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SEPARATION OF CHLORINATED PHENOLS BY ISOCRATIC 
HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY ON 

REVERSE PHASE CULUMN 

J. Naif, K.M. Munir and S.V, Bhide 
Carcinogenesis Division 

Cancer Research I n s t i t u t e  
Tata Memorial Centre 
P a r e l ,  Bsrabay-400 012 

India.  

A method i s  described f o r  i soc ra t i c  high- 
performance l i qu id  chromatographic separation of 
chlorinated phenols using methanol t phosphate 
buffer - pH 7.20 (SOtSO) solvent system, 
15 congeners of chlorophenols and phenol have been 
separated i n  32 minutes a t  a flow r a t e  of 0.8 m l  per 
minute. 
separation of chlorophenols extracted from mouse 
l i v e r  fed with hexaahlorocyclohexane. 

13 out  of 

The system is found t o  be useful f o r  t he  

INTRODUCTION 

Hexachlorocyclohexane (HCH) is a widely used 
pes t ic ide  i n  developing countries and i s  reported t o  
be carcinogenic i n  mice by many laborator ies  (1 - 3). 
We in our laboratory were in te res ted  in f inding out 
the  profile of t h e  chlorophenols which a re  possible 
metabolites of HCH in mouse l i v e r  - t h e  t a r g e t  t i s sue .  
Among t h e  various separation techniques, high- 
perf omance l i qu id  chromatography (HPLC) with reverse 
phase column is found t o  be very e f fec t ive  f o r  
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2830 NAIR, MUNIR, AND BHIDE 

t h e  separa t ion  of chlorophenols i n  recent  yearsI  
McLeod and Laver (4) have reported an i s o c r a t i c  
system f o r  t h e  separa t ion  of 13 out  of 19 congeners 
of chlorophenols using two reve r se  phase columns 
and a c e t o n i t r i l e  t phosphate buf fer  - pH 9.2. Srait et 
al .  (5 )  have separated 11 congeners of chlorophenols 
using te t rahydrofuran : perch lo r i c  ac id  - pH 3.0 
solvent  system. Ugland e t  a l .  ( 6 )  have successfu l ly  
resolved 18 congeners of chlorophenols us ing  a 30 
minute l i n e a r  gradient  from methanol : phosphate 
buf fer  - pH 4.0 (56  : 44 t o  80 : 2 0 )  a s  mobile phase. 
Lores et  a l .  ( 7 )  separated seve ra l  chlorophenols 
using methanol : ace ton i t r ike  : phosphate buf fer  - 
pH 4.0 (40:14:46) and a c e t o n i t r i l e  : phosphate 
buf fer  ( 50: 50) . 

The present  comnunication r e p o r t s  an i s o c r a t i c  
WLC separa t ion  of chlorophenols using a so lvent  
system cons i s t ing  of methanol : phosphate buf fer  - 
pH 7.20 (S0:SO). 
chlorophenols out  of 15 and phenol is achieved by 
t h i s  system wi th  a s i n g l e  c18 reverse phase column. 
The system has been success fu l ly  used t o  separa te  
chlorophenols ex t rac ted  from mouse l i v e r  fed  with 
HCH. The c lean  up procedure of t h e  chlorophenols 
from the l i v e r  and t h e  chromatographic parameters 
l i k e  r e t e n t i o n  time, response f a c t o r  a r e  discussed. 

Separat ion of 13 congeners of 

MATERIALS AND METHODS 

HPLC was ca r r i ed  ou t  using a Waters Associates 
( m l f o r d ,  Massachusettes, U.S.A. ) HPLC system f i t t e d  
with a model 6OOO A solvent  de l ivery  system, 
p Bondapak C18 reverse  phase column (30 cm X 0.29 cm), 
U6K universa l  i n j e c t o r  and a model 440 absorbance 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
2
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



SEPARATION OF CHLORINATED PHENOLS 2831 

de tec to r  f i t t e d  with 254 ram f i l t e r .  
were recorded on Orsnircribe (Houston Instruments,  
Austin, Texas) s t r ip-char t  recorder. 

Chromatograms 

The chlorophenols were obtained from Aldrich 
Chemical Co. and were p u r i f i e d  before use, i f  
necessary. 
d i sso lv ing  4-10 mg o f  t h e  compounds i n  5 rl of 
methanol. The s tock so lu t ions  were d i l u t e d  i n  
methanol s i n g l y  or i n  mixture so a s  t o  ge t  des i red  
standard concentrations.  

