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Abstract
Background: There are drastic differences in smoking prevalence and control policies among different countries. However, the
impact of international travels on passive smoking exposures and subsequent health effects remained unknown.

Methods: We recruited 27 non-smokers who travelled from Los Angeles to Beijing for 10 weeks in 2014 and 2015. Urine
samples (n=197) were collected before (LA-before), during (Beijing), and after (LA-after) the trip, for the assessment of
biomarkers of passive smoking (cotinine), PAHs exposure (hydroxylated-PAHs), and lipid peroxidation (malondialdehyde and
8-isoprostane).

Results: The geometric mean concentrations of urinary cotinine were 0.13, 1.50, and 0.22 µg/g creatinine in LA-before, Beijing,
and LA-after, respectively. Likewise, hydroxylated-PAH levels were signi�cantly higher in Beijing as compared to LA-before or
LA-after (p<0.001), in association with the urinary cotinine concentrations (p<0.05). Traveling from Los Angeles to Beijing
increased urinary concentrations of malondialdehyde by 51.8% (95%CI, 29.1% to 78.5%), which did not return to baseline
levels, up to 4 - 10 weeks after traveling back to Los Angeles. Remarkably, while urinary 8-isoprostane concentrations were
similar between Beijing and LA-before, those levels increased by 75.5% (95%CI, 48.5% to 108%) after returning to Los Angeles
(LA-after), and were signi�cantly higher than baseline (LA-before, 63.6%; 95%CI, 31.1% to 104%). Urinary concentrations of
malondialdehyde and 8-isoprostane were positively associated with urinary cotinine concentrations, independently of
hydroxylated-PAHs.

Conclusion: Traveling from Los Angeles to Beijing increased exposures to passive smoking, which contributed to increased
PAHs exposures and increased lipid peroxidation in the urine.

Trial Registration: Not applicable. 

Background
Passive smoking refers to involuntary exposures to tobacco smoke that were either exhaled by smokers (secondhand smoke,
SHS) or adhered to the surfaces of clothing, hair, furnishings, and dust (thirdhand smoke, THS) (1). Exposure to SHS was
prevalent in more than 1/3 of the population worldwide, responsible for 603,000 deaths in 2004, 379,000 of which were due to
ischemic heart diseases (2). Although the global burden of disease attributable to THS remains unclear, the exposure to THS
is likely to be ubiquitous due to its persistence in the environment (3). Remarkably, passive smoking among local residents at
home or workplaces has been found to be higher in developing countries as compared with developed countries (4–6) likely
due to higher prevalence of smoking and the lack of regulatory policies in developing countries (7, 8). However, it is not known
whether differences in smoking prevalence and control policies among different countries could in�uence passive smoking
among travelers, whose activities are mostly outside homes and workplaces.

Cumulative evidence indicates a variety of adverse health effects induced by passive smoking, which are largely attributed to
its content of a large number of toxic components (9). To date, over 250 toxic chemicals have been identi�ed in SHS with
biological half-lives ranging from milliseconds (free radicals) to years (cadmium) (9), some of which could react with gaseous
pollutants leading to the formation of even more toxic products in THS (1). Of note, polycyclic aromatic hydrocarbons (PAHs),
a group of toxic byproducts of incomplete combustions, have been thought to exert signi�cant effects on the health of
passive smokers. Similar to SHS exposures, previous studies have shown that people in developing countries are subjected to
higher exposures to PAHs as well (10). However, it remains unclear to what extent, the elevated PAHs exposures in developing
countries are due to passive smoking or other sources such as air pollution.

The United States (U.S.) and China are among the world’s largest developed and developing countries, respectively. The
number of residences traveling between both countries increased rapidly in recent years, reaching 1.31 and 2.59 million in the
U.S and China in 2015, respectively (11). In our previous studies, we have identi�ed a marked increase in the levels of PAH
metabolites in urines of healthy young adults who traveled from Los Angeles to Beijing for a 10-week period in 2014 and 2015,
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which indicated a signi�cant increase in the exposure to PAHs (12, 13). Furthermore, we observed signi�cant increases in
circulating biomarkers of lipid peroxidation after the participants spent 6–8 weeks in Beijing, which reversed almost
completely 4–7 weeks after the participants returned to Los Angeles, and were positively associated with the urinary levels of
PAHs metabolites (12). However, because only one blood sample was collected from each participant at each phase (i.e.
before, during, or after the travel), the dynamics of the pro-oxidative changes and their reversibility in response to changes in
PAHs exposures could not be determined.

