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The extraction, identification and quantification of 
pentachlorophenol (PCP) in human blood and urine are 
of great importance for monitoring human exposure to 
this environmental chemical. ]'he wide spread use of 
PCP in agriculture, industry and households, combined 
with its highly toxic and rather stable nature, has 
generated the need to establish the extent of its 
storage in human body and its fate in the environment. 
Although reports abound in the literature on PCP resi-- 
dues, toxicity and environmental fate (Bevenue and 
Beckman 1967; Shafik 1973; 0he 1979; Rivers 1972), 
t h e r e  i s  h a r d l y  a n y  i n f o r m a t i o n  on  i t s  e x i s t e n c e  i n  
t h e  d e v e l o p i n g  t r o p i c a l  c o u n t r i e s ,  p a r t i c u l a I l y  i n  
N i g e r i a .  T h e r e  i s  t h e r e f o r e  t h e  n e e d  t o  s u r v e y  t h e  
s t a t u s  o f  PCP i n  N i g e r i a n  e n v i r o n m e n t  w i t h  a v i e w  t o  
e s t a b l i s h i n g  t h e  p o t e n t i a l  h e a I t h  h a z a r d s  r e s u l t i n g  
f r o m  i t s  b i o a c c u m u l a t i o n .  T h i s  p a p e r  r e p o r t s  a p r e l i -  
m i n a r y  s u r v e y  o f  t h e  r e s i d u e  l e v e l s  o f  PCP i n  h u m a n  
b l o o d  a n d  u r i n e  o f  t h e  g e n e r a l  p o p u l a t i o n  i n  B e n d e l  
S t a t e  o f  N i g e r i a .  

MATERIALS AND METHODS 

A Varian 3700 gas chromatograph equipped with 6~Ni 
electron capture detector, and a 25m x 0.25mm glass 
capillary column coated with SE 54 was used. The ope- 
rating conditions were: injector temperature, 220~ 
detector, 3 2 0 ~  c o l u m n ,  1 6 0 ~  n i t r o g e n  f l o w  r a t e  
4 m l / m i n .  

A l l  s o l v e n t s  w e r e  o f  p e s t i c i d e  q u a l i t y  a n d  a l l  o t h e r '  
reagents were analar grade. The PCP standard was pro- 
vided by Professor SOren Jensen of University of Sto- 
ckholm, Sweden. 

The modified procedure employed here represents a 
combination of features taken from methods described 

by Chau and Coburn (1974) and Edgerton and Moseman 
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(1979) .  2 ml of u r i n e  a c i d i f i e d  w i t h  0 .5  ml c o n c e n t r a -  
t ed  h y d r o c h l o r i c  a c i d  was p l a c e d  on wa te r  b a t h  a t  80~ 
f o r  1 hour .  After '  c o o l i n g  to  rOOm t e m p e r a t u r e ,  t h e  
s a m p l e  w a s  e x t r a c t e d  t h r i c e  w i t h  5----ml p o r t i o n s  o f  
h e x a n e / d i e t h y l  e t h e r  m i x t u r e  ( 1 : 1 ) .  T h e  c o m b i n e d  o r g -  
a n i c  p h a s e  w a s  r e d u c e d  t o  a b o u t  & m l  b y  a s t r e a m  o f  
d r y  n i t r o g e n .  T h e n  2 ml  0 . 5 M  NaOH w a s  a d d e d  a n d  a f t e r  
s h a k i n g  f o r  t w o  m i n u t e s  a n d  c e n t r i f u g a t i o n ,  t h e  o r g -  
a n i c  p h a s e  w a s  d i s c a r d e d .  T h e  P C P ,  n o w  i n  t h e  a q u e o u s  
a l k a l i n e  p h a s e ,  w a s  a c e t y l a t e d  b y  a d d i n g  2 m l  2H K o H P O .  
2 m] hexane ,  25 ~1 p y r i d i n e  and i0 ~I a c e t i c  a n h y d r i d e .  
T h e  m i x t u r e  w a s  s h a k e n  f o r  o n e  m i n u t e  a n d  a f t e r  c e n -  
t r i f u g a t i o n ,  t h e  o r g a n i c  p h a s e  w a s  n o w  r e a d y  f o r  g a s  
c h r o m a t o g r a o l ~ i c  a n a l y s i s .  

