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Abstract: In this study, gridded field observations at 62 sites were undertaken to determine the concentration, composition, sources, and
ecological and health risks of 16 polycyclic aromatic hydrocarbons (PAHs) in Zhejiang Province. The methods consisted of Soxhlet extrac-
tion and silica gel column chromatography, followed by gas chromatography—mass spectrometry (GC—MS). The concentrations of XPAHs
ranged from 34.04 ng- g™ to 1 990.38 ng- ¢, and high molecular weight PAHs were dominant in all soils. The level of benzo[a]pyrene
(BaP) was lower than the National Soil Environmental Quality Standard (GB15618—2018). Source diagnostic ratio and principal compo-
nent analysis showed that vehicle emissions, and coal and biomass combustion, were the main sources of PAHs. According to Nemerow ' s

pollution index, ecological risks extensively exist in 87.10% of the sampling sites. Toxic equivalents of PAHs ranged from 1.53 ng+ g™ to
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268.27 ng+ ¢, in which 7 carcinogenic PAHs contributed 99.18%. PAHs exposures of adults and children via ingestion, dermal absorption,

and inhalation were estimated. I Ingestion was found to be the most important PAHs exposure pathway, and non—carcinogenic risks were

negligible, while the comprehensive carcinogenic risk for children exceeded acceptable levels. This research provides useful information on

human exposure to PAHs in farmland soils of Zhejiang Province, and is valuable for policy makers and scientists.

Keywords : polycyclic aromatic hydrocarbons; farmland soil; source; ecological risk; health risk
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Table 2 RfD and SF data of the objective contaminants

RS 5 BUBRPRE T

o RfD/mg- kg™ -d™ SF/kg-d-mg™"
Compounds v 11 5.5 17 e 492 i VP 5207 28 1105 ke o P K 1%

RMwi  RfDiw  RMw  SFue  SFiwm  SFu
NAP 0.004 0.02  0.0008

ACY 0.06 0.03 0.03
ACE 0.06 0.03 0.03
FLU 0.04 0.02 0.02
PHE 0.03 0.015 0.015
ANT 0.3 0.15 0.15
FLT 0.04 0.02 0.02
PYR 0.03 0.015 0.015

BaA 0.73 1.46 0.31
CHR 0.0073 0.0146 0.003 1
BbF 0.73 1.46 0.31

B(j)kF* 0.073  0.146  0.031
BaP 73 14.6 3.1
1PY 0.73 1.46 0.31
DahA 7.3 14.6 3.1

BPE 0.030 0.015 0.015

TE:*LL BKF N Z %,
Note: * Use the reference of BKF.
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Table 3 Levels of PAHs in soils of the studied region(ng-g™)

e Concentration FEPE YR TEQpur
PN = O IS — — e
e Abiiton oy i e e T P TR 50

ange Mean values ratio over-limit Range Mean
%% NAP 23 0.02~30.83 459 15 1.61% 2.06 0.001  0~0.005 0.005
W ACY 3 0.08~2.3 0.59 — — — 0.001  0~0.002 0.001
& ACE 3 0.23~2.76 0.87 — — — 0.001  0~0.003 0.001
i FLU 33 0.77~8.14 2.54 — — — 0.001  0~0.008 0.003
E[ PHE 33 4.78~120.5 21.2 50 6.45% 2.41 0.001 0.004~0.121  0.021
H ANT 3 0.33~9.49 2.71 50 0 0.19 0.01 0.003~0.095  0.027
W FLT 43 5.11~403.37 54.63 15 82.26% 26.89 0.001 0.005~0.403  0.055
3 PYR 43 7.13~334.51 52.58 — — — 0.001 0.007~0.335  0.053
Il B BaA 4FF 1.43~243.28 32.48 20 41.94% 12.16 0.1 0.143~24328 3.248
i CHR 43 3.17~356.79 52.19 20 66.13% 17.84 0.01 0.032~3.568 0.522
HIF[bIE BbF 53 1.59~181.49 29.09 — — — 0.1 0.159~18.149 2.909
HIE[ K] B(j)kF 5H 0.53~80.48 11.83 255k 9.68% 322 0.1 0.053~8.048 1.183
FIF[altE BaP 53 0~183.56 20.01 25 25.81% 7.34 1 0~183.56  20.006
i [1,2,3-c, ]t IPY 53 0.65~79.96 11.75 25 14.52% 3.2 0.1  0.065~7.996 1.175
T2 a, h]E DahA 630 0~21.31 3.75 — — — 1 0~21.308  3.746
HIF(g. il BPE 63 0.87~70.49 10.39 20 16.13% 3.52 0.01  0.009~0.705  0.104
— 3. 7PAH —  8.41~1145.00 — — — — —  1.49~266.77  32.79
— S PAH —  34.04~1990.38 — — — — —  1.53~26827 33.06

