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ANALYSIS OF PENTACHMROPHENOL I N  DRINKING WATER AND HUMAN URINE BY HPLC 
WITH ELECTROCHEMICAL DETECTION 

K.D. McMurtrey, A.E. Holcomb, A.U. Ekwenchi, and N.C. Fawcett 
Department of Chemistry, S.S. Box 8190 

University of Southern Mississ ippi  
Hattiesburg, MS 39406 

ABSTRACT 

High performance l i q u i d  chromatography with electrochemical detect ion 
(HPIC-EC) was applied t o  t h e  ana lys i s  of pentachlorophenol (PCP) i n  drinking 
water and human ur ine.  Lower detect ion l i m i t s  f o r  PCP i n  drinking water was 
approximately 1-5 ppb while the  chlor inated phenol could be detected i n  human 
ur ine a t  about 10 ppb concentration. 
be made with no sample pretreatments, while analyses involving human ur ine  
required acid hydrolysis, absorption on an anion exchange r e s i n ,  and desorption 
with methanol. I n  each case dramatic savings i n  ana lys i s  times and increases  
i n  sample through-put are rea l ized  using ana lys i s  based on HPIC-EC r a t h e r  
than t h e  more t r a d i t i o n a l  procedures re lying on gas  chromatography with elec-  
t ron  capture detect ion.  
t o  methods using gas chromatography. 

Analyses of PCP i n  drinking water can 

Method s e n s i t i v i t i e s  were approximately equivalent 

INTRODUCTION 

Pentachlorophenol i s  a widely used pes t ic ide  and preservat ive.  I ts  use 

i s  espec ia l ly  prevalent  i n  the  southern por t ions  of t h i s  country, p a r t i c u l a r l y  

i n  the  hot ,  high humidity regions of t h e  Gulf and At lan t ic  coasts. 

employed throughout these a reas  f o r  t r e a t i n g  wood products t o  prevent a t tack  

by microorganisms. 

mental po l lu tan t ,  and has been found to  be widely present  i n  human ur ine  i n  

t h i s  country a t  low t o  mid ppb (ng/ml) concentrations (1). Accumulation of 

PCP i n  t h e  human population of this country presumably r e s u l t s  fran contact  

with wood products such a s  paper and cardboard, ingest ion of contaminated 

food-stuffs Qr water suppl ies ,  and contact  with mater ia l s  used i n  construct ion 

of dwellings f o r  human habi ta t ion.  

PCP i s  tox ic  and readi ly  accumulates i n  high l ipid-content  animal t i s sues .  

It i s  

Because of its wide use PCP has become a ubiquitous environ- 

Like many halogenated organic compounds 

953 

Copyright 0 1984 by Marcel Dekker, Inc. 0148-3919/84/0705-0953$3.50/0 

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



954 MC MURTREY ET AL. 

Tradi t ional  protocol  (1-3) f o r  ana lys i s  of PCP and re la ted  chlorophenols 

i n  human ur ine i s  based on gas  chromatography with e lec t ron  capture detect ion 

(GC-EC), a technique not  notably compatible with the  aqueous media of drinking 

water and human ur ine.  The i n i t i a l  s tep  i n  t h e  protocol  f o r  ur ine  cons is t s  

of acid hydrolysis  to f r e e  PCP froan i ts  glucose or s u l f a t e  conjugates. 

phenol i s  extracted with benzene (a suspected carcinogen), methylated with 

diazomethane (a  tox ic  explosive suspected carcinogen) and the  resu l t ing  frac-  

t i o n  analyzed by gas chromatography or pur i f ied  by column chromatography and 

then subjected t o  analysis .  These wet chemical manipulations may require  

several  hours t o  e f fec t .  Analysis of municipal drinking water could be accom- 

pl ished using t h e  above procedure with el iminat ion of the  acid hydrolysis 

s tep.  

