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Health Risk Assessment of Polycyclic Aromatic Hydrocarbons in Soils of Ningbo Area, China
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versity, Shanghai 200092, China )

Abstract : Based on the monitoring data of polycyclic aromatic hydrocarbons(PAHs) in soils from 134 sampling points located in Ning—
bo, health risk assessment of PAHs for outdoor workers was evaluated, using the method of exposure assessment of Risk Assessment Informa—
tion System from USA Energy Department and risk equation of Human Health Evaluation Manual of USEPA. The results showed that PAHs
in the soils had little risk on human health, since the average noncancer hazard index and the average cancer risk for outdoor workers was
1.09%107 and 3.17x107 respectively; and the cancer risk of maximum exposure to carcinogenic PAHs for the workers was 1.45x107 , which
was less than the upper limit of acceptable cancer risk of 10 However, great attention to the benzo(a) pyrene and dibenzo(a, h) anthracene
pollution in the soil should be paid because their contribution rates to the total cancer risk were 65.6% and 20%. Direct ingestion and dermal
contact pathways mainly contributed to the noncancer hazard and cancer risk to the outdoor workers, by the reason of their high contribution
rates for the noncancer hazard and cancer risk which were as high as 89% and nearly 100% respectively,while direct inhalation pathway rela—
tively brought about very low risk for health.
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Figure 1 Map of sampling sites
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Table 1 Exposure parameters of health risk assessment
SRS RESHRAAL B W REE T & (P15 VE ) SRR
IRo RS /mg - 4! 100 [11], 254 i
IRi T ARSI /m?- 4 16 [13].[8]
ED REEFWR/a 24 (111, 5L Fil i
EF RS- 250 [11], % B 5Ekr S TR At
CF R B Ukg - mg™ 10°¢ [12]
AT SEH4E Rl /d (AR B0 : 365X ED/EUE : 365%70) 8 760/25 550 [12]
AF 35 B7 ik A 2R B/ mg - em™ 0.1 [12] ,ZHKR
ABSd R R 2 B 0.13 [10]
£ 2 BiR5LME VF.RD 71 CSF &
Table 2 VF, RfD and CSF data of the objective contaminants
EREE  ERET(VE) FBUES B /mg ' kg-d BUERIEE F/mg ™ -kg-d
ZURFERMD,) WERRERD) FRFREMRD) LUORFESE) WRRFESE)  EKEM(SF)
= 6.259E+04 4.00E-02 8.57E-04 2.00E-02
& 1.483E+05 6.00E-02 3.00E-02 3.00E-02
ey 1.862E+05 6.00E-02 3.00E-02 3.00E-02
il 5.732E+05 4.00E-02 2.00E-02 2.00E-02
E[3 1.432E+06 3.00E-02 1.50E-02 1.50E-02
B 8.763E+05 3.00E-01 1.50E-01 1.50E-01
W 6.381E+05 4.00E-02 2.00E-02 2.00E-02
® 4.225E+06 3.00E-02 1.50E-02 1.50E-02
3 ()R 1.060E+07 7.30E-01 3.10E-01 1.46E+00
V) 3.061E+06 7.30E-03 3.10E-03 1.46E-02
FI (b)) E 5.236E+06 7.30E-01 3.10E-01 1.46E+00
FIE()FHE 4.454E+07 7.30E-02 3.10E-02 1.46E-01
FIt(a)eE 2.722E+07 7.30E+00 3.10E+00 1.46E+01
Bidf(1,2,3-cd)E  6.345E+07 7.30E-01 3.10E-01 1.46E+00
Z#H(a,h) B 1.157E+08 7.30E+00 3.10E+00 1.46E+01
R (ghi)EE 1.081E+08 3.00E-02 1.50E-02 1.50E-02
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Table 3 PAHs concentration in soils