T WA A, AR NI A FSE IR 5. LLBKF 5%

Note: *.No safe value. The exist of compounds indicates a harmful effect; **. Use the reference of BkF.
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Figure 1 Location(A) of sampling sites and concentrations(B) of PAHs
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Figure 2 Composition profile of individual PAH (y—axis presents the percent of individual PAH mean concentration in Y, PAHs)
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Table 4 CDI, non—carcinogenic risks and cancer risks of children and adults derived from exposure to PAHs

JL 35 5% 5 Child

A F T Adult JLEAEEUE XU Child B AEBOE XS Adult JLE SR Child B0 XU Adult

Cjﬁﬁu%nds CDI! CDlyon! €D CDling! CDIven! CDEl  Hlel  Hlo!  Hlwid  Hlg!  Hlvo! Hln/  CRuwl CRiuwn! CRu! CRiuwl CRiw/ CRi/
107 10°  10™ 107 10® 10" 10° 10° 107 10° 107 107 107 10° 10™ 10® 10® 107

NAP 268 400 748 115 224 169 669 200 935 287 112 2110

ACY 342 512 956 147 286 216 570 171 3.9 244 954 7.19

ACE 500 747 140 2.4 418 3.5 833 249 466 3.57 139 105

FLU 146 21.8 408 626 122 921 365 109 204 157 611 460

PHE 123 183 343 526 103 774 409 122 229 175 684 516

ANT 157 235 438 672 131 989 523 156 292 224 875 659

FLT 321 479 896 137 268 202 802 240 448 344 1340 1010

PYR 307 459 858 132 257 193 1020 306 572 438 1710 1290

BaA 191 285 533 817 160 120 139 416 165 597 233 373

CHR 306 457 854 131 256 193 223 667 265 956 373 597

BbF 170 254 475 729 142 107 124 371 147 532 208 332

B(OKF 692 103 193 296 579 436 505 151 599 216 845 135

BaP 118 176 330 506 987 744 861 2580 1020 3690 1440 2310

IPY 686 103 192 294 574 432 501 150 594 215 838 134

DahA 218 326 610 936 183 138 159 477 189 683 267 427

BPE 607 907 170 260 508 382 202 605 113 867 338 255




KL, S WL AR T L SR TR 75 e SR DA 1539

S A PAHSs X A 25 BN TR £ R i R ) XU, 2 B i
— B DX ZE S, AR XS P B T, LR
HAR

3 it

(1)PAHs | IZAFAE WA A A3 rp 35543 i
DU FE R, B2k 8] 1715 YK -, 5 BaP ¥R JE H oK
e R - AR T A A T b T g XU
FRUEGRTT))(GB 15618—2018) 114 XU i e {8

(2) Wil A4 1 -3 b PAHs 2R AT HLsh 42
FEASHE SRR A AR

(3) 4% H - 3 o PAHSs T 3 350 A0 A= 745 KU 55 3
i, 87.10% Y mi ALAFTEA [F F2 BE (0 A B XURG: . HE
AR IR 2 i 2 214 N 2 8 % FH - 338 b PAHs 1 32
SR A%, T 2 58 PAHs AP S 209 JE 2o KU A B
IR (EEE eyl et R b U

S 3k

[1] Yadav I C, Devi N L, Li ], et al. Polycyclic aromatic hydrocarbons in
house dust and surface soil in major urban regions of Nepal : Implica-
tion on source apportionment and toxicological effect[J]. Science of the
Total Environment, 2017:616-617.

[2] Sun J H, Wang G L, Chai Y, et al. Distribution of polycyclic aromatic
hydrocarbons (PAHs) in Henan Reach of the Yellow River, Middle
China[]]. Ecotoxicology and Environmental Safety, 2009, 72(5) : 1614~
1624.

[3] Xu Y F, Dai S X, Meng K, et al. Occurrence and risk assessment of po-
tentially toxic elements and typical organic pollutants in contaminated
rural soils[J]. Science of the Total Environment, 2018, 630:618-629.

[4] Jia J, Bi C, Guo X, et al. Characteristics, identification, and potential
risk of polycyclic aromatic hydrocarbons in road dusts and agricultural
soils from industrial sites in Shanghai, China[]]. Environmental Science
and Pollution Research, 2017, 24(1) :605-615.

