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Abstract During the course of a human biomonitorir;?a .
project (Biebesheim in Hessen, Germany) we elaboratetftsoduction
simple but sensitive method for the determination of tg,4rgphenols are ubiquitously present in the environment

(TCP), tetra- (_TeCP) and pent_achlor_ophenol (PCP) in ie to a variety of industrial applications. Intake may occur
man urine. Urine samples, spiked with internal standar

; . ~ga8rmally, orally or via the respiratory tract [1, 2]. Absorp-
were treated by acid hydrolysis. After a steam bath disflls, o hexachlorocyclohexanes and chlorobenzenes leads
lation the distillates were extracted using solid phase

. tlates ®increased chlorophenol levels in human urine [3]. Im-
traction. Derivatization of the chlorophenols was not ¢

. i ortant sources of chlorophenol exposition of the general
r_|ed out. GC/ECD system was used for de:tecnon. Det pulation are food, textiles and leather goods [4f spe-
tion limits of the chlorophenols were found in the range

. =L ) lal importance is PCP which was approved as a fungicidal
0.02ug/L urine (detection limits of the ECD: 0.52 10 2.7Q,,( preservative in Germany until 1989 and which was
pg/L). By this method mono- and dichlorophenols can

: . . I ely used both outdoors and indoors in house-building.
be (_:Ietected. We investigated 24h7ur|ne _samples of major portion of chlorophenols is excreted with urine,
pupils (age 10 to 12 years). The children live either in tBQrti

d fah d S S ally as free chlorophenols but mainly as sulfate or glu-
surroundings of a hazardous waste incinerator (SVA) dl}onide conjugates [6]. Within recent years several au-
Biebesheim (n = 193), or controls (i.e. regions withoyj

waste incinerator) in the non polluted areas of Odenw%‘(ﬁrS have shown that pentachlorophenol as well as less
. orinated chlorophenol isomeres appear in urine samples
(n = 90) and Rheintal (n = 56). Between these thr P Pb P

: . . o . &Fthe general population [6]. These findings prompted a
groups we did not find statistically significant d'ﬁerenc%;tem%tic reserz)argh on the[ i!lternal exposu?e or; thepgeneral
In chIoroph_IenoI c]:conhcentrat:onsdof the ulrlne samplei. ulation because chlorophenols are regarded as precur-
95-percentiles o /t € analyze samp/es are (ug sors of dioxins and furans [3, 7], and PCP has proved to be
(1213()?’1;-/%'2 iéfng]cLP()zfgglrg(/:f )('204'1721—9T|E:I(32)'3’26§;g/|?_)’ carcinogenic in animal studies [8]. IARC published the re-

(3,4,5—TCP,),’ 4.78pg;/L (2,3,4,5’—'|"eCP), ’1.86;19/L sults of an early study about the cancerogenic risk of PCP

in 1979 [9]. Chlorophenol levels in urine samples of 339
gégij)'G-TeCP)’ 2.9pg/L (2,3,5,6-TeCP) and 4.3%9/L  (piigren from Hessen were determined during the course of

