
Journal of Chromatography B, 805 (2004) 187–193

Determination of 1-hydroxypyrene in children urine using
column-switching liquid chromatography and fluorescence detection
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Abstract

This study developed an acid hydrolysis method instead of using enzyme extraction, equipped with column-switching system for the
pretreatment of samples, in the determination of 1-hydroxypyrene in the urine from children and pyrene in airborne particulates. We collected
both types of samples from areas near a petrochemical industry and rural areas as reference. Samples were first treated with acid hydrolysis
and followed by solvent extraction prior to being injected into the separation system for the determination with high performance liquid
chromatography and fluorescence. A column-switching system was on-line with a C18 separation column to remove matrix interference
and obtain a stable baseline of the chromatogram. The eluent used to separate the 1-hydroxypyrene was 60% (v/v) aqueous acetonitrile
solution. A fluorescence detector was used to monitor 1-hydroxypyrene atλex = 348 nm andλem = 388 nm, and pyrene atλex = 331 nm
andλem = 390 nm. Both calibration graphs were linear with very good correlation coefficients (r > 0.999) and the detection limits were
ca. 2 pg (5 ng/l). Results showed that there was a significant association between 1-hydroxypyrene levels in urine specimens and pyrene
levels in airborne particulate samples (r = 0.68,P < 0.05). The average levels of pyrene in the particulates (0.18 versus 0.09 ng/m3) and of
1-hydroxypyrene in urine specimens (155.9 versus 110.2 ng/g creatinine) were higher for the petrochemical area than for the rural area. This
method is stable and sensitive for measuring polycyclic aromatic hydrocarbons in environmental samples.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Polycyclic aromatic hydrocarbons (PAHs) are a group
of well-known environmental carcinogens[1]. The Interna-
tional Agency of Research on Cancer has listed 11 PAHs as
carcinogenic based on animal studies[2]. The most prevalent
source of PAHs is from the combustion of organic materials
[3]. Humans may expose to these chemicals from a variety
of sources, including polluted air, polluted water, smoking,
broiled foods and occupational setting such as coke-oven
industry[4–8]. As a typical PAH, pyrene is metabolized ex-
tensively into 1-hydroxypyrene and then excreted via feces
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and urine[9–12]. Urinary 1-hydroxypyrene is thus used as
a biological marker of PAHs exposure[13,14].

Several analytical techniques have been adapted for the
determination of 1-hydroxypyrene in urine[15–22], em-
ploying enzyme hydrolysis of the conjugates, followed by
solid-phase extraction prior to chromatographic determina-
tion [15–18]. These methods are effective in the measure-
ment of urinary 1-hydroxypyrene, but the procedures of sam-
ple treatment are complicated. It still takes 28 min to com-
plete one experiment even a tailor-mode equipped with cop-
per phthalocyanine-modified porous silica pre-column, and
dichloromethane/ethylacetate silica gel column is used for
the clean-up process[19–21]. It is also an expensive and
time-consuming process.

In the present study, we developed a column-switching
liquid chromatographic technique to determine urinary
1-hydroxypyrene after acid hydrolysis and solvent extraction
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for the sample. In addition, we applied this method for the
routine biological monitoring of urinary 1-hydroxypyrene
for two groups of children, by comparing children living in
an area with petrochemical industry with children living in
a rural area. Pyrene in air particulates was also measured
for these two areas.