[5] Nemr A, El-Sadaawy M M, Khaled A, et al. Aliphatic and polycyclic
aromatic hydrocarbons in the surface sediments of the Mediterranean :
Assessment and source recognition of petroleum hydrocarbons[J]. Envi-
ronmental Monitoring and Assessment, 2013, 185(6) :4571-4589.

[6] Lee Y N, Lee S, Kim J S, et al. Chemical analysis techniques and inves-
tigation of polycyclic aromatic hydrocarbons in fruit, vegetables and
meats and their products[J]. Food Chemistry, 2019, 277:156-161.

[7] Yan M, Nie H, Wang W, et al. Occurrence and toxicological risk as-

sessment of polycyclic aromatic hydrocarbons and heavy metals in

drinking water resources of Southern ChinalJ|. International Journal of

Environmental Research and Public Health, 2018, 15(7), 1422.

[8] Chen Y, Zhang J, Zhang F, et al. Polycyclic aromatic hydrocarbons in
farmland soils around main reservoirs of Jilin Province, China: Occur-
rence, sources and potential human health risk[J]. Environmental Geo-

chemistry & Health, 2017, 40(2/3):1-12.

[9] Menzie C A, Potocki B B, Santodonato J. Exposure to carcinogenic
PAHs in the environment|J]. Environmental Science & Technology,
1992,26:1278-1284.

[10] Jiang Y F, Wang X T, Wu M H, et al. Contamination, source identifi-
cation, and risk assessment of polycyclic aromatic hydrocarbons in ag-
ricultural soil of Shanghai, ChinalJ]. Environmental Monitoring & As-
sessment, 2011, 183(1/2/3/4) :139-150.

[11] Kuang S P, Wu Z C, Zhao L. S. Accumulation and risk assessment of
polycyclic aromatic hydrocarbons (PAHs) in soils around oil sludge
in Zhongyuan oil field, China[J]. Environmental Earth Sciences, 2011,
64(5):1353-1362.

[12] Nishet C, Lagoy P. Toxic equivalency factors (TEFs) for polycyclic ar-
omatic hydrocarbons (PAHs) [J]. Reg Toxicol Pharmocol, 1992, 16
(3):290-300.

[13] USEPA. Exposure factors handbook, Volumel: General factors[M].
1997.

[14] Wand X T, Chen L, Wang X K, et al. Occurrence, sources and health
risk assessment of polycyclic aromatic hydrocarbons in urban
(Pudong) and suburban soils from Shanghai in China[]]. Chemo-
sphere, 2015, 119:1224~1232.

[15] FEFEE, SLelE, W40, 45 . BRI 25 & SOM Gk - Bt ape

IHT R AR BRI 2 IR R 5 Q). FREER A, 2018,
38(6):2304-2311.
FAN Qian—qian, SHI Xiao—di, QIU Xing—hua, et al. Measurement of
polycyclic aromatic hydrocarbons (PAHs) in ambient fine particulate
matter using thermal desorption coupled with gas chromatography —
mass spectrometry|J]. Acta Scientiae Circumstantiae, 2018, 38 (6) :
2304-2311.

[16] ik, 81 W, 5k 8, & BT Al b 8 4 s 1 B 8 5

W5 R R XU AT AT (], G S BRI 24412, 2010, 26(6) : 59-64.
LI Fa=yun, HU Cheng, ZHANG Ying, et al. Environmental impact
and health risk assessment of heavy metals in street dust in Shenyang,
Liaoning Provincel]]. Journal of Meteorology and Environment, 2010,
26(6):59-64.

[17] Jiang Y, Hu X, Yves U ], et al. Status, source and health risk assess-
ment of polycyclic aromatic hydrocarbons in street dust of an industri-
al city, NW ChinalJ]. Ecotoxicology and Environmental Safety, 2014,
106:11-18.

[18] Bandowe B A, Nkansah M A. Occurrence, distribution and health risk
from polycyclic aromatic compounds (PAHs, oxygenated-PAHs and
azaarenes) in street dust from a major West African Metropolis[J]. Sci-
ence of the Total Environment, 2016, 553:439-449.

[19] Soltani N, Keshavarzi B, Moore F, et al. Ecological and human health
hazards of heavy metals and polycyclic aromatic hydrocarbons
(PAHs) in road dust of Isfahan metropolis, Iran[J]. Science of the To-
tal Environment, 2014, 505(6) : 712-723.

[20] Eleonora W, Dawn I, Rafaf K. Human health risk assessment, case
study: An abandoned metal smelter site in Poland[]J]. Chemosphere,
2002, 47(5) :507-515.

[21] Ferreira-Baptista L, Miguel E D. Geochemistry and risk assessment

of street dust in Luanda, Angola: A tropical urban environment[J]. At-



1540

URIEIRCX ity S 3855 TH

mospheric Environment, 2005, 39(25) :4501-4512.

