
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Analysis of PCB's by Thin-Layer Chromatography
H. M. Stahra

a Veterinary Diagnostic Laboratory, Iowa State University, Ames, Iowa

To cite this Article Stahr, H. M.(1984) 'Analysis of PCB's by Thin-Layer Chromatography', Journal of Liquid
Chromatography & Related Technologies, 7: 7, 1393 — 1402
To link to this Article: DOI: 10.1080/01483918408074053
URL: http://dx.doi.org/10.1080/01483918408074053

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918408074053
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 7(7) ,  1393-1402 (1984)  

ANALYSIS OF PCB'S BY THIN-LAYER CHROMATOGRAPHY 

H.  M.  S t a h r ,  Ph.D. 
V e t e r i n a r y  D i a g n o s t i c  Labora tory  

Iowa S t a t e  U n i v e r s i t y  
Ames, Iowa 

ABSTRACT 

A s c r e e n i n g  t h i n  l a y e r  chromatography (TLC) 
t e c h n i q u e  has  been  developed  t h a t  can be done i n  t h e  
f i e l d .  Q u a n t i t a t i v e  a n a l y s i s  by TLC d e n s i t o m e t r y  can 
be done i n  a l a b o r a t o r y  ( o r  f i e l d  v a n ) .  A d e n s i t o m e t e r  
i s  needed f o r  q u a n t i t a t i v e  work by TLC. An Apple 
computer may be added t o  u s e  a s  a c o m p u t a t i o n a l  
d e v i c e .  S e m i - q u a n t i t a t i v e  r e s u l t s  may be o b t a i n e d  by 
v i s u a l  comparisons.  C o n f i r m a t i o n s  may be made by 
s i l v e r  h a l i d e  v i s u a l i z a t i o n  on T L C .  Dehalogenat ion  
w i t h  sodium b i p h e n y l ,  c h l o r i n a t i o n  w i t h  antimony 
p e n t a c h l o r i d e ,  o r  mass s p e c t r a l  c o n f i r m a t i o n  may be 
used .  Q u a n t i t a t i v e  a n a l y s i s  i s  p o s s i b l e  of t h e  
d e r i v a t i z e d  p o s i t i v e  samples .  

INTRODUCTION 

EPA's c o n c e r n  has  prompted a r a s h  of  a n a l y s e s  f o r  

PCB's. PCB's may be a n a l y z e d  by s o p h i s t i c a t e d  and 

e x p e n s i v e  i n s t r u m e n t a t i o n  o r  by s imple  TLC a n a l y s i s .  

P C B ' s  ( p o l y c h l o r i n a t e d  b i p h e n y l s )  a r e  v e r y  commonly 

encountered  o r g a n i c  c h e m i c a l s ;  t h e  c h l o r i n e  c o n t e n t  

v a r i e s  f rom < 2 0 %  t o  7 0 %  or more.  Commercial t r a d e  
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1394 STAHR 

names a r e  Arochlor"  or  PyranolB.  They have been  used  

a s  t r a n s f o r m e r  o i l s ,  c a p a c i t o r  d i e l e c t r i c  f l u i d s ,  p a i n t  

v e h i c l e s ,  p e s t i c i d e  e x t e n d e r s ,  and p l a s t i c i z e r s  f o r  

r e s i n s .  They end up i n  s o l i d  f o o d s ,  m i l k  and chewing 

gum by i n d i r e c t  and d i r e c t  r o u t e s .  

Gas chromatographic  (GC) a n a l y s e s  have been used 

t o  a n a l y z e  PCB's s i n c e  1956.C1) 

improved(2-10)  a s  t h e y  were used and a p p l i e d  t o  new 

m a t r i c e s .  (11-13) 

i n ~ t r u m e n t a t i o n ( l ~ , ~ ~ )  have been p u b l i s h e d .  

a s t u d y  on method s t a n d a r d i z a t i o n .  

Methods have been 

Reviews of  methods and 

EPA funded 

( 1 6 )  

L e v i n e ( 1 7 )  e t  a l ,  compared c l e a n u p  methods and 

found t h a t  s u l f u r i c  a c i d  e x t r a c t i o n  was t h e  optimum 

c l e a n u p  f o r  t r a n s f o r m e r  o i l s .  I n  t h i s  work a c i d  

c l e a n u p  was compared t o  SEP PAK@ C 1 8  c l e a n u p  and GLC 

compared w i t h  TLC q u a n t i t a t i o n .  

