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Abstract A method is presented for determining mono-
hydroxy polycyclic aromatic hydrocarbons (OHPAHs)
having 2-, 3- and 4-rings in human urine by using high-
performance liquid chromatography with fluorescence
detection. A urine sample containing conjugates of
OHPAHs was hydrolysed in the presence of β-glucuron-
idase/aryl sulfatase and the solution was cleaned up with a
solid-phase extraction (C18 and silica). Eight OHPAHs,
namely 1- and 2-hydroxynaphthalenes, 2-hydroxyfluorene,
2-, 3- and 4-hydroxyphenanthrenes, 3-hydroxyfluor-
anthene and 1-hydroxypyrene, were separated and 1- and
9-hydroxyphenanthrenes co-eluted on an alkylamide-type
reversed-phase column with fluorimetric detection. The
urinary concentrations of OHPAHs were quantified by
using deuterated 1-hydoxypyrene as an internal standard.
The method showed good repeatability for inter- and intra-
day precisions as well as good linearity of calibration
curves (r2 ranged from 0.996 to 0.999). The limits of
detection (S/N=3) were in the range from 2.3 fmol to
2.2 pmol per injection. This method was successfully
applied to urine samples from non-smoking taxi drivers,
traffic policemen and rural villagers of Chiang Mai,
Thailand. The results showed higher urinary concentrations
of OHPAHs in rural villagers, consistent with higher
respiratory exposure to PAHs.
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Introduction

Polycyclic aromatic hydrocarbons (PAHs) are formed and
emitted into the environment as a result of incomplete
combustion of organic materials from natural and human
activities. Some PAHs are carcinogenic or co-carcinogenic
compounds [1]. PAHs are also known to have endocrine-
disrupting activity [2, 3]. Humans are exposed to PAHs
from air, water and foods. Therefore, environmental
pollution, human activity and/or life-style might affect
the exposure level of PAHs. PAHs are absorbed into the
human body through the skin, lungs and gastrointestinal
tract, and are then metabolized to their monohydroxylated
PAHs (OHPAHs) and finally to glucuronides and sulfates.
Conjugates of OHPAHs are excreted in urine or bile.

Measurement of OHPAHs in human urine is a
method to assess recent individual exposure to PAHs,
in particular, when multiple routes of exposure have to
be taken into account. Urinary metabolites of PAHs
reflect a more accurate estimation of the quality of the
actual PAH intake compared to ambient air measure-
ments because they estimate the internal dose. In 1987,
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Jongeneelen et al. [4] developed an HPLC method for
the determination of 1-hydroxypyrene (1-OHPyr), one
of the major urinary metabolites of pyrene. Urinary
1-OHPyr has been used in various studies as a
biological indicator of exposure to PAHs [5–7]. Work-
ers occupationally exposed to high concentrations of
PAHs (e.g. from coke plants, road paving, wood
impregnation and aluminium smelting) have shown
elevated excretion of 1-OHPyr. This biological mon-
itoring method has the disadvantage that it does not
measure the metabolites of PAHs other than pyrene. In
other words, 1-OHPyr may sometimes be an indicator
of the absorption of pyrene only. Therefore, analytical
methods for simultaneously determining OHPAHs in
human urine have been recently proposed. We recently
developed a column-switching method that has a high
selectivity for 2-hydroxyfluorene (2-OHFle) [8]. 2-OHFle
was a suitable indicator of the exposure to PAHs in the
vapour phase from smoking [9]. Thus, simultaneous
determination of several urinary OHPAHs may provide
more comprehensive information to estimate the individ-
ual exposure to PAHs.

