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Abstract Human exposure to carcinogenic polycyclic aro-
matic hydrocarbons (PAHs) in cigarette smoking might result
in generation of reactive oxygen species (ROS) and induce
formation of 8-hydroxy-2′-deoxyguanosine (8-OHdG). This
study was designed to examine whether levels of 8-OHdG are
associated with levels of urinary metabolites of PAHs. Two
groups (smokers and non-smokers) were recruited from col-
lege students in Guangzhou, China. Their urine samples were
collected and analyzed for ten urinary mono-hydroxylated
PAHs (OH-PAHs) and 8-OHdG by liquid chromatography
equipped with tandem mass spectrometer (LC/MS/MS).
Multiple linear regression analysis was performed to examine
correlations between urinary levels of 8-OHdG and OH-
PAHs. No significant difference was observed for creatinine-
adjusted OH-PAHs between smokers and non-smokers. The
levels of 8-OHdG between smokers and non-smokers were
comparative. OH-PAH levels in this study were 2–50 times
higher than those in populations from other countries and
areas. The estimated daily intake (EDI; μg/day) of PAHs
ranged from 0.02 to 371.4, which were far lower than the
reference doses (RfDs) specified by U.S. Environmental
Protection Agency (EPA). Though smoking was a main

factor, which affected the PAH exposure, it was not a domi-
nant factor in the exposure to PAHs of Guangzhou college
students. The environmental exposure could not be ignored.
The sum concentrations of OH-PAHs (∑OH-PAHs) had a
dose-increase relationship with 8-OHdG both for smokers
and non-smokers, especially for smokers. Though people in
Guangzhou bore higher PAH hazards, the estimated environ-
mental risk was still under safe ranges.
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Introduction

Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous en-
vironmental contaminants with two or more fused aromatic
rings. They are also present in fossil fuels or formed by
incomplete combustion of carbon-containing fuels. Human
are exposed to PAHs by direction inhalation of polluted air,
dietary intake, and dermal contact. Occupational exposure to
PAHs, such as the workers in coke plant and aluminum and
steel manufacture (Strickland and Kang 1999), could enhance
the incidence of skin, lung, and bladder cancer (IARC 1983;
Boström et al. 2002; Lloyd 1971; Roelofzen et al. 2012). For
those non-occupational exposure populations, whose levels of
exposure from smoking may be in the same range as exposure
via diet, cigarette smoking is the major route of exposure to
PAHs (Ding et al. 2005). Cigarette coke tar generates a large
amount of PAHs (Huang and Ge 2006). Particularly, the high
carcinogenic benzo[a]pyrene (B[a]P) could be formed and
detected in cigarette tar (Kaiserman and Rickert 1992).
There is substantial evidence that the increasing urinary levels
of PAHs are associated with smoking. Generally, mono-
hydroxylated PAHs (OH-PAHs) in human urine are used as
the biomarkers to monitor the PAH exposure, characterize the
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possible exposure routes, and assess the PAH exposure risk
(Scherer et al. 2000).

Carcinogenic PAHs could induce the generation of re-
active oxygen species (ROS) (Palackal et al. 2002). The
excessive oxidative modification of DNA and lipids in the
body caused by ROS can damage macromolecules and
interfere with DNA repair. Consequently, it will lead to
aging and cancer (Valavanidis et al. 2009). The DNA-
adduct, 8-hydroxy-2′-deoxyguanosine (8-OHdG), is a use-
ful biomarker to DNA damage to assess human exposure
to different carcinogenic compounds. Though many other
physiological stressors and environmental contaminants
may lead to DNA damage, it was reported that exposure
of occupational population to PAHs could cause higher
levels of urinary 8-OHdG (Han et al. 2010; Navasumrit
et al. 2008; Kuang et al. 2013; Lee et al. 2012; Fan et al.
2012a).) Plasma benzo[a]pyrene-r-7,t-8,t-9,c-10-
tetrahydotetrol-albumin adducts (BPDE-Alb) and sum con-
centrations of OH-PAHs (∑OH-PAHs) in 1,333 Chinese
coke oven workers could result in significant dose-related
increases in oxidative DNA and lipid damage (Kuang
et al. 2013). However, strong correlation between urinary
levels of 8-OHdG and levels of ∑OH-PAHs was not
established in non-occupational population (Fan et al.
2012a).