Stock so lu t ions  were prepared by 

D i s t i l l e d  E.Merck ( Ind ia )  G.X. grade methanol 
and t r i p l e  d i s t i l l e d  water from a l l  g l a s s  apparatus 
were used f o r  preparing solvent  system. 

Solvent t Two stock so lu t ions  of 50 mM 
dipotassium hydrogen phosphate end 50 mM of potassium 
dihydrogen phosphate were prepared from AnalaR grade 
reagent  and s tored  a t  4 'C, The s tock so lu t ions  were 
mixed and d i lu t ed  appropr ia te ly  t o  make a buffer  of 
0.5 ieM s t r eng th  and pH 7.20 2 0,02. Running solvent  
was prepared by mixing methanol and phosphate buf fer  
(%t50) a f t e r  f i l t e r i n g  through appropriate  Mil l ipore 
f i l t e r s .  

SarnDle Prepara t ion  t 

Swiss mice (8-week-old) f ed  wi th  a d i e t  containing 
!SO0 pprn HCH continuously for 2 months. 
minced and t h e  chlorophenols were ext rac ted  from it by 
a lka l ine  and acid hydrolysis  followed by d i s t i l l a t i o n  
and ex t r ac t ion  i n  toluene a s  described by Sackaauerova- 
veningerova e t  a l ,  ( 8 ) .  Ins tead  of 15 m l ,  3 X 50 arl  
of toluene was used. The combined to luene  e x t r a c t  
was then concentrated t o  dryness using r o t a r y  vacuum 
evaporator a t  60 OC. 

Livers  were co l lec ted  from male 

Livers  were 

The res idue  was taken  i n  2 ml 
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2832 NAIR, MJNIR, AND BHIDE 

benzene and cleaned up using Sephadex W E  Q-25-UO anion 
exchanger (Sigma) a s  described by Renberg (9). The 
f i n a l  benzene so lu t ion  was concentrated t o  dryness i n  
a stream of nit rogen a t  40 'C. 
then taken i n  0.5 m l  of running solvent  and f i l t e r e d  
before in jec t ion .  

The res idue  was 

Procedure : 
w i t h  methanol for 13 minutes and then wi th  running 
solvent  f o r  60 minutes a t  a r a t e  of 2 m l  per  minute. 
The flow r a t e  was then adjusted t o  0.8 ml per  minute, 
Su i t ab le  a l iquo t s  of s tandard mix tu re  and t h e  samples 
were i n j e c t e d  (1-5 p l )  by Hamilton syringe. 

C18 p Bondapak column was f i r s t  washed 

RESULTS AND DISCUSSION 

Fig. 1 shows t h e  separa t ion  of s tandard chloro- 
phenols from a mixture using t h e  present  system. 
13 out  of 15 congeners of chlorophenols and phenol oan 
be w e l l  separated.  A t  a f low r a t e  of 0.8 m l  per  minute 
32 minutes were required t o  elute a l l  chlorophenols 
under t h e  present  experimental condition. 
phenol e lu t ed  with 2,3,4,5-tetrachlorophenol while 
2,4--dichlorophenol e lu ted  wi th  2,3,4-trich1orophenole 
The column required a minimum of 60 minutes washing 
f o r  g e t t i n g  constant  r e t e n t i o n  time of t h e  chlorophenols . 

The pH of t h e  running so lvent  was very  c r i t i c a l  
i n  t h e  e l u t i o n  pa t t e rn  of t h e  chlorophenols. Change 
i n  pH caused change i n  t h e  r e t e n t i o n  time and 
co-elution of severa l  congeners, We have t r i e d  t h e  
separa t ion  wi th  methanol t water (5O:W) and 
methanol : phosphate bu f fe r  (50:50) ranging from pH 
6 - 8. 
pH a t  which maximum separa t ion  of 13 congeners of 
chlorophenols and phenol was obtained. Methanol t 

water and methanol : phosphate buf fer  - pH ( 6  caused 

2-chloro- 

We found t h a t  pH 7.20 2 0.92 was t h e  optimum 
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FIGURE 1. HPLC p r o f i l e  of t h e  Chlorophenols and 
Phenol (Refer Table 1 f o r  t h e  Congeners 
of Chlorophenols) 

poor r e so lu t ion  of t h e  l a t e r  e lu t ing  congeners. 
Although separa t ion  of chlorophenols have been reported 
using solvent  with pH > 8 (4,lO) we have not t r i e d  
solvent  system with higher  pH as it might damage t h e  
reverse  phase* 

