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Abstract

The concentrations of PAHs in 29 soil samples in a little
town in southern Jiangsu were detected. Based on these
soil concentration data and parameters from existing
studies for this area, we use contaminated land exposure
assessment (CLEA) model developed by Environment
Agency of United Kingdom to analyze the Average
Daily Exposure (ADE) and subsequent health risks of
the local residents for their exposure to PAHs in soil.
The health risk assessment shows that oral of and
dermal contact to soil are the two main pathways for
PAHs exposure. Compared to children and teenagers
(0-16), the adults (16-65) have higher accumulative
carcinogenic risk. However, the annual mean
carcinogenic risk of the children is higher than adults.
Generally speaking, women have a little higher
carcinogenic risk than men. The health risks of all the
groups exceed 10, which need to be concerned.

Keywords: Health risk

CLEA model, PAHs,

assessment

"z

ASCULIRRIR 29 AN IR L 16 R 2 IR I7 R

(PAHs) TR ELECH I HEAtl, SR IE IR LR
TFR TG Je i 2t B vPAN KA. (CLEA) , J 3 A%
SR, VLT b Ronh 1 e rh 2 FR R B
Fd, IR B IPI AN R . SRR 2
1 el N3¢ K 2 2 B KRR SR PO A o 58 i D2 72

“EWAER: 201421190003 @mail.bnu.edu.cn

458

2016RA0505.indd 458

RN (16-65) 5 /04F ) L#(0-16)HI bk, R AR KU
K, AR LH AR5 30 W TN, kit Sum
R T B AT ARER S0 R A T 107,
IV S S

REW: CLEA IR, ZIFTFRE, (RSP

1. 5%

LT (PAHs) 245 AN S A LA 2R FR LU
WG KAE AL — ARG R, |2 A T8
et PAHsEZRUE AR AT 55 AN
SEAIARE L R i B LRT A R iR Y, 3
o, BT 16M 2 MY R EEZE (NAP) . —5UE (ACED.
JEM (ACY). %j (FLO). JE (PHE) # (ANT).
P B (FLA)TE(PYR) % [a] ¥ (BaA). i (CHR)
AIH[b]FHE (BbF). AIH[K]%H (BKF). I [a]
. (BaP). —Jf[a,h]# (DahA). Efijf[1,2,3-cd]
T (edP) FIZEIf[ghi] € (BghiP), HARFAM.
FEVERAED BRI, REHEELRY S (USEPA) H43
B blE g P IR MR KT
TR AT HE M I 16Fh 2 HR DT IR IR PS5
HEUE PRI [a] 6 (BaP) (MR EE T4 & AR iR ik
B AR R, BEAREBaP B AT
(SF) A8 L&A o X (ILCRD.

s h 2 RO S N AR R AR £ T 1) i
7 PEEZ DA GRS AT (I
TR N0 b, N ERR TR
Mg Vo (TR RR YRR i ROR U, T I I et
ONYG G LA 7= R AR A0 AR R P S Mt A 7%
M. CLEA (Contaminated Land Exposure Assessment)
AR BV e [ R8T (R B R EAT 5 Y 3
W LASREN 135845 S BR 1 ( Soil Guideline Values, SGVs)

© Atlantis Press, 2016

29/09/16 11:13 AM



Risk Analysis and Crisis Response in Big Data Era (RAC-16)

IR, BR a3 S QG o R NS s Rl Y5 B4
HATHE AR VEY) 1, BARIZBIR ) 5 AT TG
YRR RS, AR E TR H AR NS 5E 2 55 5%
IR R RN P H 27 i (Average Daily
Exposure, ADE) {HIfvH SR 563, BT
TG Y RE RS 5 ]

AL A CLEARAL, THET 2hh)m Rl g 28 1
BN COFE TR N R 24 R 77 S e 1) 32 i
AN IR Sl LA B W N 3847 0o - e PAHS I 2 5%
T = B0 S BEAT T VR0, PRS2
PAHS 14 R XK I CLEAE fe FR JXURS: BFAN e (1
PR Sy .

2. R 5T

2.1. FFRXMLS R

- HERE AR AR SR X R R TRk,
FEP BTG EDEZ . RSN BF U, [H
B, AT Py 6 DU TE Ik, BHAR T 0L IR A 2 42
TR 423 S ECS Y R R ARG E . (54
G IR FE R, st A B S HERLEh 2 R
He B 238 % B 55 e b 1) 28, JETTR 24
B e = A fa T

AT 2009 4E 9 HAEWFFX BHHLAT B 29 S AT
HEAT H AR RS . SRR SERR 2 1-2 em Kk
S SR 0-10 om 1 HEEEE S, BB
FHS T EE I =, R IRAT . 1815058
5, KRR T A AC B, B TR,
EEATT 15°C, ARKT, AETFHERAa. i
YIRAR S R it — D OIS , FEdhiL 0.224 mm (70
H> #f, HF 13 PAHs ll5E .

