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Abstract

A method is described for the isolation, derivatization, separation and determination of chlorinated phenols and
cresols in urine. After acid hydrolysis, solid-phase extraction on Separcol SI C,; was used. Quantification was
based on the internal standard method using 2,6-dibromophenol. Before GC determination the isolated compounds
were derivatized with pentafluorobenzyl bromide. The separation of interfering substances followed on an Ekosorb
column using elution with dichloromethane—toluene (15:85). The recovery of the method ranged from 72.3+9.9 o
109.9 + 6.3% and the limit of determination varied from 0.0005 to 0.002 ug ml~'. Using this method, 52 persons
from occupationally and non-occupationally exposed groups were examined for the presence of chlorinated
compounds in urine. The levels of chlorinated phenols and cresols were several times higher in the group of
occupationally exposed workers, especially for 2,4-dichlorophenol.

1. Introduction

Among the large amounts of xenobiotics pol-
luting the environment, polychlorinated phenols
and cresols have been in the limelight in recent
years. They enter the environment from industry
(production of dyes, disinfectants, pesticides and
other polychlorinated aromatic compounds from
the paper and wood industry). They are also
formed during chlorination of drinking and wastc
water and by biotic and abiotic transformation of
pesticides in agriculture [1]. Photolytic degra-
dation of substituted phenols is connected with
the formation of lower chlorinated phenols and
chlorinated catechols, dihydrobenzenes, hy-
droxybiphenyls and  chlorophenoxyphenols,
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known as predioxins. According to the EPA (US
Environmental Protection Agency), phenol and
its chlorinated, nitrated or alkylated derivatives
are classified as priority poollutants [1-7].

The mechanism of the toxic effects of chlo-
rinated phenols and cresols seems to be con-
nected with the chain reaction of their gradual
dechlorination in the tissues yielding the corre-
sponding peroxides, which cause inactivation of
enzymes and liver dystrophy. Some compounds
in this group are suspected of embryotoxicity and
teratogenicity [1]. Chlorophenols affect por-
phyrin metabolism, causing symptomatic liver
porphyry. Studies dealing with chronic toxicity of
some phenol congeners have confirmed their
carcinogenic (hepatocellular tumours, leukae-
mia) and immunosupressive properties [1,8].
Their elimination from the organism occurs via
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the urine either in the free form or in the form of
sulphate and glucuronide conjugates [8-11].
Exposure to chlorophenols in the occupationally
and non-occupationally exposed population has
been discussed in papers [1,12-15].

In this work, the exposure of occupationally
exposed workers in a chemical plant producing
pesticides was investigated. The exposure of the
general population via the food chain was
studied in parallel [16,17].

Many published methods are devoted to the
determination of chlorinated phenols and cresols
in urine in the form of alkyl, silyl, acetyl or other
derivatives. The most frequent methods are GC
and HPLC [15-24].

A method for the determination of chloro-
phenols and cresols in biological materials was
developed in this work, based on solid-phase
extraction and subsequent determination of
pentachlorophenol and the isomers of dichloro-
phenol (DCP), trichlorophenol (TCP), tetra-
chlorophenol (TeCP), 2-chloro-5-methylphenol
(2-Cl-5-MeP), 4-chloro-3-methylphenol (4-Cl-3-
MeP) and 4-chloro-2-methylphenol (4-Cl-2-
MeP) by gas chromatography with electron-cap-
ture detection (GC-ECD).

2. Experimental
2.1. Chemicals

An SPB-5 fused-silica capillary column and the
phenols (Phenols Kit 27, purity 96%) were
purchased from Supelco (Gland, Switzerland). A
glass capillary column with an Igepal CO 880 +
Apiezon L stationary phase was purchased from
Expertise and Analytical Service in Environmen-
tal Protection, J. Hrivndk (Bratislava, Slovak
Republic). Methanol, toluene, hexane and ace-
tone were purchased from Labscan Pestiscan
(Dublin, Ireland), hydrochloric acid {25%), so-
divm hydroxide pellets and potassium carbonate
from Merck (Darmstadt, Germany) and penta-
fluorbenzyl bromide (99%) from Aldrich
(Steinheim, Germany). Separcol SI C,; (100
mg) solid-phasc cxtraction (SPE) cartridges (the
surface area of this adsorbing material is re-

ported to be about 410 m® g~ ' and the particle
size range is 40-100 um) were purchased from
Anaprom  (Bratislava, Slovak Republic).
Ekosorb was purchased from Kavalier (Votice,
Czech Republic).