a human biomonitoring study. The aim of this study is to
prove whether there are regional differences in contamina-
tion levels. Further, it should be proved whether chloro-
phenols and chlorobenzenes emitted by the hazardous
waste incinerator SVA Biebesheim [10], compared to two
control regions, reach the exposed population. Methods
and results of this study are described.
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24h-Urine samples of 339 children (age 10 to 12 years) were col-
lected in the course of a human biomonitoring project. The chil-
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dren live in the regions Biebesheim, Rheintal and Odenwald of tBlelorophenol standards in wateR5 mg of the chlorophenols
Federal State Hessen (Germany). Controls are the groups Odare each dissolved in 25 mL ethanol (@/uL; starting solu-
wald and Rheintal. tions). 1 mL of each solution was diluted to a volume of 100 mL
with bidistilled water (10 ngiL; stock solutions). For the working
standard 1 mL stock solution of the internal standards, 1 mL of
b) Reagents and solvents each chlorophenol stock solution and 1 mL of 3,4,5-TCP and
2,3,4,5-TeCP, each dissolved in acetonitrile (1Quibyg/were di-
Chlorophenols.Trichlorophenols (TCP): 2,3,4- (99.5%); 2,3,54uted with water in a 1000 mL volumetric flask (10 yplg/ work-
(99.0%); 2,3,6- (99.5%); 2,4,5- (99.9%); 2,4,6- (99.6%); 3,4,Bg solution).
(10 nglL in acetonitrile); Tetrachlorophenols (TeCP): 2,3,4,5-
(10 ngfiL in acetonitrile); 2,3,4,6- (97.2%); 2,3,5,6- (98.7%)Chlorophenol standards and internal standards in ethyl acetate.
Pertachlorophenol (PCP) (98.6%) (Dr. Ehrenstorfer GmbH, 00 mg of the chlorophenols, 2,6-dibromophenol and 2,4,6-tribro-
86199 Augsburg). mophenol were each dissolved in 100 mL ethyl acetate (100 ng/
Internal standards: 2,6-Dibromophenol (99%; Aldrich, DdL; starting solutions). 10 mL of each starting solution were di-
82039 Deisenhofen); 2,4,6-Tribromophenol (98.6%; Dr. Ehreltted to 100 mL (10 ngl; stock solutions). 1 mL of each stock
storfer GmbH). solution and 1 mL of 3,4,5-TCP and 2,3,4,5-TeCP (dissolved in
acetonitrile; 10 ngiL) were diluted to a concentration of 100 pg/
Solvents und reagentEthyl acetate (> 99.6% for residue analypL. 40 mL of this solution were diluted with ethyl acetate in a
ses; Fluka, D-82041 Deisenhofen); Hydrochloric acid (Suprapl@0 mL volumetric flask to the final concentration of 40phg/
30%; Merck, D-64293 Darmstadt); Sulfuric acid (Suprapur 96%working solution).
Merck); n-Undecanex99% p.a.; Merck); Ethanok(99.8% p.a.;
Merck).
) ) ) e) Analytical procedure
Solid phase extractiorivarian Bond Elut PPL columns (3 mL,
200 mg). Solid phase is a copolymer of styrene and divinylbenzémgnediately after delivery of the urine samples 1 mL of acetic acid
(SDB-phase) (Varian, D-64289 Darmstadt). (99%) per 100 mL urine was added to each sample for preserva-
The columns were conditioned wittx® mL ethyl acetate and tjon. The urine samples were stored in PE bottles (100 mL) at +4°C.
2 x 3 mL hydrochloric acid (0.01 mol/L) and disposed after single One day before preparation the urine samples were warmed up
use. ) to room temperature. A sample series for analysis contains a blank
~ The water used for washing the SPE columns or as solvent mL of bidistilled water), an aqueous standard (20 mL of bidis-
distilled twice with a Destamat (Hel’anS Instruments GmbH, ted water and 4 mL of the Ch|or0pheno| Working so|uti0n) and
63405 Hanau). 9 urine samples (20 mL urine).
To all samples, except the aqueous standard, 7 mL sulfuric acid
(96%) and 50QL of the aqueous working solution of the internal
c) Apparatus standards were added to 500 mL round-bottom flasks. 11 volumet-
ric flasks (100 mL) were prepared to collect the distillates of the
GC/MS systentinnigan MAT SSQ 7000 with Varian 3400 GCsamples. Each flask contains 1 mL hydrochloric acid (25%).
and autosampler Finnigan MAT A200S (Finnigan MAT, D-28197 12 hours after addition of the sulfuric acid the samples were
Bremen);Evaluation ICIS Exec 8.1. steam distilled. Before steam distillation of every sample the ap-
paratus was cleaned 15 min with steam by interrupting the cool-
GC systemVarian 3500 with ECD and autosampler Varian 8100ng water and connecting an empty flask to the apparatus instead
Evaluation Varian Star Chromatography Workstation 5.2 softwaraf the sample flask. First the blank was distilled, then the aque-
ous standard and the 9 urine samples. Within about 30 min
Gas chromatographyCapillary column: 60 m, DB-5, 0.25 mm id,99 mL distillate of each sample were collected in the prepared
0.25 um film thickness (J & W Scientific Products GmbH, Dflasks.
50672 Kdln). Injector: Split/Splitless; Split 1:30; 230°C. Detector The distillates were added from a 75 mL reservoir and passed
(ECD): 300°C. through the SPE columns within 50 to 60 min under atmospheric
Temperature conditions of the column: 110°C (5 minpressure. The solid phase was washed twice with 2 mL hydrochlo-
5°C/min to 130°C (20 min); 12°C/min to 190°C (10 min)ric acid (0.01 mol/L) and sucked dry with air within 15 to 20 min.
30°C/min to 300°C (10 min). Relays: 1; 0.60 min (split open); The chlorophenols were desorbed with 2 mL ethyl acetate at at-
30.00 min (split closed). Carrier gas: nitrogen 5.0. Inlet pressumospheric pressure. For that purpose the solvent was equilibrated
20.5 psi. with the solid phase for 5 min before continuing the elutionul50
of n-undecane were added as keeper to the collected eluates. Af-
SPE systeml. T. Baker SPE system with 12 connections; 75 merwards the eluates were evaporated under a gentle nitrogen
reservoirs with adapters for the samples (Mallinckrodt Baker, Btream to a volume of 5Q4.. The eluate of the aqueous standard
64347 Griesheim). was evaporated to a volume of 1 mL. fil50f these samples were
injected into the GC system.
Steam distillationSteam generating with heated 4 liters two neck
flask; steam transfer with 60 cm of a flexible teflon pipe to the
sample flask; Sample is heated in a water bath (80°C; ceran fo®uality assurance and contamination control
plate); 45 cm Liebig condenser.
By regular participation in external quality analyses the results of
our PCP analyses (original samples) in urine were validated. Our
d) Preparation of standard solutions in water and ethyl acetateresults lay in the range of EV +38S (EV = expected value; S =
standard deviation) [11].
Internal standards in water25 mg of 2,6-dibromophenol and  Within each series of 9 urine samples one blank was analyzed.
25 mg of 2,4,6-tribromophenol were each dissolved in 25 nhhsert and septum of the GC were replaced after five series each
ethanol (1pg/pL; starting solutions). 1 mL of each starting solueontaining 9 samples, one blank and one standard. At the same
tion was diluted in a 100 mL volumetric flask with bidistilled watime the steam bath apparatus was thoroughly cleaned.
ter to obtain the stock solution (10 pgj. Another dilution of To prove repeatability a pooled urine was analyzed 6 times.
1 mL stock solution with bidistilled water yields the working starFhe chlorophenol concentrations found and their standard devia-
dard (100 pgiL). tions are given in Table 1.
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Table 1 Repeatability: means and standard deviations of chloro- Figure 2 shows the chlorophenol concentrations in the