China is becoming the world's largest tobacco con-
sumer and producer of cigarettes. With the economic
development, the tobacco consumption increases by
7 % per year. Smoking is harmful to human health
and leads to an increasing mortality caused by respira-
tory disease (Johnston et al. 2012). Negative effects of
smoke on young adults are even greater due to their
higher metabolism and ventilation rates. According to
statistical data, the smokers cover 8.39 % among all
students of Guangzhou universities, of which 18.28 %
for male and 2.46 % for female (Li et al. 2007). The
health effects caused by cigarette should be investigated
and assessed among college students.

In order to investigate the potential carcinogenic effects
from PAH exposure, 19 male smokers and 34 non-smokers,
which came from one university in Guangzhou, China, were
recruited. 8-OHdG and ten urinary OH-PAHs, including 1-
hydroxypyrene (1-OHP), 1-, 2-hydroxynaphthalene (1-OHN,
2-OHN), 2-, 3-hydroxyfluorene (2-, 3-OHF), and 1-, 2-, 3-, 4-,
9-hydroxyphenanthrene (1-, 2-, 3-, 4-, 9-OHPhe), were simul-
taneously determined by using liquid chromatography
equipped with tandem mass spectrometer (LC/MS/MS) in
negative electrospray ionization (ESI) mode. The relationship
between 8-OHdG levels and individual OH-PAH as well as
the concentrations of ∑OH-PAHs caused by smoking were
investigated. Urinary PAH levels were used to estimate daily
intakes of PAHs and assess the environmental risks of these
students.

Materials and methods

Studied subjects and sample collection

Nineteen male college students (23–26 years old, 165–178 cm
in height, and 50–75 kg in weight) were recruited from a
university in Guangzhou, China. Their average numbers of
cigarette smoking was 7.1 per day. Thirty-four college stu-
dents (18 males and 16 females, 20–24 years old, 155–180 cm
in height, and 40–75 kg in weight) from the same university
were recruited as the control group. They are not smokers.
Each participant was interviewed by a trained recruiter and
required to fill a consent form and answer a questionnaire
regarding their name, gender, age, dietary habits, health status,
and cigarette and alcohol consumption.

Due to the main route of PAH exposure was from diet
consumption, which accounts for 75 % in China (Li et al.
2005; Zhang et al. 2014), all recruited students were required
to have lightly cooked or fresh food 3 days before urine
sampling, so that the PAH variations from food intakes could
be reduced.

Subject recruitment and the urine sample collection were
completed in Nov, 2011. The urine sample was each collected
in a screw-cap-sealed plastic bottle and shipped to the lab in
2 h. They were stored at −20 °C in the lab until chemical
analysis.

Reagents and materials

8-OHdG, 2-OHN (purity 99%), and 3-OHF were from Sigma
(St. Louis, MO, USA). 2-OHF (purity 98 %), 9-OHPhe, and
1-OHP (purity 98 %) were from Aldrich (St. Louis, MO,
USA). 1-OHN was from Fluka (purity 99 %, St. Louis, MO,
USA). 1-OHPhe (purity 99 %), 2-OHPhe (purity 99.6 %), and
4-OHPhe (50 μg/mL in acetonitrile) were from Dr.
Ehrenstorfer (Augsburg, Germany). 3-OHPhe (purity 98 %,
50.0μg/mL in toluene), 13C6-3-OHPhe (purity 95%, 50.0μg/
mL in acetonitrile), and 15N5-8-hydroxy-2′-deoxyguano-sine
(15N5-8-OHdG,