Compared with blood collection, the analysis of urinary biomarkers causes less burden to human subjects when studying the
dynamics of oxidative changes in response to environmental pollution. However, it is not certain whether lipid peroxidation
detected in the urine derives from the clearance of oxidation products circulating in the blood, oxidation in the actual kidney
tissues or both. Importantly, the ability of passive smoking to induce lipid peroxidation in kidney tissues has been well
documented in previous studies (14). Furthermore, some redox-active constituents in tobacco smoke mixtures (e.g. cadmium)
have been shown to accumulate in the kidney over years (15), and it is unclear whether passive smoking exposures could
cause lipid peroxidation in the kidneys even after the exposure cessation.

With the higher population density and prevalence of smoking in China (16), residents from Los Angeles traveling to Beijing
would be expected to encounter increased passive smoking. In this study, we analyzed the levels of cotinine, PAH metabolites
(OH-PAHs), malondialdehyde (MDA), and 8-isoprostane in 197 urine samples collected from 27 residents of Los Angeles
before, during, and after their 10-week stay in Beijing in 2014 and 2015, aiming to determine (i) changes in passive smoking
when traveling from Los Angeles to Beijing; (ii) to what extent passive smoking could mediate the changes in PAHs exposures
during the travel; and (iii) whether changes in passive smoking could alter the degree of lipid peroxidation in the urine.

Results
Demographic characteristics. The mean (SD) age was 25.4 (10.3) years and mean (SD) BMI was 21.5 (2.4) kg/m2 in the 27
study participants (15 females and 12 males) (Table S1). All participants were non-smokers and most of them were healthy
Asian young adults. One participant was self-reported to have hypertension. No participants were recorded with any heart
disease, metabolic disorder, kidney disease, blood coagulation disorders, rheumatological disease or chronic in�ammation.
Urine samples were collected from 23 participants in all three phases while samples of four participants were not collected in
either LA-before (n = 3) or LA-after (n = 1).

Passive smoking exposures. The urinary cotinine was detected in all samples collected in Beijing but only in 78.6% of those in
Los Angeles. The geometric mean concentration of urinary cotinine was 1.50 (IQR: 0.87–2.21) µg/g creatinine in Beijing,
signi�cantly higher (p < 0.001) than that in LA-before (geometric mean: 0.13; IQR: 0.06–0.24 µg/g creatinine) or LA-after
(geometric mean: 0.22; IQR: 0.09–0.40 µg/g creatinine) (Table 1). This trend was consistent in both 2014 (Fig. 1A) and 2015
(Fig. 1B). Correspondingly, 52.5% of urine samples in Beijing were collected after participants had spent time near smokers in
the past three days, markedly higher than the frequencies in LA-before (2.9%) or LA-after (3.2%). All this data indicates
elevated passive smoking exposures in Beijing.
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Table 1
Descriptive statistics of urinary biomarkers in Beijing and Los Angeles before (LA-before) and after the trip (LA-after)

  geometric mean (IQR)a   p-value for the difference b

  in LA-before (n 
= 35)

in Beijing (n = 
99)

in LA-after (n 
= 63)

  Beijing vs. LA-
before

Beijing vs.
LA-after

LA-before vs.
LA-after

Creatinine 1418 (1089–
2190)

1511 (1143–
2298)

1415 (970–
2244)

  0.37 0.27 0.99

Cotinine 0.13 (0.06–
0.24)

1.50 (0.87–
2.21)

0.22 (0.09–
0.40)

  < 0.001 < 0.001 0.03

OH-
NAPs

2.59 (1.64–
3.36)

3.58 (2.31–
4.96)

3.49 (1.87–
5.86)

  0.08 0.84 0.07

2-OH-DBF 0.13 (0.08–
0.19)

1.10 (0.81–
1.59)

0.14 (0.11–
0.22)

  < 0.001 < 0.001 0.45

OH-FLUs 0.20 (0.12–
0.35)

1.21 (0.90–
1.70)

0.28 (0.19–
0.34)

  < 0.001 < 0.001 0.01

OH-PHEs 0.39 (0.27–
0.61)

1.35 (1.01–
1.88)

0.51 (0.38–
0.70)

  < 0.001 < 0.001 0.008

1-OH-PYR 0.07 (0.04–
0.29)

0.20 (0.14–
0.29)

0.12 (0.07–
0.17)

  < 0.001 < 0.001 0.002

a. unit: µg/L for creatinine; µg/g creatinine for the others

b. tested by mixed-effect model with random intercepts of study participant.