phenol concentrations in a pooled urine sample (analyses repegted (rine samples. The values for the median, 95-per-
6 times) centile and maximum concentration of all chlorophenols
Chloro- Mean  Standard deviation Standard deviations well as the sample size are given. For 2,3,4-TCP and
phenol (g/L)  (absolutepg/L)  (relative, %) 2,4,5-TCP the sample sizes are reduced due to the gener-
2.3,4-TCP 0217  0.007 30 ally low contamination and inability to identify peaks due
2.3.5-TCP 0.546  0.046 8.4 to m}erfermg influences. o

2.3.6-TCP 0216 0.018 8.4 Figure 3 shows the distribution of each chlorophenol
2.4,5-TCP 0595 0.128 215 group. The sums of the tri- and tetrachlorophenols as well
2.4.6-TCP 0612 0.043 71 as PCP are displayed. Medians and 95-percentiles are
3.4,5-TCP 0942 0.143 15.2 noted in the figure. The sample size rises due to the for-
2345TeCP 1.417 0.144 10.1 mation of sums in comparison to Fig.2, except for PCP
2.3,46-TeCP 0.859 0.060 7.0 (Npcp= 334) to n = 339. It was verified whether the distri-
2,3,56-TeCP 0.922 0.052 5.7 bution was influenced if samples were discarded during
PCP 1.762  0.074 4.2 the formation of sums which had at least one unidentifi-

able chlorophenol per group. No significant influence of
median or 95-percentile was found.

g) Calibration

In order to determine linearity and detection limit of the detectBiscussion
(ECD) calibration curves have been established for the chlorophe-

nol concentrations ranging from 0.1 to J0§/L. In previous papers on chlorophenols in urine usually

Table 2 shows the calculated regression coefficients of the gketic anhydride [12—15] and diazomethane [16—20] were
ibration curves and the detection limits of the detector deriv,

from their axis segments by evaluating the concentration of ed for _denvatlzatlon. Further reagents for derivatization
standards at 2000 counts (mV - s) which is equivalent to a sigh4gre reviewed by TesarOVa and Pacgkova [21]. Generally,
to-noise ratio of 3:1. The detection limits of the ECD are cora- GC/MS system is used for detection. We developed a

pared to the observed detection limits of the analytical method. Bgnple, fast and less expensive analytical method which
cause our method provides a concentration factor of 40 the E