2. Experimental materials and methods

2.1. Apparatus

Fig. 1 shows the schematic diagram of the instrument
set-up. Using a fluorescence spectrophotometer (RF-5000,
Kyoto, Japan) as the detector, the high performance liquid
chromatography system was equipped with two HPLC gra-
dient pumps, Model LC-10AD and SCL-10A (Shimadzu,
Kyoto, Japan), an automatic sample injector with six-ports
switching valve (FCV-2AH, Shimadzu, Kyoto, Japan), a
pre-column (Kaseisorb LC ODS-60-5, 50 mm×4.6 mm i.d.,
Tokyo, Japan) and a reversed-phased analytical column (Ka-

Fig. 1. Scheme of instrumental arrangement and procedure of column-switching mechanism described inSection 3.1.

seisorb LC ODS-60-5, 250 mm×4.6 mm i.d., Tokyo, Japan).
The temperature of the analytical column was maintained at
30◦C with thermostat oven (Shimadzu model CTO-6A, Ky-
oto, Japan) at a flow-rate of 1.0 ml/min. The analytical data
were recorded on a microprocessor integrator using Chem
Win 1.0 system (Taipei, Taiwan). Creatinine in urine was
determined photometrically according the Honglan methods
[23]. A high volume sampler (PM10, Kimoto Denshi, Os-
aka, Japan) was used to collect air particulates of<10�m
in diameter (PM10).

The analysis of low chemical levels in urine requires the
use of a very sensitive and accurate method. In order to im-
prove the sensitivity, 1-hydroxypyrene was pre-concentrated
with a reversed-phase pre-column. The impurity of urinary
metabolites was spilt and cleaned up using the paired HPLC
pumps with programmable switching-column and valves.
The concentrated urinary 1-hydroxypyrene was detected
using a fluorescence spectrophotometer. Both the excitation
and emission slits were set to 10 nm. The detection wave-
lengths were changed during each run to measure separate
metabolites with optimal sensitivity and specificity. The
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fluorescence wavelengths were set atλex = 348 nm and
λem = 388 nm for the determinations of urinary 1-hydroxy-
pyrene atλex = 331 nm andλem = 390 nm for pyrene.

2.2. Chemicals and reagents

Chemicals used in this study were all of ACS grade.
1-Hydroxypyrene was obtained from Aldrich (Milwaukee,
WI, USA). Pyrene and acetic acid were purchased from
TCI (Tokyo, Japan). Hydrochloric acid, sodium hydrox-
ide, dimethyl sulfoxide, and sodium hydrogen sulfoxide
were obtained from E. Merck (Darmstadt, Germany).
The HPLC grade solvents, benzene, ethanol, acetoni-
trile, 2-proanol, methanol, and diethyl ether were ob-
tained from Fisher (Springfield, MO, USA). Creatinine
and �-glucuronidase/sulfatase (97,000 U) were obtained
from Sigma (England). Using the Millipore 60 system
(Bedford, MA, USA), the distilled de-ionized water (con-
ductivity: >18 M�/cm) was used for all aqueous solutions.
1-Hydroxypyrene stock solution was prepared by dissolv-
ing 5 mg chemical in 100 ml 2-propanol. The pyrene stock
solution contained 50 mg chemical in 100 ml dimethyl sul-
foxide (DMSO). All solutions were stored in brown bottles
and kept in a−20◦C refrigerator. The mobile phase for
1-hydroxypyrene contained 60% aqueous acetonitrile so-
lution, and the eluent for the pyrene analysis consisted of
85%. All eluents were degassed using helium for 30 min.

2.3. Study subjects, sample collection and preparation

2.3.1. Pyrene sampling
Study subjects were children from two elementary

schools. At Hoping elementary school located near the
petrochemical district in Kaoshiung, Taiwan, was desig-
nated as study area. Nanto elementary school in the rural
area of Nanto County was designated as reference area. Two
types of sample were collected. One was airborne particu-
late sample for the measure of pyrene and the other one was
children’s urine sample for the measure of 1-hydroxypyrene.
Pyrene samples were collected using high volume sampling
technique, 10 m above the ground at schools in the study
areas. The pyrene particulates were captured on glass fiber
filter (10 in. × 8 in., Gelman Science, Michgan, MI, USA)
for 1 week. The samplers were run for 24 h continuously at
a flow rate of approximately 1.1 m3/min and were calibrated
about everyday. All filter samples were stored in dark at
−20◦C until analysis.