To our surprise, the cotinine concentration in urine collected from participants who reported to spend time near smokers in
Beijing (n = 51) was comparable with those who didn’t (n = 48, p = 0.66, Figure S1). Consistently, we observed no associations
between urinary cotinine concentrations and self-reported time near smokers after controlling for phase, year, and other
activities (p = 0.92, Table S2). No associations were observed between cotinine levels and time spent in Beijing or LA-after
(Figs. 1C and 1D).

Associations between passive smoking and PAHs exposures. All OH-PAHs analytes were detected in at least 94.6% of
samples. Similar to the changes in urinary cotinine levels, traveling from Los Angeles to Beijing led to signi�cant increases in
the urinary concentrations of all OH-PAHs except for hydroxylated naphthalenes ( OH-NAPs, p < 0.001, Table 1), which
reversed, at least partially, after participants returned to Los Angeles. Of note, the concentrations of most OH-PAHs and
cotinine in LA-after were signi�cantly higher as compared with LA-before (p < 0.05); however, the differences between LA-
before and LA-after were much smaller than the differences between the two cities. These results strongly suggest that
participants were subjected to elevated exposures to PAHs in Beijing.

The urinary levels of cotinine were signi�cantly associated with the concentrations of hydroxylated phenanthrenes ( OH-
PHEs) and 1-hydroxylated pyrene (1-OH-PYR) (p < 0.001) in the urine, but not with the other OH-PAHs (Table 2). On the other
hand, time spent on barbecuing activities and public transportation was positively associated with OH-PAHs (p < 0.05),
suggesting that behavioral changes related to diet and outdoor air pollution could have also in�uenced the exposure to PAHs.
Since both cotinine concentrations and time spent in public transportation were markedly increased from Los Angeles to
Beijing (Table S3), it is likely that both passive smoking and behavioral changes contributed to higher exposure to PAHs in
Beijing. Remarkably, the concentrations of 2-hydroxylated dibenzofuran (2-OH-DBF), hydroxylated �uorenes ( OH-FLUs), and
OH-PHEs remained signi�cantly higher in Beijing than in LA-before even after adjusting for urinary cotinine concentrations

and behavioral changes (Table 2), which may re�ect the effects of the more severe air pollution in Beijing as previously
reported (12).
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Table 2
Determinants of logarithmic urinary OH-PAHs concentrations in multivariable mixed-effect model with random intercepts of

study participant (, SE, and p-value were estimated in full models including all variables)
β

Variables OH-NAP   2-OH-DBF   OH-FLUs   OH-PHE   1-OH-PYR

β(SE) p-
value

  β(SE) p-
value

  β(SE) p-
value

  β(SE) p-
value

  β(SE) p-
value

Log10
cotinine

0.11
(0.06)

0.10   -0.01
(0.06)

0.86   0.07
(0.05)

0.19   0.18
(0.05)

< 
0.001

  0.25
(0.06)

< 
0.001

Log10
cotinine × City
(Beijing = 1)

0.06
(0.11)

0.62   0.15
(0.11)

0.19   0.01
(0.09)

0.94   -0.05
(0.09)

0.58   -0.20
(0.11)

0.06

Beijing vs. LA-
before

0.01
(0.10)

0.96   1.00
(0.10)

< 
0.001

  0.68
(0.09)

< 
0.001

  0.45
(0.08)

< 
0.001

  0.09
(0.10)

0.39

LA-after vs.
LA-before

0.10
(0.06)

0.11   0.08
(0.06)

0.18   0.14
(0.05)

0.008   0.12
(0.05)

0.01   0.14
(0.06)

0.02

Year (2015 vs.
2014)

-0.09
(0.10)

0.37   0.08
(0.07)

0.26   0.06
(0.07)

0.43   0.19
(0.06)

0.002   -0.01
(0.08)

0.87

Year × City
(Beijing in
2015 = 1)

-0.13
(0.09)

0.15   -0.30
(0.08)

< 
0.001

  -0.20
(0.07)

0.008   -0.15
(0.07)

0.03   -0.04
(0.08)

0.60

Time in
cooking (h)

0.01
(0.02)

0.53   -0.01
(0.02)

0.61   -0.03
(0.02)

0.04   -0.01
(0.01)

0.63   -0.02
(0.02)