The r e t e n t i o n  t i m e r ,  response f a c t o r  (peak area/ 
concentrat ion)  and t h e  minimum detec tab le  amounts of 
chlorophenols a t  0.01 AUFS (254 m) are given i n  
Table I. Pentachlorophenol has t h e  maximum response 
f a c t o r  followed by te t rachlorophenols ,  t r ichlorophenols  
and dichlorophenols. Phenol and raonochlorophenols 
have t h e  l e a s t  response fac tor .  It can be noted t h a t  
ng of chlorophenols can be detected a t  0.01 AUFS. 
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2834 NAIR, MUNIR, AND BHIDE 

Table 1. Retention Time, Response Factor and Minimum 
Detectable Amounts of Chlorophenols at 0.01 AUFS 
(254 run) 

-~ ~~ 

Reten- ,, Minimum 
Peak Phenols tion Response Detect- 
NO Time, Factor able 

Mine amount, ng 

1. 
2. 
3. 
4. 
5. 
60 
7. 

80 
9. 
10. 
11. 

12 . 
13 
140 

2,3,5,6-Tetrachloro- 
2,3,6-Trichloro - 
Pent achloro- 
2,4,6-Trichloro- 
2,6-Dichloro - 
Phenol 
2-Chloro-and 
2,3,4,5-Tetrachloro- 
2,3,5-Trichloro- 
4Chloro- 
2,4,5-Trichloro- 
2,4-Dichloro-and 
2,3,4-Trichloro- 
3,4Dichloro- 
3,5-Dichloro- 
3,4,5-Trichloro- 

3.90 
3.26 
3.66 
4.34 
5.34 
5.82 
8.00 
8.00 
9.96 
9.90 
12 0 0 8  
13.40 
13.40 

22 74 
31.40 

17.!38 

72 85 
67.40 
86 65 
58.19 
23.10 
7.14 
4.70 
77.65 
37.90 
4.72 
46.76 
14.30 
43.65 
7.19 
11 6 54 
30.42 

5.9 
5.0 
4.0 
9 00 
16.9 
35.0 
40.0 
7.9 
20.0 
45.0 
9.0 
25.0 
9.0 
45.0 
40.9 
25.9 

* Peak area c!n2/mg X loo3, calculated from three 
concentrations. 

Fig. 2 shows the HPLC profile of the chloro- 
phenols extracted from mouse liver fed with HCH. 
can be seen that 2,6-dichlorophenol was the major chloro- 
phenol in the sample. 
2,3,4,5-tetraohlorophenols, 2,3,6-, 2,4,6-, 2.3.5- 
trichlorophenols and pentachlorophenol were present 
to a lesser extent. Alkaline and acid hydrolysis 

It 

Apart from this, 2,3,5,6-, 
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FIGURE 2. HPLC P r o f i l e  of t h e  Chlorophenols 
Extracted from MCH Treated Mouse Liver 
(Refer Table 1 for t h e  Congeners of 
Chlorophenols). 

followed by d i s t i l l a t i o n  and solvent  ex t r ac t ion  is 
reported t o  give good recovery of t h e  chlorophenols 
from t h e  b io logica l  samples ( 8 ) .  However, we found 
t h a t  same unknown compounds i n t e r f e r e d  wi th  separa t ion  
of chlorophenol i f  t h e  samples were i n j e c t e d  d i r e c t l y  
without WE Sephadex i o n  exchange clean-up, 

The present  system it usefu l  for separa t ing  most 
It of t h e  congeners of chlorophenols from a mixture. 

can be used f o r  es t imat ing chlorophenols i n  b io logica l  
samples where they  a r e  present  as degraded products 
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2836 NAIR, MUNIR, AND BHIDE 

of chlor ina ted  pes t ic ides .  
useful  for t h e  quan t i t a t ion  of chlorophenols i n  
environmental samples. 

The method may f u r t h e r  be 
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