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Abstract: Studies have used 8-hydroxydeoxyguanosine (8-OHdG) as a biomarker to detect
systemic oxidative DNA damage associated with oxidative stress. However, studies on the
association between exposure to tobacco smoking and urinary 8-OHdgG give inconsistent
results. Limited studies have estimated the oxidative stress among office workers. This
study assessed the association between urinary 8-OHdG and cotinine for office workers.
Workers (389) including smokers, ex-smokers and non-smokers from 87 offices at
high-rise buildings in Taipei participated in this study with informed consent. Each
participant completed a questionnaire and provided a spot urine specimen at the end of
work day for measuring urinary 8-OHdG and cotinine. The carbon dioxide (CO2) levels in
workers’ offices were also measured. The questionnaire reported socio-demographic
characteristics, life styles and allergic history. The urinary 8-OHdG level increased with
the cotinine level among participants (Spearmans’ rho = 0.543, p < 0.001). The mean of
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urinary 8-OHdG and cotinine was 5.81 ± 3.53 μg/g creatinine and 3.76 ± 4.06 μg/g
creatinine, respectively. Comparing with non-smokers, the adjusted odds ratio (OR) of
having urinary 8-OHdG greater than the median level of 4.99 μg/g creatinine was 5.30 (95%
confidence intervals (CI) = 1.30–21.5) for current smokers and 0.91 (95% CI = 0.34–2.43)
for former smokers. We also found workers exposed to 1,000 ppm of CO2 at offices had an
adjusted OR of 4.28 (95% CI = 1.12–16.4) to have urinary 8-OHdG greater than 4.99 μg/g
creatinine, compared to those exposed to indoor CO2 under 600 ppm. In conclusion, urinary 8OHdG could represent a suitable marker for measuring smoking and CO2 exposure for office
workers.
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1. Introduction
Oxidative stress has been associated with the risk of cancer, degenerative diseases, such as heart
disease and Alzheimer’s disease, and chronic inflammation [1–3]. Reactive oxygen species (ROS)
such as superoxide radicals, singlet oxygen, hydrogen peroxide, and hydroxyl radicals may lead to
oxidative damage. ROS can be generated endogenously from physiologic process and exogenously
because of exposing to ultraviolet light, air pollution as well as tobacco smoking.
More than 4,800 chemicals have been determined in tobacco smoke, including various
free radicals or ROS, which can cause damage in cellular membrane lipids, proteins, enzymes and
DNA [4,5]. Cigarette and tobacco smoking-induced oxidative damage is highly associated with
chronic disorders, including atherosclerosis, cancers, and chronic obstructive pulmonary disease [6,7]
and male infertility [8].
8-Hydroxydeoxyguanosine (8-OHdG), generated by the interaction of hydroxyl radical with
guanine [9], has been associated with lung cancer [9–11] and neurodegenerative diseases [12]. Several
studies have used 8-OHdG as a biomarker to detect systemic oxidative DNA damage [9,13] to estimate
oxidative stress linking occupational and environmental exposures [14–19]. Wang et al. [19] used
8-OHdG as a biomarker to evaluate chromate producing facilities and found chromate decreased serum
folate and increased the risk of DNA damages in workers. Han et al. [17] found that urinary
8-OHdG levels were higher in bus drivers than in office workers. However, studies in the association
between 8-OHdG and exposure to tobacco smoke have resulted in inconsistent findings. Harman et al. [20]
reported that the urinary 8-OHdG levels were not associated with smoking status among healthy
community participants. A survey among women working at laundry shops also found no association
between urinary 8-OHdG and smoking status [14]. On the other hand, Asami et al. [21] found the level
of 8-OHdG in lung tissues was 1.43-fold higher in smokers than in non-smokers. Campose et al. [22]
have also found recently higher urinary 8-OHdG levels in healthy cigarette smokers than in non-smokers
(10.7 ng/mg creatinine vs. 8.3 ng/mg creatinine). Increased excretion rate of urinary 8-OHdG also has
been associated with cigarette smoking, even in lung cancer patients [23].
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Information on smoking in the above referred studies was mainly collected with questionnaires,
which may have recall bias leading to inconsistent findings. Urinary cotinine, one of metabolites of
nicotine, is a good and specific biomarker of tobacco smoking exposure [24]. Using a biomarker
associated smoking would increase the measured precision for the association between 8-OHdG and
smoking. Besides, the relationship between urinary cotinine and 8-OHdG may reveal the body
systemic oxidative stress from tobacco smoking. In high-rise buildings, office workers may expose to
indoor air pollutants such as carbon dioxide, volatile organic compounds and tobacco smoking
associated with the air ventilation systems [25]. Few studies have focused on office workers to
demonstrate whether smoking is the major source of indoor air pollution for employees in high-rise
buildings. However, other pollutants in the office air may also contribute to the oxidative damage.
Carbon dioxide (CO2) has been used as an indicator of indoor air quality [26]. Therefore, this study
investigated the association between urinary 8-OHdG and cotinine among office workers. We also
evaluated the correlation between urinary 8-OHdG and indoor CO2 for office workers.
2. Methods
2.1. Study Subjects and Data Collection
Employees working with 16 government agencies and commercial organizations located in
high-rise building offices in Taipei City, Taiwan were invited to participate in this study for
investigating the association between sick building syndrome and indoor air pollutants. The details of