0.20

Time in
barbecuing
(h)

0.16
(0.06)

0.005   0.10
(0.06)

0.08   0.11
(0.05)

0.02   0.18
(0.05)

< 
0.001

  0.27
(0.06)

< 
0.001

Barbecue
intake (kg)

-0.20
(0.07)

0.006   -0.01
(0.07)

0.94   -0.01
(0.06)

0.87   -0.13
(0.06)

0.02   -0.16
(0.07)

0.02

Baked food
intake (kg)

-0.02
(0.02)

0.29   -0.01
(0.02)

0.63   -0.02
(0.02)

0.40   -0.03
(0.02)

0.06   -0.01
(0.02)

0.51

Driving time
(h)

0.00
(0.01)

0.97   -0.03
(0.01)

0.005   -0.00
(0.01)

0.76   -0.01
(0.01)

0.27   -0.01
(0.01)

0.66

Time near
heavy tra�c
(h)

0.01
(0.02)

0.74   -0.00
(0.02)

0.80   -0.01
(0.01)

0.27   -0.01
(0.01)

0.66   -0.01
(0.02)

0.46

Time in public
transportation
(h)

0.01
(0.01)

0.45   0.02
(0.01)

0.10   0.04
(0.01)

< 
0.001

  0.01
(0.01)

0.18   0.03
(0.01)

0.004

Time near
smokers (h)

0.00
(0.02)

0.94   -0.01
(0.02)

0.59   -0.01
(0.01)

0.61   -0.01
(0.01)

0.48   0.00
(0.02)

0.80

Biomarkers of lipid peroxidation. MDA is a lipid peroxidation product via both enzymatic and non-enzymatic pathways, while
8-isoprostane is more speci�c to non-enzymatic pathways. We observed signi�cant increases in urinary concentrations of
MDA in Beijing (p < 0.001, Fig. 2A). However, unlike urinary OH-PAHs and cotinine, the increase in MDA concentration in Beijing
did not return to baseline levels after the participants returned to Los Angeles (LA-after, Fig. 2A). To our surprise, the
concentration of 8-isoprostane did not increase in Beijing but instead, it increased after returning to Los Angeles (LA-after) as
compared with levels in LA-before or in Beijing (p < 0.001, Fig. 2B). Interestingly, the concentrations of 8-isoprostane but not
MDA signi�cantly decreased over time (p < 0.001) while participants were in Beijing (Figs. 2C and 2D). The decrease in 8-
isoprostane in Beijing over time could not be due to changes in PAHs exposures, which instead, they were likely to increase
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over time as judged by increases in OH-PAHs concentrations (Figure S2). Participants’ time spent in LA-after was not
associated with urinary concentrations of MDA (Fig. 2E) or 8-isoprostane (Fig. 2F).

Associations between passive smoking and lipid peroxidation We found that one-fold increase in urinary cotinine
concentrations were associated with 9.54% (95% CI: 4.88 to 14.4%) and 8.42% (95% CI: 2.03 to 15.3%) increases in the
concentrations of MDA (Fig. 3A) and 8-isoprotane (Fig. 3B), respectively. Likewise, urinary OH-PAHs concentrations were
positively associated with both MDA and 8-isoprostane concentrations as well (Figure S3). Adjusting for OH-PAHs
concentrations didn’t annihilate the association of urinary cotinine with MDA and 8-isoprostane concentrations (Figs. 3A and
3B), and vice versa (Figure S3). Given the short half-time of cotinine and PAHs in human body (i.e. several hours) (17, 18),
these associations suggested that short-term exposures to passive smoking and PAHs were independently associated with
lipid peroxidation.

We calculated the average concentrations of urinary cotinine in each phase as a proxy to accumulated exposures to passive
smoking. We found that the difference in average 8-isoprostane concentrations between LA-after and LA-before was
signi�cantly associated with the average cotinine concentration in Beijing (p < 0.05, Fig. 3C), but not with the cotinine
concentration in LA-after (Fig. 3D), indicating that the pro-oxidative effects of passive smoking in Beijing persisted even after
participants returned to Los Angeles. In contrast, the difference in 8-isoprostane concentrations between LA-after and LA-
before was signi�cantly associated with OH-PAHs concentrations in LA-after (p < 0.05), but not with those in Beijing (Figure
S4). This is consistent with the short half-lives of PAHs in human body of less than one day as suggested previously (17, 18).

