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Contamination characterization and risk assessment of
polycyclic aromatic hydrocarbons in soils around
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Abstract: This study aims to investigate the pollution level and source of polycyclic aromatic hydrocarbons(PAHs) in the

soil around a centralized drinking water source in Wangcheng district of Changsha, Hunan, China. The 0-20 cm soil in
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the first and second protection areas of the water source was taken as the research object. In 2018, three(1#-3#) and
twelve(4#-15#) soil sampling points were arranged in the first and second protection areas respectively by the grid
method, and 11#-15# soil sampling points were arranged in 2014. Fifteen varieties of PAHs including acenaphthene(Ace),
acenaphthylene(Acy), anthracene(Ant), phenanthrene(Phe), fluorine(Flu), benzo[a] anthracene(BaA), pyrene(Pyr),
chrysene(Chr), fluoranthene (Fla), benzo[a]pyrene(BaP), benzo[b]fluoranthene(BbF), dibenzo[a,h] anthracene(DBA),
benzo[g,h,i]perylene(BghiP) and indeno[1,2,3-c,d]pyrene(IcdP) were taken into account. The risk assessment was carried
out with the model of toxic equivalent concentration and incremental lifetime cancer risk. Results showed that the
contents of 15 PAHs in the soil of the protected area were 75.22-617.86 ng/g with the average of 670.96 ng/g. Among
which, the contents of 7 carcinogenic PAHs(BaA, Chr, BbF, BkF, BaP, DBA, IcdP) ranged from 12.13 to 2 989.26 ng/g
with the mean of 319.80 ng/g. The soil samples 2# and 4# were moderately contaminated with PAHs, while sample 12#
was heavily contaminated, and other samples were mildly contaminated or uncontaminated. Fla, Pyr and Phe were the
main pollution factors. The PAHs content in the soil of the first-level protection area was lower than that of the
second-level protection area. Apart from 12# sampling point, the PAHs ratio of 3-ring and 4-ring in the soil of the other
point samples was more than 60%. Application of the characteristic ratio method to analyze the source of pollutants
showed that the PAHs in the first-level protected area of the water source mainly came from the mixed pollution of
petroleum and combustion sources, affected by the regional transportation factors and the migration and settlement of
PAHs from upstream industrial and domestic waste. PAHs in the soil of the secondary protection area were mainly from
the mixed pollution of petroleum combustion and biomass and coal combustion, related to human activities and traffic
factors in the region. The results of health risk assessment indicated that the total cancer risk values of PAHs in the first-

and second-level protected areas of water sources were between 10 and 10, indicating potential health risk.

Keywords: polycyclic aromatic hydrocarbons; pollution characteristics; source analysis; health risk assessment;

centralized drinking water sources; Wangcheng district of Changsha
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Fig.1 Distribution of soil sampling points in a centralized drinking water source in Wangcheng district

1.3 HEEILESHSSTT

900 pum
20g
(DIONEX ASE 350) 1~20 mL
I mL
[8] (7890B—
5977B) (Ace) (Acy) (Ant) (Phe)
(Flu) [a] (BaA) (Pyr) (Chr) (Fla)
[a] (BaP) [b] (BbF) (k]
(BKF) [a,h] (DBA) [g,h,i]4E(BghiP)
[1,2,3—<,d] (IedP) 15 PAH

1.4 SHIEE RBUEXE TN
PAHs
MALISZEWSKA-KORDYBACH!®

15  PAHs (YPAHIS) 200

ng/g 200 ng/g==YPAH15 600
ng/g 600 ng/g=YPAHI15 1 000
ng/g >PAH15=1 000 ng/g
(TEQsgar)
(incremental lifetime cancer risks)
PAHs 1
[18]
3 (ILCRs)
ILCRs<10"°
10 °<ILCRs<10™* ILCRs=10"*
1.5 PAHs KRS
[19] PAHs

PAHs



46 2 209

1.6 HiELE 670.96 ng/g 7 PAHs(BaA Chr BbF
Excel 2010  SPSS 21.0 BkF BaP DBA IcdP) (Q’PAH7) 12.13~
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PAHs (YPAH15) 75.22~5 617.86 ng/g
*1 BHXREPRXRAKKIREEELLIES PAHSs BE EHFHE
Table 1 PAHSs contents in soil around a centralized drinking water source in Wangcheng district ng/g
PAHs %
(Ace) 3 2.54 2.75 0.54 1.50 11.34 108.1 2.41 2.58
(Acy) 3 3.43 4.44 0.63 1.90 18.18 129.4 232 3.71
(Ant) 3 10.28 12.75 2.12 5.81 51.66 124.0 8.05 10.84
(Phe) 3 85.10 84.48 31.04 59.39 368.96 99.3 73.43 88.02
(Flu) 3 10.94 5.92 4.19 9.06 25.78 54.1 11.02 10.92
[a] (BaA) 4 49.33 122.68 1.17 14.18 488.94 248.7 18.31 57.08
(Pyr) 4 90.02  209.23 6.37 25.7 837.99 232.4 3431 103.95
(Chr) 4 64.85 137.38 3.05 25.78 554.97 211.8 31.10 73.29
(Fla) 4 106.21  228.97 10.6 40.07 922.77 215.6 48.38 120.67
[a] (BaP) 5 48.62  122.12 1.36 14.87 486.22 251.2 17.71 56.35
[b] (BbF) 5 6339  136.84 2.66 27.69 552.22 215.9 30.40 71.64
[k] (BKF) 5 4429  108.29 1.55 15.63 432.96 244.5 17.49 51.00
[a,h] (DBA) 5 9.19 21.86 0.60 3.16 87.57 237.9 3.92 10.51
[g.h,i]4E(BghiP) 6 42.64 97.58 2.28 15.71 391.92 228.8 18.57 48.66
[123-cd] (IcdP) 6 40.13  96.60 174 13.19 38638 240.7 16.00 46.16
Y PAHI15 670.96 . 386.59 7522  248.62 5617.86 206.7 333.42 755.37
> PAH7 319.80  745.55 12.13 11838 2989.26 233.1 134.93 366.02
YPAHI5 15 PAHs XPAH7 7 PAHSs( [a] [a] [b] [k] [a,h]
[1,2,3—c,d] )
1 Flu 4~6 PAHs
PAHs
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YPAHIS 2.27 SPAH7 2.49
PAHs 2 3# TH 114 14# >PAHI15
3 Ace I# 5# 6# &# O9# 10#
Acy Ant Flu 13#  15# >PAHI15 2#  A#
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Table 2 Contents and composition of 15 PAHSs in the soil around a centralized drinking water sources in Wangcheng district