this study have been reported in previous studies [25]. An invitation letter explaining the study was
delivered to potential participants at 87 offices. With informed consent, 398 workers (response rate
61.7%) completed the self-reported questionnaires and provided spot urine samples for measuring
8-OHdG and cotinine levels. The questionnaire provided the information on sex, age, education,
smoking history, allergic history, office characteristics, using cleaning chemicals and complaints of
sick building syndromes. The CO2 levels in workers’ offices were also measured. This study was
approved by an institutional review committee.
2.2. Urine Sample Analysis
Each participant provided the spot urine sample at the end of the workday. An investigator collected
specimens of urine, transported them at 4 °C in a cold box and stored them at −80 °C in a freezer until
analysis. The 8-OHdG levels in all urine samples were determined within 2 months. Urine samples
were centrifuged at 3,000 rpm for 10 min after being thawed to remove particles in samples.
Urinary cotinine was measured with rapid analysis using a direct barbituric acid assay based on the
König reaction [27–29]. At room temperature, we took 400 μL of urinary sample and prepared
standard solutions with 5, 10, 50, 100, 150, 200, and 250 μmol/L cotinine for analysis, with the r2
values of the calibration curves ranged between 0.99 and 0.999. Cotinine concentration was measured
by comparing the absorbance value at the wave length of 550 nm with a detection limit of 2.37 μg/L.
The OXIS Research enzyme-linked immunosorbent assay (ELISA) kit (Japan Institute for the Control
of Aging, Shizuoka, Japan) measured 8-OHdG in the urine. Fifty μL of 8-OHdG monoclonal antibody
was added to 50 μL of urine sample or standard solution onto a micro-titer plate with pre-coated
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8-OHdG for assay at room temperature [30]. Urinary 8-OHdG levels were determined against 0.5, 2, 8,
20, 80, and 200 ng/mL 8-OHdG with a reagent blank, with the r2 values of the calibration curves
>0.980 and the method detection limit of 0.26 μg/L. The urinary 8-OHdG levels were adjusted with
urinary creatinine and expressed as μg/g creatinine.
Urinary creatinine levels were measured using an automatic analyzer (Hitachi 7250, Tokyo, Japan)
with the Jaffe colorimeter reaction [31]. The urinary concentrations of both 8-OHdG and cotinine were
adjusted with creatinine levels.
2.3. Statistical Analysis
Nine participants who provided no urinary specimens were excluded in the data analyses. Data
analyses first calculated means and standard deviations for creatinine adjusted cotinine and 8-OHdG in
the urine samples by smoking status for females and males. Kruskal-Wallis test was used to examine
differences. The correlations between urinary cotinine and 8-OHdG were plotted by smoking status
and examined by Spearmans’ rho. We further used the median level of 8-OHdG (4.99 μg/g creatinine)
among all participants as the cut-off to express the elevated oxidative stress because of skewed
distribution. The concentrations of urinary cotinine were stratified into quartile levels, i.e., <1.55,
1.56–2.32, 2.33–3.98, >3.98 μg/g creatinine to express the exposure of smoking for participants.
Considering the other indoor air pollutants might be associated with levels of urinary 8-OHdG, the
indoor concentration of carbon dioxide (CO2) (<600, 600–1,000, >1,000 ppm) and volatile organic
compounds (VOCs) (500, >500 ppb) were included in this study as covariates as well. The logistic
regression analysis was used to estimate the odds ratios (OR) and 95% confidence intervals (CI) of
elevated urinary 8-OHdG in association with smoking status and urine cotinine levels controlling for
age, gender, indoor temperature and relative humidity as well as the classification of indoor
concentrations of carbon dioxide and volatile organic compounds. Data analyses were performed using
the statistical package software of SAS 8.1 (SAS Institute Inc., Cary, NC, USA) and Excel, and α
value was taken as 0.05.
3. Results
3.1. Urinary Cotinine and 8-OHdG of All Subjects
Among the 389 office workers who participated in this study with complete data, 77.1% were
females, 30.8% were older than 40 years and 45.8% had worked more than 4 years (data not shown).
Table 1 shows distributions of urinary cotinine and 8-OHdG among participants by smoking status and
gender. Among all participants, the mean urinary cotinine and 8-OHdG were 3.76 ± 4.06 μg/g
creatinine and 5.81 ± 3.53 μg/g creatinine, respectively. The mean urinary cotinine was higher in men
than in women (5.76 ± 5.11 vs. 3.17 ± 3.49 μg/g creatinine). The corresponding levels of mean urinary
8-OHdG were 6.88 ± 3.71 and 5.51 ± 3.39 μg/g creatinine. Urinary cotinine and 8-OHdG levels of
office workers were associated with their smoking status. The concentrations of both urinary cotinine
and 8-OHdG were much higher in current smokers than in former smokers and in non-smokers
(p < 0.01). Figure 1 shows that the urinary level of 8-OHdG increased as the urinary level of cotinine
increased, with Spearman’s rho of 0.543 (p < 0.001) for all participants and 0.580 (p < 0.001) for
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current smokers. The correlations between urinary cotinine and 8-OHdG for former smokers and
non-smokers declined.
Table 1. Means and standard deviations of urinary cotinine and 8-hydroxydeoxyguanosine
(8-OHdG) levels measured for office employees by smoking status and gender.
Females
Smoking
status
N
Means (SD a)
Cotinine (μg/g creatinine)
Non-smoker
270
2.36 (1.29)
Ex-smoker
10
3.90 (1.37)
Smoker
20
13.7 (6.38)
Total
300
3.17 (3.49)
p-value
<0.001
8-OHdG (μg/g creatinine)
Non-smoker
270
5.07 (2.88)
Ex-smoker
10
5.65 (2.85)
Smoker
20
11.3 (3.39)
Total
300
5.51 (3.39)
p-value
<0.001

