!. fias:

ELSEVIE

&

Journal of Chromatography B, 739 (2000) 225—-229

JOURNAL OF
CHROMATOGRAPHY B

www.elsevier.com/locate/ chromb

Biomonitoring of environmental polycyclic aromatic hydrocarbon
exposure by simultaneous measurement of urinary phenanthrene,
pyrene and benzo[a]pyrene hydroxides

Juliane Hollender®, Burkhard Koch, Wolfgang Dott
Ingtitute of Hygiene and Environmental Medicine, RWTH Aachen, Pauwelsstrasse 30, 52057 Aachen, Germany

Abstract

A high-performance liquid chromatographic method with fluorescence detection was developed which enables the
simultaneous determination of the urinary polycyclic aromatic hydrocarbon metabolites 3-hydroxyphenanthrene, 1-hydroxy-
pyrene and 3-hydroxybenzo[a]pyrene. The method has small solvent consumption because of the use of a microbore RP C,
column and a relatively short run time. Low detection limits of 0.02 nmol/l for 3-hydroxypyrene to 0.19 nmol/l for
3-hydroxybenzo[a]pyrene were attained. In contrast, the detection limits of «-naphthol and 9,10-dihydroxy-9,10-
dihydrophenanthrene were not adeguate for the determination of environmental exposure. The developed method was
successfully used for the analysis of urine samples from children. [0 2000 Elsevier Science BV. All rights reserved.
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1. Introduction

Polycyclic aromatic hydrocarbons (PAHS) are
ubiquitous in the environment, produced mainly by
incomplete combustion of organic matter such as
wood, oil or coal. Since some PAHs such as anth-
racene, benzo[a]pyrene and benzo[K]fluoranthene are
carcinogenic the investigation of human exposure to
these contaminants is very important. Biological
monitoring provides a very useful method for the
determination of exposure, because the bioavail-
ability of pollutants is also taken into account.
Biological monitoring of PAH exposure is usually
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performed by the measurement of PAH hydroxidesin
urine samples [1]. In 1987, Jongeneelen et a. [2]
developed a high-performance liquid chromatog-
raphy (HPLC) method for the determination of 1-
hydroxypyrene, the main metabolite of pyrene. Since
its introduction this method has been used in various
studies to determine occupational and environmental
PAH exposure. In Germany, the method was pub-
lished in 1991 by the DFG as a standard method [3].
Intra- and inter-individual variation of 1-hydroxy-
pyrene as well as reference values are described
[4,5]. However, pyrene is only one PAH out of
several hundred and its use as a biomarker has been
called into question [6]. Therefore, in the last few
years, methods have been proposed whereby other
PAH hydroxides can be determined. Grimmer et al.
[7] developed a laborious procedure for the simulta-
neous analysis of phenols and dihydrodiols of phen-
anthrene and pyrene in urine by gas chromatog-
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raphy—mass spectrometry (GC—-MS). Lintelmann et
a. [8] described a HPLC method with fluorescence
detection (FLD) for the quantification of 1-hydroxy-,
4-hydroxy-, and 9-hydroxyphenanthrene in addition
to 1-hydroxypyrene which was used for occupational
studies [9]. The method was improved in sensitivity
to determine environmental exposure aso [10].
Because naphthalene is a predominant PAH com-
pound in occupational exposure the determination of
1-naphthol [4,11,12] and napthylamine [13] has been
performed in other studies. 3-Hydroxybenzo-
[a]pyrene, the major urinary benzo[a]pyrene metabo-
lite, was only detected in the urine of exposed
workers [14] and in animas studies [15,16].
Biomonitoring of benzo[a]pyrene is of great interest
because of its carcinogenic effect. However, because
of its hydrophobicity and molecule size, ben-
zo[a]pyrene is mainly eliminated via the gastro-
intestinal tract.

The aim of our study was the development of a
HPLC-FLD method to enable the simultaneous
detection of the hydroxides of the highly volatile
PAHSs such as naphthalene, which occur in air in the
highest concentrations, and low volatile carcinogenic
PAHSs such as benzo[a]pyrene. Thereby the environ-
mental PAH exposure from different sources could
be better estimated. The method should be suffi-
ciently sensitive to measure the environmental expo-
sure of children because it will be used as a
biomarker in a study of the respiratory diseases of
children.

2. Experimental
2.1. Chemicals

3-Hydroxyphenanthrene, 1-hydroxypyrene, 3-hy-
droxybenzo[a]pyrene and  9,10-dihydroxy-9,10-
dihydrophenanthrene were obtained from Promo-
chem (Wesel, Germany), and «-naphthol and B-
glucuronidase/ arylsulfatase from Merck (Darmstadt,
Germany). The methanol used was gradient grade
(Merck) and water was obtained from a Milli-Q
water purification system (Millipore, Eschborn, Ger-
many).