Free 

Analysis of aqueous media f o r  PCP was approached i n  the  present  study 

by subs t i tu t ing  HPW-EC f o r  GC-EC. Since PIC-EC typica l ly  employs reversed 

phase columns with mobile phases of aqueous buf fers  mixed w i t h  varying amounts 

of water-miscible organic solvents  to  control  re ten t ion  the technique is compa- 

tible with ur ine  or other  aqueous samples. I n  addi t ion,  electrochemical detec- 

t i o n  i s  highly sens i t ive  t o  phenols. Thus, it seemed reasonable t h a t  an analy- 

t i c a l  method based on W E - E C  might g r e a t l y  reduce sample preparat ion time 

and markedly increase sample through-put. 

Other researchers  have appreciated the  promise held by €PIC f o r  ana lys i s  

of biological  mater ia ls  f o r  chlor inated phenols. Lores, Edgerton, and Moseman 

used HPLC-EC t o  confirm the  presence of a l a r g e  number of chlor inated phenols 

i n  human ur ine a f t e r  primary analysis  by gas chromatography(4). 

researchers  had reported recoveries  of chlor inated phenols (10 bbp) from f o r t i -  

f i e d  ur ine of from 79 t o  88% a f t e r  adsorption and desorption from XAD-4 r e s i n  

i n t o  10% 2-propanol i n  hexane ( 5 ) .  During t h e  l a t t e r  study Gc-EC was employed 

a s  the  ana ly t ica l  method. 

E a r l i e r  these 

I n  t h i s  study we surveyed recoveries  and background interferences a r i s i n g  

during i s o l a t i o n  by r e s i n  adsorption and desorption of pentachlorophenol i n  

f o r t i f i e d  drinking water and ur ine  and during i s o l a t i o n  of PCP from these 

matrices by acid-base solvent extract ions.  
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PENTACHLOROPHENOL I N  WATER AND URINE 955 

MATERIALS AND MFTHODS 

Performance Liquid Chromatography 

€PIC experiments were car r ied  out  using several  modular l i q u i d  chromatographs 

assembled i n  t h i s  laboratory. 

minipumps (Laboratory Data Control, River ia  Beach, FL) w i t h  pulse  dampners 

(Handy and Hannan Tube Co., Norristown, PA) and pressure gauges (Alltech ASSO- 

c i a t e s ,  Deerfield, IL). The electrochemical detectors  consis ted of glassy 

carbon electrodes maintained a t  1.0 V vs. Ag/AgCl reference electrodes by 

a Commercial po ten t ios ta t  (Bioanalytical Systems, West Lafayette, IN), a model 

174 Polarographic Analyzer (Princeton Applied Research, Princeton, NJ), or 

a poten t ios ta t  constructed i n  the  laboratory with a c i r c u i t  s imi la r  t o  one 

described e a r l i e r  (6 ) .  Chramatography columns were 4.6 mm i.d. by 250 mm 

s t a i n l e s s  s t e e l  obtained commercially o r  packed i n  t h i s  laboratory. 

sorb ODs, 5 pm, (Alltech Associates) ,  laboratory prepared and packed trimethyl- 

s i l y l  reversed phase on 8 pm sper ica l  s i l i c a  ge l ,  and cyanopropylsilyl bonded 

phase on 10 pm s i l i c a  (Alltech Associates) gave approximately equivalent reten- 

t i o n  times f o r  PCP when mobile phases of 0.1 NH H PO with 70, 50, and 30% 

a c e t o n i t r i l e ,  respect ively,  were pumped through the  columns a t  1 ml/min. 

Mobile phase del ivery systems used s ingle  p is ton  

Spheri- 

4 2  4 

Sample introduct ion was by valve-loop in jec t ion  using a 7000 p s i  valve 

(Valco Instruments, Houston, T X ) .  

- Acid Hydrolysis Of Urine 

Urine samples were hydrolyzed according t o  a published procedure (4) o r  

by t h e  use of su l fur ic  acid a t  100°C ( 3  r n l  conc. €$SO4, 5 m l  ur ine,  30 min). 