Exposure to PAHs via the inhalation pathway is due to
PAHs being present in ambient and indoor air. Most people
spend more than 80% of their time indoors, so indoor air is
a significant contributor to human exposure to PAHs. Other
sources of PAHs besides ambient air include cigarette
smoke [10, 11] and domestic heating [12]. In ambient air
and indoor air, the concentrations of the two-, three- and
four-ringed PAHs, which are predominantly in the vapour
phase, were significantly higher than those of five-ringed
or larger PAHs that are primarily associated with the
particulate phase [13–15]. In particular, several findings
indicated that concentrations of 2- to 4-ringed PAHs in
indoor air always exceed those in ambient air [13–15].
Therefore, the metabolites of naphthalene, fluorene, phen-
anthrene, fluoranthene and pyrene to which humans may
be exposed at high concentrations were chosen as multiple
biomarkers of exposure to representative PAHs having two
to four rings in this study.

Many HPLC methods have been used to determine
urinary OHPAHs such as hydroxynaphthalenes (OHNaps)
and/or hydroxyphenanthrenes (OHPhes) and/or 1-OHPyr
[16–19]. GC-MS has also been used to determine various
OHPAHs, although it requires a derivatization step [20,
21]. HPLC methods seem to be easier than GC-MS
methods and have been preferred as the method of choice
for determining urinary OHPAHs. On the other hand, the
use of an internal standard or standard addition method is
desirable to accurately quantify an analyte in biological
samples. The sample matrix and interferences may be
different in different lots of the urine, originating from
different subjects, and may therefore result in variation in
the recovery of the pretreatment method. Use of an internal
standard for the analysis of biological samples is highly
recommended, since the standard addition method requires
that samples be run at least three times. We previously
developed HPLC methods for determining 1-OHPyr [22]
and 2-OHFle [8] by using their deuterated internal

standards with fluorescence detection and demonstrated
the usefulness of the internal standards.

In this study, we developed an HPLC method for
simultaneously determining ten urinary OHPAHs, including
1- and 2-OHNaps, 2-OHFle, 1-, 2-, 3-, 4- and 9-OHPhes,
3-hydroxyfluoranthene (3-OHFrt) and 1-OHPyr. Deuterated
1-OHPyr (1-OHPyr-d9) was used for the quantification of
the analytes as an internal standard. As an application,
characteristics of urinary OHPAHs of Thai non-smoking
subjects were investigated.

Experimental

Chemicals

2-OHFle and 1-OHPyr were purchased from Aldrich
(Milwaukee, WI, USA). 1- and 2-OHNaps were purchased
from Wako Pure Chemicals (Osaka, Japan). 1-, 2-, 3-, 4-
and 9-OHPhes and 1-OHPyr-d9 (internal standard) were
obtained from Chiron AS (Trondheim, Norway). 3-OHFrt
was purchased from the NCI Chemical Carcinogen
Repository (MRI, Kansas City, MO, USA). HPLC-grade
acetonitrile was obtained from Kanto Chemical (Tokyo,
Japan) and water was obtained from a Milli-Q water
purification system (Millipore, Bedford, MA, USA). All
other chemicals and solvents used were of analytical
reagent grade and obtained from Wako. Stock solutions of
OHPAHs were prepared in methanol. A working solution
of ten OHPAHs was made by combining each stock
solution and diluting further in methanol.

HPLC system and conditions

The HPLC system consisted of a Rheodyne sample injector
with a 200-μL loop, two LC-10AD pumps, a DGU-14A
degasser, a CTO-10AS column oven, a RF-10AXL
fluorescence detector and an SCL-10A system controller
(all from Shimadzu, Kyoto, Japan) controlled by Shimadzu
CLASS-VP Ver.6.1 software. OHPAHs were separated on
a Discovery RP-Amide C16, column (250×4.6-mm I.D.,
5 μm, Supelco, Bellefonte, PA, USA) with a guard column
(Discovery RP-Amide C16 20×4-mm I.D., 5 μm, Supelco).
The following HPLC conditions were used: eluent A,
10 mM phosphate buffer (pH 7.0); eluent B, acetonitrile;
gradient program, 0–20 min (eluent B composition, 45%),
20–37 min (B, 45–60%), 40–45 min (B 60%); detection
wavelength program (excitation/emission (nm)), 0–16 min
(227/355), 16–21 min (270/327), 21–36 min (256/370),
36–38 min (292/473), 39–45 min (240/387). The optimal
excitation and emission wavelengths for each OHPAH are
shown in Table 1. The flow rate was kept at 1.0 mL min−1

and column temperature was maintained at 40 °C. The
columns were washed with the eluent (B composition,
90%) for 5 min after the analysis was finished at 45 min.
After the wash, the mobile phase under the initial
conditions was run for 15 min before the next sample
was injected.
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Sample preparation