2.2. Standard solutions

Ethanolic stock standard solutions of 2,4-DCP,
2,4,6-TCP, 2,3,6-TCP, 2,4,5-TCP, 2,3,5,6-TeCP,
2,3,45-TeCP, PCP, 2-Cl-5-MeP, 4-CI-3-MeP,
4-Cl-2-MeP and 2.6-dibromophenol (2,6-DBP)
were prepared at concentrations of 100 xg ml ",
From these stock standard solutions, agqueous
working standard solutions at concentrations of 1
and 0.005 pg ml™" were prepared.

2.3. Apparatus

The GC system consisted of a Hewlett-Pac-
kard Model 5890A gas chromatograph equipped
with an electron-capture detector, Model 3393A
integrator and Madel 7673 antosampler.

2.4. Separation

A SPB-5 (5% phenyl-methylsilicone) fused-
silica capillary column (30 m X 0.25 mm 1L.D.,
0.25-um film thickness) was used. The column
temperature was held at 70°C for 0.5 min, then
increased at 30°C min~' to 105°C, which was
held for 10 min, then further incrcased at 4°C
min~" to 240°C, the final temperature being held
for 3 min. Nitrogen was used as the carrier gas;
the column head pressurc was 70 kPa. The
temperature of electron-capture detector was
300°C. The flow-rate of the make-up gas (nitro-
gen) was 15 ml min~ ', the injector temperaturc
was 250°C and all injections were made in the
splitless mode.

2.5. Isolation

To 1 ml of urine sample in a 25-ml round-
bottomed flask was added 0.5 ml of concentrated
HCl followed by 40 ul of internal standard
solution (1.0 pg ml~' 2,6-DBP). The solution
was then refluxed for 0.5 h. After cooling, the
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pH was adjusted to 5 with 0.5 M KOH. The
sample was diluted with 5 ml of water and
transferred to the top of the preconditioned
Separcol SI C,; column. Prior to use, the column
was preconditioned with 2.5 ml of methanol and
1.5 ml of water and dried with a nitrogen fow.
Elution was carried out with two 500-u1 portions
of methanol.

2.6. Calibration

Calibration graphs were obtained for each
chlorinated phenol using the internal standard
method (2,6-DBP). Urine (1 ml) was spiked
with 0.005, 0.020, 0.040, 0.060, 0.080, .10 and
0.15 ug ml~' of each of the compounds (Fig. 1).
These spiked samples were subjected to the
same treatment as the test urine samples. Blanks
were analysed in the same way.
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Fig. 1. Calibration graphs for the deiermination of PFB
derivatives of chlorinated phenols and cresols in urine. The
internal standard was 2,6-DBP. Top: @ = 2-Cl-5-MeP; + = 4-
Cl-3-MeP; % = 4.C]-2-MeP; [0 =2 4-DCP; x = PCP. Bottom:
®=2,46-TCP; +=236TCP; +=24,5TCP; [1=2,3,5,6-
TeCP; x =23,4,5-TeCP.

2.7. Derivatization

The eluate was dried under a gentle stream of
nitrogen. Subsequently 4 ml of acetone, 30 ul of
30% K,CO, solution and 200 ul of a 1%
acetone solution of pentafluorobenzyl bromide
(PFBBr) were added. The test-tube was tightly
stoppered and heated at 60°C for 3 h in a
thermostat [23,24]. After derivatization, the so-
lution was concentrated to 0.5 ml with a gentle
strcam of nitrogen, 2 ml of hexane were added
and the mixture was evaporated to dryness. The
residue was dissalved in 1 ml of hexane and this
solution was cleaned up on an Ekasorb column
[25].

2.8. Column chromatographic clean-up

Ekosorb used for column chromatography
{0.125-0.200 mm) was activated for 24 h at
130°C and the activity was adjusted with 5% of
water. A 0.5 cm 1.D. column was stoppered with
precleaned glass-wool, packed with an 8-cm
layer (ca. 1.3 g} of Ekosorb and washed with 10
mil of 15% dichloromethane in toluene. The
sample was then applied to the top of the column
and the column was eluted with 30 ml of di-
chloromethane—toluene (15:85). The eluate was
concentrated to 2 ml with a gentle stream of
nitrogen and injected with an autosampler into
the GC system.