Hydrolyses were conducted i n  cu l ture  tubes with teflon-faced screw caps. 

Solvent Extraction And Resin Adsorption Of PCP From Hydrolyzed Urine 

Solvent ex t rac t ions  of PCP from urine (and from d i s t i l l e d  water) was per- 

formed according t o  the  method out l ine  i n  Fig. 1. Extractions were car r ied  

out i n  screw-capped cu l ture  tubes with a s  few sample t r a n s f e r s  a s  possible .  

Anion exchange res ins  (AGl-X2, and AG1-X8) and BioBeads S-X8 were pur- 

chased from BioRad Laboratories, Richmond, CA and Amberlite XAD-2 and Tenax 

from Alltech Associates. The res ins  were washed with methanol (3 X 5 m l )  and 

with d i s t i l l e d  water ( 3  X 5 m l )  a f t e r  being packed i n t o  disposable Pasteur pipets .  
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5 m l  Urine 
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(a)  Heat a t  100°C 1 / 2  hour 
(b) Cool 

Layer (discard)  

Ext rac t  
1 M KOH 

Aqueous 
Layer 

(a)  Acidify (6 M H2S04) 

(b) Extract  (hexane/benzene/2-propmol) 

Organic 
Layer 

Organic Aqueous Layer 
Layer (discard)  

(a )  Evaporate t o  dryness 
(b) Reconstitute (methanol) 

Analysis 
by 

HPLC-EC 

Figure 1. Flow char t  f o r  Hydrolysis and Extract ion of Urine Samples. 

The res in  columns (ca. 3 cm bed height)  w e r e  used t o  adsorb 5 m l  samples of 

urine hydrosylate and washed with deionized water ( 3  X 5 ml). 

was desorbed with 5 m l  of methanol and the  e l u t e  was analyzed d i r e c t l y  by HPLC- 

EC. Recoveries were estimated by comparison with PCP standards of appropriate  

concentration. 

Adsorbed mater ia l  

RESULTS 
-_I 

To t e s t  the  u t i l i t y  of HPLC-EC f o r  ana lys i s  of PCP i n  aqueous so lu t ions  

we f i r s t  ran a s e r i e s  of dr inking water samples t o  which varying amounts of 

the  chlor inated phenol had been added. The water samples were in jec ted  d i r e c t l y  

with no sample clean-up. Chromatograms from analys is  of 20 ~1 of dr inking water 

spiked with 20 ppb PCP (A)  and drinking water without added phenol (B) a r e  shown 

i n  Fig. 2 .  These r e s u l t s  ind ica te  t h a t  ana lys i s  of about 2 ppb PCP i n  dr inking 

water, is possible  with the  method a s  described without any pre-analyt ical  sample 

manipulation. Furthermore, l i m i t  of detect ion could be e a s i l y  increased by 
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Figure 2 .  HPLC-EC analysis  of  (A) 20 ppb PCP i n  municipal drinking water and 
(b) water without added PCP. Conditions: 50 p 1  in jec t ions ;  sensi-  
t i v i t y  10 nAFS; cyanopropyl reversed phase column; 25% CH3CN i n  
0.1 NH4H2P04, pH 4.0; 1 . 2  ml/min. 

using shor te r  chromatography columns, chromatography columns with smaller i n t e r n a l  

diameters, l a rger  sample s i z e s ,  o r  a combination of these o r  other  modifications. 

Mid-ppt measurements should be a t t a i n a b l e .  

W e  next turned t o  human ur ine a s  a sample matrix. While ur ine can be 

in jec ted  d i r e c t l y  onto the  chromatography columns, the many protein const i -  

t u e n t s  of the  mater ia l s  w i l l  cause rapid degradation of expensive columns. 