EXPERIMENTAL REAGENTS AND APPARATUS 

Thin l a y e r  p l a t e s  - Whatman C 1 8  r e v e r s e  phase  w i t h  

f l u o r e s c e n t  i n d i c a t o r  ( E x c i t a t i o n  254 nm), Whatman, 

I n c . ,  C l i f t o n ,  N J ;  t h i n  l a y e r  p l a t e s  - Merck s i l i c a  

normal  phase w i t h  f l u o r e s c e n t  i n d i c a t o r  ( E x c i t a t i o n  

254 nm), Brinkmann I n s t r u m e n t s ,  Des P l a i n e s ,  

I l l i n o i s ;  8 %  AgN03 i n  s i l i c a  g e l  p l a t e s ,  A n a l t e c h  

I n c . ,  Wilmington,  Delaware;  s e p a r a t o r y  f u n n e l s  (250 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
0
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



ANALYSIS OF PCB'S BY TLC 1395 

ml) ;  c a l i b r a t e d  t u b e s ,  1-15 m l  wi th  Teflon@ 

s topcocks ,  Kimball Glass Company, Vineland, New 

J e r s e y  ; d i sposab le  p i p e t t e s ,  F i she r  S c i e n t i f i c  

Company, P i t t s b u r g h ,  Pennsylvania;  PCB s t a n d a r d s ,  

EPA Research Tr i ang le  North Caro l ina ;  m i c r o l i t e r  

s y r i n g e s ,  Hamilton, Las Vegas,  Nevada; concen t r a to r  

t u b e s ,  Research S p e c i a l t y ,  Los Angeles,  C a l i f o r n i a ;  

dimethylformamide, a c e t o n i t r i l e ,  p e t  e t h e r  ,and 

methanol  were r e d i s t i l l e d  i n  g l a s s ;  M i l l i  Q water, 

M i l l i p o r e  Systems, Downers Grove, I l l i n o i s ;  sodium 

c h l o r i d e  r e a g e n t ,  F i she r  S c i e n t i f i c  Company, 

P i t t s b u r g h ,  Pennsylvania ,  s h o r t  wave l eng th  UV 

l i g h t  ( 2 5 4  m m ) ,  UV Products ,  San Gabr i e l ,  

C a l i f o r n i a ;  AgN03 spray ,  AgN03, F i she r  S c i e n t i f i c  

Company; s p r a y e r ,  Kontes Glass  Company, Vineland,  

New J e r s e y ;  TLC 800 Scanner ,  Kontes Glass Company; 

gas  chromatograph wi th  Ni63 d e t e c t o r ,  model 270, 

Packa rd Instrument  Company, Downer ' s  Grove, 

I l l i n o i s ;  r e c o r d e r s ,  Linear  Instrument  - P. J.  

Coberlt Assoc ia t e s ,  S t .  Louis ,  Missour i .  GLC 

columns used were 50% 3% O V - 1 7  and 5 0 %  3% O V - 1 ;  on 

Gas Clhrom Q 100-120 mesh, s i x  f o o t  g l a s s  columns, 3 

mm I . D .  were used. Column temperature  used was 

200OC or  225OC; SEP PAK@ (C18) c a r t r i d g e s ,  Waters 

A s s o c i a t e s ,  Mi l fo rd ,  Massachuset ts .  
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METHODS 

,STAHR 

Dimethyl formamide (DMF) was compared w i t h  

a c e t o n i t r i l e  (ACN) a s  an e x t r a c t i o n  s o l v e n t  in  terms of  

t h e  amount of  PCB r e c o v e r e d  and c l e a n l i n e s s  of sample 

e x t r a c t s .  A m o d i f i c a t i o n  of t h e  M i l l s ( 1 8 )  method f o r  

p e s t i c i d e  a n a l y s i s  was u s e d .  One h a l f  m l  o f  o i l ,  50 m l  

o f  p e t  e t h e r ,  50 m l  o f  DMF o r  ACN were mixed arid p e t  

e t h e r  s e p a r a t e d  and d i s c a r d e d .  F i f t y  m i 1 l i l i t e : r  of 

s a l t  water was added t o  t h e  r e s i d u a l  s o l v e n t  used i n  

t h e  e x t r a c t i o n  and t h e  PCB's p a r t i t i o n e d  i n t o  p e t  

e t h e r .  C o n c e n t r a t i o n  was done under  n i t r o g e n  o n  a 

s team b a t h  a t  a p p r o x i m a t e l y  4OoC. 

analyzed  by t h i n  l a y e r  chromatography (TLC) on normal  

and r e v e r s e  p h a s e ,  u s i n g  1% a c e t o n e  i n  9 9 %  Heptane  and 

95/5/1 + 1 / 2 %  NaC1, methanol  water  and ammonium 

hydroxide , r e s p e c t i v e l y  a s  d e v e l o p i n g  s o l v e n t s .  TLC on 

normal phase  TLC p l a t e s  w i t h  AgN03 i n  t h e  s o l i d  phase  

a l l o w s  d i r e c t  v i s u a l i z a t i o n  on t h e  p l a t e  by s h o r t  wave 

UV i r r a d i a t i o n .  