Discussion
We have found in this study that traveling to a country with a high prevalence of smoking results not only in increased
exposures to passive smoking but also in the induction of signi�cant health effects, long after the exposures have concluded.
This is the �rst study focusing on the risk of passive smoking among a ubiquitous but underappreciated population –
international travelers, of whom the exposure duration is likely to be different from local residents.

We followed 27 travelers between Los Angeles and Beijing and found signi�cantly higher exposures to passive smoking in
Beijing, in association with elevated exposures to PAHs, and increased lipid peroxidation in the urine. These results indicate
that cross-boundary traveling could change the degree of passive smoking exposures, which may contribute to elevated
exposures to toxic chemicals and subsequently, the development of adverse health effects that could promote cardiovascular
diseases. In addition, our �ndings may also inform on potential risks associated to passive smoking exposures among local
residences in Beijing, China.

Nicotine is metabolized by cytochromes P450 into cotinine and excreted from human bodies by the kidney (19), reasoning
why the urinary concentration of cotinine has been widely employed as a biomarker of exposure to passive smoking in
population studies (17, 20). In the current study, we collected multiple urine samples for each participant with intervals of at
least one week, which is much longer than cotinine’s half-time of several hours (17). We observed elevated cotinine levels in
urine samples collected at different time points in Beijing as compared with Los Angeles (Figure S5), indicating ubiquitous
exposures to passive smoking in Beijing among participants. We initially hypothesized that increased passive smoking
exposures in Beijing were mostly attributable to SHS since none of the participants were active smokers and they reported
longer time near smokers when in Beijing as compared to when in Los Angeles (Table S3). However, we observed that
participants who did not report to be near a smoker before the sample collection in Beijing also exhibited elevated cotinine
levels in the urine (Figure S2), which might suggest a signi�cant contribution from THS as well. Nevertheless, we cannot
exclude the possibility of recall bias or that participants were exposed to SHS unconsciously.

It has been well documented that tobacco smoke is rich in PAHs (21). Passive smoking is potentially a marked contributor to
PAHs exposures (22) since smoking mostly occurs near the general population. In this study, we found that urinary cotinine
concentrations were associated with OH-PHEs and 1-OH-PYR concentrations (p < 0.001, Table 2), indicating that passive
smoking was likely an important determinant of PAHs exposures among the study participants. On the other hand, the levels
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of 2-OH-DBF, OH-FLUs and OH-PHEs were not only signi�cantly higher in Beijing as compared with LA-before but also, they
remained as such after adjusting for urinary cotinine concentrations (Table 2), suggesting that other factors contribute to the
increase in PAHs exposure in Beijing such as air pollution (12). Indeed, previous studies have reported a 32.7-fold difference in
the annual average concentration of airborne non-naphthalene PAHs between Los Angeles (6.67 ng/m3) (23) and Beijing
(218 ng/m3) (24). Albeit diet ingestion has been suggested as the major exposure route of PAHs with < = four rings (e.g. 1-OH-
PYR) (25–27), we don’t believe diet played a major role in our study. This is because (i) dietary habits were similar in each
study participant while in both cities (Table S3); (ii) samples were collected after 8-h fasting which decreased the in�uence of
diet; and (iii) the PAHs concentration in food has been comparable between China and the U.S. (26, 28).

We have previously shown that traveling from Los Angeles to Beijing led to signi�cant increases in circulating levels of
oxidized polyunsaturated fatty acids via enzymatic pathways (e.g. lipoxygenases) 6 to 8 weeks after initiating the travel, while
the increase in circulating 8-isoprostane concentrations was only borderline signi�cant (12). Likewise, we have observed
signi�cant increases in urinary concentrations of MDA, a lipid peroxidation product from both enzymatic and non-enzymatic
pathways, after traveling, which remained elevated throughout the whole stay in Beijing and after returning to Los Angeles
(Fig. 2A). On the other hand, there were no signi�cant changes in the concentration of 8-isoprostane, which primarily
originates from non-enzymatic oxidation of arachidonic acid, in Beijing as compared with LA-before (Fig. 2B). In particular, we
observed a progressive decrease in urinary 8-isoprostane levels after participants arriving at Beijing (Fig. 2D) even though
there were no decreases in urinary concentrations of cotinine (Fig. 1C) or OH-PAHs (Figure S2) during the stay in Beijing.
Indeed, we have observed higher circulating levels of uric acid, pyroglutamic acid, and taurine in Beijing (data not shown)
which might re�ect participants’ enhanced capacity to scavenge free radicals in the circulation.