Males

All
a

N

Means (SD )

p-value

N

Means (SD a)

41
23
25
89

2.57 (1.60)
4.34 (2.34)
12.3 (4.75)
5.76 (5.11)
<0.001

0.346
0.586
0.397
<0.001

311
33
45
389

2.39 (1.33)
4.21 (2.08)
12.9 (5.51)
3.76 (4.06)
<0.001

41
23
25
89

5.08 (2.56)
6.05 (2.76)
10.6 (3.49)
6.88 (3.71)
<0.001

0.963
0.705
0.534
0.001

311
33
45
389

5.08 (2.84)
5.93 (2.75)
10.9 (3.96)
5.81 (3.53)
<0.001

Note: a SD = standard deviation.

Figure 1. The scatter plots and Spearmans’ rho between urinary cotinine and 8-OHdG by
smoking status. (a) for all subjects; (b) for current smokers; (c) for former smokers and
(d) for never smokers.

(a)

(b)

(c)

(d)
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3.2. The Association between Urinary 8-Ohdg and Cotinine
Table 2 displays factors that may predict the urine 8-OHdG at a level higher than the median
(4.99 μg/g creatinine) of all participants, including sex, age, smoking status, urine cotinine level,
indoor temperature and relative humidity, and the indoor concentration of carbon dioxide and volatile
organic compounds.
Table 2. Odds ratio of having urine 8-hydroxydeoxyguanosine (8-OHdG) greater
than median, 4.99 μg/g creatinine, by age, gender, temperature, relative humidity, the
concentration of indoor carbon dioxide and volatile organic compounds, smoking status
and urinary cotinine, (N = 389).
Variables (n)
Age, years old
<29 (101)
30–39 (168)
40–49 (62)
50+ (58)
Gender
Female (300)
Male (89)
Indoor temperature, °C
<24 (239)
>24 (150)
Relative humidity, %
<60 (322)
>60 (67)
CO2, ppm
<600 (47)
600–1000 (193)
>1000 (149)
VOCs, ppb
<500 (294)
>500 (95)
Smoking status
Never (311)
Former (33)
Current (45)
Urine cotinine level, μg/g
creatinine
<1.55 (98)
1.56–2.32 (95)
2.33–3.98 (96)
>3.98 (100)

Odds Ratio (95% confidence interval)
1.0
0.76 (0.42, 1.38)
0.85 (0.40, 1.83)
1.21 (0.54, 2.68)
1.0
0.96 (0.47, 1.93)
1.0
0.51 (0.24, 1.09)
1.0
0.57 (0.24, 1.33)
1.0
3.38 (1.24, 9.23)
4.28 (1.12, 16.4)
1.0
1.80 (0.82, 3.95)
1.0
0.91 (0.34, 2.43)
5.30 (1.30, 21.5)