To determine the ten OHPAHs in a urine sample, a 10-mL
aliquot of urine sample was pretreated according to our
previous methods used to determine urinary 1-OHPyr or
2-OHFle [8, 22] with some modifications. A urine sample
was adjusted to pH 5.0 with 0.1 M HCl and then buffered
with 20 mL of 0.1 M acetate buffer (pH 5.0). After
1-OHPyr-d9 (internal standard) was added, the reaction
mixture was incubated for 2 h with β-glucuronidase/aryl
sulfatase (1,655 and 63 units, respectively) at 37 °C. Using
a vacuum manifold holding 10 cartridges, the reaction
mixture was then loaded onto a Sep-Pak C18 cartridge
(Waters, Milford, MA, USA) that had been primed with
5 mL methanol and 10 mL water. The cartridge was
sequentially washed with 10 mL water and 10 mL of 20%
methanol in water. The cartridge was completely dried
under vigorous air flow, then connected to a Sep-Pak Silica
Plus cartridge (Waters), which was conditioned with 20 mL
n-hexane. After washing with 10 mL n-hexane, the trapped
metabolites were eluted with 10 mL n-hexane/ethyl acetate
(9:1, v/v) through the two cartridges. After the addition of

20 μL dimethylsulfoxide, the eluate was evaporated. The
residue was redissolved in 180 μL of methanol, and
sonicated. A 10-μL aliquot of the solution was then
injected into the HPLC system.

Precision and accuracy

Precision and accuracy of intra-days (within-day) and inter-
days (between-day) were studied by replicate analysis
(n=5) of a pooled urine sample. The urine sample with the
enzymatic hydrolysis was spiked at two concentrations of
144 and 720 nmol L−1 for 1-OHNap; 4.0 and 20 nmol L−1

for 2-OHNap and 3-OHFrt; 0.96 and 4.8 nmol L−1 for
2-OHFle, 1-OHPhe, 2-OHPhe, 3-OHPhe, 4-OHPhe and
9-OHPhe; 0.48 and 2.4 nmol L−1 for 1-OHPyr. The sample
concentrations were quantified from the peak area ratio of
the metabolites to 1-OHPyr-d9. Precision is expressed as
the percentage of relative standard deviation (RSD, %).
Accuracy is expressed by the following formula: (mean
observed concentration/spiked concentration)×100 (%).

AbbreviationCompound Excitation
(nm)

2

3
4

9

3

1

2

1
2

OH

1

OH

OH

OH

OH

1-hydroxynapthalene

2-hydroxynapthalene

2-hydroxyfluorene

1-hydroxyphenanthrene

2-hydroxyphenanthrene

3-hydroxyphenanthrene

4-hydroxyphenanthrene

9-hydroxyphenanthrene

3-hydroxyfluoranthene

1-hydroxypyrene

1-OHNap

2-OHNap

2-OHFle

1-OHPhe

2-OHPhe

3-OHPhe

4-OHPhe

9-OHPhe

3-OHFrt

1-OHPyr

277

277

270

256

256

256

256

256

292

240

Emission
(nm)

355

355

327

370

370

370

370

370

473

387

Structure

Table 1 Optimal excitation and emission wavelengths for OHPAHs

714



Sample collection

First urine samples after getting up in the morning were
collected from thirty Thai non-smoking male subjects
(mean age, 42.2; range, 25–62) who lived in Chiang Mai,
Thailand. The 30 subjects consisted of rural villagers
(n=10) who live in the countryside and most of whom work
as farmers in that area, taxi drivers (n=10) and traffic
policemen (n=10), who worked mainly in the downtown
area. Each subject filled out a questionnaire concerning the
sources of PAHs, foods during the last 2 days, cigarette
smoke and occupational PAH exposure. The urine speci-
mens were kept at −20 °C until analysis. Urinary
concentrations of OHPAHs were normalized to the creat-
inine concentration (mol/mol creatinine), which was
determined with a test kit (Wako) according to Jaffe’s
method [23]. Mean urinary OHPAH concentrations were
compared statistically, using an unpaired Student’s t-test
with StatView-J 5.0 (Nankodo, Tokyo, Japan), in which a
value of P< 0.05 was considered to be significant.