15N5 purity 98 % and 95 % chemical purity)
were from Cambridge Isotope Lab (Andover, MA, USA). D8-
2-OHN and D9-1-OHP were from C-D-N Isotope Inc.
(Quebec, Canada). D9-2-OHF was from Santa Cruz Biotech.
Inc. (Santa Cruz, CA, USA). β-Glucuronidase/arylsulphatase
was from Sigma (St. Louis, MO, USA). Methanol (LC-MS
Chromasolv, ≥99.9%) was from Fluka (St. Louis, MO, USA).
Water was supplied by Milli-Q water purification system.
Glacial acetic acid (HAC), sodium acetate (NaAC), and
KH2PO4 (high-performance liquid chromatography (HPLC)
grade) were from Fisher Scientific (Houston, TX, USA). All
other reagents were of analytical grade and used without
further purification. The Bond Elut C18 solid-phase extraction
(SPE) cartridge (500 and 6 mL) was obtained from Varian
(Santa Clara, CA, USA). An XPerra-C-18 column (5 μm,
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4.6×250 mm, Waters, USA) was used to measure OH-PAHs
and 8-OHdG simultaneously.

Urinary creatinine was determined by using Jaffee method
to normalize the urinary concentrations of targets compounds
(Taussky 1954).

Sample preparation and instrumental analysis

Samples were prepared and analyzed as described previously
(Fan et al. 2012b) with a slight modification. Briefly, 2-mL
urine sample was spiked at levels of 10–50 μg/L with a
mixture of isotope-labeled internal standards, and then 3 mL
sodium acetate buffer and 10 μL β-glucuronidase/sulfatase
enzyme were added for overnight incubation at 37 °C. After
that, the target analytes were extracted by using SPE car-
tridges. The extracts were concentrated to 100 μL in methanol
and analyzed by a 20A HPLC (Shimadzu, Japan)/API Q-Trap
5500 mass spectrometer (AB, SCIEX, USA). HPLC column
was used to separate OH-PAHs and 8-OHdG simultaneously.
Ten OH-PAHs, including 1-, 2-OHN, 2-, 3-OHF, 1-, 2-, 3-, 4-,
9-OHPhe, and 1-OHP, were quantified by the optimized LC/
MS/MS conditions (Table 1). 1-OHP and 8-OHdG were
quantified by their own isotope-labeled internal standards.1-
OHN and 2-OHN were quantified by D8-2-OHN; 2-OHF and
3-OHF were quantified by D9-2-OHF; 1-, 2-, 3-, 4-, 9-
hydroxyphenanthrenes were quantified by 13C6-3-OHPhe.
Water with 0.1 % (v/v) acetic acid and methanol were used
as mobile phase A and B, respectively. The gradient elution
program was set as follows: 60 % B was initially held for
5 min, and then ramped to 78 % B over 18 min, and then to
85 % B over 2 min, and finally to 100 % B. The total run time
was 30 min. The flow rate was set at 0.6 mL/min, and the
column temperature was held at 40 °C.

QA/QC and statistics method

A diluted urine pool spiked with low levels of analytes was
analyzed, and a signal-to-noise ratio (three) of LC/MS/MS
response of each analyte was used to estimate method detec-
tion limits (MDLs). MDLs for each analyte were in a range of
0.006–0.059 ng/L (Table 1). The method accuracy and preci-
sion was evaluated by replicate analysis of matrix spikes at
three levels of 0.75–7.5, 0.375–3.75, and 0.15–1.5 μg/L for
OH-PAHs and 8-OHdG. Recoveries were 80–120 % with
relative standard deviations (RSDs) of 10–20 %. Matrix
spiked with internal standard was used to check the matrix
interference, and no interference frommatrix was found. Prior
to daily instrumental analysis, the lowest calibration standard
prepared in the diluted urine pool was analyzed. The LC/MS/
MS response of each analyte in this solution was compared
with the previous one to confirm acceptable LC resolution and
MS sensitivity. If neither of deviations exceeded 15 %, the
instrumental performance (resolution and sensitivity) was

considered acceptable for the analysis of a batch of samples.
Two methanol blanks were run following the analysis of the
highest levels of calibration standards and QC samples to
examine and avoid the potential carryovers. In order to eval-
uate the precision and accuracy of the real sample analysis,
15 % of the real urine samples in each batch were analyzed in
duplicates and the relative percentage difference (RPD) was in
a range of less than ±20 %.