our m e ! ; Bo ensures identification and quantification of chloro-
detection limits were divided by this factor, also shown in Tableglhenols in urine by GC/ECD. Using acetic anhydride and
diazomethane for derivatization we found overlapping
peaks in the chromatograms, therefore we discarded de-
rivatization. Quantification is done by GC/ECD, the re-
sults were validated by GC/MS analyses of pooled urine
Figure 1 shows the chromatograms of the standard, $henples. Results were verified using the retention times
blank and of a urine sample. Under the given conditioms$,the chlorophenols in combination with the selected ion
the retention times of the chlorophenols are betweenr@dnitoring spectra (selected ions: TCP: m/z 196, TeCP:
and 48 min. In the first chromatogram (standard) th&/z 232, PCP: m/z 266, 2,6-DBP: m/z 252, 2,4,6-TBP:
trichlorophenols are separated properly whereas it is diffiyz 330).
cult to separate the tetrachlorophenols. The lower sensiA disadvantage of our method is the fact that mono-
tivity of the detector to 3,4,5-TCP is conspicuous. Tland dichlorophenols are not quantifiable because the ECD
second chromatogram shows the result of a blank peseiess sensitive to these compounds by a factor of 100
pared with internal standards. Interfering peaks only ocaampared to higher chlorinated phenols.
in areas without influence on evaluation. The third chro- Steam distillation is a method often used to separate
matogram shows a randomly selected urine sample. phenolic substances from the complex urine matrix [6,

Results

Table 2 Detection limits of

Chlorophenol Regression coeff. Detection limits ~ Detection limits Detection limits
g:stigg}erﬁghgicfc?r)tﬁre]ddfshtgfn' P r of %he calibration  detectoug/L) detector / 40i{g/L)  for urine {ug/L)
mination of chlorophenols in curves [calculated] [calculated] [observed]
urine (signal-to-noise ratio of 2.3,4-TCP 0.998 0.92 0.023 0.014
3D 2,3,5-TCP 0.999 0.86 0.021 0.015

2,3,6-TCP 0.999 0.52 0.013 0.013

2,4,5-TCP 0.999 0.81 0.020 0.018

2,4,6-TCP 0.999 0.76 0.019 0.015

3,4,5-TCP 0.999 2.76 0.069 0.029

2,3,4,5-TeCP 0.999 1.15 0.029 0.015

2,3,4,6-TeCP 0.999 0.84 0.021 0.012

2,3,5,6-TeCP 0.999 1.66 0.041 0.019

PCP 0.020
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Fig.2 Medians, 95-percentiles 25 -

and maxima of chlorophenol B Median
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(N = number of samples)

18-22]. Two factors, however, play a decisive role. Welder phenolic substances. We decided to use a suitable
[22] found that sulfuric acid in contrast to hydrochloriSDB-phase, because the combination of a cation ex-
acid or perchloric acid provides the highest recovery fananger phase and ggphase used by Angerer et al. [6]
acid hydrolysis. Therefore we also decided to use sulfurgvealed no advantage.
acid. Phenolic substances commonly exist in urine as sul-The chlorophenols were eluted with the lowest possi-
fates or glucuronides. Pierce and Nerland [23] only foub& volume of ethyl acetate in order to reduce the risk of
sufficient yield of phenols if higher temperature is useédsses in the following evaporation step underBé&fore
for the acid hydrolysis. A 90% hydrolysis of phenylgluthe evaporation step each eluate is prepared with a keeper
curonide with sulfuric acid (2.5 mol/L) requires 40 min. (50 uL n-undecane). Our method provides a concentration
We optimized hydrolysis under the following condifactor of 40.
tions: The chlorophenol standard in ethyl acetate (working
» combined hydrolysis/steam distillation of at least 30 mﬁg)l_lu_ﬂgngallsctj:taiglﬁ cf)?r[haeb?eustu?tgviietl)(:sitd;‘ln géth the mean
’ \r’;itﬁé_ggttthongeﬂrgirg;uartelefg;ttggogrme sample in tpeecovery of 2,6-dibromophenol and 2,4,6-tribromophenal,
+ 3l of e Lieig condenserof 45 cm a lengtn S 12 T0uary, used for e dentifcaton o,
25 cm reduced the recovery by about 80%) t rezpective c’hlc’)rophenol (obtained from the sar?qple
« all-glass steam distillation apparatus in order to avol lth the aqueous standard solution). Thus, the specific re-

contamination (with a flexible Teflon pipe between the .
steam generator and the sample flask) covery of each chlorophenol was considered. The blank