Results and discussion

Chromatography

To separate 1-OHPyr and the internal standard (1-OHPyr-
d9), we chose an alkylamide-type reversed-phase column,
because 1-OHPyr and the deuterated internal standard were
well separated on this column, though not on an ODS
column [22]. Figure 1 shows typical chromatograms of a
standard mixture of the ten OHPAHs and a Thai non-
smoking taxi driver’s urine. The latter chromatogram
shows that ten kinds of OHPAHs, 1- and 2-OHNaps,
2-OHFle, 2-, 3- and 4-OHPhes, 1- and 9-OHPhes and
1-OHPyr, in human urine were quantitatively separated.
1-OHPyr-d9 eluted prior to the non-deuterated compound
with enough resolution (Rs, 1.45). 1- and 9-OHPhes co-
eluted and could not be quantified separately. Since the
peak intensity of 1-OHPhe was almost the same as that of
9-OHPhe, it is possible to quantify the total concentration
of these two OHPhes. Several groups have developed
HPLC/fluorescence detection methods for simultaneously
analysing one OHNap, five OHPhes and 1-OHPyr [16],
three OHPhes and 1-OHPyr [17], five OHPhes and
1-OHPyr [18], and two OHNaps, five OHPhes and
1-OHPyr [19]. The elution order of OHPAHs in this
study was similar to elution orders previously reported [16,
19]. In this study, we successfully developed an analytical
method for simultaneous determination of 10 kinds of
OHPAHs, and use of the deuterated compound as an
internal standard allowed them to be accurately quantified.

Sample preparation

The efficient removal of substances that interfere with the
detection of analytes is necessary for the pretreatment of
biological samples. Human urine contains many fluores-

cent hydrophilic materials, and the retention of OHPAHs
on a reversed-phase column decreases with decreasing ring
number. In our preliminary study, it was difficult to detect
and identify OHNaps and 2-OHFle in urine samples treated
only with a C18 SPE cartridge due to the many interfering
peaks in the chromatogram. Although we have successfully
identified and quantified urinary 2-OHFle by using a
column-switching technique [8], such a switching method
seems to have difficulty in simultaneously analyzing a
number of analytes with different retention times. There-
fore, we developed a pretreatment method for urine
samples using two different types of SPE cartridge (Sep-
Pak C18 and Silica cartridges). Although various kinds of
normal-phase SPE cartridges including aminopropyl
(NH2), diol, cyanopropyl (CN) and silica were evaluated
in combination with a Sep-Pak C18 cartridge (data not
shown), the best recovery (95%) was obtained by a
combination of C18 and silica cartridges. After loading of
hydrolysed urine, the C18 cartridge was washed with
milli-Q water followed by methanol/water (2:8, v/v).
Washing the C18 cartridge with solutions containing
more than 20% of methanol greatly decreased the
recoveries of OHNaps. We previously showed that
OHPAHs were retained with n-hexane on the silica
cartridge, and the specific elution of OHPAHs is
successfully achieved by the slight increase of the
eluotropic strength of the eluting solvent (i.e. the
addition of ethyl acetate to n-hexane) [24]. Almost all
of the OHPAHs trapped on the C18 cartridge were eluted
with n-hexane and were retained on the silica cartridge.