SPSS program (IBM, version 20.0) was used to statistically
analyze data. For target compounds with concentrations be-
low the MDLs in urine, we directly used MDLs for statistical
analysis rather than using zero. As to descriptive analysis
(geometric mean, median, SD, range), results are presented
micrograms per gram creatinine (μg/g crt.) All the concentra-
tions were decimal log-transformed to assure normal distribu-
tion. Paired sample t test (two tailed) was carried out to detect
significant differences of the geometric means between uri-
nary PAH metabolites and 8-OHdG. Spearman's correlations
(two tailed) were used to test the associations between differ-
ent variables. The level of significance was set as p<0.05.
Multiple linear regression analysis was performed to examine
correlations between 8-OHdG levels and ∑OH-PAHs.

Results and discussion

Profiles of urinary PAHs and 8-OHdG levels between two
groups

In this study, two pairs of isomers, namely, 3-OHPhe and 2-
OHPhe and 1-OHPhe and 9-OHPhe, were co-eluted conge-
ners. As showed in Table 2, their concentrations were present-
ed as 2-OHPhe+3-OHPhe (sum concentrations of 3-OHPhe
and 2-OHPhe) and 1-OHPhe+9-OHPhe (sum concentrations
of 1-OHPhe and 9-OHPhe). Most analytes in urine samples
could be determined in this method, with the exception of 2-
OHN in 3 samples, 1-OHN in 11 samples, 2-OHF in 5
samples, 3-OHF in 2 samples, and 2-+3-OHPhe in 3 samples,
which were below MDLs (showed in Table 1). Geometric
means (GMs) of 8-OHdG and OH-PAHs in the unit of micro-
grams per liter for smokers were significantly higher than
those for non-smokers (t test, p<0.05). It suggested that
smoking caused higher urinary levels of PAHs and potential
carcinogenic risk. Our results were in agreement with reported
studies (Angerer and Heudorf 2001; Ichiba et al. 2006). GM
of 1-OHP for non-smokers was significantly lower than that
for smokers (p=0.000). When the data was adjusted by uri-
nary creatinine, GMs of 1-OHN, 2-OHN, and 4-OHPhe and
∑OH-PAHs for smokers were slightly higher than those for
non-smokers (p>0.05) (Table 2). GMs of 2-OHF, 3-OHF, 2-+
3-OHPhe, 1-+9-OHPhe, and 8-OHdGwere even comparative
between the smokers and the non-smokers (p>0.05). PAH
exposure may be from diet and inhalations (Li et al. 2005;
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Zhang et al. 2014). Though the dietary intake was controlled
in our study, intakes of PAHs from inhalation of polluted air
and the cigarette smoking could not be excluded. Guangzhou
ranked as the third city with the highest PAH pollutions
among 14 cities of China. Particularly, PAHs in air were 2–
15 times higher in winter than in summer (Wang et al. 2006).
Additionally, all recruited students lived in the different areas
of the university. Those who lived within high-traffic areas

would be easily affected by traffic-related airborne PAHs
(Naeveàez et al. 2008; Fan et al. 2012a, b). For occupational
or non-occupational populations who were exposed to high
levels of PAHs in their ambient environment, effects of
smoking on urinary PAH levels were insignificant (Kuang
et al. 2013; Lee et al. 2012). The smokers in our study
averagely smoked seven cigarettes per day. The amount of
smoking was less than that as a smoker, defined as 20

Table 1 LC/MS/MS conditions, calibration ranges, and MDLs

Compounds Transition (m/z) DP (V) EP (V) CE (V) CXP (V) Calibration range (ng/mL) MDLs (ng/mL)

2-OHN 142.9–114.9 80 10 36 6 0.059–30 0.059

1-OHN 143.0–115.0 80 10 37 13 0.039–20 0.039

D8-2-OHN 150.0–122.0 80 10 35 13

2-OHF 180.9–152.9 60 10 35 14 0.039–20 0.039

3-OHF 180.9–179.9 70 10 35 15 0.039–20 0.039

D9-2-OHF 190.0–188.0 80 10 37 13

OH-Phe 192.9–164.9 80 7 40 16 0.006–6.0 0.006
13C6-3-OHPhe 199.0–171.0 80 10 43 18

1-OHP 216.9–188.9 80 10 43 10 0.023–12 0.023

D9-1-OHP 226.0–198.0 80 10 46 15

8-OHdG 282.1–192.1 80 10 28 17 0.020–10 0.020
15N5-8-OHdG 287.0–197.0 80 10 28 17