FMEH (1,2,3-cd) ERHERSHIH 95.2%.90.1% .
99.1%.93.5%%1 100%
32 BREEMTELER
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e Y. PAHs/pg kg™ Y PAHs EH{E/ng ke
P 142 151 33 (1)4R 4 USEPA Ay AH K E P9, X T JE B R
e 2.8~637 772 K, MAEEUE G ER BRI 1B, ISR A fl R
ity 14~956 272 A fEE . 13 PAHs 1R S AR BUR B FE R
M 16~1 865 387 7 1.09%107, AR F 1, P6BH X 265 e R 2% A
Ak 484 167 49 BEFAE B B A BOR R, T O R B
zjf N o AR BB R AR T fEE . ILAh, 25 T
. 10-386 0 WRMAEBUE B F IR L Ah PAHs R 2 2] 5
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Table 4 The concentrations and detection rate of individual PAHs in soils
Wing-kg" 95%EfF B
fam eS T o g N sttt S
% Nap Nd~26.8 1.51 230 2.82 76.7
A Any Nd~155 548 136 17.6 69.8
—EE Ane Nd~414 276 136 205 496
i Fle Nd~46 0.14 0.73 143 512
E( Phe Nd~1 121 7.18 24.6 413 99.6
gy Ant Nd~395 0.78 6.21 122 78.0
e Fla Nd~559 102 317 43.1 99.6
% Pyr Nd~599 461 189 304 95.7
#3(a) Baf Nd~420 574 17.8 264 90.1
iR Chr Nd~575 427 19.4 29.2 82.3
FIH(b) PR Bbf Nd~295 9.24 236 31.1 99.1
I (k)P Bkf Nd~282 2.83 105 153 935
FEI(a)EE Bap Nd~317 797 274 364 952
Bi3(1,2,3-cd) s Ip 0.03~178 331 116 15.9 100
—HI(a, K Daa Nd~124 3.04 8.60 115 935
3 (ghi)eE Bgp Nd~724 541 212 33.0 81.4

T :Nd RAH
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Table 5 The intake dose( CDI) for different exposure pathways

B A B /mg kg !+ d
R £ B AEEORE N A R /mg kg

BUESVIEA R/ mg kgt -d?

ZUBRERAR HREMEAE WIGEEREARE ZSUREEAR HREMEBAR WIGEREAR
%= 3.22E-09 1.62E-09 9.73E-10 1.10E-09 5.54E-10 3.34E-10
A 2.01E-08 1.01E-08 4.11E-10 6.89E-09 3.46E-09 1.41E-10
—5E 2.34E-08 1.17E-08 3.27E-10 8.02E-09 4.03E-09 1.12E-10
V] 1.63E-09 8.19E-10 1.06E-10 5.60E-10 2.81E-10 3.64E-11
5 4.71E-08 2.37E-08 4.26E-11 1.62E-08 8.11E-09 1.46E-11
B 1.39E-08 6.99E-09 6.95E-11 4.77E-09 2.40E-09 2.38E-11
KK 4.92E-08 247E-08 9.55E-11 1.69E-08 8.46E-09 3.27E-11
4 3.47E-08 1.74E-08 1.45E-11 1.19E-08 5.97E-09 4.96E-12
FIt(a) B 3.01E-08 1.51E-08 5.79E-12 1.03E-08 5.18E-09 1.99E-12
JH 3.33E-08 1.67E-08 1.99E-11 1.14E-08 5.73E-09 6.84E-12
(b)) E 3.55E-08 1.78E-08 1.17E-11 1.22E-08 6.11E-09 4.00E-12
(k) PEE 1.75E-08 8.76E-09 141E-12 5.99E-09 3.00E-09 4.84E-13
FIt(a)eE 4.16E-08 2.09E-08 2.28E-12 1.42E-08 7.15E-09 7.83E-13
Bi3f(1,2,3-cd)EE 1.82E-08 9.11E-09 1.01E-12 6.22E-09 3.12E-09 3.45E-13
ZHIt(a,h)E 1.31E-08 6.59E-09 5.72E-13 4.50E-09 2.26E-09 1.96E-13
I (ghi)EE 3.77E-08 1.89E-08 6.09E-13 1.29E-08 6.48E-09 2.09E-13
* 6 BiRsRMERERRITHEER
Table 6 The non—carcinogenic health hazard index of the objective contaminants
PN R fER disiy MR EE R RRAREEG E R

%= 8.05E-08 8.08E-08 1.13E-06 1.29E-06

;i3 3.35E-07 3.36E-07 1.37E-08 6.85E-07

—fE 3.90E-07 3.91E-07 1.09E-08 7.92E-07

i 4.08E-08 4.10E-08 5.31E-09 8.71E-08

TSP BURfE E R E[S 1.57E-06 1.58E-06 2.84E-09 3.15E-06

B 4.64E-08 4.66E-08 4.63E-10 9.35E-08

R 1.23E-06 1.23E-06 4.77E-09 2.46E-06

E3 1.16E-06 1.16E-06 9.64E-10 2.32E-06

HI(ghi)EE 1.26E-06 1.26E-06 4.06E-11 1.29E-06

RERREZY R RPI R EF R 4.85E-06 4.87E-06 1.17E-06 —
SGRIBURfEERE 1.09E-05 —

H 132 MRS RIS BB IEBELEE
FEEH DTk IE MR BI/IMRIR 2 0 HHR A 2 FE R
Befl>PE AR A JEBUR A E R AT R E 5T,
TUHkRIEF] 89%.

