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Polychlorinated biphenyls (PCB's) have been recognized and 
well documented as global pollutants. An excellent su~ry of 
the distribution of PCB's in the global ecosystem has been pre- 
pared by RISEBROUGH (1968), and a bibllography cover�8 PCB 
investigatlons from 1881 to 1971 has been compiled by QUINBY 
(1972 for the Oak Ridge National Laboratory. 

Desplte this hlstory of investigations, the analyt�8 
quant�8 of PCB's �8 still largely a marier of approximation. 
Gas c h r o m a t o g r a p h y ,  t he  most  common a n a l y t i c a l  p r o c e d u r e  f o r  
t h e s e  compounds ,  i s  hampered  by t h e  l a c k  o f  p r i m a r y  s t a n d a r d s  o f  
i n d i v i d u a l  PCB c o m p o n e n t s .  PCB's have  most  o f t e n  been  q u a n t i -  
t a t e d  by m e a s u r i n g  peak  h e i g h t s  o f  p r o m i n e n t  GLC p e a k s ,  a s  
RISEBROUGH ( 1 9 6 9 ) ,  ZITKO ( 1 9 7 1 a ) ,  and HANSEN ( 1 9 7 1 ) ,  o r  by  mea- 
s u r i n g  t o t a l  a r e a  o f  a l l  PCB p e a k s  as  ARMOUR and BURKE (1970)  
b a v e ;  and r e l a t � 8  t h e s e  t o  a s u i t a b l e  s t a n d a r d  PCB m i x t u r e ,  
such  a s  A r o c l o r  1254 o r  1260.  T h � 8  method may work  i n  some 
c a s e s  a s  i t  d i d  f o r  SKRENTNY ( 1 9 7 1 ) ,  b u t  i t  has  s e v e r e  s h o r t -  
c o m � 8  

I f  t he  m a t e r � 8  b e � 8  a n a l y z e d  f o r  PCB's c o n t a i n e d  o n l y  one 
p a r t i c u l a r  A r o c l o r ,  s u c h  as  1254,  and i f  t he  c h r o m a t o g r a m  o f  t h e  
s a m p l e  matched  t h a t  o f  A r o c l o r  1254, t h e n  measuremen t  o f  peak  
h e i g h t s  o r  peak  a r e a s  would  be s a t i s f a c t o r y  i n  t h e  q u a n t i t a t i o n  
p r o c e d u r e .  U n f o r t u n a t e l y ,  t h e  s a m p l e s  we have  been  a n a l y z i n g  
( f i s h  and f i s h  p r o d u c t s )  o f t e n  c o n t a i n  w i d e l y  v a r y i n g  m i x t u r e s  
o f  PCB ' s ,  and u n l e s s  t h e  ch romatograms  match  t h o s e  o f  a r e a d � 8  
a v a � 8  s t a n d a r d ,  such  as  one o f  t h e  A r o c l o r s ,  an  a c c u r a t e  
q u a n t i t a t � 8  o f  t h e  ch romatograms  i s  v e r y  d t f f t c u l t .  Even i n  
c a s e s  where  a s p e c i f i c  A r o c l o r  i s  f ed  t o  an  e x p e r i m e n t a l  a n i m a l ,  
KOEMAN (1969)  and MULHERN (1971)  found t h a t  t he  p r o f i l e s  o f  t h e  
PCB's r e t a i n e d  o f t e n  do n o t  ma tch  t h o s e  o f  t h e  o r i g i n a l  A r o c l o r .  

T h i s  i n  i t s e l f ,  would  n o t  be a p r o b l e m  e x c e p t  t h a t ,  a s  r e -  
p o r t e d  by  ZITKO ( 1 9 7 1 b ) ,  and as  s u b s t a n t � 8  by  u s ,  t h e  GLC r e -  
s p o n s e  i s  h o t  c o n s t a n t  f o r  t h e  v a r i o u s l y  c h l o r i n a t e d  i s o m e r s  
round i n  a PCB m i x t u r e .  As a r e s u l t ,  t he  v a l u e s  round when a n a -  
l y z i n g  f o r  PCB's can  v a r y  by a c o n s i d e r a b l e  amount d e p e n d i n g  on 
which  A r o c l o r ,  o r  m i x t u r e  o f  A r o c l o r s ,  i s  u sed  as  a s t a n d a r d .  