Surprisingly, however, 8-isoprostane concentrations increased after returning to Los Angeles and remained elevated > 70 days
after (Fig. 2B), which was consistent across different years and different time points (Figure S5). These results are also
consistent with the study of Wu et al who observed in nine volunteers traveling from Germany to China for 8–42 days that
they exhibited elevated urinary 8-isoprostane levels, at least four weeks after returning to Germany (29). In addition, urinary
MDA concentrations in LA-after remained higher than the baseline level as well (Fig. 2A) in contrast to our previous
observation among the same participants that oxidized lipids in the circulating blood, returned to baseline after coming back
to Los Angeles (12). The discrepancy between urinary and circulating oxidative biomarkers suggested that elevated urinary
levels of MDA and 8-isoprostane in LA-after may re�ect oxidation at the organ level (e.g. kidney) instead of the systemic
circulation. Remarkably, we observed positive associations between average cotinine levels in Beijing and the increase in 8-
isoprostane levels from LA-before to LA-after (Fig. 3C), suggesting that the pro-oxidative effects of passive smoking exposures
in Beijing may persist 4–10 weeks after returning to Los Angeles.

The prolonged detection of increased oxidized lipids in the urine is very important since lipid peroxidation has been shown to
play a critical role in the pathogenesis of SHS-induced diseases, including those of cardiovascular nature (30). Thus, previous
animal studies have shown that tobacco smoke exposure may induce kidney oxidative damages (31). Of interest, we have
noted in our study that the pro-oxidative effects of passive smoking could occur at different time scales likely due to the wide
range of biological half-lives from different chemicals in the tobacco smoke mixtures. On one hand, urinary cotinine levels, an
indicator of recent exposures, were associated with MDA and 8-isoprostane levels, suggesting marked acute pro-oxidative
effects of passive smoking, which has been shown to contain redox-active chemicals with short biological half-lives, such as
free radicals, aldehydes, peroxides, and epoxides (32). On the other hand, the average cotinine concentrations in Beijing were
correlated with the difference in average 8-isoprostane levels between LA-after and LA-before (Fig. 3C). The persistent effects
might be attributed to tobacco smoke components with long half-lives such as cadmium, which has been shown to
accumulate in the kidney with a clearance half-life of 25 years (15). Additionally, the slow translocation of cadmium from
circulation to organs (half-life = 75–128 days) (15) may also explain why urinary 8-isoprostane was not increased until
participants returned to Los Angeles.

The concentrations of urinary cotinine in Los Angeles and Beijing in this study were in the same magnitude of other non-
smoking population studies from 20 countries (Table S4) (20, 33–36). Thus, the level of urinary cotinine in Los Angeles (LA-
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before + LA-after) was at lower levels compared with that in studies from other countries (Table S4) (20). In contrast, urinary
cotinine in Beijing was at a relatively higher levels, and it was comparable with levels in studies from Korea and several Europe
countries (e.g. Portugal and Hungry) (20, 35) but markedly lower that the levels in an Italian Study (36). It is likely that the
higher urinary cotinine concentration observed in Beijing was due to a higher prevalence of smoking (30.2%) (37) as compared
with Los Angeles (14.3%) (38), together with the markedly higher population density in Beijing (4,700 persons km− 2) as
compared to that in Los Angeles (2,300 persons km− 2) (39). Indeed, we have noted a signi�cant association between the
smoking prevalence of different countries in 2012 (40) and the urinary cotinine level in people participating in studies from 22
countries (20 from other studies and two from the current study) (r = 0.44, p < 0.05, Figure S6), supporting the logical
assumption that increased prevalence of smoking leads to increased exposures to passive smoking. Although previous
studies have documented large variabilities in the level of passive smoking exposures among local residents, the latter
depended on whether there were active smokers in their families or working places (41, 42). The travelers in our study,
however, were more likely exposed to passive smoking outside home and in their workplaces, given positive associations
between urinary cotinine levels and self-reported driving time (Table S2). Indeed, nicotine has been detected in the air of 44
public places tested in a previous study (e.g. hospitals, secondary schools and restaurants) with a median concentration of
3.0 µg/m3 (43). This level is comparable to that of smoking-permitted workplaces in the U.S. and might cause notable passive
smoking exposures among visitors to those places (44).