1.0
0.95 (0.48, 1.89)
3.30 (1.67, 6.54)
6.66 (2.80, 15.8)
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Age, sex, indoor temperature, relative humidity and VOCs were not associated with elevating the
level of urinary 8-OHdG. The concentration level of indoor CO2 was significantly associated with the
elevated urinary 8-OHdG. The adjusted OR was 4.28 (95% CI = 1.12–16.4) for office workers exposed
to the concentration of indoor CO2 more than 1000 ppm compared with those exposed to indoor CO2
under 600 ppm. Compared with non-smokers, the adjusted OR was 5.30 (95% CI = 1.30–21.5) for
current smokers, but was 0.91 (95% CI = 0.34–2.43) for former smokers. The OR of having elevated
urinary 8-OHdG increased with the urinary cotinine level. Compared to workers with urine cotinine
levels under 1.55 μg/g creatinine, the adjusted OR was 3.30 (95% CI = 1.67–6.54) for those with
cotinine levels at 2.33–3.98 μg/g creatinine. The OR increased to 6.66 (95% CI = 2.80–15.8) for those
with the urine cotinine level of above 3.98 μg/g creatinine.
4. Discussion
To the best of our knowledge, limited studies have reported the relationship between oxidative
stress and smoking exposure for white-collar employees [17]. In this study, we found a strong
correlation between urinary 8-OHdG levels and cotinine levels among employees at smoking
prohibited offices (Spearmans’ rho = 0.543, p < 0.001) and significantly associated with smoking
status and indoor CO2. The mean urinary 8-OHdG of current smokers is 2.15-fold and 1.17-fold higher
than means of non-smokers and former smokers, respectively. Compared with non-smokers, the OR of
elevated 8-OHdG levels for former smoker was 0.91 (95% CI = 0.34–2.43) but the OR increased to
5.30 (95% CI = 1.30–21.5) for current smokers in the multivariate logistic regression analysis.
The findings reflect that non-smokers and ex-smokers have very low nicotine exposure in the offices.
The elevated 8-OHdG levels in self-reported smokers reflect that smoking leads the extra DNA
damage. These results are consistent with previous studies [22,23,32]. Campos et al. [22] found that
oxidative stress from cigarette did not appear in former smokers. Morita et al. [32] have shown that
quitting smoking for two weeks may quickly reduce the level of urinary 8-OHdG and improve the
platelet aggregation.
A Japanese study found in patients with lung cancer that the excretion rate of urinary 8-OHdG is
associated with the duration of smoking cessation [23]. Current smokers had the highest excretion
rate of urinary 8-OHdG within two weeks, compared with former smokers and never smokers [23].
Quitting smoking may quickly reduce the oxidative stress from tobacco smoking.
Studying oxidative stress associated with tobacco smoking, we should also consider exposure
from environmental tobacco smoking. The cotinine detected in low level may be due to environmental
tobacco smoking exposure in our study. The smoking free worksite campaign has been promoted
in Taiwan [33]. Therefore, the office workers in our study might have occasional exposure to
environmental tobacco smoke at other locations instead of workplaces. The mean urinary cotinine is
higher in former smokers than in never smokers could be due to higher environmental smoking
exposure. Matt et al. [34] found higher concentration of nicotine in the air of smokers’ houses, even
after an effort of clean, paint and vacant for 2 months, than in non-smokers’ home.
This study found that the elevated level of urinary 8-OHdG among office workers was also
positively associated with indoor carbon dioxide concentrations in offices in addition to the tobacco
smoke. We found that workers at offices with high CO2 had an odds ratio of 4.28 to have a high
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urinary 8-OHdG, compared with those at offices with low CO2. CO2 levels also reflect the indoor air
quality [26]. Poor ventilation may increase not only CO2 levels in offices of high-rise buildings but
also other pollutants with the oxidative stress effect. Therefore, office workers working in poorly
ventilated environment are at a higher risk to have elevated 8-OHdG.