The p u r p o s e  o f  t h i s  p a p e r  i s  t o  ( a )  i l l u s t r a t e  t h e  p r o b l e m  
c r e a t e d  by  s a m p l e s  c o n t a i n i n g  m i x t u r e s  o f  PCB's hOt r e a d i l y  com- 
p a r a b l e  t o  a p a r t � 8  A r o c l o r ;  (b )  t o  p r e s e n t  some f s  t o  
i l l u s t r a t e ,  i n  n u m e r i c a l  t e r m s ,  t h e  e f f e c t  t h a t  t h e  c h o i c e  o f  
s t a n d a r d s  b a s  on t h e  f i n a l  r e s u l t ;  and ( c )  t o  o f f e r  a s  a s o l u t i o n  
t o  t h e  problen t h e  u se  o f  s t a n d a r d s  o f  mixed A r o c l o r s .  Fo r  t h t s  
r e a s o n ,  a d e t a i l e d  s e c t i o n  on S t a n d a r d s  has  been  i n c l u d e d  i n  t h e  
f o l l o w i n g  s e c t i o n .  
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METHODS 

E x t r a c t i o n  and Cleanup 

Samples were e x t r a c t e d  � 8  hexane and c leaned up on a 
F l o r t s i l  (PE grade)*  coluoen, an r epor t ed  by REINERT (1970).  
E l u t i o n  f r o m F l o r i s i l  w�8  nea t  hexane e f f e c t e d  b e t t e r  c leanup 
than t h a t  ach ieved  wi th  the n s o l v e n t  desc r tbed  by R e i n e r t .  

PCB Sepa ra t i on  

PCB's were separated from DDT and Its analogs  by means of a 
sillca gel column accordlng to the method of REINERT (1971) wlth 
a sllght modification. Re�8 recommended uslng completely 
anhydrous s i l l c a  gel  a c t l v a t e d  a i  200~ fo r  8 hours p r l o r  fo une, 
but  t r e a t l n g  the s i l l c a  gel  t h l s  way r e s u l t e d  in  the r ecove ry  o f  
only  30-40% of the PCB's. A c t l v a t l o n  for  17 hours and a d d l t � 8  
of  2% H20 by we�8  fo  the a c t i v a t e d  s i l i c a  gel  gave 85-100% 
s e p a r a t l o n  of  PCB's and p e s t i c i d e s .  

Chromato~raphy Conditions 

A Wilkens 600D gas chromatograph with a tritium detector 
and a 5'x 1/8" silanlzed glass column conta�8 equal parts of 
10Z DC-200 on 80/100 mesh Gas-Chrom Q** and 15Z QF-1 on 801100 
mesh Gas-ChromQ** was used for quantlCation. Column temperature 
was malntalned at 195"C by a Varian Aerograph 328A Isothermal 
Unit. Injector temperature was 240"C and the N 2 gas flow 
50-60 ml/min. 

Quantlta™ 

The choice of appropriate mlxed standard was made by visual 
comparison of gas chromatograms of the extract from the sample 
and of varylng proportions of PCB standards. Quantitation was 
achieved by c u t t i n g  out  the chromatograms and weighing them on 
an a n a l y t i c a l  ba l ance .  Such an i n t e g r a t e d  measurement of  t o t a l  
peak a rea  o f f e r s  the bes t  p o s s i b i l i t y  a t  p r e sen t  of compensating 
fo r  the d i f f e r e n c e s  between a sample c o n t a i n i n g  most of  a pa r -  
t i c u l a r  Aroc lo r  (some components having been e i t h e r  l o s t  or 
d � 8  metabol ized)  and a s t andard  of t ha t  p a r t � 8  
A r o c l o r .  

Standards 

A detailed description may prove useful. Once separate 
standards of Aroclors 1254 and 1260 had been prepared, mixtures 
of the two were prepared at increments of about 10% in Aroclor 
1260 content. The total (1254 + 1260) concentration for each mix- 
ture was kept approxlmately equal so that the chromatograms could 
be compared easily and an assessment could be made of the changes 

*Mention of trade names and speclfic compan�8 does hOt Imply 
endorsement 

**Prepared by Appl�8 Science Laboratories, Inc., State 
College�87 PA 
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i n  t o t a l  peak a r e a  wi th  the  changes in  A r o c l o r  c o m p o s i t i o n .  
F i g u r e  1 i l l u s t r a t e s  the change in  t o t a l  peak a r e a  as  the  tome- 
p o s i t i o n  o f  the  s t a n d a r d  changes .  