Negative electrospray ionization (ESI) mode, Ion spray voltage, 4,500 V; scan time, 200 ms; temperature, 450 °C; collision gas (CAD), 10 psi; curtain
gas (CUR),20 psi; ion source gas 1 (GS1), 40 psi; ion source gas 2 (GS2), 45 psi

MDLs method detection limits, DP declustering potential, EP entrance potential, CE collision energy, CXP collision cell exit potential

Table 2 Urinary levels (μg/g crt.) of OH-PAHs, ∑OH-PAHs, and 8-OHdG of smokers and non-smokers

Compounds 1-OHN 2-OHN 1-OHP 2-OHF 3-OHF 2-+3-OHPhe 1-+9-OHPhe 4-OHPhe 8-OHdG ∑OH-PAHs

NS GM 4.03 1.23 5.35 0.88 1.63 0.60 1.89 0.36 10.5 18.3

SD 16.6 2.96 5.18 0.95 3.46 0.92 1.88 0.48 15.7 24.0

GM a 3.25 1.03 4.30 0.71 1.29 0.49 1.53 0.29 8.49 14.8

Median 3.05 1.07 4.20 0.73 1.26 0.53 1.52 0.24 8.93 15.2

Min 0.01 0.08 0.89 0.09 0.11 0.08 0.18 0.03 0.54 1.76

Max 71.6 12.5 27.1 4.85 16.1 5.03 8.57 2.11 66.2 96.0

<MDLs N=3 N=8 N=2

S GM 8.12 2.25 2.63 0.69 1.42 0.69 1.15 0.57 10.5 19.5

SD 13.3 4.43 1.47 0.55 2.02 0.82 1.51 0.70 9.01 20.8

GMa 8.94 2.81 2.89 0.89 1.56 0.85 1.27 0.63 11.5 21.5

Median 9.51 2.62 3.05 1.09 1.86 1.41 2.49 0.62 12.9 22.1

Min 0.62 0.16 1.42 0.10 0.46 0.01 0.06 0.10 2.90 5.59

Max 58.6 18.74 6.08 2.12 9.15 2.96 5.77 2.75 40.4 93.5

<MDLs N=3 N=5 N=3

p value 0.565 0.164 0.000 0.286 0.317 0.452 0.188 0.134 0.340 0.939

p valuea 0.037 0.008 0.000 0.143 0.360 0.001 0.395 0.015 0.169 0.041

t test, p<0.05

NS non-smokers, S smokers, MDLs method detection limits, GM geometric mean, SD standard deviations from GM (μg/g crt.)
a Data in the unit of μg/L
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cigarettes per day (Wang et al. 2008). Based on the data of this
study and the published results, we deduced that urinary PAH
levels were from smoking and from exposure to ambient
environment. Smoking was not the dominant factor for those
whose daily cigarette smoking numbers was less than 20 in
Guangzhou. Our finding is consistent with those in previous
studies, which showed the level of biomarkers (OH-PAHs) in
urine is affected by environmental exposure (Fan et al. 2012a;
Yoon et al. 2012).

Relationship between 8-OHdG concentrations and PAHs
exposure

There existed no significant differences for levels of 8-OHdG
between non-smokers (10.50μg/g crt.) and smoker (10.45μg/
g crt.), respectively (p>0.05). It indicated that the two groups
had the similar mutagenic and carcinogenic burdens. If data
from the two groups were combined and processed statistical-
ly, 8-OHdG correlated well with 1-OHN (r=0.315 p<0.05),
2-OHN (r=0.420, p<0.01), 1-OHP (r=0.587, p<0.01), 2-
OHF (r=0.682, p<0.01), 3-OHF (r=0.552, p<0.01), 2-+3-
OHPhe (r=0.433, p<0.01), and 1-+9-OHPhe (r=0.444,
p<0.01), respectively (Table 3). Moreover, there were signif-
icant and positive correlations between 1-OHN and 2-OHN,
2-OHF and 1-OHP, 3-OHF and 1-OHP, 2-OHF and 3-OHF, 2-
OHF and 2-+3-OHPhe, and 2-OHF and 1-+9-OHPhe as well
as 2-+3-OHPhe and 1-+9-OHPhe (coefficients above 0.500
and p<0.05). These results suggested that 2-OHF and 1-OHP
were the suitable biomarkers to indicate PAHs exposure with-
out a necessity to examine other biomarkers of PAHs for both
smokers and non-smokers (Chetiyanukornkul et al. 2004).