2.2. ZIFFREIE LR S

FARTPRERIFRIN 5.0g 3R & F2ECE +, IF A 5
Fh AR /R (Z5-d8. Jii-d10. #-d10. jE-d12
W-d12) RGN, AT KRS
0.45mm FEEELFYEIEIR L g o 3, BB BB
f BEOE CUbER T, BB e A R ANAE 37=C
WAEAE 1ml; PRGOS R E TR, RS
etkvE s, HIE QBRI (AREL 1. DINRA
FIMPEIRR AR 1ml, FEAERIR IE COh B R AT 2
Iml, MAPER 2-50BE2E . X =I60K . Kk 4iis

2016RA0505.indd 459

BESA /MR, AR B (GC-MS)
WsE 16 T2 I 54

SIS IHEEANRE S ERHEAT T 3 ASTATRE S I
FESh B RMCRAE 70%-120%2 1. 16 Bt PAHs b
LG O E B3 (RD) 7E 0.989-0.999 [l

2.3. #T CLEA RAL KR IA

ASCN ) CLEA #AF 1.071 WUAHEAT 4 /317 . CLEA
RRLE I VT 5 F AR ABFEAN R B e s TIPS H
Jki#5 1 (Average Daily Exposure, ADE) fH, Jfbjfg
HEbRUENE (Health Criteria Values, HCV) #E47 LLiHE
S SRR IR o A SO rp HUR R o SN ) i A2
Fif) ADE {H, AW

ADE = {RoraiXEForaXEDoraD) | (RinnXEFinnXEDinn)
BWXLT BWXLT

URderm>EF derm*EDderm) D
BWXLT

HHr, ADE JRIET 3R i A AT
AN, mg/(kged); IR MLZEYIRMFEANR,
A7 mg/d: EF NEEFEME, (47 d/y; ED NE:EE
W], SR y; BW OAREE, B4 kg: LT A7
fir 75 4E. Hf, N#F oral, inh, derm 4> AR L O
A NI e filig 4% o

2.4. BESCESERIE

R 1, 2 WEIRNOCSHONAE . b B AR BRI A 5 i
J&JERAEARVEY), WO 10 5 55 50 K A AR b 1
JiafE M (Residence with produce); 3 5iHb ok
Zh-L CSlity clay loam); FESMRR Ky dzin it g J=
FEAE /N HES )2 (Small terraced house): H AR ABER
RS 0-75 BRI Lot CLEA BERLIG AR
3N 18 N 0-1. 12, 2-3 3-4. 45, 56, 6-7+

7-8. 8-9. 9-10. 10-11. 11-12. 12-13. 13-14. 14-15.

15-16. 16-65. 65-75 %, JLr[ii 16 NN JLEH
B, 16-65 MAETAEM B, 65-75 % B IRBT B .

ZIVENIBRERE: L KAEEL DA BFh
RAEY CaSE IR iy o)) RS RAIEDR
TR RS R G = N . A1 K
TR PN ON S LU R e NI U (Y UND Y
BN B TIRERSEIGRBN . K 2 PRRER
XSS T CPE S RE IR 5 HERGUR A

459

29/09/16 11:13 AM



Risk Analysis and Crisis Response in Big Data Era (RAC-16)

212002 EIR EAEFEROEE )
R (P EARRESHTI ORAE)) PR

FRMNMR ORRARSEG RS BIRBRA . T 0 FR

W BHBAE 18 MER g — .

1 BUHEASHINE

FHl#hAL AR LERA AHRAE (% pH FRVE
BE EEHM CEPERERD MERRE S RTEE L 6 7 0-75
2% 2 RS S B
5 x

0-1 14 416 1665 6575 0-1 1-4 4-16 1665 65-75
BEEHE Wy 180 365 365 365 365 365 365 365 365 365
FBFER Wy 365 365 365 365 365 365 365 365 365 365
EARFRENE (v/d) 230 230 190 19.118 23.0 23.0 19.0 19.71
EHMRERR (h/d) 10 1.0 10 471 1.0 10 1.0 4.1
iﬂg_&ﬂﬁipﬁ?‘ﬁ EW 0.06 0.06 006 006 006 006 006 006 006 0.06
(mg/ (cm’ = day))
T BRETR RS (B X X X X X X | | X |

(mg/ (em? = day))
T8 KEBWE (gd) 01 01 0.1

0.1 0.1 0.1 0.1 0.1 0.1 0.1

HE (kg) 69 ZEYE Y UM ® se6 zEu@® s ®
H%E (m) 0.7 S0k © 0.7 B30Ik (9]
TREFR (m¥/d) AR ZHR © TR S ik ©
L PNiT —

(3P (mYm?) BBt

BABIRRBULE (R E SN e

(&5 (mm?)