Fig. 1 Representative HPLC chromatograms of a standard solution
(a) and a urine sample from a Thai non-smoker (b)
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A fraction of interfering materials was also eluted with
n-hexane, and the solvent washed out the materials
which are more hydrophobic than OHPAHs. After that,
OHPAHs were eluted with n-hexane/ethyl acetate (9:1,
v/v) through the two cartridges, whereas the interfering
materials which are more hydrophilic than OHPAHs
were trapped on the silica cartridge. Figure 1b shows a
representative chromatogram of a Thai non-smoking taxi
driver’s urine. After treatment with the SPE cartridges
(C18 and silica), the peaks of the ten OHPAHs were free
from any interfering peaks, though several interfering
peaks were observed around the peaks of OHNaps. The
vapour pressures of OHPAHs are one to three orders of
magnitude lower than those of the parent PAHs [24].
However, 1-OHNap and 2-OHNap were easily lost
during the evaporation step and decreased their recov-
eries in the pretreatment method. Their vapour pressures
(0.19 and 0.22) are higher than those of other OHPAHs
(6.1×10−4–3.9×10−6). The addition of dimethylsulfoxide
(DMSO) to the eluate effectively prevented the loss of
OHNaps, because DMSO is not volatilized during the
evaporation, dissolves the analytes and is mixable with
hydrophilic solvents such as methanol [25].

Detection limits, calibration curves, quantification
limit and validation

As shown in Table 2, the limits of detection (S/N=3) were
in the range from 2.3 fmol per injection (1-OHPyr) to
2.2 pmol per injection (1-OHNap). Good linearities of the
calibration curves were obtained for all OHPAHs
(0.996≤r2≤0.999). Their slopes were almost identical to
those of the working curves obtained by adding standard
OHPAHs into human urine. The limit of quantification for
OHPAHs ranged from 64 pmol L−1 urine (1-OHPyr) to
14.4 nmol L−1 urine (1-OHNap). The analytical intra-day
(n=5) and inter-day (n=5) data of the ten urinary OHPAHs
are acceptable with variation in the values from 1.6%
(3-OHFrt) to 17% (2-OHPhe) for precision and 92.3%
(3-OHFrt) to 119% (3-OHPhe) for accuracy (Table 3).
These values indicate that 1-OHPyr-d9 is an excellent

internal standard and the proposed method is satisfactory
for determining OHPAHs in human urine. The limit of
quantification for OHPAHs in this study were lower than
those of the reported methods with HPLC-fluorescence
detection (0.7–6.9 nmol L−1 urine [16] and 0.8–
28.0 nmol L−1 urine [19]).

Application of the method

By using the proposed method, OHPAHs were quantified
and compared in urine samples of non-smoking male
subjects who lived in Chiang Mai, Thailand. The subjects
were divided into three groups, namely rural villagers, taxi
drivers and traffic policemen. The taxi drivers and traffic
policemen lived in the urban area of the city and were
expected to be continually exposed to automobile exhaust.
On the other hand, the rural villagers had little or no source
of PAHs related to automobile exhaust. The mean
concentrations of OHNaps (normalized to the concentra-
tion of creatinine) were much higher than those of
2-OHFle, OHPhes and 1-OHPyr in all groups (Table 4).
PAH concentrations in outdoor and indoor air increase with
decreasing ring number; in particular, the concentration of
naphthalene is approximately 10 to 50 times higher than
other PAHs [13–15]. The concentrations of urinary
OHPAHs also increased with decreasing ring number.
3-OHFrt was not detected in any of the urine samples tested
in this study. Grimmer et al. determined urinary total OHFrt
at the mean concentration of 0.1 ng L−1 urine for
unexposed volunteers [26]. Our finding that the urinary
3-OHFrt level was below the detection limit for all subjects
in this study was also consistent with their result.

