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Abstract: Polycyclic aromatic hydrocarbons (PAHs) are a class of persistent organic pollutants
that are widely present in various environmental media such as air, soil, and water. They are highly
environmentally stable and are mainly derived from combustion processes and industrial emissions.
Although numerous studies have shown that PAHs are carcinogenic, mutagenic, and neurotoxic,
their exposure levels and associated health risks in specific populations require further study.
Children and adolescents are in a critical stage of growth and development, with immature
physiological and immune systems, making them more sensitive to PAHs than adults. Hence, their

internal exposure levels to PAHs and the associated health risks warrant particular attention.

W5 B #9:2025-07-19
* BB &R A .Tel: (027)83657849, E-mail : surongmei@hust.edu.cn.
HEEWMAE : BHEE MR (2019YFC1605100).
Foundation item : National Key Research and Development Program of China (No. 2019YFC1605100).



%10 1 EALBE L K AR LTS 2 PR 0 U TR KT R A R XU T A - 1137 -

However, most of the existing studies have focused on adults, and there are relatively few studies
on PAHs exposure in children and adolescents. Therefore, a total of 1 096 children and adolescents
aged 6-18 years in a city located in western China were investigated. The concentrations of 12 PAHs
in serum samples were simultaneously determined by solid-phase extraction coupled with gas
chromatography-tandem mass spectrometry (SPE-GC-MS/MS), and the effects of demographic
characteristics, lifestyles, socioeconomic factors, and dietary habits on the concentrations of PAHs
in serum were investigated using multiple linear regression models. The total estimated daily intake
(TEDI) of PAHs was calculated based on their serum concentrations, and the hazard quotient (HQ)
was derived using the reference dose (RfD) to evaluate non-carcinogenic health risk. Meanwhile,
carcinogenic risk was evaluated based on the benzo[ a ]pyrene equivalent (BaPeq) concentrations.
The results showed that six PAHs were detected in the serum of more than 50% of children and
adolescents, in descending order, with anthracene (Ant) (87.2%), phenanthrene (Phe) (76.3%),
fluorene (Flu) (69.3%), acenaphthene (Acp) (62.1%), pyrene (Pyr) (54.3%), and acenaphthylene
(AcPy) (53.7%). Phe showed the highest median mass concentration of 3.03 ng/mL. Age was
positively associated with serum concentrations of all six PAHs (AcPy: 8=0.097, 95% CI: 0.033-0.160;
Acp: B=0.103, 95% CI: 0.032-0.174; Ant: 8=0.056, 95% CI: 0.016-0.097; Flu: 8=0.085, 95% CI: 0.009
-0.162; Phe: 8=0.098, 95% CI: 0.029-0.167; Pyr: 8=0.136, 95% CI: 0.078—0.195) ; overweight and
obese participants exhibited lower levels of AcPy (8=—0.538, 95% CI: —1.022— —0.053) and Acp (8
=-0.566, 95% CI: —1.104— —0.028) ; lower PAHs levels were also found in children and adolescents
from families with higher maternal education; higher frequency of vegetable intake was positively
associated with Acp (8=0.088, 95% CI: 0.012-0.165) , while higher milk intake was inversely as-
sociated with AcPy (8=-0.072, 95% CI: —0.145— —0.000) , Acp (B8=-0.087, 95% CI: —0.167— —0.007)
and Phe (8=-0.095, 95% CI: —0.173— -0.017) ; the use of water cooler jug was positively linked to
serum levels of Ant (8=0.462, 95% CI: 0.149-0.774) and Phe (8=0.898, 95% CI: 0.367-1.428). HQ
values for Pyr were all less than 1, indicating that the level of Pyr exposure in the serum is in-
sufficient to pose a significant non-carcinogenic health risk. The carcinogenic risk assessment re-
vealed that Ant and Phe were the major individual compounds contributing to the carcinogenic risk
posed by PAHs exposure in children and adolescents, accounting for 85% of the total BaPeq
concentration. In summary, exposure to PAHs is common among children and adolescents in this
region. Age, body mass index (BMI), maternal education level, and diet may be the main factors
influencing serum PAHs concentrations. The overall non-carcinogenic risk among the studied
population was low, and Ant and Phe were identified as the individual compounds with the greatest
carcinogenic potential. These findings highlight the need for strengthened monitoring and targeted
health interventions regarding long-term, low-dose PAHs exposure in children and adolescents.
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R 3 mL 4l K 36 Ak /R ) L FE A B AR A 1 mL
FHBE-ZK (16, vv) BRI TE, B2+, BRI 3
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Table 1 Distribution of polycyclic aromatic hydrocarbon (PAH) contents in the serum of children and adolescents