* purification of the apparatus with steam (interruption 81f %aocnhczﬁ::ﬁs '%Zugéiggigg' concentrations of chlorophe-
cooling water for about 15 min) between two sample 9 P

distillations in order to avoid cross contamination ggilzisone cannot, so far, decide whether a risk to health
After a comparison of solid phase extraction (RP18 versusin 1984 a study on 27 persons without occupational

SDB-phases) using a sufficient eluting volume, Schillirend private exposure to PCP (e.g. by wood preservatives)
et al. [24] found an enhanced recovery for the SDB-phasé®wed a median PCP level in urine of gL (95-per-
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centile: 55ug/L) [17]. During the last decade a significal
decrease of PCP input both in human and in natural edtgferences

ronment could be monitored in Germany. In 1995 a “reft. Vasilic Z, Fingler S, Drevenkar V (1991) Fresenius J Anal
erence value” for PCP (morning urine) of ag/L (n = Chem 341:732-737

indivi . i 2.Schmid K, Lederer P, Géen T (1997) ) Int Arch Occup Environ
112 individuals; age 37 to 86 years; without known expo2 Health 69-399-406

sure to wood preservatives) was published [25]. In ;9973'?1Wrbitzky R, Angerer J, Lehnert G (1994) Gesundheitswesen
revised “reference value” of 4g/L (spontaneous urine; 56:629-635
n = 255) was recommended [26]. Treble analyzed 1995 @9World Health Organisation, Geneva (1989) IPCS International

; ; ; rogram on Chemical Safety. Chlorophenols other than Pen-
urine samples from non-occupationally exposed SUbJeCt{;lctﬂorophenol. Environment)éll Health Fé:riteria 93:86-88

(age 6 to 87 years; residence: various rural and urban grangerer J, Heinzow B, Schaller KH, Weltle D, Lehnert G
eas throughout Saskatchewan). The PCP concentration@992) Fresenius J Anal Chem 342:433-438
ranged from 0.05 to 3,6g/L [27]. 7.Schecter A (1994) Dioxins and Health. Plenum Press, New

_ ; . York London
The 95-percentile of our PCP analyses (g, age Deutsche Forschungsgemeinschaft (1990) Maximale Arbeits-

10 to 12 years) is within the same range. Besides the giblatzkonzentrationen und biologische Arbeitsstofftoleranz-

rect PCP uptake, especially due to its occurrence inwerte. Mitteilung XXVI der Senatskommission zur Priifung
wood, textiles and leather materials, PCP is a maingesundheitsschadlicher Arbeitsstoffe. VCH, Weinheim
metabolite of hexachlorobenzene (HCB) [3, 28]. Th& !ARC (1979) Pentachlorophenol. Monographs on the evalua-
Umweltprobenbank in Miinster correlates the concentra-tion of the carcinogenic risk of chemicals to humans. 20:303—
tion of PCP in urine with the concentration of HCB ifig wienecke J, Kruse H, Huckfeldt U, Eickhoff W, Wassermann
serum [29]. O (1995) Chemosphere 30(5):907-913

Concerning the individual isomeres, like tri- and tetrél-Ileghng‘fl’tl_etReﬁe%fUVI_?Fiféhrlrl]Che Arbeitsstoffe (1979) TRgA

H « " H — atstscne Qualltatssicherung

phl_oroph_enols the data basis for “reference values” in ur *riigsmann W, Van de Kamp, CG (1977) J Chromatogr 131
is insufficient. Our analyses revealed for 2,3,4,5-TeCP' 415 416
(95—percentile: 4.8g/L; maximum: 20.41g/L) the high- 13.Lampi P, Vartiainen T, Tuomisto J, Hesso A (1990) Chemos-
est concentration among the detected chlorophenolsphere 20(6):625-634

; A i ; ; 4.Pekari K, Luotamo M, Jéarvisalo J, Lindroos L, Aition A (1991)
Wrbitzky et al. explain its occurrence in urine by the mé Int Arch Occup Environ Health 63:57—62

tabo_lism of 1,2,_3_,4—tetrach|<l)rober_12ene (e.g. from the PY@- Kontsas H, Rosenberg C, Pfaffli P, Jappinen P (1995) Analyst
duction of fungicides and dielectrics) aptHCH [3]. Re- 120:1745-1749

ported exposition to wood preservatives, HCB and otHer: GoBler K, Schaller KH (1978) Fresenius Z Anal Chem 290:
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