The most interesting result was that the concentrations
of all detected metabolites, except for 1-OHNap, of rural
villagers were significantly higher than those of the other
two groups (Table 4). In contrast, no significant
difference in any of the metabolites was found between
the taxi drivers and the traffic policemen. The urinary
1-OHPyr level (1.2 μmol/mol creatinine) of the rural
villagers was much higher than that of non-occupation-
ally exposed non-smoking subjects from various coun-

Table 2 Calibration curves, detection limits and quantification limits of 10 kinds of OHPAHs

Number Compound Range (nmol L−1) Correlation (r2) DLa (fmol/injection) QLb (pmol L−1 urine)

1 1-OHNap 0.72–180 μmol L−1 0.999 2.2 pmol 14.4 nmol
2 2-OHNap 20.0–5,000 0.999 53 400
3 2-OHFle 4.80–1,200 0.996 4.8 96
4 1- and 9-OHPhec 4.80–1,200 0.996 12 96
5 2-OHPhe 4.80–1,200 0.998 9.3 96
6 3-OHPhe 4.80–1,200 0.997 9.6 96
7 4-OHPhe 4.80–1,200 0.997 12 96
8 3-OHFrt 20.0–5,000 0.996 15 400
9 1-OHPyr 3.20–800 0.997 2.3 64
aDetection limit (S/N=3)
bQuantification limit
cCo-eluted
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tries (0.03–0.68 μmol/mol creatinine) and much higher
than the proposed limit for 1-OHPyr (0.24 μmol/mol
creatinine) for them [27]. The concentrations of other

OHPAHs also exceeded post-shift OHPAH levels in
workers exposed to diesel exhaust [16]. The villages
were located in the countryside near forests and the

Table 4 Urinary concentrations (μmol/mol creatinine) of 10 kinds of OHPAHs

Group 1-OHNap 2-OHNap 2-OHFle 2-OHPhe 3-OHPhe 1- and
9-OHPhe

4-OHPhe 3-OHFrt 1-OHPyr

Rural villager
(n=10)

Mean±SD 7.58±4.75 12.14±6.06b 2.62±1.45b 0.82±0.41b 1.15±0.34b 0.51±0.28b 0.09±0.06c nda 1.2±0.7b

Range 1.69–14.88 2.21–20.17 0.4–5.07 0.12–1.28 0.48–1.56 0.1–0.88 0.02–0.19 nd 0.17–2.35
Number nd – – – – – – – 10 –

Taxi driver
(n=10)

Mean±SD 6.61±3.79 2.28±1.75 0.34±0.2 0.15±0.11 0.19±0.11 0.1±0.07 0.02±0.01 nd 0.27±0.19
Range 1.51–11.96 0.51–4.68 0.1–0.62 0.04–0.38 0.07–0.45 0.04–0.24 0.01–0.05 nd 0.06–0.53
Number nd 1 – – – – – 1 10 –

Traffic
policeman
(n=10)

Mean±SD 4.67±1.71 2.74±2.33 0.37±0.29 0.11±0.08 0.11±0.07 0.13±0.09 0.03±0.03 nd 0.18±0.13
Range 2.53–7.28 0.69–7.59 0.13–0.87 0.04–0.14 0.04–0.21 0.02–0.29 0.01–0.09 nd 0.1–0.5
Number nd 2 – – – – – 2 10 –

aNot detected
bSignificantly different from the taxi driver and traffic policeman (P<0.001)
cSignificantly different from the taxi driver and traffic policeman (P<0.05)

Table 3 Precision and accuracy for determination of 10 kinds of OHPAHs

Spiked urinary
concentration (nM)

Intra-day (n=5) Inter-day (n=5)

Observed concentration
(mean±SDa, nM)

RSD
(%b)

Accuracy
(%c)

Observed concentration
(mean±SDa, nM)

RSD
(%b)

Accuracy
(%c)

1-OHNap 0 nd d – – nd – –
144 144±10 6.9 100 144±10 6.9 100
720 794±26 3.3 110 812±16 2.0 113

2-OHNap 0 26.0±2.7 10 – 25.3±2.2 8.7 –
4.00 30.7±4.2 14 118 29.8±3.2 11 113
20.0 47.7±1.3 2.7 109 46.7±2.9 6.2 107

2-OHFle 0 2.06±0.23 11 – 2.04±0.22 11 –
0.96 3.10±0.31 10 108 3.21±0.39 12 122
4.80 6.56±0.23 3.5 93.8 7.66±0.23 3.0 117