The average urinary 8-OHdG measured for male office workers in our study was 6.88 ± 3.71 μg/g
creatinine, which is lower than the level for male office workers at bus stations with a mean of
7.3 ± 5.4 μg/g creatinine [17], men working at a chromate manufacturing plant (7.96 ± 7.71 μg/g
creatinine) [19], taxi drivers (13.4 ± 4.7 μg/g creatinine) [35], or bus drivers (9.5 ± 5.7 μg/g
creatinine) [17]. Han et al. [17] found that exposure to the traffic exhaust increased the urinary
8-OHdG for long-distance bus drivers even after adjusted for smoking status. Exposure to chromate
induces serum folate declining, which is associated with DNA damage and increased the level of
urinary 8-OHdG [19]. Non-smoking male office workers have lower mean concentrations of urinary
8-OHdG (5.08 ± 2.56 μg/g creatinine) than people with occupational exposures to traffic exhaust or
chromate. For non-smoking male office workers, environmental smoking and high level of CO2 were
the major exposure sources at office. Therefore, it seems that the effect of environmental smoking
exposure is less strong than that of traffic exhaust or chromate industry.
The levels of urinary 8-OHdG (3.17 µg/g creatinine) of female office workers in our study
were lower than that of women exposed to wood smoke at home (ranges from 11.2–2270.0 µg/g
creatinine) [36] or women working at Chinese restaurants (7.9 µg/g creatinine) [37]. In Taiwan,
female office workers might cook at home at leisure time, however, they are not likely to be exposed
to cooking fumes without ventilation at home.
In this study, there were limitations as well. This study did not measure nicotine in the office air.
Instead, we measure the urinary cotinine, which is a major metabolite of nicotine specific to cigarette
smoking, reflecting the exposure to tobacco smoking or environmental passive smoking. Besides, the
smoking pack-year may not have association with urinary 8-OHdG in patients with lung cancer [23].
The level of urinary 8-OHdG reflects systemic DNA damage associated with exposure to various
substances with oxidative stress effect. The office workers may expose to other pollutants in addition
to tobacco smoke such as traffic exhaust and some diet contents inducing DNA damage. Using only
cotinine as the marker might overestimate the association between tobacco smoking exposure and
urinary 8-OHdG. However, compared with bus drivers or cooks, office workers exposure to these
pollutants is limited. We also evaluated the association between urinary cotinine and 8-OHdG by
controlling the indoor concentrations of carbon dioxide and volatile organic compounds. The
significant correlation between urinary 8-OHdG, current smoking and urinary cotinine remained. In
addition, a spot urine sample collected at the end of work may represent a short-time exposure to the
office environment and the measured 8-OHdG may not infer the long-term exposure. Further study
design is needed to estimate the dynamic changes on the level of 8-OHdG for a longer period to assess
the total exposure at the end of work.
5. Conclusions
This study suggests that the level of urinary cotinine is an independent predictor of excess urinary
8-OHdG. Quitted smoking lowered urinary 8-OHdG concentrations. However, urinary 8-OHdG is also
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associated with indoor air quality using carbon dioxide as a marker. Efficient ventilation is needed to
improve air quality in offices of high rise building.
Acknowledgments
This work was supported in part by the Taiwan National Science Council (Grant No. NSC 92-2320B-039-054), and Department of Health (Grant No. DOH 101-TD-B-111-004 and No. DOH 101-TD-C111-005). We also gratefully acknowledge all the participants in this study.
Author Contributions
Yi-Chun Chen performed data analyses, initiated manuscript development, and completed the
revision. Chung-Yen Lu and Pei-Chun Chen initiated the study design, recruited subjects and carried
out laboratory work. Yee-Chung Ma and Chin-Ching Wu assisted in laboratory work and manuscript
interpretation. All authors have approved the manuscript.
Conflicts of Interest
The authors declare no conflict of interest.
References
1.
2.
3.