The samples  were 

Gas chromatography was done by i n j e c t i n g  a l i q u o t s  

of  c o n c e n t r a t e d  e x t r a c t s  on t h e  mixed phase  columns 

w i t h  t h e  Packard N i 6 3  e l e c t r o n  c a p t u r e  d e t e c t o r .  

column t e m p e r a t u r e  was 22SoC, i n j e c t o r  , 25OoC and 

d e t e c t o r ,  28OoC. The columns u s u a l l y  l a s t e d  6 months 

The 
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ANALYSIS OF PCB'S BY TLC 1397 

or more. D i f f i c u l t  samples r equ i r ed  lowering column 

t empera tu res  t o  200°C. The a n a l y s i s  schemes a r e  shown 

i n  f i g u r e  two. 

Antimony Pen tach lo r ide  C h l o r i n a t i o n ( 1 9 )  

An e x t r a c t  which was c leaned  up by e x t r a c t i o n ,  

p a r t i t i o n ,  ( t h e  cleanup by SEP PAK@ i s  shown i n  f i g u r e  

one) or s u l f u r i c  a c i d  r e a c t i o n ,  i s  p laced  i n  a Teflon@ 

l i n e d  screw-capped t e s t  tube  ( B a k e l i t e  p l a s t i c  cap ) .  

100 1.11 SbC15 is added c a r e f u l l y  t o  t e s t  tube  (10 ml) 

and t h e  cap screwed on. Tef lon  t ape  i s  wrapped around 

the  tube  t o  s e a l  i t .  The tube is  hea ted  t o  15OoC f o r  

two hours .  The con ten t s  a r e  removed t o  concen t r a t ed  

HCL i n  a s epa ra to ry  funne l .  The ac id  l a y e r  when c l e a r  

i s  e x t r a c t e d  two t imes  wi th  Benzene. The Benzene is 

washed wi th  NaHC03 t o  remove excess  HCL and SbOC13. 

The benzene e x t r a c t  was concen t r a t ed  and analyzed by 

TLC or GC as above. Temperatures of  24OoC - 250°C were 

used t o  inc rease  t h e  a n a l y s i s  r a t e  of d e r i v a t i z e d  

samples.  

Comparison of S u l f u r i c  Acid(17)  and SEP Pak@ Cleanups 

Concentrated a c i d  was used t o  c o n t a c t  t h e  e x t r a c t s  

and removed by aqueous washing and dehydra t ion  w i t h  

Na2S04. SEP PAK@ C 1 8  columns were washed wi th  methanol 
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1398 S TAHR 

Concentrate  p e t  e t h e r  
t o  d ryness  

Disso lve  e x t r a c t  i n  100  m l  
or less  p e t  e t h e r  o r  methylene 

c h l o r i d e  

P lace  on p recond i t ioned  
Sep Pak (C1*). E l u t e  wi th  

2 m l  wa te r ,  25% methanol /water ,  
75% methanol /water ,  4 m l  95% methanol /water .  

Save ( 4  m l  95% methanol /water)  

Add 4 m l  water  
4 m l  MeClZ 

Sepa ra t e  M e C l  

Concentrate  MeCIZ t o  d ryness  

FIGURE 1 
Sep Pak@ Cleanup 

(MeOH) and water and vacuum d r i e d .  E x t r a c t s  a f t e r  

c o n c e n t r a t i o n  and r e d i s s o l v i n g  were p laced  on the  SEP 

PAK@ column i n  100 111 of methylene c h l o r i d e  or p e t  

e t h e r  and e l u t e d  wi th  2 ml 2 5 %  MeOHIHOH, 2 ml 50% 

MeOHIHOH w a t e r ,  4 m l  MeOH/HOH (95 -5 ) .  The l a s t  e l u a t e  
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R e s o l v a t e  t o  5 ~1 
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S p o t  5 p1 s o l v e n t  c o n t a i n i n g  
e x t r a c t  on Whatman's C I 8  TLC ( 1 / 2  p l a t e )  

Develop i n  9 5 / 5  + 1 / 2 %  NaCl 
me thano 1 /water  

V i  sua 1 i z e w i t h  s h o r t  
wave l e n g t h  UV l i g h t  

conf i rm q u a n t  i t a  te c o n f i r m  w i t h  
by w i t h  d e n s  it ome te r normal phase  TLC 

GC /MS 
GC AgN03 

FIGURE 2 
PCB A n a l y s i s  

was mixed w i t h  4 m l  water, 4 m l  M e C 1 2 ,  shaken and t h e  

M e C 1 2  l a y e r  removed. T h e  e x t r a c t s  d e s o l v a t e d ,  

r e d i s s o l v e d  i n  i s o o c t a n e  and a n a l y z e d  by TLC o r  GLC.  

