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HPLC METHOD FOR DETERMINATION OF 
PHENOL IN RIVER AND WASTE WATER 

J. LEHOTAY, M. BALOGHOVA, 3. HATRIK 
Department of A e t i c a l  Chemistry 

Slovak Technical University 
Radlins&ho 9 

812 37 Brarislava, Czechoslovakia 

A B S T R A C T  

A me thod  i s  p r o p o s e d  f o r  t h e  d e t e r m i n a t i o n  o f  p h e n o l  i n  
r i v e r  and w a s t e  w a t e r  u s i n g  e l e c t r o c h e m i c a l  d e t e c t i o n  HPLC. An 
o c t a d e c y l  s i l i c a  so lumn was used  w i t h  a g r a d i e n t  o f  m e t h a n o l  
i n  w a t e r  f r o m  40 % t o  1 0 0  %. W i t h  p r e c o n c e n t r a t i o n  u n i t  ( g u a r d  
C 18 c o l u m n )  on l i n e  and a m p e r m e t r i c  d e t e c t i o n  ( + 1 . 1  V ) ,  d e t e c t -  
a b i l i t y  l i m i t  a t  30 p p t  was a c h i e v e d .  The method has  been ap-  
p l i e d  f o r  t h e  c o n t r o l  o f  t h e  p e r f o r m a n c e  o f  t h e  p u r i f i c a t i o n  
p l a n t .  

I N T R O D U C T I O N  

P h e n o l  is common w a t e r  p o l l u t a n t  because  i t  i s  t h e  p r o d -  

u c t  o f  many i n d u s t r i a l  p r o c e s s e s  ( f o r  examp le ,  t h e  m a n u f a c t u r e  

o f  d y e s ,  p l a s t i c s ,  d r u g s  and a n t i o x i d a n t s ) .  P h e n o l  h a s  been 
f o u n d  t o  be t o x i c  t o  most  a q u a t i c  o r g a n i s m s  /1/ and h a s  an  

a d v e r s e  e f f e c t  on t h e  t a s t e  and odour  o f  b o t h  w a t e r  and  f i s h  

even  a t  v e r y  l o w  c o n c e n t r a t i o n s  ( l e s s  t h a n  1 p p b )  / 2 / .  T h e r e f o r e ,  

l e g a l  r e q u i r e m e n t s  o f  many c o u n t r i e s  a r e  i n c r e a s i n g ,  m a k i n g  i t  

n e c e s s a r y  t o  d e t e r m i n e  p h e n o l  a t  v e r y  l o w  l e v e l s .  E n v i r o n m e n t a l  

samp les  c a n  h a v e  v e r y  comp lex  m a t r i c e s ;  t h e r e f o r e  d e t e c t i o n  

and s e p a r a t i o n  me thods  a r e  p r e f e r e d  f o r  t h e  d e t e r m i n a t i o n  o f  

999 
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loo0 LEHOTAY, BALOGHOVA, AND HATRIK 

p h e n o l .  V a r i o u s  t e c h n i q u e s  have  been  a p p l i e d  t o  t h e  measurement  

o f  p h e n o l  i n  w a t e r .  The mos t  w i d e l y  u s e d  me thods  a r e  HPLC w i t h  

UV d e t e c t i o n  /1, 3 - 7 /  and  G C  /8  - l o / .  R e c e n t l y ,  LC  me thods  

w i t h  e l e c t r o c h e m i c a l  d e t e c t i o n  h a v e  been  d e s c r i b e d  /11, 1 2 / .  

R e n i e  and M i t c h e l  p r o p o s e d  a me thod  i n v o l v i n g  d u a l - e l e c -  

t r o d e  e l e c t r o c h e m i c a l  d e t e c t i o n  w i t h o u t  p r e c o n c e n t r a t i o n ,  w i t h  

a d e t e c t i o n  l i m i t  o f  3 . 6  . 10-l '  m o l / l  f o r  p h e n o l  / 1 3 / .  B o r r a  

a t  a l .  comb ined  p r e c o n c e n t r a t i o n  on a g r a p h i t i z e d  c a r b o n  b l a c k  

c a r t r i d g e  c o l u m n  and UV d e t e c t i o n  a t  280 nm / 1 4 / .  A r e a c t i o n  

me thod  was a l s o  p r o p o s e d  f o r  t h e  d e t e r m i n a t i o n  o f  p h e n o l  / 1 5 ,  

1 6 / .  

