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Exposure characteristics of monohydroxypolycyclic aromatic
hydrocarbons and influencing factors in urban residents
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Chinese Center for Disease Control and Prevention, Beijing 100021, China)

Abstract: Polycyclic aromatic hydrocarbons (PAHs) are organic pollutants that are ubiquitous in
nature and in environments affected by anthropogenic activities. PAHs enter the human body through
inhalation, ingestion, or skin contact, and consequently threaten human health. Urban areas are
mostly affected by PAHs pollution, which is ascribable to dense population, heavy traffic, and
limited air-pollutant diffusion. In this study, we assessed the current status of PAHs exposure among
non-occupationally exposed urban residents using isotope dilution combined with liquid-liquid
extraction-gas chromatography-high resolution dual-focus magnetic mass spectrometry (GC-HRMS).
The burden of PAHs of 92 permanent residents aged 2 to 80 years in Beijing was investigated. Ten
monohydroxypolycyclic aromatic hydrocarbons (OH-PAHs) were measured in urine samples, namely
hydroxynaphthalene (OHNap, including 1-OHNap and 2-OHNap) , hydroxyfluorene (OHFlu,
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including 2-OHFlu, 3-OHFlu, and 9-OHFlu), hydroxyphenanthrene (OHPhe, including 1-OHPhe,
2-OHPhe, 3-OHPhe, and 4-OHPhe), and 1-hydroxypyrene (1-OHPyr). The OH-PAH levels were
corrected with urinary creatinine, with results below LODs replaced with half the value of LODs.
Correlations between OH-PAHs were assessed using Spearman’s rank correlation analysis (two-
tailed ). The nonparametric Mann-Whitney U test and the Kruskal-Wallis H test were used to compare
the distribution of OH-PAH levels in different populations. The results showed that six OH-PAHs
(1-OHNap, 2-OHNap, 2-OHFlu, 9-OHFlu, 1-OHPhe, and 2-OHPhe) were detected in all the urine
samples. The total contents (£ OH-PAHs) of the 10 OH-PAHs ranged from 661 to 33 782 ng/g, with
an overall geometric mean (GM) of 2 775 ng/g and significant inter-individual differences. The
following content-distribution trend was observed: OHNap>OHFlu>OHPhe>1-OHPyr, with a sig-
nificant negative correlation with molecular size recorded. OHNap was mainly observed, accounting
for 62.2% of the total. Complex correlations were found to existed between the OH-PAHs, with 9-
OHFlu exhibiting unique exposure patterns. Urinary OH-PAH levels were found to correlate with
gender and age, and smoking was also observed to be a significant influencing factor. >OH-PAHs
peaked in the youth group (0-15 years), with a GM of 3 940 ng/g. Levels of 3 OH-PAHs were similar
in the working-age group (16-59 years, GM: 2 598 ng/g) and in the elderly group (=60 years, GM:
2 639 ng/g). These suggest that age is a key PAH-exposure factor. Habitual smoking was found to
consistently and significantly affect OH-PAH levels, with smokers generally having higher levels of
OH-PAH than non-smokers. While males exhibited higher overall exposure levels than females,
females exhibited significantly higher levels of 1-OHPyr than males (p=0.03) when smoking was
excluded, which suggests that metabolic and behavioral differences between genders impact PAHs
exposure. This study revealed the exposure and distribution characteristics of OH-PAHs in Beijing
residents. It provides a scientific basis for studying PAHs pollution and its health effect, as well as
epidemiological investigations, disease-burden assessments, and policy formulation.

Key words: polycyclic aromatic hydrocarbons (PAHs) ; gas chromatography-high resolution
dual-focus magnetic mass spectrometry (GC-HRMS) ; monohydroxypolycyclic aromatic hydro-

carbons (OH-PAHs) ; exposure characteristics; influencing factors
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Table 1 Demographic characteristics of the respondents

Characteristic N (%)
Gender
Female 40 (43.5)
Male 52 (56.5)
Age (years)
0-15 14 (15.2)
16-59 64 (69.6)
=60 14 (15.2)
Smoking status
Smoker 9(9.8)
Non-smoker 83 (90.2)