C yerweightea (NE/ML) Cpid-standardized’ (1878 1ipid)
Compound Detection Geometric Percentile Geometric Percentile
rate/%
mean P25 P50 P75 mean P25 P50 P75

Ant 87.2 0.33 0.19 0.54 1.23 75.24 41.94 122.30 277.93
Phe 76.3 1.11 0.11 3.03 14.44 249.82 26.58 690.68 3261.51
Flu 69.3 0.20 <LOQ 1.06 4.41 44.37 <LOQ 240.44 1004.89
Acp 62.1 0.06 <LOQ 0.32 1.24 13.86 <LOQ 68.84 283.21
Pyr 54.3 0.06 <LOQ 0.03 0.32 3.69 <LOQ 7.70 73.37
AcPy 53.7 0.02 <LOQ 0.04 0.41 4.51 <LOQ 8.78 99.51
Flt 42.0 0.03 <LOQ <LOQ 0.34 5.97 <LOQ <LOQ 78.78
Chr 30.7 0.01 <LOQ <LOQ 0.03 2.11 <LOQ <LOQ 6.74
BaA 30.4 0.01 <LOQ <LOQ 0.02 2.73 <LOQ <LOQ 3.81
BaP 22.7 0.01 <LOQ <LOQ <LOQ 1.36 <LOQ <LOQ <LOQ
BbF 18.9 0.01 <LOQ <LOQ <LOQ 1.30 <LOQ <LOQ <LOQ
BkF 17.5 0.01 <LOQ <LOQ <LOQ 1.41 <LOQ <LOQ <LOQ

Ant: anthracene; Phe: phenanthrene; Flu: fluorene; Acp: acenaphthene; Pyr: pyrene; AcPy: acenaphthylene; Flt: fluoranthene;
Chr: chrysene; BaA: benz[ a Janthracene; BaP: benzo[ a |pyrene; BbF: benzo[ b]fluoranthene; BKF: benzo| k]fluoranthene. LOQ: limit
of quantification.
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(LOQ) VAR, {H |y T oo 308 M B foff 2 A1 vk B2 475
{ELAS G, $2 7R 5 1 2 1A 00 R T Ak HG (XU, o I
Hb, 5 U0 R E AR At e rh I R LEE A L
AHIF 5T v 3% PG S M XL K T /D AR i PAHSs
W AR A TR KT o i, B RS L il v AE
VR o7 B80T R B 43 ) R 9.0 F 3.6 ng/mL, ¥b
LB I T P AR O B VR B 45 R 9.3 RN 239.5 ng/
mL, i A #F 58 F 43 91 4 3.03 Fi1 0.54 ng/mL, X Ff 2%
50T BB 5 AN W) B AR PR BT TS LA B L A8 0E RE UR 45
AR A5 2 e A O 28 T T Y 25 R UTAR OG
23 MiEH PAHs REMNEMEZ S

H ME A 205 G Wy e FE AR O RS i, N 2
BE AR 2T B S BE G D0 RN RE 1 WORME S AR
S22 JC AR B 7 AR 43 B 5 e IV PAHs Wk
I ELE 2), SR BN ER BML B EAT
KPR PR (8% 32 2R W05 F0AR 26 7K 18 AR FH 6
T PAHs BUMREEF=/4E T B R . AR5 i i
%/~ PAHs 19 ¥k & & 1E 4 ¢ (JE 45 : 8=0.097, 95%
CI:0.033~0.160; J& : 8=0.103,95% CI:0.032~ 0.174;
H :8=0.056,95% CI.0.016~0.097; % : B=0.085,95%
CI:0.009~0.162; 3E : 8=0.098,95% CI: 0.029~0.167;
B :8=0.136,95% CI:0.078~0.195) . Ffi #HAER K,
PAHs 76/ P9 3 & B, °TRE 5 HAE N R A A HL
15O T BAT IR R A G AR AR Kk
PR AR P LB T D AR LT S M S Y TR
JI A (4 . B=-0.538,95% CI: -1.022~-0.053;
J& :8=-0.566,95% CI:~1.104~-0.028) ,iX — M £ [
fE 22 IR 53 43 A A0 AR i 6 P B [ Z Y W, Moric-
eau 2550 B 5¥ F 0], BMI 5 35 AP HLTS Y W0 AE
J 107 20 20 55 13 ) 9 43 A L (E 5 35 IE A OG L $ROR
BMI %5 5 SRR 9 /9 PAHSs 5 {8 5] T £ 77 76 1§ 105
AU SR AR I h PAHS Vi BEAH X REAK .