2.3.2. Urine sampling
Since children are sensitive to PAHs exposure, the chil-

dren were randomly chosen from the selected schools. Spot
urine samples were collected from 18 boys and 18 girls
(mean age: 11 years) at 3:00–4:30 p.m. at school. Each par-
ticipant was asked to answer a questionnaire for information
including age, transportation status, dwelling conditions, and
other potential sources of PAHs exposure. An aliquot was

taken from each fresh urine sample for creatinine determina-
tion and the adjustment of 1-hydroxypyrene concentration.
The urine samples were portioned in 50 ml tubes and kept
at −20◦C until analysis.

2.4. Sample pretreatment

2.4.1. Pyrene extraction
Pyrene in the particulate was extracted in an ultrasonic

bath. The sample filter was cut by stainless cutter and
placed in a centrifuge tube (Pyrex, 10 ml). Each filter sam-
ple was rinsed with 2 ml of ethanol and immersed in 6 ml
of benzene. The tube was placed in an ultrasonic ice-bath
for 10 min, and then centrifuged for 5 min (3000 rpm). A
3 ml of the supernatant was liquid–liquid extracted with
4 ml of 5% sodium hydroxide. The organic phase was in-
jected into the analytical system. As in our previous study
[24], pyrene in the particulate was extracted ultrasonically
with benzene. However, benzene is a toxic chemical and
classified as the human carcinogens in IARC Monographs.
We use lower toxicity acetonitrile to replace benzene. The
average recovery of airborne pyrene reached 98%.

2.4.2. Acid hydrolysis and urinary pretreatment
Since acid hydrolysis is more feasible than traditional

enzymatic hydrolysis for urinary 1-hydroxypyene, a 10 ml
aliquot of the urine sample was hydrolyzed by adding 2 mg
of sodium chloride, 2 ml of hydrochloric acid, and heated
for 1 h (60◦C). After heating, the hydrolyzed sample was
extracted with 20 ml diethyl ether in a shaker. The organic
phase was evaporated to dryness at 37◦C with a gentle
stream of nitrogen gas. The residue was reconstituted with
1 ml of 2-propanol and injected into LC-FLD for determi-
nation.

In order to select an appropriate solvent for the extrac-
tion of 1-hydroxypyrene, four solvents (toluene, benzene,
dichloromethane, and diethyl ether) were compared. Blank
urinary samples were spiked with 1-hydroxypyrene, ex-
tracted and pretreated as the procedure described previ-
ously, and then analyzed by the proposed column-switching
HPLC/FLD. The average values of extraction efficiency
(n = 5 each) were 48.56% with 8.23% R.S.D. for toluene,
66.24% with 0.35% R.S.D. for benzene, 64.38% with
1.52% R.S.D. for dichloromethane, and 81.62% with 2.73%
R.S.D. for diethyl ether. Thus, diethyl ether was used to
extract 1-hydroxypyrene through this study (Table 1).

For obtaining an optimal efficiency of acid hydrolysis,
parameters that affected the acid hydrolysis such as tem-
perature and time were studied.Fig. 2 shows the effects of
the temperature on the hydrolysis efficiency during 1 h re-
action. The fluorescence response increased as the temper-
ature increased and reached an optimal value at 60◦C. This
phenomenon depicts the transformation of 1-hydroxypyrene
into other derivatives at the temperature >60◦C during acid
hydrolysis. The formation of other products shall cause some
interference and reduce the sensitive of 1-hydroxypyrene
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Table 1
Comparison of extraction efficiency for 1-hydroxypyrene in different sol-
vents

Solvent Extraction efficiency

Recovery (%) R.S.D. (%)

Toluene 48.56 8.23
Benzene 66.24 2.35
Dichloromethane 64.38 2.52
Diethyl ether 85.62 2.73

Fig. 2. Effect of the hydrolysis temperature on detection of response.

analysis at high temperature.Fig. 3 shows the kinetic curve
of acid hydrolysis of conjugated 1-hydroxypyrene at 60◦C
by the hydrolysis time for four urine samples. The fluores-
cence responses to 1-hydroxypyrene increased with reaction
time until 60 min.