T h i s  p a p e r  d i s c u s s e s  t h e  a p p l i c a t i o n  of  e l e c t r o c h e m i c a l  

d e t e c t i o n  t o  t h e  a n a l y s i s  o f  p h e n o l  i n  r i v e r  and w a s t e  w a t e r .  

The LC method  was comb ined  w i t h  a o n - l i n e  p r e c o n c e n t r a t i o n  me- 

t h o d .  The a i m  was t o  e s t a b l i s h  a s i m p l e  me thod  f o r  t h e  a n a l y s i s  

of p h e n o l  a t  ppb  and p p t  l e v e l s  and t o  a p p l y  t h i s  t o  r e a l  sam- 

p l e s .  

EXPERIMENTAL 

The scheme o f  t h e  L C  s y s t e m  i s  shown i n  F i g u r e  1. The 

s y s t e m  c o n s i s t e d  o f  two  

r a p h i c  co lumn ( 0 . 3 2  x 1 

( T e s s e k ,  P r a g  C S F R )  and 

4 6 0 ) .  The p r e c o n c e n t r a t  

f l o w  r a t e  1 m l / m i n .  On- 

u s i n g  a p r e c o l u m n  ( 0 . 3 2  

pumps ( W a t e r s  Mode l  5 0 1 ) ,  a c h r o m a t o g -  

cm) p a c k e d  w i t h  5/um Separon  C 18  

an  e l e c t r o c h e m i c a l  d e t e c t o r  ( W a t e r s  Mode l  

on pump was a Mode l  HP 5000 ( C S F R )  a t  a 

i n e  p r e c o n c e n t r a t i o n  was c a r r i e d  o u t  

x 3 cm) p a c k e d  w i t h  5/um p a r t i c l e s  

Separon  C 18 ( T e s s e k ,  P r a g ,  C S F R ) .  

B e f o r e  i n t r o d u c t i o n  o f  t h e  samp le  t h e  p r e c o n c e n t r a t i o n  

c o l u m n  was washed w i t h  t w i c e  d i s t i l l e d  w a t e r .  The samp le  i s  

t h e n  i n j e c t e d  v i a  a 1 . 0  m l  l o o p  and pumped t h r o u g h  t h e  p r e -  

c o n c e n t r a t i o n  co lumn.  A f t e r  f l u s h i n g  p h e n o l  i s  d e s o r b e d  t o  

t h e  a n a l y t i c a l  c o l u m n  w i t h  a g r a d i e n t  o f  m e t h a n o l  i n  w a t e r  

e l u e n t .  The m o b i l e  p h a s e  was p r e p a r e d  by  m i x i n g  t w o  s o l u t i o n s  

a c c o r d i n g  t o  T a b l e  1. E l e c t r o c h e m i c a l  d e t e c t i o n  was p e r f o r m e d  

w i t h  a m p e r m e t r i c  d e t e c t o r  u s i n g  c a r b o n  e l e c t r o d e .  
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PHENOL IN RIVER AND WASTE WATER 1001 

d I 
6 

F i g u r e  1. S c h e m a t i c  d i a g r a m  o f  t h e  a p p a r a t u s  
1 - i n j e c t i o n  l o o p ;  2 - v a l v e ;  3 - pump; 
4 - LC pump; 5 - p r e c o n c e n t r a t i o n  p r e c o l u m n ;  
6 - a n a l y t i c a l  c o l u m n  

T a b l e  1. G r a d i e n t  of m e t h a n o l  i n  m o b i l e  p h a s e  

t ime c o m p o s i t i o n  
/ m i n /  % A  % B  

0 1 0 0  0 

1 0  100  0 

1 5  0 100 ( l i n e a r )  

1 9  0 1 0 0  

A - 4 0  % m e t h a n o l  i n  w a t e r  
B - m e t h a n o l  
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1002 LEHOTAY, BALOGHOVA, AND HATRIK 

The a p p l i e d  p o t e n t i a l  w i t h  r e s p e c t  t o  c a l o m e l  e l e c t r o d e  