* Numbers of respondents (percent in all, %).
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Table 2 Retention times, MS parameters and LODs of the 10 monohydroxypolycyclic aromatic hydrocarbons (OH-PAHs) ,
isotopic internal standards, and recovery internal standard

Analyte Abbreviation M01e+cular ion Retenti(.)n time/ Internal standard  LOD/(ng/L)
[M"] (m/z) min
1-Hydroxynaphthalene 1-OHNap 216.0970 8.98 '306—1—OHNap 25
2-Hydroxynaphthalene 2-OHNap 216.0970 9.23 ”06—2—OHNap 25
2-Hydroxyfluorene 2-OHFlu 254.1127 13.32 D,-2-OHFlu 5
3-Hydroxyfluorene 3-OHFlu 254.1127 13.11 D,-3-OHFlu 5
9-Hydroxyfluorene 9-OHFlu 254.1127 11.62 C,-9-OHFlu 5
1-Hydroxyphenanthrene 1-OHPhe 266.1127 15.13 D,-1-OHPhe 5
2-Hydroxyphenanthrene 2-OHPhe 266.1127 15.55 D,-2-OHPhe 5
3-Hydroxyphenanthrene 3-OHPhe 266.1127 15.05 "C,-3-OHPhe 5
4-Hydroxyphenanthrene 4-OHPhe 266.1127 14.23 D,-4-OHPhe 5
1-Hydroxypyrene 1-OHPyr 290.1127 20.11 D,-1-OHPyr 5
"C,-1-Hydroxynaphthalene C,-1-OHNap 222.1172 8.98 / /
"C,-2-Hydroxynaphthalene C,-2-OHNap 222.1172 9.23 / /
D,-2-Hydroxyfluorene Dy-2-OHFlu 263.1692 13.26 / /
D,-3-Hydroxyfluorene Dy-3-OHFlu 263.1692 13.07 / /
"C,-9-Hydroxyfluorene C,-9-OHFlu 260.1127 11.62 / /
D,-1-Hydroxyphenanthrene D,-1-OHPhe 275.1692 15.07 / /
Dy-2-Hydroxyphenanthrene D,-2-OHPhe 275.1692 15.49 / /
"C,-3-Hydroxyphenanthrene C,-3-OHPhe 272.1127 15.07 / /
Dy-4-Hydroxyphenanthrene Dy-4-OHPhe 275.1692 14.20 / /
D,-1-Hydroxypyrene D,-1-OHPyr 299.1692 20.08 / /
C,,-2,3,3",4,4"-Pentachlorobiphenyl "*C,,-PCB-105 339.9178 17.65 / /
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Table 3 Detection results of the 10 OH-PAHSs in 92 urine samples

GM/ Percentiles/(ng/g)
Compound Detection rate/% Content/(ng/g) (ng/g) b b b b b 1Ok
10 25 50 75 90
1-OHNap 100 63-14589 556 152 248 539 1086 2562 838
2-OHNap 100 146-15185 858 252 414 735 1366 3503 952
2-OHFlu 100 43-1236 144 61 76 132 199 486 123
3-OHFlu 99 1-945 50 18 27 40 79 222 51
9-OHFlu 100 30-4214 291 57 94 299 860 1645 766
1-OHPhe 100 19-453 67 37 42 63 89 172 47
2-OHPhe 100 21-630 67 33 44 59 92 177 48
3-OHPhe 99 2-1386 56 13 25 54 133 280 108
4-OHPhe 91 1-247 25 11 19 28 43 69 24
1-OHPyr 91 1-1077 41 9 24 43 76 177 52
OHNap 100 231-29773 1502 570 735 1320 2225 6560 1489
OHFlu 100 135-4426 616 212 291 506 1337 2305 1046
OHPhe 100 51-1668 257 126 164 228 395 584 231
3,0H-PAHs 100 661-33782 2775 1173 1582 2431 3665 8481 2083

GM: geometric mean; IQR: interquartile range. OHNap: 1-OHNap+2-OHNap; OHFlu: 2-OHFlu+3-OHFlu+9-OHFlu; OHPhe: 1-
OHPhe+2-OHPhe+3-OHPhe+4-OHPhe; SOH-PAHSs: total of the ten OH-PAHs.
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Fig. 1 Heat map of OH-PAHs correlation in urine samples
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