When ∑OH-PAHs was transformed into natural loga-
rithms, the multiple regression analysis showed that 8-
OHdG levels has significant dose-related increase with en-
hanced urinary ∑OH-PAHs for smokers (r=0.804, p<0.01)
and non-smokers (r=0.493, p<0.01) (Fig. 1), respectively. It
suggests that PAH exposure caused by smoking would lead to

more DNA damage. Besides 8-OHdG, malondialdehyde
(MDA) in urine was also used as the oxidative stress of
DNA damage to indicate environmental contaminants.
Thoughmany researches confirmed that higher PAH exposure
would lead to higher DNA damage, the results about their
associations were different for different populations. The
study on children and adults in Korea showed that statistical
significance of MDAwas only found in female adults (Yoon
et al. 2012). Our previous study also suggested that higher
urinary PAH exposure resulted in higher 8-OHdG levels (Fan
et al. 2012a). An association between occupational PAHs
exposure from fine particulate matter (PM2.5) of diesel exhaust
particles at an inspection station and an increased excretion of
urinary 8-OHdG in inspectors was found. But the study on
coke oven workers by Kuang et al. (2013) strongly suggested
that there existed dose-response relationships between ∑OH-

Table 3 Correlation coefficients among individual OH-PAHs, ∑OH-PAHs, and 8-OHdG in the urine samples

1-OHN 2-OHN 1-OHP 2-OHF 3-OHF 2-+3-OHPhe 1-+9-OHPhe 4-OHPhe 8-OHdG

1-OHN 1 0.703* 0.178 0.369** 0.309* 0.292* 0.441** 0.089 0.315*

2-OHN 1 0.263 0.375* 0.254 0.425** 0.420** 0.160 0.420**

1-OHP 1 0.785** 0.609** 0.320* 0.386** 0.196 0.587**

2-OHF 1 0.793** 0.623** 0.524** 0.410** 0.682**

3-OHF 1 0.433** 0.444** 0.290* 0.552**

2-+3-OHPhe 1 0.587** 0.379** 0.433**

1-+9-OHPhe 1 0.399** 0.444**

4-OHPhe 1 0.084

8-OHdG 1

∑OH-PAHs 0.547**

*Correlation is significant at the 0.05 level (two tailed); **correlation is significant at the 0.01 level (two tailed)

Fig. 1 Correlations of ΣOH-PAHs with 8-OHdG in urine samples (all
data were ln-transformed)
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PAHs and DNA damage, including oxidative stress (8-OHdG)
and PAH-albumin adduct (BPDE-Alb). It was in accordance
with our study. All these results indicated that 8-OHdG was a
suitable biomarker to indicate the mutagenic and carcinogenic
hazards induced by PAHs both for occupational and non-
occupational populations.

Assessment of environmental risk and estimated daily intakes
of PAHs by using biomonitoring data

Compared with non-occupational populations from different
countries and areas (showed in Table 4), exposure levels of
naphthalene, fluorene, and phenanthrene in our study were
comparative with those from America, China, and Korea
(CDC 2009; Yue et al. 2009; Kim et al. 2000; Gündel et al.
1996). However, 1-OHP concentrations were 2–50 times
higher than other reports (Ofori-Adjei et al. 2009; CDC
2009; Yue et al. 2009; Kim et al. 2000; Gündel et al. 1996;
Hecht et al. 2004), suggesting that people in Guangzhou were
exposed to higher PAHs and with more potential hazards.

Air and food monitoring data were often used to assess the
environmental risks of PAHs. However, due to spot variations
and the individual differences of metabolism, external expo-
sure data often resulted in bigger deviations. Internal exposure
could reflect the sum of exposures from food, air, and dermal
contacts accurately. Hence, the assessment model using bio-
monitoring data could better assess the potential health risk.
On the basis of distribution analysis of all the variables in the
following equation, we estimated the daily intake (EDI; μg/
day) of PAHs as showed in Eq. 1 (Guo et al. 2013).