4.

5.

6.

7.

Smith, M.A.; Perry, G.; Richey, P.L.; Sayre, L.M.; Anderson, V.E.; Beal, M.F.; Kowall, N.
Oxidative damage in Alzheimer’s. Nature 1996, 382, 120–121.
Azad, N.; Rojanasakul, Y.; Vallyathan, V. Inflammation and lung cancer: Roles of reactive
oxygen/nitrogen species. J. Toxicol. Environ. Health B Crit. Rev. 2008, 11, 1–15.
Eleuteri, E.; Magno, F.; Gnemmi, I.; Carbone, M.; Colombo, M.; la Rocca, G.; Anzalone, R.;
Tarro Genta, F.; Zummo, G.; di Stefano, A.; et al. Role of oxidative and nitrosative stress
biomarkers in chronic heart failure. Front. Biosci. 2009, 14, 2230–2237.
Thorne, D.; Wilson, J.; Kumaravel, T.S.; Massey, E.D.; McEwan, M. Measurement of oxidative
DNA damage induced by mainstream cigarette smoke in cultured NCI-H292 human pulmonary
carcinoma cells. Mutat. Res. 2009, 673, 3–8.
Valavanidis, A.; Vlachogianni, T.; Fiotakis, K. Tobacco smoke: Involvement of reactive oxygen
species and stable free radicals in mechanisms of oxidative damage, carcinogenesis and
synergistic effects with other respirable particles. Int. J. Environ. Res. Public Health 2009, 6,
445–462.
Babizhayev, M.A.; Yegorov, Y.E. Smoking and health: Association between telomere length and
factors impacting on human disease, quality of life and life span in a large population-based
cohort under the effect of smoking duration. Fundam. Clin. Pharmacol. 2011, 25, 425–442.
Cataldo, J.K.; Prochaska, J.J.; Glantz, S.A. Cigarette smoking is a risk factor for Alzheimer’s
Disease: An analysis controlling for tobacco industry affiliation. J. Alzheimers Dis. 2010, 19,
465–480.

Int. J. Environ. Res. Public Health 2014, 11
8.

9.

10.

11.

12.
13.

14.

15.

16.

17.
18.

19.

20.

21.