Importantly, exposures to passive smoking can be decreased by regulatory policies targeting active smoking. Thus, effective
June 2015, the Beijing government banned smoking in all the indoor areas of public places, including workplaces and public
transportation as well as outdoor areas of schools and hospitals (45). Our data obtained in Beijing, in the summers of 2014
and 2015 re�ect passive smoking exposures before and after the ban policy, respectively. Although urinary cotinine
concentrations and self-reported time near smokers were higher in Beijing than in Los Angeles in both 2014 and 2015, we
observed trends towards decreased exposures in Beijing from 2014 to 2015 as evidenced by decreased urinary cotinine
concentrations (geometric mean in a unit of µg/g creatine: 1.68 in 2014 and 1.21 in 2015, respectively), and decreased self-
reported time near smokers (Table S3). These data suggest positive effects, likely derived from the implementation of the
regulatory policy; however, we cannot exclude the possibility that the trend was dominated by differences in study participants
between 2014 and 2015, given signi�cant associations of urinary cotinine concentrations with year (p < 0.05), but not with the
interaction between year and city (Table S2).

Strengths And Limitations
In this natural experiment, we performed repeated measurements among the same travelers, allowing each participant to serve
as his/her own control. The built-in “cross-over” feature (i.e. from LA-before to Beijing vs. from Beijing to LA-after) allowed us
to control the effects due to travel itself and the exposures during the �ights. Thus, the observed changes in biomarker
concentrations were most likely attributable to the exposures in each city. Despite these strengths, our study has several
limitations. First, the small group of travelers in this study may not be representative of either foreign visitors to China or local
residents. Second, while our study clearly identi�ed health effects associated to passive smoking exposures among an
underappreciated population – travelers, it is unclear whether traveling to other cities with high prevalence of smoking would
induce similar effects. Third, changes in urinary concentration levels of cotinine depend not only on the exposure degree to
passive smoking, as determined in here, but also on the activity of inducible cytochromes P450 responsible for nicotine
metabolism (19), which was not assessed in our study. Finally, the locations where exposures occurred was unclear since we
did not measure ambient levels of nicotine in the different microenvironments. While future studies are warranted to address
these limitations and shortcomings, our results are relevant in the design of policies aimed at reducing passive smoking
exposures.

Conclusions
Healthy young adults traveling from Los Angeles to Beijing were inadvertently exposed to elevated levels of tobacco smoke,
which was associated with increased exposure to PAHs in the destination city and prolonged lipid peroxidation in the urine,
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induced several weeks after returning to the origin city. Future studies are needed to better understand the associated health
effects and risk for development of cardiovascular diseases as well as the impact of regional differences in smoking control
on exposures to passive smoking among travelers.

Methods
Study Participants. The study is based on a summer research program between Peking University (PKU) and University of
California, Los Angeles (UCLA), in which students from UCLA visit PKU and stay there for 10 weeks in each summer (12, 13,
46). All participants in this study (n = 27) were recruited in 2014 or 2015 (12). Demographic information and written informed
consent were obtained from all participants with study purpose and risk explained.

Sample Collection. For each participant, up to nine urine samples were collected before the travel (LA-before), in Beijing (2 to
10 weeks after arrival in Beijing), and 4 to 10 weeks after returning to Los Angeles (LA-after). Because PAHs and nicotine are
metabolized and excreted rapidly with a half-life less than one day (17, 18), each urine was collected at least one week after
the previous collection. Each urine collection was coupled with a questionnaire survey that included time spent near smokers
in the past three days, and various activities related to PAHs exposures in the past three days, such as (i) cooking behaviors
(time for cooking and barbecuing), (ii) dietary intakes of food rich in PAHs (consumption of barbecue or baked food), and (iii).
tra�c-related behaviors (driving hours, public transportation usage, and time spent near heavy tra�c).