YPAH7/ YPAHIS/ PAHs XPAHIS 1%
(ngg" (nggh 3 4 5 6
1# 118.38 248.62 225 383 249 14.3
24 274.28 653.74 27.1 42.0 214 9.5
34 12.13 97.90 60.1 273 6.3 6.3
4# 389.68 908.63 20.1 46.4 22.1 11.4
s 187.43 404.56 225 46.5 21.9 9.1
6# 125.87 322.69 29.1 42.0 20 8.9
74 15.76 75.22 53.5 30.3 10.7 5.5
8# 91.72 247.83 339 352 19.4 11.5
94 172.64 42132 27.1 40.1 21.0 11.8
10# 176.19 383.14 20.5 403 243 12.9
11# 34.42 131.02 473 312 13.6 7.9
124 2989.26 5617.86 8.5 49.9 277 13.9
134 69.66 211.40 32.8 44.0 16.6 6.6
144 3248 113.86 454 335 14.2 6.9
154 107.17 226.93 217 2.6 24.1 1.6
2.2 2014 &5 2018 FEiRAKKBEHTAES +1% BaP (700 ng/g) 2018
th BaP & Bt 12# BaP 486 ng/g
3 2014 2018
b 3 =3 o st 3E 4N
124 BaP 179.3% 2.3 TRAKIKIEHEEA IR PAHS BIRIE ST
BaP 2018 11# 13# 14# PAHs 2
15# BaP 2014 Ant Ant  Phe
10.7% 30.8% 14.3% 40%  12# BaP (Ant/(Ant+Phe)) 0.35
PAHSs PAHs Flu Flu Pyr
| 3 (Flu/(Flu+Pyr))
1# 2# 4# S# 6% 9# 10# 12#
: By R RIK A KOk IR
®3 201 FR0IEFBWIERARBAKRIEL 5, 5y Flu/(Flu+Pyr) 0.4
##h BaP 28
Table 3 The BaP contents in soil samples from a centralized PAHs 3
drinking water source in Wangcheng district in 2014 FIU/(FIU+PYY) 0.5 3# PAHs
and 2018 T#H 11#
BaP  [ngg) 144 Flw/(Flu+Pyr)  0.4~0.5
11# 12# 13# 14# 15# PAHS BaA BaA
2014 28 174 26 21 35
2018 3 486 g 3 " Chr (BaA/(BaA+Chr))

BaA/(BaA+Chr) 0.75



46 2 211
PAHs 2.4 TRAKIKIEHEEL 1E PAHS BIEERXEIFMN
IcdP IcdP BaP 3 12# TEQgap
(IcdP/(IcdP+BaP)) TEQgap (700 ng/g)*"! 12# PAHs
IcdP/(IcdP+BaP) 0.2 TEQg.p 700 ng/g
PAHs 2#
PAHs 4# TEQgap
R &
0.6 800
. 3 AR HE e
05+ ].#?#_ 700
o 1 .-]43 i R B _ 600
B i il 9 &ﬁm
03 g
) - 13#% ! 5 400
2 02} cise T e . 5 g
. gH . 108 i = 300
0.1 200
00 . | . ) - |I2# . )
035 040 045 050 055 060 065 070 100
Ant/(Ant+Phe)
ol N S ] FHE R
015¢ 3 EHXEHRRIKAKKIEREZRLTIES TEQsa
=11 Fig.3 BaP contents in the soil around a centralized drinking
water source in Wangcheng district
& = 3 il IR
g 0.10+ ™ ~ H#' " 4
S v PAHs 10°~10™
1:: . 134 = | 5§
" s "2fi g 4m 128
3
0.05 L 4 ;
0.75 0.80 0.85 0.90 PAHs PAHs
BaA/(BaA+Chr) 6
_ \ N 10 PAHs
2 BERXEHIRAKKIERERTIED PAHS B PAH
ST °
PAHs

Fig.2 Scattered plot of PAHs in the soil around a centralized

drinking water source in Wangcheng district

x4 BEHXEPRIRAKKIRE DL PAHs AL BUEX TN R

Table 4 Risk assessment of PAHs lifetime cancer in the soil around a centralized drinking water sources in Wangcheng district

ILCRs ILCRs ILCRs YILCRs
1.64E-06 2.92E-06 1.29E-10 4.56E-06
5.55E-07 6.92E-07 5.46E-11 1.25E-06
4.45E-06 7.91E-06 3.50E-10 1.24E-05
1.51E-06 1.88E-06 1.48E-10 3.38E-06
N 4 PAHs Fla Pyr
3 it Phe SPAHIS
SPAHIS2 2 [22] (23]
YPAHI5 YPAHI5
[24] YPAHI5 12# 2 4# 2
PAHs (24] SPAHI5
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