TE: BRERIIR LR KB

A BRI A BAh I R BRI AR I S e % BhiR

A
B AR E N AR ST RN R R BT

2.5.16 F PAHs I L BHHE

ZIFTRIRG YN BUE TR R ] BaP Rk Y Sk
KFon, BAR () WA
BEC = Y™, C; X TEF, (2)
A CEH i B PAH [IRIE, TEF, XN
Bt TEF FHUEAEA R STk A BT AN IR«
Nisbet f LaGoy [10]4:& i T WL & 3 % se 43z b )
17 Fi PAHSs ] TEFs o JUE A ATT IR A 55543 PAHs ) TEFs
WG AR fh = B0 RIB A% 2P (K IE 4 LL & DahA [f) TEF
MA Jod v 1T 52 B B, (R IR I 5T 5 95 [ PR
{473 (USEPA) ™) TEF S i kA B B 1ty o il
T USEPA MIWFEGE ik ib FAMa B, T AARSCR:
JHT Nisbet 1 LaGoy [¥] TEF H(fi .

460

2016RA0505.indd 460

2.6. PAHs ZUERK 4

NBE T T PAMS [ 5 55 7 A 10 24 A S0 K
(ILCR) ATfHAR (3) 4

ILCR = SF X ADE (3)

Hrfr, SF 2 BaP (IEUEATE K 11, 7.3(mg/(kg ).

3. #RG®

3. 1. A& ADE fHL5H

F5 29 AR 16 Al 2 2R 05 IS I BaP ity 5 4
NS A3 3UAN R 442 F 1R ADE 45 L. € 3. K 44
Sk 2 B O SR I AN TR ide ARk 138 PAHSs ) ADE
i, b 0-16 ¥, 16-65 %, 65-75 % 430l /D4 L
HEHBL0-16) BT BE(16-65) IRARBT BE(65-75)

29/09/16 11:13 AM



Risk Analysis and Crisis Response in Big Data Era (RAC-16)

IR . =R EgET, 208NN ADE
i K, WNRARBITE AR AL, AT LR
WA, X g5 G e Sek s AL, 3 AME
W B i) A ADE A5 AT N A B LE# Y
BORAKR B (B2 [E4E 48 ADE fH, DlAtEh
B, BFAE A LB (1.18 x 1078) >R AR EL
(7.19 x 107%) YiBMRFIT B (7.11x107%). JLEERY

BLIAESFY ADE fHm TN, ZBHA (1) B
BW ARTEERAER D, i3 B FL ADE BN TR N 2R R
SRR (16 4F) B, FrLh, JLEHRBZ
BT 1 (1) B i 5 A UK < SR BEIR4E-T+45) ADE i
EF BB, X ] e iR R K (5 R
flt B 1)) A% PEAHIFIZRA R, PRI ADE {iHE &
T B, TR LA ERT BHS800.

3 Lotk R RGE AN R &40 13 PAHS (%) ADE i (%A mg/ (kged) )

. ZOH{A BeREEAl LN X
ZOBEBEEBA BaEBA (Dermal) (Inhalation) o
Fe 7 9 -9 -11 (107)
107 (10”) 107) a0
1.06 11.5 71.0 31.5 18.8
0-16 0.32-2.36 3.45-25.6 21.3-158 9.46-70.3 5.66-42.0
1.12 214 218 339 35.2
16-65 0.34-2.51 6.44-47.8 59.9-487 10.2-75.6 10.6-78.6
0.23 4.38 43.7 6.92 7.11
65-75 0.069-0.51 1.31-9.76 65.5-97.4 2.08-15.4 2.13-15.9
1.35 25.8 262 40.8 42.4
16-75 0.41-3.02 7.75-57.6 13.1-584 12.3-91.0 12.7-94.4
2.41 373 333 72.3 61.2
0-75 0.72-5.38 11.2-83.2 78.6-742 21.7-161 18.4-136
x4 JIPEE R A g4 0] L3 h PAHs 1) ADE {8 (|47 mg/ (kged) )
b e ZAO{/N 54305 1 T "
SZOHEEA EAEA (Dermal) (Inhalation) (1‘0_8)
R 107 (10% (10”) ao™
1.01 11.5 69.8 315 18.2
0-16 0.30-2.24 3.45-25.6 20.9-156 9.47-70.3 5.47-40.6
0.97 214 208 34.7 32.7
16-65 0.29-2.16 6.44-47.8 62.5-464 10.4-77.4 9.81-72.9
0.20 4.38 42.1 7.08 6.63
65-75 0.059-0.44 1.31-9.76 12.6-93.8 2.31-15.8 1.99-14.8
1.17 25.8 250 41.8 39.3
16-75 0.35-2.60 7.75-57.6 75.1-558 12.5-93.2 11.8-87.7
2.17 373 320 733 57.5
0-75 0.65-4.87 11.2-83.2 96.1-714 22.0-164 17.3-128