[22] £, XTI, BRIGERS, S5 . 4 R RUR IF A o o [ A R ik 2 5 1T

BURAEEEL]. 224 S FRBE2AA, 2008, 8(4) :152-156.
WANG Zhe, LIU Shao—qing, CHEN Xiao—min, et al. Estimates of the
exposed dermal surface area of Chinese in view of human health risk
assessment[]]. Journal of Safety and Environment, 2008, 8 (4) : 152—
156.

[23] USEPA. Human health evaluation manual: Part A, Risk assessment
guidance for superfund[EB/OL].[2010-10-8]. http://www. epa. gov/
oswer/riskassessment/ragsa/pdf/ch8. pdf.

[24] #EA4kIC, ET, W ATEL . B 22 M BEE PR35 IR LTS e (i

KU P[] AP IR BER2424 417, 2009, 28(9) : 1892-1897.
DONG Ji—yuan, WANG Shi-gong, SHANG Ke-zheng. Water environ-
mental health risk assessment of polycyclic aromatic hydrocarbons in
the Lanzhou Reach of the Yellow River|J]. Journal of Agro—Environ-
ment Science, 2009, 28(9) : 1892-1897.

[25] Zheng H, Qu C K, Zhang J Q, et al. Polycyclic aromatic hydrocarbons
(PAHs) in agricultural soils from Ningde, China: Levels, sources, and
human health risk assessment[J]. Environmental Geochemistry and
Health, DOI:10. 1007/510653-018-0188-7.

[26] Chen Y N, Zhang J Q, Zhang F, et al. Contamination and health risk
assessment of PAHs in farmland soils of the Yinma River Basin, China
[J]. Ecotoxicology and Environmental Safety, 2018, 156:383-390.

[27] Nam J J, Thomas G O, Jaward F M, et al. PAHs in background soils
from Western Europe : Influence of atmospheric deposition and soil or-
ganic matter[J]. Chemosphere, 2008, 70(9) : 1596-1602.

[28] Nam J J, Song B H, Eom K C, et al. Distribution of polycyclic aromat-
ic hydrocarbons in agricultural soils in South Koreal]]. Chemosphere,
2003, 50:1281-1289.

[29] Chung M K, Hu R, Cheung K C, et al. Pollutants in Hong Kong soils:
Polycyeclic aromatic hydrocarbons[J]. Chemosphere, 2007, 67(3) : 464~

473.

[30] Marquez—Bravo L G, Briggs D, Shayler H, et al. Concentrations of
polycyclic aromatic hydrocarbons in New York City community gar-
den soils: Potential sources and influential factors[J]. Environmental
Toxicology & Chemistry, 2016, 35(2) :357-367.

[31] VROM. Environmental quality objectives in the Netherlands: A re-
view of environmental quality objectives and their policy framework in
the Netherlands[M]. The Hague: Ministry of Housing, Spatial Plan-
ning and the Environment, 1994.

[32] Yunker M B, Macdonald R W, et al. PAHs in the Fraser River basin:
A critical appraisal of PAH ratios as indicators of PAH source and
composition[J]. Organic Geochemistry, 2002, 33(4) :489-515.

[33] Rocher V, Azimi S, Régis M, et al. Hydrocarbons and heavy metals in
the different sewer deposits in the ‘Le Marais’ catchment (Paris,
France) : Stocks, distributions and origins[J]. Science of the Total Envi-
ronment, 2004, 323(1/2/3) : 107-122.

[34] Lee B K, Dong T T T. Toxicity and source assignment of polycyclic ar-
omatic hydrocarbons in road dust from urban residential and industri-
al areas in a typical industrial city in KorealJ]. Journal of Material Cy-
cles and Waste Management, 2011, 13(1) : 34-42.

[35] FIEGH, BER 2, Bk, &5 . B0 JRUR T S vh 2 BR 07 SR 03

A DR BRI R EFREER I, 2012, 32(7) :1250-1256.
ZHOU Ling-1i, XUE Nan-dong, LI Fa-sheng, et al. Distribution,
source analysis and risk assessment of polycyclic aromatic hydrocar-
bons in farmland soils in Huanghuai Plain[J]. China Environmental
Science, 2012, 32(7) : 1250-1256.

[36] SR . DXIOR TFRIE TS Yo IR A RRE RBP4 77 5 [D). 22
M- 22 MR, 2016.

WU Huan-bo. Study on human health risk assessment method for re-
gional atmospheric environmental pollution sources[D]. Lanzhou : Lan-

zhou University, 2016.