( a s  r e f e r e n c e )  was + 1.1 V .  R i v e r  o r  w a s t e  w a t e r  was f i l t e r e d  

o v e r  a 0.5/um membrane f i l t e r  ( m i l l i p o r e  t y p e  A A ) ,  a c i d i f i e d  

w i t h  g l a c i a l  a c e t i c  a c i d  and a d j u s t e d  t o  pH 4 . 0  by  a d d i t i o n  

o f  sod ium h y d r o x i d e  s o l u t i o n .  F o r  t h e  r e c o v e r y  e x p e r i m e n t  t h e  

r i v e r  w a t e r  was s p i k e d  w i t h  p h e n o l  up t o  c o n c e n t r a t i o n  o f  2 0  

ppb .  Water  s o l u t i o n s  f o r  c a l i b r a t i o n  e x p e r i m e n t s  were made s t a r -  

t i n g  f r o m  a 30 p p t  t o  100  ppb .  P r e c o n c e n t r a t i o n  o f  a t  l e a s t  

2 m l  was f o u n d  p o s s i b l e  on 3 x 0 . 3 2  cm 1 . 0 .  p r e c o n c e n t r a t i o n  

p r e c o l u m n  w i t h o u t  b r e a k t h r o u g h .  

RESULTS AN0 DISCUSSION 

I n i t i a l  i n v e s t i g a t i o n s  i n t o  t h e  change i n  t h e  c a p a c i t y  

f a c t o r  o f  p h e n o l  w i t h  pH o f  e l u e n t ,  and t h e  p e r c e n t a g e  o f  

m e t h a n o l  showed t h a t  f o r  t h e  d e s o r p t i o n  o f  p h e n o l  f r o m  p r e -  

co lumn t h e  pH s h o u l d  be  k e p t  i n  a r a n g e  3 . 8  t o  4 . 1  and  g r a -  

d i e n t  o f  m e t h a n o l  f r o m  4 0  % t o  100 % t o  overcome t h e  p r o b l e m  

o f  t h e  i r r e v e r s i b l e  a d s o r p t i o n  o f  some l e s s  p o l a r  compounds 

w h i c h  can  be  f o u n d  i n  r i v e r  o r  w a s t e  w a t e r .  

The c o m p o s i t i o n  o f  t h e  m o b i l e  phase  can  i n f l u e n c e  t h e  

b a c k g r o u n d  c u r r e n t  as w e l l  as t h e  op t imum d e t e c t i o n  p o t e n t i a l .  

P h e n o l  can  be  o x i d i z e d  more e a s i l y  a t  h i g h e r  pH / 1 7 /  b u t  on  

t h e  o t h e r  hand  t h e  shape  o f  t h e  c h r o m a t o g r a p h i c  peak  i s  n o t  

s y m e t r i c a l  a t  h i g h e r  pH o f  m o b i l e  phase .  F o r  R P  c h r o m a t o g -  

r a p h y ,  aqueous m o b i l e  phases  a r e  u s e d  t h a t  a r e  a b l e  t o  f o r m  

enough i o n s  t o  p r o v i d e  s u f f i c i e n t  i o n i c  s t r e n g h t .  A l l  s o l v e n t s  

and t h e  m o d i f i e r s  s h o u l d  b e  as c l e a n  as  p o s s i b l e .  The f l o w  

r a t e  was o n l y  0 . 5  m l / m i n  because  t h e  l o w e r  f l o w  r a t e  h a s  t h e  

l o w e r  n o i s e  l e v e l  a t  t h e  e l e c t r o c h e m i c a l  d e t e c t i o n  / 1 2 / .  

F i g u r e  2 shows t h e  g r a d i e n t  ch romatog ram of  a r i v e r  samp le  

s p i k e d  w i t h  20 ppb  p h e n o l  and F i g u r e  3 r e p r e s e n t s  ch romatog ram 

o f  r i v e r  w a t e r  ( 4 0  p p t ,  w i t h o u t  t h e  a d d i t i o n  o f  p h e n o l ) .  The 

l a r g e  bands  i n  t h e  l a t e r  p a r t  o f  b o t h  ch romatog rams  m u s t  p r o b -  

a b l e  b e  a t t r i b u t e d  t o  l e s s  p o l a r  compounds w h i c h  a r e  p r e c o n -  

c e n t r a t e d  t o o .  
The above  p r o c e d u r e  i s  a l s o  s u i t a b l e  f o r  t h e  d e t e r m i n a -  

t i o n  of  p h e n o l  i n  w a s t e  w a t e r .  The samp le  c a n  b e  t a k e n  b e f o r e  
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PHENOL IN RIVER AND WASTE WATER 1003 