2.9. Sample collection

Urine samples were collected from a group of
28 workers exposed in a chemical plant. Each
sample was collected at the end of the work shift
after 3 working days. Urinc was sampled three
or four times from each worker in glass con-
tainers cleaned with acetone. The control group
consisted of 24 healthy volunteers from the
normal population. The samples were immedi-
ately frozen. To avoid the contamination of
urinc samples by chemicals present in the work
area, it was dccided to collect the samples in a
hospital near the chemical plant.
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3. Results and discussion

The chlorophcnols were analysed either in the
free form on a glass capillary column with the
stationary phase Igepal CO 880 + Apiezon L,
specially deactivated for compounds of acidic
character, or after derivatization with PFBBr on
an SPB-5 fused-silica capillary column (Fig. 2A
and B). In the former instance, the extracts were
markedly cleaner and no further clean-up was
needed. The chromatographic peaks from the
Igepal and Apiezon L columns were symmetrical
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and the reproducibility was optimum [16]. How-
ever, the sensitivity of determination was very
low, especially for lower chlorinated congeners,
when ECD was used. The limits of determi-
nation of free chlorophenols were 0.02 ug ml™'
(2,4-DCP), 0.01 wg ml~" (PCP) and 0.008 pg
ml~' (isomers of trichlorophenols and tetra-
chlorophenols). Therefore, the method was not
considered adequate for the determination of
trace levels of chlorophenols in urine.

Methods for the determination of chlorinated
phenols in the form of various derivatives in
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Fig. 2. (A) GC-ECD of unnc spiked with PFB derivatives of phenols and cresols resolved on a SPB-5 fused-silica capillary

column. Peaks: 1= Phenol (0.075 ng); 2 = o-cresol (0.075 ng); 3=

m-cresol (0.075 ng); 4= p-cresol (0.075 ng); 5 = 2-Ci-5-MeP

(0.040 ng); 6= 4-Cl-3-MeP (0.040 ng); 7 = 4-C1-2-MeP (0.040 ng); 8 = 2,4-DCP (0.040 ng}; 9 = 2,4.6-TCP (0.040 ng); 10 =2,3,6-

TCP {0.040 ng); 11 = 2.4,5-TCP (0.040 ng); 1ST =2,6-DBP {0.040

ng); 12 =2,3,5,6-TeCP (0.040 ng); 13 = 2,3.4,5-TeCP {0.040

ng); 14 =PCP (0.040 ng). (B) GC-ECD of a real urine sample. 5 = 2-Cl-3-MeP; 6 = 4-Cl-3-MeP; 8 =2,4-DCP; 9=24,6-TCP;
10 -2,3,6-TCP; 11=124,5-TCP: IST = 2,6-DBP; 12 = 2.3,5,6-TeCP; 13=2,3,4,5-TeCP; 14 - PCP.



M. Veningerovi et al. | I. Chromatogr. B 657 (1994) 103110 107

several papers [15,23,26,27] were compared.
Angerer et al. [15] reported the determination of
DCP and TCP in urine of the general popula-
tion. The average recovery of PFB derivatives of
DCP and TCP isomers and the detection limits
were comparable to our results.

Derivatization with PFBBr resulted in higher
sensitivity (Table 1) and good separation was
achieved on commercial fused-silica capillary
columns. However, it is necessary to remove the
interfering compounds on an Ekosorb or a
Florisil column using dichloromethane—toluene
(15:85) for clution of the derivatized com-
pounds. The cocfficient of variation was less than
12% for concentration levels between 0.005 and
0.100 pg ml~" (ten parallel determinations).

The linear range of the calibration graphs is
between 0.005 and 0.1 wg ml ™' (Fig. 1). In cases
of high concentrations of the analytc compounds
in urine, the samples were diluted to the linear
range and re-analysed.

Mcthylation with diazomethane and mcthyl
iodide was the objective of previous studies

Table 1
Criteria identifying applicability of the analytical method

[16,23]. The advantage of this method was a
fairly short time of analysis and a minimum of
interfering compounds. However, the use of
diazomethane is of toxicological concern and
therefore it cannot be recommended for routine
use. Mecthylation with methyl iodide did not
result in quantitative conversion of all the com-
pounds analysed, ecven under optimized condi-
tions.

Therefore, the derivatization with PFBBr in
the presence of K,CO, was preferred. Complete
evaporation of acctone after the derivatization
procedure is essential before the clean-up. The
presence of even small traces of acetonc can
result in the elution of interfering substances
during clean-up on the Ekosorb or Florisil col-
umn. Complete removal of acetone is achieved
by repeated evaporation with hexane.

The method was used for the determination of
chlorinated phenols and cresols in a group of 28
workers occupationally exposed in a chemical
plant. Table 2 gives the levels of chlorinated
phenol and cresol congeners. The highest me-