(7] B, IS Joe A G Py 4% i R 285 T R I8 A s 4 4 1y
e QRS AN (5 P450 1A1(CYP1A1), M
Jni# PAHs (5546 5% B

55 You &5k v AT i R A 5R 4 e — B
AP R R BB RE R R R E , JLE N D4R
I3 H PAHSs ¥ B2 35 i A% . 3% AT RE 5 B B A K F
9% AE 38 B I A 00 Y SR PR T R Y IR B 4
¥ LA K B 5 175 Y B i B IR AE IR A ¢ . Govarts
SRR WO 22 TR R ARS8 4 ()
FERW], L EE A D4R (R N PAHSs B 88 K- 5 H K
JiE O R AR R A OC . B SRR AR 5 s
JE e B 5L TE AH 5% (8=0.088,95%CI:0.012~0.165) ,
PNl 100 s e ] B 113 € N A N = S A AP U N L LI 1 RN
PAHs"™ ' MR, 4 WA 518 8 M 2 JE 5k
UM DG, 3XRT AR IE T FLE X PAHSs 1) 5w 4 R 45
G B B R O i T RS HEE A B ETAE AR
FHOCWE AT A B o A 28 7K 9 T R 5 i 3 v B0 S
(8 BE S UE A DG, 3K AT BE 2 PR O MORE 2 2% O 2
BN W R 2 Wl ,PET) ol B0 45 70 . 25 JE
AR AR X 4 F B i PAHs, H Bl 2 A7 B[] (9 ZE K
JK i PAHSs Vi BE 23 R0 BT $ O T R K O T
B 1A N PAHS [ — /N8 76 B2 8 B A2 . ILAh, — 2t
T B A 2k 7K 25 2 fef P Tl e S A S TRk, S o )
5 R g w7 ) 0 0] RE RS i PAHSs 1Y B 5 .

AW B A G B AR T S R, AT
BB A7 7E 10142 A 22 B8 2 45 N o B 1) ) 8 K ok i) B
¢ A LA 2k BEORS B 1 KR I SR R B 2 6 ) ok
FRAT TN B ) R R B . AN R AR R AR
T LR 2 I h PAHSs W B B 52, {H HG i v
FE PRV st A% PR 28 PR B 0 e 19 K 0 3 6 g o Aok
RGN A W1 o ARG 0] L itE — D R R X S P %
X PAHs ¥ B 1) 78 76 52 ) .

x2 MFEFESHEFRSEXMERHNSTEMEOASTER

Table 2 Multiple linear regression results of factors influencing PAH contents in serum

Influencing

B (95% CI)

Type
factor AcPy Acp Ant Flu Phe Pyr
Gender boys 0 0 0 0 0 0
girls -0.169 -0.206 0.101 -0.214 0.177 -0.257
(-0.562,0.225) (-0.642,0.231) (-0.149,0.352) (-0.686,0.259) (-0.248,0.601) (-0.619,0.106)
Age (years) 0.097 0.103 0.056 0.085 0.098 0.136
(0.033,0.160) (0.032,0.174) (0.016,0.097) (0.009,0.162) (0.029,0.167) (0.078,0.195)
BMI (kg/m?)  underweight/ 0 0 0 0 0 0
normal
overweight/ —0.538 (-1.022, -0.566 (-1.104, -0.080 -0.441 -0.221 0.067

obesity -0.053) -0.028)

(-0.388,0.229)