F i g u r e  2.  D e t e r m i n a t i o n  o f  p h e n o l .  P r e c o n c e n t r a t i o n  of 1 m l  o f  

r i v e r  w a t e r  s p i k e d  w i t h  20 ppb p h e n o l  (peak  1) 

LC c o n d i t i o n s  : a n a l y t i c a l  co lumn (0 .32  x 1 5  cm 

p a c k e d  w i t h  5 urn p a r t i c l e s .  Separon  C 1 8 ;  p r e -  

co lumn ( 0 . 3 2  x 3 cm) packed  w i t h  5/um p a r t i c l e s  

Separon  C 1 8 ;  m o b i l e  phase ,  g r a d i e n t  o f  m e t h a n o l  i n  

w a t e r  ( s e e  T a b l e  1) pH = 4 .0 ;  f l o w  r a t e ;  0 .5  m l / m i n ;  

e l e c t r o c h e m i c a l  d e t e c t i o n  + 1.1 V .  F o r  samp le  p r e -  

t r e a t m e n t ,  s e e  E x p e r i m e n t a l  s e c t i o n .  

/ 

t h e  i n l e t  i n t o  t h e  c l e a n e r  o f  was te  w a t e r  as w e l l  as d u r i n g  

t h e i r  o u t l e t  so  t h a t  i t  m i g h t  b e  p o s s i b l e  t o  c o n t r o l  t h e  p e r -  

f o rmance  o f  t h e  p u r i f i c a t i o n  p l a n t  f o r  p h e n o l  a t  v e r y  low 
c o n c e n t r a t i o n .  F i g u r e  4 p r e s e n t s  t h e  ch romatog ram o f  t h e  sam- 

p l e  b e f o r e  t h e  i n l e t  i n t o  t h e  c l e a n e r  and F i g u r e  5 p r e s e n t s  

t h e  ch romatog ram o f  t h e  sample  a f t e r  t h e  o u t l e t .  

By t h e  c o m p a r i s o n  o f  t h e s e  ch romatog rams  t h e  p e r f o r m a n c e  of  

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

a b o u t  6 8  %. The amount o f  p h e n o l  was d e t e r m i n e d  by l i n e a r  

l e a s t - s q u a r e s  f i t t i n g  of t h e  c u r v e s  of t h e  amount o f  p h e n o l  

i n j e c t e d  a g a i n s t  peak  a r e a .  The c o n c e n t r a t i o n  of t h e  s t a n -  

d a r d  s o l u t i o n s  were  30 p p t  - 100  ppb  o f  p h e n o l  i n  w a t e r ,  and 
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0 10 2 0 .  m i n  

Figure 3. Determination of phenol (40 ppt). Preconcentration 
of  1 rn l  o f  river water ( 1  - phenol). 
F o r  LC conditions, s e e  F i g u r e  2. 

I , 1 I 

0 ?a 20 m i n  

F i g u r e  4. Determination of phenol in waste water b e f o r e  
t h e  inlet into t h e  purification plant (1 - phenol) 
F o r  LC conditions, s e e  Figure 2. 
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I I 0 

20 m i n  - 0 10 

F i g u r e  5 .  D e t e r m i n a t i o n  o f  p h e n o l  i n  was te  w a t e r  a f t e r  t h e  

o u t l e t  f r o m  t h e  p u r i f i c a t i o n  p l a n t  (1 - p h e n o l ) .  

For LC c o n d i t i o n s ,  see F i g u r e  2.  

t h e  c a l i b r a t i o n  g r a p h  was l i n e a r .  The s e l e c t i v i t y  o f  t h e  p r e -  

c o n c e n t r a t i o n  s y s t e m  a l l o w s  t h e  LC a n a l y s i s  t o  b e  p e r f o r m e d  

w i t h i n  a b o u t  25 m i n u t e s  w i t h  a d e t e c t i o n  l i m i t  o f  30 p p t .  
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