5595

Hammadeh, M.E.; Hamad, M.F.; Montenarh, M.; Fischer-Hammadeh, C. Protamine contents and
P1/P2 ratio in human spermatozoa from smokers and non-smokers. Hum. Reprod. 2010, 25,
2708–2720.
Valavanidis, A.; Vlachogianni, T.; Fiotakis, C. 8-Hydroxy-2'-deoxyguanosine (8-OHdG):
A critical biomarker of oxidative stress and carcinogenesis. J. Environ. Sci. Health Part C 2009,
27, 120–139.
Erhola, M.; Toyokuni, S.; Okada, K.; Tanaka, T.; Hiai, H.; Ochi, H.; Uchida, K.; Osawa, T.;
Nieminen, M.M.; Alho, H.; et al. Biomarker evidence of DNA oxidation in lung cancer patients:
Association of urinary 8-hydroxy-2-deoxyguanosine excretion with radiotherapy, chemotherapy,
and response to treatment. FEBS Lett. 1997, 409, 287–291.
Shen, J.; Deininger, P.; Hunt, J.D.; Zhao, H. 8-Hydroxy-2'-deoxyguanosine (8-OH-dG) as a
potential survival biomarker in patients with nonsmall-cell lung cancer. Cancer 2007, 109,
574–580.
Du, Y.; Wooten, M.C.; Wooten, M.W. Oxidative damage to the promoter region of SQSTM1/p62
is common to neurodegenerative disease. Neurobiol. Dis. 2009, 35, 302–310.
Kim, J.Y.; Mukherjee, S.; Ngo, L.C.; Christiani, D.C. Urinary8-hydroxy-2'-deoxyguanosine as a
biomarker of oxidative DNA damage in workers exposed to fine particulates. Environ. Health
Perspect. 2004, 112, 666–671.
Toraason, M.; Butler, M.A.; Ruder, A.; Forrester, C.; Taylor, L.; Ashley, D.L.; Mathias, P.;
Marlow, K.L.; Cheever, K.L.; Krieg, E.; et al. Effect of perchloroethylene, smoking, and race on
oxidative DNA damage in female dry cleaners. Mutat. Res. 2003, 539, 9–18.
Nuernberg, A.M.; Boyce, P.D.; Cavallari, J.M.; Fang, S.C.; Eisen, E.A.; Christiani, D.C. Urinary
8-isoprostane and 8-OHdG concentrations in boilermakers with welding exposure. J. Occup.
Environ. Med. 2008, 50, 182–189.
Ke, Y.; Cheng, J.; Zhang, Z.; Zhang, R.; Zhang, Z.; Shuai, Z.; Wu, T. Increased levels of
oxidative DNA damage attributable to cooking-oil fumes exposure among cooks. Inhal. Toxicol.
2009, 21, 682–687.
Han, Y.Y.; Donovan, M.; Sung, F.C. Increased urinary 8-hydroxy-2'-deoxyguanosine excretion in
long-distance bus drivers in Taiwan. Chemosphere 2010, 79, 942–948.
Ren, C.; Fang, S.; Wright, R.O.; Suh, H.; Schwartz, J. Urinary 8-hydroxy-2'-deoxyguanosine as a
biomarker of oxidative DNA damage induced by ambient pollution in the Normative Aging Study.
Occup. Environ. Med. 2011, 68, 562–569.
Wang, T.C.; Song, Y.S.; Wang, H.; Zhang, J.; Yu, S.F.; Gu, Y.E.; Chen, T.; Wang, Y.;
Shen, H.Q.; Jia, G. Oxidative DNA damage and global DNA hypomethylation are related to folate
deficiency in chromate manufacturing workers. J. Hazard. Mater. 2012, 213–214, 440–446.
Harman, S.M.; Liang, L.; Tsitouras, P.D.; Gucclardo, F.; Heward, C.B.; Reaven, P.D.; Ping, W.;
Ahmed, A.; Cutler, R.G. Urinary excretion of three nucleic acid oxidation adducts and isoprostane
f2α measured by liquid chromatographymass spectrometry in smokers, ex-smokers, and nonsmokers.
Free Radic. Biol. Med. 2003, 35, 1301–1309.
Asami, S.; Manabe, H.; Miyake, J.; Tsurudome, Y.; Hirano, T.; Yamaguchi, R.; Itoh, H.; Kasai, H.
Cigarette smoking induces an increase in oxidative DNA damage, 8-hydroxydeoxyguanosine, in a
central site of the human lung. Carcinogenesis 1997, 18, 1763–1766.