2.5. Calibration and recovery tests

Urine samples from children not-exposed to PAHs in
reference area (blank urine) were spiked with three levels
(6.87, 13.74 and 27.48 ng/ml) of 1-hydroxypyrene stan-
dard for the recovery study, allowing the calibration range

Fig. 3. The kinetic curve of acid hydrolysis obtained from four urine
samples.

Table 2
Column-switching analytical procedure

Function Separation Analysis Stable

Valve position A B A B

Pump flow (ml/min)
Pump A 1 2 1 1
Pump B 1 1 1 1

Sample injection (min)
0 3.8 12 14

Position A is normal mode. Position B is switched. Mobile phase is
CH3CN:H2O = 6:4 (v/v). Pump A and pump B are used to carry out the
eluent of 60% acetonitrile.

extended from 0.07 to 51.00 ng/ml. The standard solution
contained 1.02�g/ml of 1-hydroxypyrene in 2-proponal.
Moreover, aliquots (30�l) of pyrene standard solution was
added to sample filter, at seven levels ranged from 13.92 to
1127.78 ng/ml. These calibration samples were treated and
analyzed using above described procedure. All spike tests
were measured in triplicate. Recovery yields were calcu-
lated based on the regression line of standard solutions in
the same concentration range.

2.6. Statistical analysis

In addition to measure the efficacy of the sample treat-
ment and assay, data analyses measured Pearson’s correla-
tion coefficients (r) between the 1-hydroxypyrene levels in
urine and pyrene levels in air particulates, and compared the
average levels 1-hydroxypyrene and pyrene in samples ob-
tained from petrochemical area with that obtained from the
rural area. Statistical analyses were conducted in SPSS/PC+
(SPSS, Inc., Chicago, IL). All tests were regarded as signif-
icant whenP < 0.05.

3. Results and discussion

3.1. Optimization program of column-switching and
clean-up

Using the conventional procedure, the analysis of ex-
tracted samples is affected by outside interferences and
poor baseline stability due to the complexity of sample
matrix. In order to improve the quantitative determination,
a “pre-column” was served as a heart-cutting technique to
clean-up the interferences in urinary sample prior to the an-
alytical column. The column-switching scheme is illustrated
in Fig. 1. The switching valve and HPLC-pumps controlled
interference removal.Table 2shows the timetable to switch
column and the flow rates of pumps.

As shown inFig. 1 andTable 2, the sample aliquot was
injected at A status and eluted through the pre-column first
with eluent solution at the beginning. The switching valve
was switched to B status at 3.8 min and remained until
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Fig. 4. LC-FLD chromatograms of standard sample and authentic sam-
ples. (A) Standard sample (0.63 ng/ml). (B) Authentic sample 1: the chro-
matogram of using column-switching method (0.50 ng/ml). (C) Authen-
tic sample 2: the chromatogram of off-line purification analysis method
(0.50 ng/ml). Response is fluorescence response intensity.

12 min for heart-cut and clean-up. The chromatographic sys-
tem ran at in A status during the period of 12–14 min and
return to B status after 14 min. The gradient flow of ace-
tonitrile for pump A was kept at 1.0 ml/min for 3.8 min, lin-
early increased to 2.0 ml/min over 8 min and then back to
1.0 ml/min until the completion of analysis. By the comple-
tion of each analysis, the pre-column was cleaned up while
the new sample was injected into the sample loop at status
A. The flow-rate of pump B was kept at 1.0 ml/min during
the running procedure.