1-+9-OHPhe 0 1.20±0.12 10 – 1.81±0.11 6.1 –
0.96 2.24±0.22 9.8 108 2.74±0.32 12 96.9
4.80 6.57±0.42 6.4 112 6.56±0.41 6.3 99.0

2-OHPhe 0 0.35±0.06 17 – 0.32±0.03 9.4 –
0.96 1.43±0.20 14 113 1.43±0.21 15 116
4.80 5.92±0.27 4.6 116 5.89±0.24 4.1 116

3-OHPhe 0 1.01±0.15 15 – 0.98±0.13 13 –
0.96 2.05±0.15 7.3 108 2.05±0.15 7.3 111
4.80 6.66±0.20 3.0 118 6.68±0.19 2.8 119

4-OHPhe 0 nd – – nd – –
0.96 1.08±0.05 4.6 113 1.04±0.04 3.8 108
4.80 5.51±0.32 5.8 115 5.30±0.21 4.0 110

3-OHFrt 0 nd – – nd – –
4.00 3.78±0.21 5.6 94.5 3.73±0.12 3.2 92.3
20.0 18.6±0.30 1.6 93.0 18.6±0.30 1.6 93.0

1-OHPyr 0 0.65±0.09 14 – 0.67±0.09 13 –
0.48 1.16±0.12 10 106 1.14±0.09 7.9 97.9
2.40 3.20±0.20 6.3 106 3.23±0.14 4.3 107

aSD standard deviation
bRSD relative standard deviation
cExpressed as [(mean observed concentration)/(spiked concentration)]×100
dnd not detected
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traffic volume was much lower than that of the Chiang
Mai downtown area. The high urinary levels of OHPAHs
of rural villagers are thought to be mainly due to
atmospheric PAHs produced by open-burning for
agricultural purposes and by burning of biomass (wood
and charcoal) for cooking and heating. Exposure to
indoor air pollution from the combustion of solid fuels is
a serious problem in developing countries [28]. House-
hold members involved in cooking are exposed to
biomass smoke including particulate matter (PM) with
carcinogens such as PAHs in rooms without a ventilation
system. Monitoring of personal exposures in biomass-
burning households has shown PM concentrations many
times higher than those in industrial countries [29]. It is
interesting that the incidence of lung cancer is higher in
Chiang Mai province than in other parts of Thailand and
other Asian cities [30]. The high exposure to PAHs
might be a major cause of morbidity and mortality of
lung cancer in Chiang Mai. We are currently studying
the relationship between urinary OHPAH levels and
indoor air pollution of the rural villagers. Together, our
results suggest that the proposed method is useful for the
detailed analysis of urinary OHPAHs, which are related
to PAH exposure.

Conclusions

A method was developed to determine ten OHPAHs in
human urine by using HPLC with fluorescence detection.
The use of deuterated 1-OHPyr as an internal standard
allowed the OHPAHs to be accurately and precisely
quantitated. Our method was used to estimate the exposure
to PAHs from multiple routes in Thai non-smoking
subjects. Significantly higher excretion of OHPAHs in
the rural villagers suggests high-exposure to biomass
smoke including PMwith carcinogens such as PAHs. Thus,
the urinary profile of OHPAHs can serve as multiple
biomarkers which reflect the exposure to PAHs from the
environment and human activities.

Acknowledgments This study was supported, in part, by the
Industrial Technology Research Grant Program in 2005 from New
Energy and Industrial Technology Development Organization
(NEDO) of Japan (ID: 05A21705a), and by the Kanazawa University
21-Century COE Program. We thank Assoc. Prof. Dr. Tippawan
Prapamontol, Assoc. Prof. Dr. Prasak Thavornyutthikarn and Parinya
Phanuwet, Chiang Mai University, for the sample collection in
Thailand.