Laboratory Analysis. We used a gas chromatograph and mass spectrometer (GC-MS; Agilent 7890A-5975C) with a isotope
dilution method to measure the concentration of cotinine and 11 hydroxylated PAHs in the urine including 1- and 2-OH-NAPs,
2-OH-DB), 2- and 3-OH-FLUs, 1-, 2-, 3-, 4- and 9-OH-PHEs and 1-OH-PYR. To determine urinary cotinine, 0.5 mL urine was spiked
with deuterium-labeled (+/-)-cotinine and alkalinized with 0.5 mL NaOH (4M) / KCl (1M) solution. The aliquant was then
extracted with 2 mL dichloromethane four times and concentrated under nitrogen �ow for instrumental analysis. To determine
urinary OH-PAHs, after spiked with deuterium- or 13C- labeled hydroxylated PAHs (i.e. 13C6-2-OH-NAP, 13C6-3-OH-FLU, 13C6-3-OH-
PHE and d9-1-OH-PYR) as surrogate standards, 2 mL of urine was incubated with β-glucurnonidase-sulfatase (Helix pomatia,
Sigma-Aldrich, St. Louis, MO), followed by liquid-liquid extraction, diazomethane derivation, puri�cation by column
chromatography and instrumental analysis. Two OH-NAPs and two OH-PHEs (i.e. 3-OH-PHE, 9-OH-PHE) could not be distinctly
separated in chromatograms; therefore, their summed concentrations were reported as OH-NAPs and 3 + 9-OH-PHEs,
respectively. The concentration of 2-OH-DBF was corrected by 13C6-3-OH-FLU, while other analytes were corrected by
corresponding surrogate standards. After correction, the recovery of all analytes in spiked samples was 99.6 ± 7.6% (range
85.2-110.7%), and the relative standard deviation was 7.6 ± 4.3% (range 2.6–15.7%). Blank samples were prepared for each
eight urine samples, and negligible contamination was observed for all analytes. Concentrations of metabolites from the
same PAHs were summed as an exposure indicator for the parent compound.

Urinary creatinine was measured by a spectrophotometer under a wavelength of 510 nm based on the Jaffe reaction (47).
Urinary MDA concentrations were measured by a high-performance liquid chromatograph (HPLC; Waters2695) coupled with a
UV detector under a wavelength of 532 nm, after the reaction with 2-thiobarbituric acid (TBA). Urinary 8-isoprostane was
measured with a commercial ELISA kit (R&D, Detroit, MI) according to the manufacturer’s instructions. Each urine sample was
analyzed in duplicate. All urinary biomarkers were normalized by creatinine, unless noted otherwise, to reduce interferences of
diluted/concentrated spot urine samples.

Statistical Analysis. Analytes not detected in urine samples were substituted with 1/2 limit of quanti�cation (LOQ) for
statistical analysis as described in our previous study (12). Logarithmic transformation was performed for biomarkers with a
right-skewed distribution. Mann-Whitney U and spearman correlation tests were used to investigate the difference or
association between two variables when the control of intra-individual variability is not necessary. Otherwise mixed-effect
models with random intercepts of participants were used. Particularly, because multiple factors (e.g. passive smoking and
behavioral changes) may in�uence to PAHs exposures simultaneously, we modeled urinary OH-PAHs concentrations as a
function of cotinine, year, and questionnaire variables, as well as the interactions of city with cotinine and year. To test the
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associations between biomarkers of exposures and lipid peroxidation, we modeled the concentrations of MDA or 8-
isoprostane as a function of cotinine or OH-PAHs or both of them in mixed-effect models controlling random effects at both
participant and phase levels. Alpha was set at 0.05, and all tests were two-tailed. Data were analyzed with the statistical
software R (www.r-project.org).
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Figure 1

Urinary cotinine concentrations in LA-before, Beijing, and LA-after in 2014 (panel A) and 2015 (panel B), as well as the effects
of time lapse in Beijing and LA-after on cotinine concentrations (panels C and D) (blue and orange plots indicate data in Los
Angeles and Beijing, respectively; black line - median of each date; red line - mean of each date; box - 25th and75th percentiles;
whiskers - 10th and 90th percentiles. Differences in cotinine concentrations between phases and associations between
cotinine concentrations and days in a city were tested in mixed-effect models with random intercepts of study participant)
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Figure 2

Urinary concentrations of MDA (panel A) and 8-isoprostane (panel B) in LA-before, Beijing, and LA-after, and the effects of time
lapse in Beijing (panels C and D) and LA-after (panels E and F) on biomarker concentrations (blue and orange plots indicate
data in Los Angeles and Beijing, respectively. Differences in biomarkers concentrations between phases and associations
between biomarker concentrations and days in a city were tested in mixed-effect models with random intercepts of study
participant.)
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Figure 3

Percentage changes of urinary concentrations of MDA (panel A) and 8-isoprostane (panel B) associated with one-fold
increases in urinary cotinine levels in mixed-effect models with random intercepts of study participant and phase; and
spearman correlations between increments of 8-isoprostane concentrations in LA-after from LA-before and average cotinine
concentrations in Beijing (panel C) and in LA-after (panel D)
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