(-1.023,0.142)  (-0.744,0.302) (-0.380,0.514)
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Table 2 (Continued)
Influencing B (95% CI)
fact Type
actor AcPy Acp Ant Flu Phe Pyr
Maternal edu- less than high 0 0 0 0 0 0
cation level school
high school  -0.770 (-1.277, -1.126 (-1.690, -0.313 -1.265 (-1.876, -0.691 (-1.240, 0.052
-0.262) -0.562) (-0.636,0.010) -0.655) -0.143) (-0.416,0.520)
college or  —0.778 (-1.303, -1.161 (-1.745, -0.202 -1.361 (-1.993, -1.052 (-1.620, -0.037
above -0.252) -0.578) (-0.536,0.133) -0.729) -0.484) (-0.522,0.447)
Family  in- <3000 0 0 0 0 0 0
come (RMB,  3000-5000 0.045 0.157 0.235 ~0.090 0.379 0.278
Yuan/month) (~0.501,0.591)  (-0.450,0.763) (-0.113,0.582)  (-0.747,0.567) (-0.211,0.969) (-0.226,0.782)
5000-8000 -0.284 0.053 0.191 0.092 0.154 0.315
(-0.895,0.326) (-0.625,0.731) (-0.198,0.580)  (-0.643,0.826) (-0.505,0.814) (-0.249,0.878)
>8000 -0.420 0.424 0.183 0.675 0.176 0.192
(-1.110,0.269)  (-0.341,1.190) (-0.256,0.621)  (-0.154,1.504) (-0.568,0.921) (-0.444,0.828)
Physical ac- <1 0 0 0 0 0 0
tiYity 2-6 0.162 0.057 0.027 -0.038 0.035 -0.203
(times/week) (-0.286,0.609) (-0.440,0.554) (-0.258,0.312)  (-0.576,0.500) (-0.448,0.519) (-0.616,0.210)
>7 0.277 0.050 -0.084 -0.549 0.415 0.247
(-0.405,0.958) (-0.707,0.807) (-0.518,0.350) (-1.368,0.270) (-0.321,1.151) (-0.382,0.875)
Passive no 0 0 0 0 0 0
smoking yes 0.129 0.278 0.260 0.398 0.171 ~0.112
(-0.344,0.603) (-0.248,0.804) (-0.042,0.561)  (-0.171,0.968) (-0.340,0.683) (-0.549,0.325)
Diet red meat -0.023 -0.075 -0.018 -0.081 -0.044 -0.054
(times/week)  (-0.094,0.047) (-0.154,0.003) (-0.062,0.027) (-0.166,0.004) (-0.120,0.032) (-0.119,0.011)
white meat 0.048 0.094 0.054 0.103 0.094 0.074
(times/week)  (-0.074,0.170) (-0.042,0.230) (-0.024,0.132)  (-0.044,0.250) (-0.038,0.226) (-0.039,0.187)
seafood -0.125 -0.098 0.050 -0.041 0.032 0.035
(times/week)  (-0.323,0.074) (-0.318,0.122) (-0.076,0.176)  (-0.279,0.198) (-0.182,0.246) (-0.148,0.218)
vegetable 0.053 0.088 0.007 0.028 0.012 0.035
(times/week)  (-0.016,0.122)  (0.012,0.165) (-0.036,0.051)  (-0.055,0.111) (-0.063,0.086) (-0.028,0.099)
egg -0.023 0.011 0.008 0.022 0.012 -0.041
(times/week)  (-0.127,0.081) (-0.104,0.127) (-0.058,0.074)  (-0.103,0.147) (-0.100,0.125) (-0.136,0.055)
fruit 0.024 -0.002 -0.004 0.087 0.024 -0.015
(times/week) (-0.065,0.112) (-0.100,0.096) (-0.061,0.052)  (-0.019,0.193) (-0.071,0.120) (-0.096,0.066)
milk -0.072 (-0.145, -0.087 (-0.167, 0.000 -0.053 -0.095(-0.173, -0.059
(times/week) -0.000) -0.007) (-0.046,0.046)  (-0.140,0.034) -0.017) (-0.125,0.008)
bean 0.017 0.036 0.043 0.006 0.074 0.010
(times/week)  (-0.081,0.115) (-0.073,0.146) (-0.020,0.105)  (-0.112,0.124) (-0.032,0.180) (-0.080,0.101)
Water tap water 0 0 0 0 0 0
water cooler 0.222 0.172 0.462 0.462 0.898 0.351
jug (-0.269,0.713)  (-0.374,0.717) (0.149,0.774) (-0.128,1.053)  (0.367,1.428) (-0.103,0.804)
purified water -0.207 -0.023 -0.024 0.023 0.067 -0.021
(-0.802,0.387) (-0.684,0.637) (-0.403,0.354)  (-0.692,0.738) (-0.576,0.710) (-0.570,0.528)
other -0.064 0.617 0.439 0.270 0.299 -0.223

(-1.281,1.152)

(-0.735,1.968)

(-0.336,1.213)

(-1.193,1.733)

(-1.016,1.613)

(-1.345,0.900)

Values in bold indicated statistical significance (P<0.05).