Once a l l  the  mixed s t a n d a r d s  had been ruu on the GLC, the  
chromatograms were cu t  ou t ,  weighed ( t o  g ive  F i g u r e  1) ,  and 
p l a c e d  in  a r e f e r e n c e  f i l e .  Thts  a l lowed  the GLC o p e r a t o r  t o  

match r a p i d l y  the  p r o f i l e  o b t a � 8  from a sample w i th  t h a t  of  

2.6 

-~ 2.2 

1 . 8  

~ 1.4 

I r * * * ~ a X 
0 20 40 60 80 I00 ?. 1260 

I00 80 60 40 20 0 % 1254 

Composition of standard 

F i g u r e  1. Dependence of  t o t a l  peak a r e a  on the  r e l a t i v e  
amounts of  A r o c l o r s  1254 and 1260 in  a mixed s t a n d a r d .  
/Total Deak area = g paper/ng. PCB's injected). 

the  a p p r o p r i a t e  mixed s t a n d a r d .  It vas  then  r e l a t i v e l y  ea sy  
to  make s e v e r a l  a p p r o p r i a t e  d i l u t i o n s  o f  the m�8 s t a n d a r d  to  
o b t a i n  a s t a n d a r d  cu rve .  Th• same p rocedu re  t an  a l s o  be used f o r  
p r e p a r i n g  mixed s t a n d a r d s  of  o t h e r  A r o c l o r s ,  such as  1242 and 
1254. Hixed s t a n d a r d s  of  t h r e e  or  more A r o c l o r s  a r e  f e a s i b l e  but  
o b v i o u s l y  more c o m p l i c a t e d .  

RESULTS AND DISCUSSION 

F i g u r e  2 i l l u s t r a t e 8  the  problem c r e a t e d  by samples  c o n t a t n -  
ing  m i x t u r e s  £  PCB's hOt r e a d t l y  comparable  to  a s p e c i f i c  
A r o c l o r .  Chromatograms of  e x t r a c t 8  of  menhaden ( B r e v o o r t i a  
t y r a n n u s )  meal ,  channe l  c a t f i s h  ( I c t  a l u r u s  p u n c t a t u s ) ,  and s i l k y  
8hark (Carcha rh tnus  f a l c i f o r m i s )  l i v e r * * *  a re  p l a c e d  to  i n d i c a t e  

***From the  l a b o r a t o r y  of Dr. George Harvey,  Woods Hole 
Oceanographic  I n s t i t u t i o n  
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of T~me-~. si /I lol 151 2ol 

Aroclor 1254 

Menhaden meal 

22.7% Aroclor 1260 
77.3% Aroclor 1254 

Channel Ca 

58.7% Aroclor 1260 
41.3% Aroclor 1254 

Aroclor 1260__0t 51 Tim (min.) 101 151 20~ 
Figure 2. Gas chromatograms o~ Aroclor standards and three 
flshery products. Single vertical llne represents solvent peaks. 
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the approx!mate composition in terms of Aroclors present. 
Although the chromatograms are somewhat crowded on the page, if 
can be s e e n  that n e i t h e r  the  c h a n n e l  c a t f i s h  nor  the  s�8 s h a r k  
t a n  be q u a n t i t a t e d  as  A r o c l o r  1254 or  1260. The p r o f i l e s  more 
c l o s e l y  r e s e m b l e  t hose  of  the  m�8 A r o c l o r s .  

The t a b l e  i l l u s t r a t e s  what happens  when a sample  s q u a n t � 8  
t a t e d  by A r o c l o r s  1254, 1260, and v a r � 8  m i x t u r e s  of the  two. 
The asterisks indlcate the best approximation of the true values 
as c a l c u l a t e d  by the  s t a n d a r d s  Judged most s i m t l a r  t n  p r o f i l e  t o  
the  s a m p l e s .  I f  one were to  p l o t  the  v a l u e s  w i t h  the  c h a n g i n g  
c o m p o s i t i o n s  of  the  s t a n d a r d s ,  the  c u r v e s  would r e s e m b l e  t hose  
of  F i g u r e  1. Both F i g u r e  1 and the  t a b l e  i l l u s t r a t e  the  f a c t  
t h a t  the  s e l e c t i o n  of  a s t a n d a r d  can  a l t e r  the  a n a l y t i c a l  v a l u e s  
by more t h a n  a f a c t o r  o f  2. I n  the  ca se  of the  c h a n n e l  c a t f i s h ,  
i t  t a n  be s e e n  t h a t  the  s t a n d a r d  one chooses  f o r  q u a n t � 8  
cou ld  d e t e r m i n e  whe the r  or no t  i t i s  ove r  the  5 . 0  ppm t empora ry  
tolerance proposed by FDA for flsh. 

SUHMARY 

A s t u d y  was .mde of the problems encountered when the chro- 
matogram of a sample being analyzed for PCB's via GLC cannot 
readily be compared fo a particular Aroclor standard. The use 
of mixed Aroclor standards was proposed and a study made of the 
effect of mlxed standards on the analytical results. If was 
found that the cholce of a standard could alter the values by 
more than a factor of 2. In addition, the particular mixture 
used as a standard should be reported along wlth resultlng 
v a l u e s .  
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