A pre-column contained C18 stationary phase (50 mm×
4.6 mm) with 60% (v/v) aqueous acetonitrile as an eluent
provided the best efficacy for clean-up and separation among
several tested conditions. This procedure demonstrated an
optimal condition in interference removal. Under this con-
dition, the chromatogram of the authentic sample was clear
with no residue present, with a good resolution, and with
a steady baseline similar to that obtained from the analy-
sis of standard sample. The analytical chromatogram for the
sample by separate cut purification displayed the fluctuated
baseline with some interferences by other species (Fig. 4).
We consider this on-line column-switching method for the
analysis of urinary 1-hydroxypyrene a time saving, sensitive
and reliable process.

3.2. Hydrolysis of conjugates and extraction efficiency

This study compared the efficiency of acid hydrolysis at
the optimized conditions with that of enzymatic hydroly-
sis, using 30�l of standard materials of 6.87, 13.74, and
27.48 ng/ml, spiked into blank urine specimen.Table 3
shows the average recovery rates for both hydrolysis meth-
ods. No significant differences of hydrolysis efficiency were
found between these two methods. Nevertheless, it took

Table 3
Comparison of hydrolysis efficiency for 1-hydroxypyrene in different
methods

Concentration
(ng)

Acid hydrolysis Enzymatic hydrolysis

Recovery
(%)

R.S.D.
(%)

Recovery
(%)

R.S.D.
(%)

6.78 86 5.5 88 9.5
13.74 88 2.9 87 0.8
27.48 85 1.8 86 2.0

R.S.D.: relative standard deviation.

a longer incubation time for the enzymatic hydrolysis to
ensure the completeness of the reaction.

3.3. Chromatographic separation and fluorescence
detection

3.3.1. Optimization of eluent condition and identification
of analytes

In the optimization tests for the best aqueous solution, we
found that 60% acetonitrile offered adequate separation of
1-hydroxypyrene from other species co-injected. The opti-
mal eluent composition for pyrene analysis consisted of 85%
aqueous acetonitrile solution with isocratic elution.Figs. 4
and 5 show the chromatograms of standard samples and
authentic samples for 1-hydroxypyrene and pyrene, respec-
tively, at the optimal separation and detection conditions.
The retention behaviors of samples were comparable with
that of standards.

3.4. Detection limit, precision, and linearity

Calibration plots were constructed for 1-hydroxypyrene
and pyrene over the concentration is the ranges of

Fig. 5. LC-FLD chromatograms of standard sample and authentic sam-
ple. (A) Standard sample (41.78 ng/ml). (B) Authentic sample: the chro-
matogram of airborne pyrene (21.00 ng/ml). Response is fluorescence re-
sponse intensity.
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Table 4
Reproducibility of peak area and retention time in analytes

Compounds Calibration range (ng/ml) Linearity LOD (pg) Peak area (R.S.D., %) Retention time (R.S.D., %)

1-Hydroxypyrene 0.07–51.0 0.999 2 2.40 0.32
Pyrene 13.9–1127.7 0.999 1 0.76 0.29

Table 5
Methodological comparison in1-hydroxypyrene determination among latest studies

Method Present study [25] [26] [27]

Extraction method Acid hydrolysis �-Glucuronidase hydrolysis �-Glucuronidase hydrolysis On-line extraction
Extraction recovery (%) 85–90 93 Unknown 99
Recovery (R.S.D., %) 1.8–5.5 8 Unknown 2
Extraction time (min) 60 960 960 20–30
Column-switching use 1 0 0 3
Retention time 4.8 18.5 40 20
LOD (ng/l) 5 57 32 20
Internal standards None None None None
Resolution Stable Unstable Unstable Unstable

R.S.D.: relative standard deviation; LOD: limit of detection.