2.2. Sample preparation

The method for determining PAH hydroxides in
urine consisted of enzymatic hydrolysis, solid-phase
extraction on SPE-C-18, reversed-phase HPLC and
fluorescence detection according to Ref. [3]. To 20
ml urine, 30 ml 0.1 M sodium acetate buffer, pH 5.0,
and 25 pl B-glucuronidase/aryl sulfatase (30 and 20
U/ml, respectively) were added. The mixture was
incubated for 16 h at 210 rpm at 37°C. The sample
was applied to a SPE column packed with 0.5 g
RP-C-18 (Baker, Deventer, The Netherlands), which
was conditioned with 5 ml methanol and 10 ml
water. After washing with 10 ml methanol —water
(40:60, v/v%) the PAH metabolites were eluted with
10 ml methanol. The methanol was evaporated to
dryness under a stream of nitrogen at 40°C and the
residue was dissolved in 2 ml methanol in an
ultrasonification bath. After centrifugation at 600
rpm for 5 min the supernatant was stored in a vial
with a PTFE-lined septum cap at —20°C until HPLC
analysis.

Urine samples were stored at —20°C until analy-
sis. For calibration, pooled urine samples were used
which were extracted with RP-C-18 to eliminate
traces of PAH metabolites and spiked with standards
ranging from 0.19 to 41.24 nmol/l according to
sample concentrations of 0.019 to 4.124 nmol/I.

2.3. Column liquid chromatography

A HPLC system consisting of pumps Model 126
(Beckmann, Miinchen, Germany), a peltier thermos-
tat BFO-04 (Optilab, Berlin, Germany), an auto-
sampler 1050 and a fluorescence detector 1046A
(Hewlett-Packard, Waldbronn, Germany) was used.

Separation was achieved on a 125 mmXx2 mm |.D.
RP-C,, ODS column (particle size 3 wm) with a 10
mmx2 mm |.D. RP-C,; guard column (particle size
5 wm) (Hewlett-Packard). Elution was performed by
means of a water—methanol gradient: 0—20 min a
linear gradient from 40 to 95% methanol, 20—25 min
95% methanol, 25-28 min a linear gradient to 40%
methanol and 28—38 min 40% methanol. The flow-
rate was 0.30 ml/min and the column temperature
was stabilized at 40°C. The injection volume was 10
pl. A time program was used to detect the different
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PAH hydroxides at optimal absorption and emission
wavelengths: 0-21 min excitation and emission
wavelength 242 and 388 nm  (3-hydroxy-
phenanthrene, 1-hydroxypyrene), and 21-38 min
excitation and emission wavelength 248 and 439 nm
(3-hydroxybenzo[a]pyrene). Peak heights were used
for quantification.

3. Results and discussion

Initially, the described water—methanol gradient
was developed to enable the separation of 9,10-
dihydroxy-9,10-dihydrophenanthrene [retention time
(tz)=8.1], a-naphthol (tz=9.5 min), 3-hydroxy-
phenanthrene (t; =15.7 min), 1-hydroxypyrene
(tz = 18.5 min) and 3-hydroxybenzo[a]pyrene (t; =
22.2 min). The HPLC method has a low methanol
consumption (7.1 ml per sample) because of the use
of a microbore RP-C-18 column and a relatively
short run time (38 min). The excitation and emission
wavelengths for each compound were varied to
obtain optimal detection, but the natural fluorescence
of  «-naphthol and  9,10-dihydroxy-9,10-di-
hydrophenanthrene was not high enough to attain
sensitive detection. The detection limits with approx-
imately 70 nmol/l were not adequate for the de-
termination of environmental PAH exposure. For
a-naphthol, similar detection limits were determined
by HPLC-FLD elsewhere [12,13]. 9,10-Dihydroxy-
9,10-dihydrophenanthrene has previously only been
measured by GC-MS [7]. Because of the high
detection limits the study of these compounds was
not pursued further.

Fig. 1A shows a chromatogram of an extract of
pooled urine spiked with 3-hydroxyphenanthrene,
1-hydroxypyrene and 3-hydroxybenzo[a]pyrene. The
PAH hydroxides are well separated from each other
and from the matrix compounds, which mainly elute
within the first 10 min. The 3-hydroxybenzo-
[a]pyrene standard as well as the other standards
were stable for more than 1 month a —20°C, in
contrast to other reports [17].

We attempted to improve the sensitivity of the
method by raising the detector signal amplification,
increasing the injection volume and increasing the
urine sample volume. Singly or in combination this
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Fig. 1. Chromatograms of extracts of (A) pooled urine spiked
with 3-hydroxyphenanthrene (3.3 nmol/l), 1-hydroxypyrene (2.9
nmol /1) and 3-hydroxybenzo[a]pyrene (2.4 nmol/I) (signa ampli-
fication of the detector: pmt gain 16), (B) native urine sample,
with different washing of the SPE column during sample prepara-
tion (signal amplification of the detector: pmt gain 16), (C) native
urine sample of a child with and without 4.4 nmol/l standard
addition (signal amplification of the detector: pmt gain 17).