Compound Limit of Concentration Recovery
determination (ugmi™) (n=10)
(pgmi™h) (%)
2-Cl1-5-MeP 0.0015 0.005 72.3+49.9
0.100 98,5+ 3.5
4-Cl-3-MeP 0.0015 0.005 94.9+7.6
0.100 101.8=+3.5
4-Cl-2-MeP 0.0015 0,005 76.2 8.3
0.100 99.0=3.7
2,4-DCP 0.0005 0.005 107.1=6.2
0.100 108.8+9.5
2.,4,6-TCP 0.0003 0.005 109.2 £ 8.1
0.100 108.0£92
2,3,6-TCP 0.0005 0.005 102.6 + 6.0
0.100 103.3+6.5
2,4,5-TCP 0.0005 0.005 84.5£92
0.100 103.0+42
2,3,5,6-TeCP 0.0010 4.005 101.4+7.7
0.100 102013
2,3,4,5-TeCP 0.0010 0.005 1099+63
0.100 101756
PCP 0.0020 0.005 106.8+9.8
0.100 101.7+8.4
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Tablc 2

Chlorinated compounds in urine of occupationally exposed persons

Compounds Concentration (g ml™') Ps.
(%)
Mean Minimum Maximum Median
2-Cl-5-MeP 0.092 ND 0.728 0.008 75
4-Cl-3-MeP 0.096 ND 0.396 0.022 93
4-Cl-2-MeP 0.042 ND 0.372 0.005 64
2,4-DCP 0.113 ND 0.818 0.017 64
2,4,6-TCP 0.027 ND 0.168 0.009 75
2.3,6-TCP 0.052 ND 0.284 0.017 82
2,4,53-TCP 0.132 ND 1.168 0.038 71
2,3,5.6-TeCP 0.069 ND 0.528 0.039 86
2.3,4,5-TeCP 0.111 ND 0.800 0.031 79
PCP 0.154 ND 1.266 0.074 89

P.s. = percentage of positive samples (levels over limits of determination); ND = not detected (below limit of determination,

Table 1); n=28.

dian contents were found for PCP, TeCP and
2,4,5-TCP. Maximum contents were found for
PCP and 2,4,5 TCP (1.266 and 1.168 pug ml ',
respectively). A control group of 24 volunteers
from the general population was chosen for
comparison. The median concentration of chlo-
rophenols in the control group ranged from zero
(not detected) to 0.019 wg ml ™' (Table 3). Fig. 3
compares the median values of chlorinated
phenols and cresols in both groups.

In previous work [16,17,28] we studied the

Table 3

exposure of the general population to chioro-
phenols via food and water. Further sources of
contamination, from wood preservatives,
deodorants and repellents, etc, should also be
accounted for.

Our results compare well with those presented
by Angerer et af. [15], who found that median
levels of 2,4-DCP, 2,4,6-TCP and 2,4,5-TCP in
the common population ranged from 0.001 to
0.004 wg ml~" in urine. Kleinman er al. [29], and
Fenske et al. [30] determined the ranges of TeCP

Chlorinated compounds in urine of non-occupationally exposed persons

Compounds Concentration (g ml™') Ps.
(%)
Mean Minimum Maximum Median
2-Cl-5-MeP 0.020 ND G.176 0.007 60
4-Cl-3-MeP 0.026 ND (.506 ND 10
4-Cl-2-MeP 0.017 ND 0.092 0.006 85
2,4-DCP 0.001 ND 6.012 ND 15
2,4,6-TCP 0.008 ND 0.1G6 ND 45
2,3,6-TCP 0.028 ND 0.116 0.017 80
2,4,5-TCP 0.058 ND 0.380 ND 45
2,3,5,6-TeCP 0.021 ND 0.161 ND 25
2,34,5-TeCP 0.034 ND 0.268 ND 47
PCP 0.051 ND 0.300 0.019 85

P.s. = percentage of positive samples (levels over limits of determination); ND = not detected (below limit of determination,

Table 1), n =24
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Fig. 3. Comparisen of chlotinated compounds in urine of occupationally and non-occupationally exposed persons (median levels).

and PCP concentrations in exposed workers
from a lumber-mill. Plant air concentrations of
TeCP ranged from 0.8 to 12.2 ug m ™", whereas
PCP was not detected (the limit of detection was
0.5 ug m°). It was estimated that dermal
exposure accounted for 95% of the dose taken
up by exposed workers. Average concentrations
in the urine of exposed workers were from 0.031
to 0.497 ug ml™' (TeCP) and from 0.057 to
0.103 wg ml™' (PCP), and the corresponding
values in the control group were from 0.006 to
0.029 pg ml~' (TeCP) and from 0.029 to 0.039
pg ml~' (PCP).

4. Conclusion

The proposed method solves the problem of
the isolation of chlorinated phenols and cresols
from urine after acid hydrolysis of conjugates,
using SPE on Separcol SI C,, columns and
clution with methanol, followed by GC-ECD.
Derivatization with PFBBr was found to be the
most suitable method of determination, increas-
ing the sensitivity by several orders of mag-
nitude. Nevertheless, for higher concentration
levels the GC of free phenols on a specially
deactivated capillary column is acceptable.
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