References

1. IARC; International Agency for Research on Cancer (1983)
WHO 32(Part 1):155–161, 225–231

2. Kizu R, Okamura K, Toriba A, Kakishima H, Mizokami A,
Burnstein KL, Hayakawa K (2003) Arch Toxicol 77:335–343

3. Okamura K, Kizu R, Toriba A, Murahashi T, Mizokami A,
Bunstein KL, Klinge CM, Hayakawa K (2004) Toxicology
195:243–254

4. Jongeneelen FJ, Anzion RB, Henderson PT (1987) J Chromatogr
A 413:227–232

5. Strickland P, Kang D (1999) Toxicol Lett 108:191–199
6. Bouchard M, Viau C (1999) Biomarkers 4:159–187
7. Jacob J, Seidel A (2002) J Chromatogr B 778:31–47
8. Toriba A, Chetiyanukornkul T, Kizu R, Hayakawa K (2003)

Analyst 128:605–610
9. Chetiyanukornkul T, Toriba A, Kizu R, Hayakawa K (2004)

Polycycl Aromat Compd 24:474–476
10. Gmeiner G, Stehlik G, Tausch H (1997) J Chromatogr A

767:163–169
11. Hoffmann D, Hoffmann I (1997) J Toxicol Environ Health

50:307–364
12. Traynor GW, Apte MG, Sokol HA, Chuang JC, Tucker WG,

Mumford JL (1990) Environ Sci Technol 24:1265–1270
13. Mitra S, Ray B (1995) Atmos Environ 29:3345–3356
14. Chuang JC, Callahan PJ, Lyu CW, Wilson NK (1999) J Expo

Anal Environ Epidemiol 9:85–98
15. Ohura T, Sugiyama T, Amagai T, Fusaya M, Matsushita H

(2002) J AOAC Int 85:188–202
16. Kuusimäki L, Peltonen Y, Mutanen P, Peltonen K, Savela K

(2004) Int Arch Occup Environ Health 77:23–30
17. Lintelmann J, Hellemann C, Kettrup A (1994) J Chromatogr B

660:67–73
18. Angerer J, Mannschreck C, Gündel J (1997) Int Arch Occup

Environ Health 69:323–331
19. Elovaara E, Väänänen V, Mikkola J (2003) Arch Toxicol

77:183–193
20. Serdar B, Waidyanatha S, Zheng Y, Rappaport SM (2003)

Biomarkers 8:93–109
21. Smith CJ, Huang W, Walcott CJ, Turner W, Grainger J,

Patterson DG (2002) Anal Bioanal Chem 372:216–220
22. Chetiyanukornkul T, Toriba A, Kizu R, Makino T, Nakazawa

H, Hayakawa K (2002) J Chromatogr A 961:107–112
23. Bonsnes RW, Taussky HH (1945) J Biol Chem 158:581–591
24. Kamiya M, Toriba A, Onoda Y, Kizu R, Hayakawa K (2005)

Food Chem Toxicol 43:1017–1027
25. Toriba A, Kuramae Y, Chetiyanukornkul T, Kizu R, Makino T,

Nakazawa H, Hayakawa K (2003) Biomed Chromatogr
17:126–132

26. Grimmer G, Dettbarn G, Naujack KW, Jacob J (1991) Intern J
Environ Anal Chem 43:177–186

27. Jongeneelen FJ (2001) Ann Occup Hyg 45:3–13
28. Ezzati M, Kammen DM (2002) Environ Health Perspect

110:1057–1068
29. Smith KR, Samet JM, Romieu L, Bruce N (2000) Thorax

55:518–532
30. Vatanasapt V, Martin N, Sriplung H, Chindavijak K, Sontipong

S, Sriamporn H, Parkin DM, Ferlay J (1995) Cancer Epidemiol
Biomarkers Prev 4:475–483

718


	Simultaneous determination of urinary hydroxylated metabolites of naphthalene, fluorene, phenanthrene, fluoranthene and pyrene as multiple biomarkers of exposure to polycyclic aromatic hydrocarbons
	Abstract
	Introduction
	Experimental
	Chemicals
	HPLC system and conditions
	Sample preparation
	Precision and accuracy
	Sample collection

	Results and discussion
	Chromatography
	Sample preparation
	Detection limits, calibration curves, quantification limit and validation
	Application of the method

	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