2.4 BERXMKITMH
2.4.1 3 BUE RS T £

H T2 1A 25408 ) S g v A B A O S
B Ry sE sk R I AR W 5T DL EE AR A AR e M Ak A W ot

17 AR Bum (RS P4 . A S 83 % T Haddad
ZEDOAT Viau 5V B 5T AR, H P 2R G T B R
HWHCb N 0.068, I A SR 0.90, W W I 43 A6 7E
L& A He R 0.052., #3435 [ 344 % (USEPA)
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NS ECHE 2 F Kl & RID K30
pg/(kg bw-day) . H&F IfiL 7 28 Mk BE A 3 28 X
(4) F1(5) £ % H TEDI il HQ., %5 % B /8, M
TEDI & [l & 0~0.302 pg/(kg bw-day) , 1 $ K
0.004 pg/(kg bw-day) . HQ {H¥J/NT 1,3 WA HF
5% NBE I B8 0 2 85 K F R 2 DA R I T
Ak B0 R KRS (WL 3) .
2.4.2  EUE (# T

55T BaPeq ¥k B 19 B XU PEAl 25 2R s, B
FIHE B AT B B BaPeq ¥k ¥, 2 JL# K35 D4R
PAHs % #& o 80 KK 0 F 2 oimk iR (L% 4) .
JS A T I v B AR X AIG, (H B T H TEF {5 8

*3 PyriBHEBREBANENMHQ
Table 3 Total estimated daily intake (TEDI) and hazard
quotient (HQ) of pyrene

Indicator P25 P50 P75 P95 Range
TEDI (pg/(kg bw-day)) 0.000 0.004 0.034 0.096 0.000-0.302
HQ 0.000 0.000 0.001 0.003 0.000-0.010

e DRI R R A SO KR 1Y 5T MR AR K, A
BaPeq ¥ & &y 5.39x107° ng/mL, {5 % BaPeq HY
54.6%. JE /) {7 BaPeq ¥ & 4 3.03x107° ng/mL,
ii & BaPeq 1Y 30.7%, fE I 3 v B B = 1
PAH , 85K 1) 5% 8 7 far & 35 4 2 1 AR B0 XU
KV LT

*4 HPAHER{KK BaPeqikE

Table 4 Benzo[a]pyrene equivalent (BaPeq) concentration of individual PAH

BaPeq/(ng/mL)
Compound TEF
P25 P50 P75 P95 Range
Ant 0.010 1.90x1073 5.39x107° 1.23x1072 4.24x107 3.54x107° - 1.84x10""'
Phe 0.001 1.08x10°* 3.03x10° 1.44x1072 1.52x107" 3.54x107° - 4.91x10™"
Flu 0.001 7.07x1077 1.06x1073 4.41x107 1.85x1072 7.07%x1077 = 1.01x107"
Acp 0.001 7.07x1077 3.16x10™ 1.24x1073 7.57%107° 7.07x1077 - 5.58x10°?
Pyr 0.001 7.07%x1077 3.48%107° 3.21x107* 9.23x10°* 7.07x107 - 2.97x10°?
AcPy 0.001 7.07%x1077 4.00x107 4.12x107* 3.15%x107° 7.07x1077 - 1.75x10°?
SPAHs - 2.01x107 9.87x107 3.31x107? 2.25%107"! -

TEF: toxic equivalency factor.

3 it

AW TE A B, 3 7 A X L K35 ATz
T T PAHs, Horp R G R f vy, S A0 0L 7 7 2
o AR BMILAE 2R O K R > B O
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B Al B0 AU AR AT 2280 5 S50 AU Al D 2 7
JECRN A 2 3 A S0 AU T R, A ARG ) e
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I F B, A 55 2o PAHS, T BEARAG 52 By XU 7K
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