A b o u t  1 0  ml  o f  b l o o d  w a s  c o l l e c t d  i n  a h e p a r i n i z e d  
t u b e  f r o m  e a c h  d o n o r .  A f t e r  c e n t r i f u g a t i o n  a t  & 0 0 0  
r p m  f o r  2 0  m i n u t e s ,  2 g  o f  t h e  u p p e r  s e r u m  l a y e r  w a s  
t a k e n  a n d  c o m b i n e d  w i t h  2 ml  f o r m i c  a c i d  a n d  1 m l  h e x -  
a n e .  T h i s  m i x t u r e  w a s  p l a c e d  i n  a w a t e r  b a t h  a t  8 0 ~  
f o r  o n e  h o u r  w i t h  o c c a s i o n a l  s h a k i n g .  A f t e r  c o o l i n g  
a n d  c e n t r i f u g a t i o n ,  t h e  a q u e o u s  p h a s e  w a s  f u r t h e r  e x -  
t r a c t e d  w i t h  2 m l  h e x a n e / d i e t h y l  e t h e r  m i x t u r e  ( 2 : 1 ) .  
T h e  c o m b i n e d  o r g a n i c  p h a s e  w a s  n o w  t r e a t e d  a s  i n  t h e  
p r e v i o u s  p a r a g r a p h .  

R o u t i n e  P r o c e d u r a l  b l a n k s  w e r e  r u n  c o n c u r r e n t l y  w i t h  
t h e  v a r i o u s  s a m p l e s .  Q u a n t i t a t i o n  w a s  a c c o m p l i s h e d  b y  
c o m p a r i s o n  o f  p e a k  h e i g h t  m e a s u r e m e n t s  o b t a i n e d  f r o m  
bo th  t h e  sample and t h e  s t a n d a r d .  

R E S U L T S  AND D I S C U S S I O N  

The a n a l y s e s  were made w i t h  35 u r i n e  samples  and 29 
b l o o d  samples .  Each sample l o t  was t a k e n  from i n d i v i -  
d u a l s  who were e i t h e r  r e l a t e d  or  l i v i n g  under  i d e n t i -  
ca l  or  s i m i l a r  c o n d i t i o n s .  All  i n d i v i d u a l s  were occu-  
p a t i o n a l l y  u n e x p o s e d .  T h e  a c e t y l  d e r i v a t i v e s  o f  P C P  
w e r e  p r e f e r r e d  t o  t h e  m e t h y l  e t h e r  d e r i v a t i v e s  b e c a u s e  
o f  t h e i r  b e t t e r  g a s  c h r o m a t o g r a p h i c  p r o p e r t i e s .  C o u t t s  
e t  a l .  ( 1 9 7 9 )  d e m o n s t r a t e d  t h a t  e x c e s s  a c e t i c  a n h y d r i -  
d e  i n  t h e  a c e t y l a t i o n  p r o c e d u r e  d i d  n o t  i n t e r f e r e  w i t h  
t h e  q u a n t i f i c a t i o n  o f  t h e  P C P  a c e t a t e  w l l i l e  R i v e r s  e t  
a l .  ( 1 9 7 0 )  r e p o r t e d  t h a t  i n t e r f e r i n g  r e s p o n s e s  c o u l d  
b e  e n c o u n t e d  w i t h  t h e  u s e  o f  d i a z o m e t h a n e  s o l u t i o n  d u e  
t o  i m p u r i t i e s  i n  t h e  r e a g e n t .  

C o n f i r m a t i o n  of  PCP was done in  a c c o r d a n c e  w i t h  t h e  
method d e s c r i b e d  by Erney (1978) .  Both s t a n d a r d  and 
sample s o l u t i o n s  used f o r  gas  c h r o m a t o g r a p h i c  q u a n t i -  
t a t i o n  were s i m u l t a n e o u s l y  exposed  t o  UV i r r a d i a t i o n  
and c h a r a c t e r i s t i c  p h o t o d e c o m p o s i t i o n  p a t t e r n s  were 
o b t a i n e d .  I d e n t i c a l  p h o t o d e c o m p o s i t i o n  p a t t e r n s  c o n f -  
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T a b l e  1 .  Levels o f  PentachloFophenol i n  B l o o d  a n d  
U r i n e  o f  N i g e r i a n  g e n e r a l  p o p u l a t i o n  