(2)USEPA #7— M Al 32 B XA R 107,
AT 32 B B0E XS (E _EBR R 107, 25 808 WS /NF
1076, DA Ry 22 FT DABERZ 1Y), 25 B0 WU X F 107,
I RAT 2 M, 773+ 3 16 F PAHs 5[&
M EZR A BUR R R 3.17x107, BUSE KR/ H
F 7 WL, 25 B B AR B KU I STk AR E/ I
KRR A2 O E R A 2 B RS IF IR A, BUE X

W B AT R AR STk, STk L A3 100%; %
Fh PAHs L8, 2K (a) B8 . 283 (a, h) BV 2R 3L
P AR BT , BTRRE 40391 K1 65.6% . 20.8% , Jeki AR
I (k) 505 | RS A9 BUE U/ , X256 BUE R Y
TUBREEAS AT DL 20, o] 2RI (a) B . 2K 3 (a,h)
o fE R = A ) S AT 28 H

) ASCHFERE I TR T AR S P EUETs
Y B S5 BN I 2 98 A ) 4R BRCER: B M 7 ) BUE
R, BUE RSB R IE 7, B E S 4808
KRB Ry 1.45%107°, 2 — M ] 22 52 B0% KU (8 1Y
1.45 £5(10°) , {H 37 4 BOw KUK E ERR(104),
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Table 7 The carcinogenic risk of the objective contaminants

Pl 95% & (5 LR & R{ai 8 AR Y ek B B R A
FONSEERBFR  KURE B kg fin WiGER BEBURNER  Z20Bf B Rkl WEGREE BRSO RS
#IH(a) 7.54E-09 7.57E-09 6.15E-13 1.51E-08 1.05E-07 1.05E-07 6.15E-13 2.10E-07
I 8.34E-11 8.37E-11 2.12E-14 1.67E-10 1.64E-09 1.65E-09 2.12E-14 3.29E-09
HIH(b)TEE 8.89E-09 8.92E-09 1.24E-12 1.78E-08 6.27E-08 6.29E-08 1.24E-12 1.26E-07
HIE()FE 437E-10 439E-10 1.50E-14 8.76E-10 8.07E-09 8.10E-09 1.50E-14 1.62E-08
FIt(a)tE 1.04E-07 1.04E-07 2.43E-12 2.08E-07 4.83E-07 4.85E-07 2.43E-12 9.68E-07
Bi36(1,2,3-cd)tE 4.54E-09 4.56E-09 1.07E-13 9.10E-09 2.24E-08 2.25E-08 1.07E-13 4.49E-08
ZHIH(a,h)E 3.29E-08 3.30E-08 6.08E-13 6.59E-08 3.97E-08 3.99E-08 6.08E-13 7.96E-08
LYRBRBUERNS  1.58E-07 1.59E-07 5.04E-12 — 7.23E-07 7.25E-07 5.04E-12 —
SEBURNE 3.17E-07 — 1.45E-06 —

AR 7315 Gk BE R A A 22 A B0 XU T 7
AJHEESZVERIA, (E A B R L 2
5 38 PAHS BHBEEK, AGE B ik SR B+ 41
Ky

(4)H B B FHES ROR LR A E SN LA RO 5E
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PP S RAFAEE — R AT E M o (HE X 3
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Xt AT I — R A BB R MBI, tuaT
X - A RATT R AR B A7 AR BRI 2%

4 ZRFEEIW
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TEECN 1.09x107°, -1 226 30 XS R 3.17x107,
AL E X AR FH BN BUE 2SR & B
R RS BUE X E R 1.45x10°, 2 — B A #32 B0UF
BB (10°) () 1.45 £i% , {H B A #8  Bom Mg K b
FR(10™) , Ui BH B8R KB AT ZE T BE 32 Y BBl N, (B A2 4
FA R e, K BT B PAHSs 3k (K, DL R
R B 1

(2)# 3 (a)tE . ZFH (a,h) B 256 BUE XU
TERRAR ST Ho M PAHs 15 e 8K, SRR 2018
65.6%.20.8% , N HE PR I (a) B . 53 (a,h) B
WA ) IR X S R A =, R AL
RS AR

()T W I EE 2 B IR BUE e F MBS X
W 2 AR AR R IR il 72 sk, PIFP I
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