resulted in interference of the chromatogram by
matrix compounds or in peak tailing. Further cleanup
of the samples prior to HPLC—-FLD analysis was
necessary. The best results were achieved by wash-
ing the SPE column with 40% methanol (Fig. 1B)
without affecting the good recoveries (Table 1). By
this method it was possible to raise the signa
amplification of the detector to pmt gain 17, which
led to larger peaks relative to the background peaks
(Fig. 1C). In addition, the urine volume could be
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Table 1
Recoveries, detection and quantitation limits of the PAH hydroxides
3-Hydroxy- 1-Hydroxy- 3-Hydroxy-
phenanthrene pyrene benzo[a]pyrene
Recovery (%) 77 93+8 84+12
Detection limit (nmol/I)
(DIN 32645) 0.33 0.26 0.34
Detection limit (nmol /1)
(SIN>3) 0.05 0.02 0.19
Quantitation limit* (nmol /1)
(DIN 32645) 1.08 0.86 1.12
Residue standard deviation
(counts) 1.20 0.90 0.40
Standard deviation of
the method® (nmol /1) 0.10 0.08 0.11
Correlation coefficient 0.997 0.998 0.995

® Calculated from the suggestion that the maximal relative uncertainty of the results is 33% at significance level « = 0.01.
® The standard deviation of the method is defined as residue standard divided by the slope of the calibration function and is a parameter

for the quality of the method.

doubled to 20 ml in comparison to the sample
preparation described in the standard method [3].
Increasing the injection volume led to peak tailing,
therefore it was kept at 10 pl.

To demonstrate the reliability of the method,
recoveries, correlation coefficients, detection and
quantitation limits were determined using spiked
urine samples as described in the Experimental
section (Table 1). The recoveries were determined
over the whole concentration range and resemble the
values reported elsewhere [3,5,8,12]. The F-test
demonstrated that the calibration function was linear.
The correlation coefficients were better and the
detection limits lower if the quantification was
carried out by peak heights instead of peak area. The
sengitivity increased from 3-hydroxybenzo[a]pyrene
to 3-hydroxyphenanthrene to 1-hydroxypyrene. The
detection limits were calculated according to two
methods. The values determined by the signal-to-
noise ratio are significantly lower than the values
determined according to DIN 32645, because the
confidence interval is used by the latter method. As
proposed in DIN 32645 the parameters for the
statistic calculations are set so that the compounds
are detected in a sample with a probability of 1%,
athough they are not in redity in the sample
(significance level « =0.01), and aso with a 1%
probability that the compounds are not detected,
athough they are in the sample (significance level

B =0.01). The detection limit and quantitation limit
were determined from the calibration curve. In
comparison, for the signal-to-noise ratio method it is
not evident that the detection limit is, with a defined
probability, always statistically different from zero.
Therefore, the limits calculated according to DIN
32645 are more reliable. The detection limits of
1-hydroxypyrene and 3-hydroxyphenanthrene are
similar to or lower than other values published to
date using the same determination method
[3,5,8,10,17]. The standard deviation of the method
is a parameter of the quality of the method and is
valid over the whole concentration range. The calcu-
lated values are similar for all hydroxylated PAHs
(Table 1).

The method was applied to 10 urine samples from
non-exposed children (Fig. 1B,C) because the meth-
od will be used in a study of the respiratory diseases
of children. 1-Hydroxypyrene and 3-hydroxy-
phenanthrene were detected in all samples, indicating
that the method is very sensitive for these com-
pounds and suitable for the detection of environmen-
tal exposure of children. Concentrations of 0.15—
2.13 nmol/I 3-hydroxyphenanthrene and 0.44-1.79
nmol /1 1-hydroxypyrene were determined. These
values are significantly lower than the 1-hydroxy-
pyrene values for children in a highly industrialized
region of Poland (median 3.2 nmol/l for children of
smoking mothers and 2.5 nmol/l for children of
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non-smoking mothers) [5] and the reference value of
1-hydroxypyrene for non-exposed adults with a
geometric mean of 3.2 nmol/l [3]. Therefore, the
exposure of adults is also likely to be determined by
the method developed here. The standard addition
method was used to improve the reliability of peak
identification (Fig. 1C), as also performed by Whiton
et a. [17]. Only in one sample was 3-hydroxy-
benzo[a]pyrene identified, but the concentration was
below the detection limit. Because benzo[a]pyrene is
eliminated mainly via the gastro-intestina tract the
concentration of metabolites in urine is obviously too
low for detection by HPLC with standard fluores-
cence detection. Therefore, other more sensitive
methods such as HPLC with laser-induced fluores-
cence detection [14,18] are necessary for the mea
surement of benzo[a]pyrene in urine from non-ex-
posed persons, but these methods require laborious
sample preparation [14].

4. Conclusions

The sample preparation and the developed HPLC
method allowed the simultaneous determination of
3-hydroxyphenanthrene, 1-hydroxypyrene and 3-hy-
droxybenzo[a]pyrene in urine with high sensitivity,
small solvent consumption and short run time. The
natural fluorescence of «-naphthol and 9,10-
dihydroxy-9,10-dihydrophenanthrene was not high
enough for sensitive detection. Biomonitoring of
environmental phenanthrene and pyrene exposure of
non-exposed children can be performed by the
described method. The release of benzo[a]pyrene
metabolites is mostly too low for detection.
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