Furthermore the  many e lec t roac t ive  cons t i tuents  w i l l  lead t o  high backgrounds 

and decreased s e n s i t i v i t y ,  and s ince a subs tan t ia l  port ion of PCP is present  

i n  ur ine as conjugates, much of t h e  mater ia l  w i l l  not  be detected.  

We f i r s t  used an a c i d  hydrolysis  s t e p  followed by an acid/base/solvent 

ex t rac t ion  procedure a s  ou t l ined  i n  Fig. 1. 

HPLC-EC analysis  of human ur ine (A) and human ur ine which had been spiked with 

100 ppb PCP (B) are  shown i n  Fig. 3. While PCP i s  e a s i l y  i d e n t i f i e d  and measured 

a t  t h i s  leve l ,  there  a re  considerable  e lec t roac t ive  substances i s o l a t e d  during 

The r e s u l t i n g  chromatograms from 
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;. 
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I 1 
1 0  2 0  

Min. 

Figure 3 .  HPLC-EC analysis  of (A) hydrolyzed human ext rac t  and (B) ex t rac t  
of hydrolyzed human ur ine f o r t i f i e d  with 100 ppb PCP. 
20 p 1  in jec t ions ;  s e n s i t i v i t y ,  50 nAFS; t r imethyls i ly l  reversed 
phase column; 50% CH3CN i n  0.1 3 NH4H2P04, p H  4.0; 1.0 ml/min. 

Conditions: 

work-up. These substances prevent subs tan t ia l  increases  i n  s e n s i t i v i t y  and 

appear t o  cause foul ing of t h e  working electrode.  Sample work-up requires consi- 

derable time and e f f o r t .  

The u t i l i t y  of res in  adsorption of ac id  hydrolyzed f o r t i f i e d  ur ine was 

then tes ted.  Urine samples f o r t i f i e d  with varying amounts of PCP were hydro- 

lyzed using the  procedure out l ined  i n  Fig.  1, or a s  previously described ( 4 ) .  

The ur ine was passed through short  res in  columns a s  described in  the  methods 

sect ion,  the  columns were washed with water and the  PCP was then desorbed with 

methanol. 

sen ta t ive  chromatogram from the  ana lys i s  of human urine f o r t i f i e d  with 100 ppb 

i s  given i n  Fig. 4. The res in  employed i n  obtaining t h i s  chromatogram was AG1- 

X2 anion exchange res in  which gave the  b e s t  combination of high recovery and 

The methanolic solut ions were analyzed d i r e c t l y  by HPLC-EC. A repre- 
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Fiqure 4. HPLC-EC analys is  of PCP (100 ppb) i so la ted  from f o r t i f i e d  human 
urine by adsorption on AG1-XI res in  a s  described i n  the  tex t .  
Conditions: 50 ~1 in jec t ion ;  s e n s i t i v i t y  50 nAFS; Spherisorb ODs 
colunn; 70% CH3CN i n  0.1 NH4H2P04, pH 4.0; 1.0 ml/min. 

r e l a t i v e  freedom from in te r fe r ing  mater ia ls .  Recoveries from f o r t i f i e d  ur ine 

(200 ppb leve l )  were 108 ? 9% while recoveries  from d i s t i l l e d  water (200 ppb 

leve l )  processed according t o  t h i s  method were 93 f 3% (mean t sample standard 

deviation of ten or more samples). 

DISCUSSION 

The combination of analyte  i so la t ion  by anion exchange res in  adsorption 

and HPLC-EC analysis  allows monitoring of human urine f o r  PCP a t  low ppb levels .  

The pre-analyt ical  sample manipulations a r e  simple, they involve few t r a n s f e r s  

from one container t o  another, and employ a minimum of reagents. There a re  

no s t e p s  involving evaporation of organic solvents, which i s  both expensive 

and time consuming, and der iva t iza t ion  i s  not  required. Because of the s i m p l i -  

c i t y  and speed of the  method and its high s e n s i t i v i t y  it i s  a log ica l  candidate 

f o r  monitoring PCP contamination i n  large populations. 
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