EDI ¼ CV � M 1 M 2ð Þ � 1 f ð1Þ

where EDI is the sum of PAH daily intake (μg/day), C is the
individual OH-PAH concentration (μg/L) in urine, V is the

urine volume of human daily excretion (L/day) (assumed a
volume of 2 L),M1 andM2 are the molecular weights of parent
PAHs and its corresponding metabolites (g/mol), respectively,
and f is the ratio of OH-PAH excreted in urine relative to the
total exposure dose (values of 100, 6.8, 60, and 11 % were
used for naphthalene, pyrene, fluorene, and phenanthrene,
respectively (Li et al. 2012).

The EDIs of PAHs (μg/day) for smokers ranged from 7.18
to 154 for naphthalene, from 48.9 to 172 for pyrene, from 3.91
to 162 for phenanthrene, and from 1.30 to 24.1 for fluorene,
respectively. For non-smokers, the EDIs of PAHs (μg/day)
ranged from 1.53 to 54.6 for naphthalene, from 66.7 to 371 for
pyrene, from 13.8 to 361 for phenanthrene, and from 2.68 to
35.9 for fluorene, respectively. The intakes of pyrene were
significantly higher than those of naphthalene, fluorene, and
phenanthrene (p<0.05). The reference doses (RfDs) of the
U.S. Environmental Protection Agency (EPA) derived from
chronic oral exposure for naphthalene, fluorene, and pyrene
were 20, 40, and 30 μg/kg/day, respectively (EPA 2013).

Table 4 Comparison of urinary OH-PAH levels(μg/g crt.) in different areas for non-occupational groups

Groups Nation 1-OHN 2-OHN 1-OHP 2-OHF 3-OHF 1-+9-OHPHe 2-+3-OHPHe 4-OHPHe References

Non-smokers China 4.03 1.23 5.35 0.88 1.63 1.89 0.61 0.36 This study
Smokers 8.12 2.25 2.63 0.69 1.42 1.15 0.69 0.57

Non-smokers Germany ND ND 0.19 ND ND ND 1.03 0.12 Gündel et al. 1996
Smokers ND ND 0.57 ND ND ND 0.73 0.09

Non-smokers Ghana ND ND 1.00 ND ND ND ND ND Ofori-Adjei et al. 2009
Smokers ND ND 1.08 ND ND ND ND ND

Smokers USA ND ND 0.29 ND ND ND ND ND Hecht et al. 2004

University students Korea 0.04 1.74 ND ND ND ND ND ND Kim et al. 2000

Students China 3.35 0.11 1.08 ND 0.55 0.15 0.01 Yue et al. 2009

General population USA 2.56 3.52 0.95 0.31 0.12 0.44 0.16 0.03 CDC 2009

ND no detection

Fig. 2 Distributions of estimated daily intakes (μg/day) of naphthalene,
fluorene, and pyrene for smokers and non-smokers
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Assumed that the weight of an adult was 65 kg, then, the
tolerable daily intakes of naphthalene, fluorene, and pyrene
were 1,300, 2,600, and 1,950 μg/day, respectively. As showed
in Fig. 2, the results indicate that the estimated exposure doses
for all PAH compounds from our study were far below their
RfDs of the U.S. EPA, even for 1-OHP.

Conclusion

In conclusions, after controlling for dietary intakes of PAHs,
our study indicated that there was no significant difference
between smoking and non-smoking students. Compared with
previous reports, these college students in Guangzhou bore
more urinary PAHs, especially for pyrene. 1-OHP levels in
our study were 2–50 times higher than those from USA,
Germany, Ghana, and Korea. EDIs were far below the RfDs
recommended by U.S. EPA. The reasons might be because
that PAH exposures in Guangzhou were also affected by
ambient environment, and smoking was not the dominant
factor for PAHs intakes. Though no significant difference for
urinary 8-OHdG was found between the two groups, to our
best knowledge, it was the first time for us to find that 8-
OHdG showed dose-related increase to urinary PAH concen-
trations both for non-smokers and smokers. More subjects
would be recruited to confirm and solidify the finding.
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