Q u a n t i t a t i o n  by GC was donesby t r i a n g u l a t i o n  o f  t h e  

a r e a  o f  p e a k s  matching  t h e  Arochlor  a n a l y t e  c l o s e s t  i n  

p a t t e r n  t o  t h e  a n a l y t e .  TLC q u a n t i t a t i o n  was done by 

a r e a  measurement of t h e  TLC bands  under UV i r r a d i a t i o n  

w i t h  a Kontes 800 s c a n n e r .  C o n c e n t r a t i o n s  o f  5 samples  
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TABLE I 

Compound 

Thin Layer Chromatography 

Rf I s ,  P C B ' s  and PBB 

Normal Phase Reverse Phase 
RF RF 

Arochlor  1240 . 6  
A r  ochl  o r  1 2 54 .5 
Arochlor  1260 . 4  
Po 1 yBr omo Bip heny 1 . 3  

Heptane 
So l v e n  t 

Sens it  i v  i t y  0 . 1  pg F l u o r e s c e n t  Quenching 

S e n s i t i v i t y  0 . 5  p g  AgN03 c o n v e r s i o n  

- 7  
. 6  
. 5  
. 4  

95% E t h a n o l  
S o l v e n t  

A n a l y s i s  PCB's Thin Layer Chromatography 

Dens i tomet ry  w i t h  Camag Dens i tometer  

Band Area 
S lope  f a c t o r  

Area/ng 

70 x 10 700 600 
126 x 10 1260 630 
170 x 10 1700 560 
210 x 1 0  2100 5 20 

S e n s i t i v i t y  less  t h a n  10 ng PCB 

R e p e a t a b i l i t y  - + 5% 

Arochlor  C o n c e n t r a t i o n s  a s  A r o c h l o r  1260 

TL C TLC G LC 
S u l f u r i c  Sep Pak Sep Pak 

A c i d  Cleanup C 1  e anup C 1  e anup 

11 
4 

4 1  
54 
1 7  

1 0  
4 

40 
55 
18 

15 
6 

40 
53 
1 4  
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ANALYSIS OF PCB'S BY TLC 1401 

o f  contaminated  t r a n s f o r m e r  o i l  were compared u s i n g  

TLC, G L C  a n a l y s i s  w i t h  s u l f u r i c  a c i d  and SEP PAK C 1 8  

c l e a n u p s .  

RESULTS 

The Rf I s  o f  PCB's a r e  shown i n  Table  I .  The 

d e n s i t o m e t r i c  r e s u l t s  o b t a i n e d  w i t h  t h e  Camag 

d e n s i t o m e t e r  a r e  shown i n  Table  11. Comparative 

a n a l y s i s  of  t r a n s f o r m e r  o i l s  a r e  shown i n  Table  1 1 1 .  

CONCLUSION 

TLC may be used t o  r a p i d l y  and i n e x p e n s i v e l y  

s c r e e n  samples  of t r a n s f o r m e r  o i l s  f o r  PCB's. 

Q u a n t i t a t i v e  a n a l y s i s  may be done by TLC d e n s i t o m e t r y  

or GC e l e c t r o n  c a p t u r e  a n a l y s i s .  Cleanup s t e p s  u s i n g  

SEP PAK@ C 1 8  o r  s u l f u r i c  a c i d  c l e a n u p s  a r e  v e r y  

b e n e f i c i a l  f o r  improving t h e  q u a l i t y  of  t h e  e x t r a c t s  

f o r  c h e m i s t r y  r a p i d  a n a l y s i s .  C o n f i r m a t i o n  may b e  made 

by s i l v e r  n i t r a t e  r e a c t i o n  on normal phase  s i l i c a  TLC,  

G L C ,  GC/MS. Antimony p e n t a c h l o r  i d e  d e r i v a t i z a t i o n  

c o n v e r t s  PCB * s t o  d e c a c h l o r o b i p h e n y l  making 

c o n f i r m a t i o n  and a n a l y s i s  more s i m p l e - - o n e  compound t o  

a n a l y z e  - -and more s e n s i t i v e .  
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