3.2. CLEA {BRERSIEH:

MBI (3), d AR 3 PAHs (128 55
ADE i T 54 B N (K B0 KBS . RS, AR
LU JIE A7 488 B BB () A B R 40768 1 T AT B 32 1) B

2016RA0505.indd 461

JERE K (107, W45 HREM. AR IEHE
K (B 1) 5 ADE (A8 SR T
T ZIRTF R NS R A e I R T R A

A R XURS: S v P A B B FRON B B BRI A A B
BB BRI BURK; ILH R 2T IR AR &
)l E DR 12 T 3

461

29/09/16 11:13 AM



Risk Analysis and Crisis Response in Big Data Era (RAC-16)

IR B

- e |

0-16 (4 0-16 (J)

EARNERC YN

16-75 (%)
[iace VNI Didis 3 I LION

16-75 (%) 0-75 (40 0-75 (J)

Bl 1AL AR AR 2 5105 R R A HE AR (10°)

3.3. RARMESH

FEI ) CLEA E7UI, - et TR W X AT SR BB T4
K Se RO, L IR RS EL (oL AHLR
D LR RESH IR LA EARFER B
FRIR Sy s S 2T IR SIS R . X
SR BT S A E T o S AME R TE RS
AR R 10 LA S AT GE vk 2 T, SUN S8R
BHAACRIT X P75 Rk, MR BURIRZ A ]
fH R

4. g

ASSCRI I CLEA B %) -1 38 PAHs o A s 1 e e U
BEATOMNT, G5, 2NN AR f N
A R AR S AR AR o 12 DN TR AR Ak B XU (D e 41
7O AR KT (107D, B 51T . Hohr, 16-75
4 NTEIBUR AR v VB0 AR v T T Ak

Acknowledgements

This work was supported by the Key Technologies
R&D Program for the 12th Five-Year Plan (No.

462

2016RA0505.indd 462

2012BAJ24B04) of the Ministry of Science and
Technology of People’s Republic of China.

B

AWFFAFEN T WEFHAS “ 107 FHECCERE
(No. 2012BAJ24B04) (1% ) »

S

[1] KA. RO BT 45 1 B0 IR Z 0T
TR 2 TR 557 08 03 A5 A B ORIR S A o [ P 35
A1#.1263-1270.2013.

[2] USEPA. Appendix A to 40 CFR. Part 423—126
Priority Pollutants. 2003.

[3] M. Mari, J. Diaz-Ferrero, M. Schuhmacher, M.
Nadal, J. L. Domingo. Health risks of
environmental exposure to PCDD/Fs near a
hazardous waste incinerator in catalonia, spain.
Journal of Risk Analysis and Crisis Response.
2013, 3(2):77-87.

[4] Zk. BRI S R LR IR R
(PAHSs) ZE 49 R JT1 94 J82 ) 4 BJE LIS D40 7 3%,
A AR 1168-1175.2011

[5] Environment  Agency. Updated
background to the CLEA model. 2009

[6] HRIE HnF AFEAF H RBCA Al CLEA
RO G IR O [a] EE AR (L. PRI R}

technical

29/09/16 11:13 AM



(8]
[9]

[10]

(1]

[12]

2016RA0505.indd 463

Risk Analysis and Crisis Response in Big Data Era (RAC-16)

1FT. 1445-1451.2009.

BRVE. EMOE KIS, RBCA. CLEA K
CalTOX M HYLEF I [a] PEVS S 7 g FRE KBS DY
fiti b RS2 Y AR RS RE B R 277-284.2012.
RIS EARERES TN ORAE |
Hh R PR 5 e AAE B . 2013.

K e o R s R IR SRR B i 2 1
2002 E 754 HER DL B AN R AR Hh A
Jbnt. 2008.

I.C.T. Nisbet. PK. LaGoy. Toxic equivalency
factors (TEFs) for polycyclic — aromatic
hydrocarbons (PAHs). Regul Toxicol Pharm, 1992,
290-300.

California  EPA  (California  Environmental
Protection Agency). No Significant Risk Levels
(NSRLs) for the Proposition 65 carcinogens
benzofluoranthene, benzo[j]fluoranthene, chrysene,
dibenzo[a,h]pyrene,  dibenzo[a,i]pyrene, and
5-methylchrysene by the oral route. Office of
Environmental Health Hazard Assessment,
Reproductive and Cancer Hazard Assessment
Section. Oakland. CA. 2004.

USEPA. IRIS Toxicological Review of
Benzo[a]pyrene (External Review Draft). 2014.

463

29/09/16 11:13 AM



