i e d  samples~ the c o n t r i b u t i o n  o f  F l o r i s i l  
v a r i a t i o n  t o  the i n t r a l a b o r a t o r y  v a r i a n t e  should be 
n e g l i g i b l e .  T h e r e f o r e  i t  i s  p o s s i b l e  t h a t  the 
adsorbent  v a r i e d  i n  i t s  behav iou r  toward the v a r i o u s  
o t h e r  components i n  the o i l  which were themselves 
a T f e c t i n g  the q u a n t i t a t i v e  measurement o f  PCB. 
Evidence f o r  t h i s  was o b t a i n e d  from v i s u a l  e •  
o f  the chromatograms o b t a i n e d  f o r  both f o r t i f i e d  and 
c o n t r o l  o i l  P C B - f r a c t i o n s  from the v a r i o u s  batches o f  
F l o r i s i l  employed over  the course o f  the e •  
Chromatograms from d i f f e r e n t  batches showed v a r i a t i o n s  
i n  the s i z e  o f  n e g a t i v e  peaks ( i n t e r f e r e n c e s )  i n  
p a r t i c u l a r  in  the e a r I y  p a r t  (pre-p~p'-DDE) o f  the 
chromatograms~ which u n f o r t u n a t e l y  cou ld  not  be 
q u a n t i t a t e d  under the e •  chromatograph ic  
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c o n d i t i o n s .  The n o n - u n i f o r m  removal o f  m a t e r i a l s  
r e s p o n s i b l e  f o r  n e g a t i v e  peaks i n  the  chromatograms 
wou]d r e s u l t  i n  an apparent  changes i n  the PCB 
c o n c e n t r a t i o n s .  I t  i s  a l so  p o s s i b l e  t h a t  the  batch o f  
coated suppo r t  and age of  the packed column used i n  the 
gas chromatograph ic  s tep  of  the a n a l y s i s  c o n t r i b u t e d  
to  these o b s e r v a t i o n s .  The dependence of  PCB 
q u a n t i t a t i o n  on the  n a t u r e  o f  the  s i l i c o n e  s t a t i o n a r y  
phase used i n  the  gas chromatograph ic  s tep  of  the 
a n a ] y s i s  has been desc r i bed  by Mus ia l  and Uthe (1983) 
so t h a t  i t  wou]d no t  be s u r p r i s i n g  to  observe more 
s u b t ] e  changes i n  the  chromatograms over the l i f e t i m e  
o f  a packed column or  use o f  d i f f e r e n t  batches of  the  
same coated s u p p o r t .  

Tab le  i .  PCB c o n c e n t r a t i o n s  (mg A r o c l o r  1254 
e q u i v a l e n t s / k g  o i l )  and average pe rcen t  
r e c o v e r y  o f  added A r o c l o r  1254 o f  r e p l i c a t e  
a n a l y s i s  performed a t  each pe r i od  on sp iked  
and unsp iked a c e t o n e - e x t r a c t e d  h e r r i n g  f i l l e t  
o i l .  

S torage 
Time 
(Months) 

PCB C o n c e n t r a t i o n  
Unspiked Spiked 

Spike 
Recovery 

16 

41 

49 

82 

1.44 2.55 
1.39 2.31 
1.38 2.42 

1.71 2.49 

1.22 2.42 

1.32 2.37 

1.33 2.33 

1.38 2.29 

- 2.36 

I .12 

1.14 

104 

102 

97 

I.ii 2.20 100 

1.20 2.10 

1.32 2.42 

1.41 2.51 

1.39 2.49 

110 

94 1.23 2.27 104 
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Because p r e c a u t i o n s  were taken to  p reven t  o x i d a t i o n  o f  
the o i l  and no ev idence  o f  gross o x i d a t i o n  was observed 
( r i n g  a t  s u r f a c e  o f  o i l )  the s t a b i l i t y  o f  PCB desc r ibed  
here cannot s imp ly  be a p p l i e d  t o  PCB s t a b i l i t y  in  
m a t e r i a l s  undergo ing o x i d a t i o n .  Hesselberg and 
Nor th rup  (1986) r e p o r t e d  an i n c r e a s e  (3%) in  the 
measured c o n c e n t r a t i o n s  o f  PCB and o t h e r  
o r g a n o c h l o r i n e s  in  f r ozen  (-40 C) composi te  lake  t r o u t  
( S a l v e l i n u s  namaycush) and a decrease (3%) in  the 
measured f a t  c o n t e n t  o f  the t i s s u e  over  f o u r  years .  
However ou t  r e s u l t s  show the f e a s i b i l i t y  o f  p r e p a r i n g  
r e f e r e n c e  o i l s  c o n t a i n i n g  c e r t i f i e d  c o n c e n t r a t i o n s  o f  
PCB or  CBs (Guevremont 1986) w i t h  s t a b i l i t y  f o r  a t  
l e a s t  e i g h t  years .  The r e s u l t s  o f  compara t i ve  s t u d i e s  
reported t o  da te  suppor t  the p r e p a r a t i o n  and use o f  
a p p r o p r i a t e  reference m a t e r i a l s  by a l l  a n a l y s t s .  
Resu l t s  o f  the o u t r e n t  s tudy a l s o  i n d i c a t e  t h a t  f u r t h e r  
c leanup of  f i s h  o i l s ,  f o r  example, by g e l - p e r m e a t i o n  
chromatography or  a p p r o p r i a t e  chemical  means such as 
s a p o n i f i c a t i o n ,  i s  necessary to  remove i n t e r f e r e n c e s  
which c o e l u t e  from F l o r i s i l  to  ach ieve  the t r u e  v a l u e  
o f  PCB c o n t e n t s .  Ana l ys t s  are  a l s o  urged to  run a 
p a r a l l e l  ECD-FID or  ECD-MS scan on t h e i r  c leaned up 
e x t r a c t s  as a check on the e f f i c a c y  o f  t h e i r  c leanup .  
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