0.05–51 ng/ml and 14–1128 ng/ml, respectively. Least
square linear regression analysis was used to estimate (a)
slope and (b) intercept of calibration curvey = ax + b,
where y is the ratio between the peak area of analyte
and that of internal standard, andx the concentration of
the analyte (ng/ml). The LOD of assay, for pyrene and
1-hydroxypyrene, is calculated according to the expression:
LOD = 3(SEb + b)/a, where SEb is the standard error of
the intercept,b the intercept anda the slope. The calibration
equations werey = −4.8 + 17.42x for 1-hydroxypyrene
and y = 13.50 + 5.14x for pyrene. The linear correlation
coefficients (r) of both species were above 0.999. The over-
all repeatability of the assay was estimated using relative
standard deviation (R.S.D., %) and calculated by repeating
for 10 samples in the analysis for each qualities control
sample. This resulted R.S.D. in the range of 0.29–2.40% for
peak area and retention time (Table 4). The detection limit
was estimated 2 pg for 1-hydroxypyrene in 20�l injected
volume, and 1 pg for pyrene in 10�l of injected volume.
These detection limits were lower than that from the au-
thentic samples of urine and air. But,Table 4shows that the

Table 6
Comparison in urinary 1-hydroxypyrene level for children and particulate pyrene concentration between petroleum exposure and reference area

Compound Exposure area
(n = 36)

Reference
area (n = 36)

P-value

Average Range Average Range

1-Hydroxypyrene
(ng/g creatinine)

155.9 15.4–448.7 110.2 16.9–241.4 <0.05

Pyrene (ng/m3) 0.18 0.04–0.34 0.09 0.01–0.21 <0.05

Exposure group consisted of the children near petrochemicals in Kaoshiung city, and the reference group the children at a rural area, Nanto.

reproducibility of peak area and retention time is 10 times
of analysis. The deviations obtained in this process both for
pyrene and 1-hydroxypyrene were<3%.

3.5. Comparison in 1-hydroxypyrene determinations
among studies

The determination of urinary 1-hydroxypyrene had been
reported in several papers.Table 5 [25–27]compared the
present study with other three studies. The proposed method
is the best on LOD, extraction time and retention time for
the determination of urinary 1-hydroxypyrene. The recovery
rates of acid hydrolysis extraction ranged 85–90%, near the
results by other methods such as�-glucuronidase enzymatic
hydrolysis and on-line extraction. For column-switching
technique, Simon et al.[27] have developed a three-valves
technique with good accuracy and precision. But, the tech-
nique is complex and inconvenient. The present proposed
column-switching technique used only one switch-valve
was simple, accurate, and practical, and had the accuracy
and precision similar to Simon method.
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3.6. Environmental and biological monitoring of polycyclic
aromatic hydrocarbons

The average level of pyrene in airborne PM10 was sub-
stantially higher in samples obtained from the studied petro-
chemical industry area than that from the rural area (0.18
versus 0.09 ng/m3, P < 0.05) (Table 6). The average level of
urinary 1-hydroxypyrene for children living near the petro-
chemical area was significantly higher than that living in the
rural area (155.9 versus 110.2 ng/g creatinine,P < 0.05).
We consider that the level of urinary 1-hydroxypyrene is
associated with the emission of pyrene in solid particulates
from the petrochemical plant in Kaoshiung. We found a sig-
nificant association between urinary 1-hydroxypyrene con-
centration in children and airborne pyrene (r = 0.68, P <

0.05). Our results offer a database on the potential risk of
environmental exposure to pyrene for children.

4. Conclusion

We have developed an effective extraction process, for
the determination of 1-hydroxypyrene in the urinary sam-
ple by liquid chromatography, using a switchable clean-up
pre-column prior to transiting the analyte to the analytical
column. The time programming heart-cut technique is ef-
fective to clean-up the complexity from urine matrix. The
detection limit of 1-hydroxypyrene is 2 pg (5 ng/l). Recov-
ery yield from acid hydrolysis is above 85%. This study also
found that the concentration of urinary 1-hydroxypyrene
for children has a strong association with the concentra-
tion of airborne pyrene. The proposed system is practicable
and reliable, and particularly attractive for routine analysis.
This method is sensitive enough to determine the environ-
mental exposure to the low level of polycyclic aromatic
hydrocarbons.
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