Sample Number Average Average 
Code analysed level  in  level  in 

urine(ppm) blood(ppb) 

AU Z 

AU 2 3 

AU 3 2 

CU 4 

DU 3 

FU 2 

CU l 1 

S 1 U  4 

SzU 4 

UU 4 

V1U 3 

YX 1 53 

YX 2 2 

V z U  3 

O. 048 

0 025 

0 Z3 

0 14 

0 081 

0 097 

0 041 

0. 056 

O. 048 

0.17 

0.21 

0 . 1 1  

4 . 0 9  

2 1  . 3 3  

1 5 . 2 8  

7 . 9 7  

6 . 8 8  

7 . 1 0  

18.31 

1 0 . 2 0  

1 4 . 3 6  

1 7 . 6 4  

irmed the identity of PeP. 

Table 1 contains both tl~e blood and urine levels of 
PCP for the 40 participants included in this investi- 
gation. PCP was identified in all samples analsfsed. 

The average levels obtained for each sample lot ran- 
ged from 0.025 - 0.23 ppm for urine and from TRACE to 

2].33 ppb for blood. These values are significantly 
lower than those reported for citizens in Hawaii (Be- 
venue et al. 1968; Rivers 1972) and in Florida (MOF- 

9ade et al. 1980). The amounts in urine were, as exp- 

ected, generally greater than those in blood which 
could be indicative of a high rate of PCP excretion 

in human beings. Owing to this excretion Fate the urine 
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s y s t e m  o f t e n  p r o v i d e s  a c o n v e n i e n t  m o n i t o r  f o r  P C P  
e x p o s u r e .  

I t  w o u l d  a p p e a r "  t h a t  e v e n  w i t h  t h e  w i d e s p r e a d  u s e  o f  
P C P  i n  t h e  e n v i r o n m e n t ,  t h e  o r i g i n  o f  i t s  r e s i d u e  i n  
h u m a n s  i s  s t i l l  n o t  w e l l  u n d e r s t o o d  ( O h e  1 9 7 9 ) .  I t  h a s  
b e e n  s u g g e s t e d  t h a t  P C P  i s  o n e  o f  m e t a b o l i t e s  o f  h e x a -  
c h l o r o b e n z e n e  ( H C B )  o r  g a m m a - H C H  ( E n g s t  e t  a l .  1 9 7 6 ) .  
S i n c e  g a m m a - H C H  i s  s t i l l  v e r y  m u c h  u s e d  i n  N i g e r i a ,  
i t s  c o n t r i b u t i o n  t o  P C P  s t o r a g e  i n  N i g e r i a n  h u m a n  p o -  
p u l a t i o n  m a y  n o t  b e  r u l e d  o u t .  N e v e r t h e l e s s ,  o n  t h e  
b a s i s  o f  t h e  l e v e l s  o b t a i n e d  i n  t h i s  s t u d y ,  i t  c o u l d  
b e  c o n c l u d e d  t h a t  h u m a n s ,  e v e n  i n  a r e a s  l i k e  N i g e r i a ,  
where PCP i s  n o t  h e a v i l y  in  use ,  a r e  c o n t i n o u s l y  expo-  
sed to  low l e v e l s  of  t h i s  chemica l  from t h e  e n v i r o n -  
ment.  Though t h e s e  f i n d i n g s  may no t  be c o n s i d e r e d  t o  
be t o x i c o l o g i c a l l y  s i g n i f i c a n t ,  t h e  p o s s i b i l i t y  of  to-- 
x i c o l o g i c a l  e f f e c t s  from c o n t i n u e d  e x p o s u r e  c a n n o t  be 
o v e r e m p h a s i z e d .  T h e r e f o r e  f u r t h e r  i n v e s t i g a t i o n s  i n t o  
t h e  p o s s i b l e  e f f e c t s  of PCP p o l l u t i o n  of t h e  N i g e r i a n  
e n v i r o n m e n t  a r e  n e c e s s a r y .  Also i t s  b i o a c c u m u l a t i o n  
in a d i p o s e  t i s s u e s ,  f o r  example,  s h o u l d  be s t u d i e d  in  
r e l a t i o n  to  t h e  e x c r e t i o n  l e v e l s .  
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