Int. J. Environ. Res. Public Health 2014, 11

5596

22. Campos, C.; Guzman, R.; Lopez-Fernandez, E.; Casado, A. Urinary biomarkers of
oxidative/nitrosative stress in healthy Smokers. Inhal. Toxicol. 2011, 23, 148–156.
23. Yano, T.; Shoji, F.; Baba, H.; Koga, T.; Shiraishi, T.; Orita, H.; Kohno, H. Significance of the
urinary 8-OHdG level as an oxidative stress marker in lung cancer patients. Lung Cancer 2009, 63,
111–114.
24. Nagano, T.; Shimizu, M.; Kiyotani, K.; Kamataki, T.; Takano, R.; Murayama, N.; Shono, F.;
Yamazaki, H. Biomonitoring of urinary cotinine concentrations associated with plasma levels of
nicotine metabolites after daily cigarette smoking in a male Japanese population. Int. J. Environ.
Res. Public Health 2010, 7, 2953–2964.
25. Lu, C.Y.; Ma, Y.C.; Lin, J.M.; Chuang, C.Y.; Sung, F.C. Oxidative DNA damage estimated by
urinary 8-hydroxydeoxyguanosine and indoor air pollution among non-smoking office employees.
Environ. Res. 2007, 103, 331–337.
26. Apte, M.G.; Fisk, W.J.; Daisey, J.M. Associations between indoor CO2 concentrations and sick
building syndromes in U.S. office buildings: An analysis of the 1994–1996 BASE study data.
Indoor Air 2000, 10, 246–247.
27. Benowitz, N.L. Cotinine as a biomarker of environmental tobacco smoke exposure. Epidemiol. Rev.
1996, 18, 188–203.
28. Haufroid, V.; Lison, D. Urinary cotinine as a tobacco-smoke exposure index: A minireview.
Int. Arch. Occup. Environ. Health 1998, 71, 162–168.
29. Willers, A.; Hein, H.O.; Jansson, L. Assessment of environmental tobacco smoke exposure:
Urinary cotinine concentrations in children are strongly associated with the house dust
concentrations of nicotine at home. Indoor Air 2004, 14, 83–86.
30. Yin, B.; Whyatt, R.M.; Perera, F.P.; Randall, M.C.; Cooper, T.B.; Santella, R.M. Determination
of 8-hydroxydeoxyguanosine by an immunoaffinity chromatography-monoclonal antibody-based
ELISA. Free Radic. Biol. Med. 1995, 18, 1023–1032.
31. Nerurkar, M.K.; Sahasrabudhe, M.B. Synthesis of creatine in x-irradiated rats. Int. J. Radiat. Biol.
1960, 2, 237–246.
32. Morita, H.; Ikeda, H.; Haramaki, N.; Eguchi, H.; Imaizumi, T. Only two-week smoking cessation
improves platelet aggregability and intraplatelet redox imbalance of long-term smokers. J. Am.
Coll. Cardiol. 2005, 45, 589–594.
33. Net of Tobacco Hazards Prevention. Available online: http://tobacco.hpa.gov.tw/Show.aspx?
MenuId=547 (accessed on 5 November 2013).
34. Matt, G.E.; Quintana, P.J.; Zakarian, J.M.; Fortmann, A.L.; Chatfield, D.A.; Hoh, E.;
Uribe, A.M.; Hovell, M.F. When smokers move out and non-smokers move in: Residential
thirdhand smoke pollution and exposure. Tob. Control 2011, 20, doi:10.1136/tc.2010.037382.
35. Chuang, C.Y.; Lee, C.C.; Chang, Y.K.; Sung, F.C. Oxidative DNA damage estimated by urinary
8-hydroxydeoxyguanosine: Influence of taxi driving, smoking and areca chewing. Chemosphere
2003, 52, 1163–1171.
36. Commodore, A.A.; Zhang, J.J.; Chang, Y.; Hartinger, S.M.; Lanata, C.F.; Mäusezahl, D.;
Gil, A.I.; Hall, D.B.; Aguilar-Villalobos, M.; Vena, J.E.; et al. Concentrations of urinary
8-hydroxy-2'-deoxyguanosine and 8-isoprostane in women exposed to woodsmoke in a cookstove
intervention study in San Marcos, Peru. Environ. Int. 2013, 60, 112–122.

Int. J. Environ. Res. Public Health 2014, 11

5597

37. Pan, C.H.; Chan, C.C.; Wu, K.Y. Effects on Chinese restaurant workers of exposure to cooking
oil fumes: A cautionary note on urinary 8-hydroxy-2'-deoxyguanosine. Cancer Epidemiol.
Biomark. Prev. 2008, 17, 3351–3357.
© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).

