RN FRIER 2 2011,30(3):482-486

Journal of Agro-Environment Science

LG de M T 1 3 % 3855 R B XURE T4
Tk, RER?, I R, FRZS, ZRAR, B
(1. FRR2EFRBEBE , FR 210046;2. R0 I RLEBEFRE TRR , BT 2111675 3.3 M ITSREEUENI R, Y35 364 213001)

& F: DU INTRRZS ) HaE 1 s AR s st &, ZE M s34 38 b 16 P2 30592 (PAHS ) BELAE b, X022 DX 358 - 3 kA T4 R XUy
SR . 45 R R, D58 KR 3P S PAHs 193 RGN 0~1.546 mg kg, LHFUEW T FEFERAMLEVIERTH
WP R KB S5, H -3 PAHs FIRERIETA MR, EREXE TN RA 820 10°~10~ JEFE P, AR
RS PEM B, R IE KR - B M 2335 R R P E A S IR, (ER L &Y E 2 & B T XS PEMIR(E (ER-L /1
ISQV-L) , fF & X A M TEfEE o

KRR - AR XU PP s A S RS 5 V5 Jedzith ; PAHS

hESHES . X8204  EERED: A XEHS1672-2043(2011)03-0482-05

Risk Assessment of a Brownfield Contaminated by PAHs at Changzhou, China
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Technology, Nanjing 211167, China; 3. Changzhou Environmental Monitoring Center Station, Changzhou 213001, China )

Abstract: Risk assessment of polycyclic aromatic hydrocarbons(PAHs) in soil samples collected from the location of a factory that previously
manufactured pesticides in Changzhou was evaluated. The concentrations of PAHs were determined by high performance liquid chromatogra—
phy equipped with fluorescence/ultraviolet detector. Health risk and ecological risk assessment was introduced to evaluate the soil quality.
The carcinogenic risk and non—carcinogenic risk of different exposure ways and the quotient method were adopted to characterize health risk
and ecological risk of PAHs in the soil, respectively. The results showed that total PAHs content in soil samples was in the range of 0~1.546
mg-kg™. Naphthalene, phenanthrene, fluoranthene, benzo[k]fluoranthene and pyrene were the main contaminants in the soil, and the amounts
of naphthalene, phenanthrene and other low—ring compounds were higher than that of high—ring fluoranthene, benzo[k]fluoranthene, pyrene
and other compounds, which indicates that polycyclic aromatic hydrocarbons in the studied soil might be derived from the unburned oil
source. Carcinogenic risk value was in an acceptable range of 10 to 10, and the non—carcinogenic risk value was also lower than the ac—
ceptable value( <1), which indicated that the environmental health risk of the soil was in an acceptable range. However, the ecological risk
assessment showed a potential risk of the PAHs in the soil. Acenaphthene and fluorene content exceeded the low risk assessment value( ER-
L and ISQV-L), indicating there might be a potential biological hazard.
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1 #REFZE

L1 ARRE T IEERRES S

5T IR N T JE B AR 24 5 i A 7= Al A
TiEGH, Ee AR 30 a, 2008 4E 9 H—
2009 4F 12 ATEZG AR REX (I AKX T FPX
ZENA) R[S A TR B B X S R DX BR Rk
VeJZ LUJE R RS A s, A TREROR A . 3R
BRAREZRT BRAXT , T 2 mm i, &
B8 EPA Method 8310, i &b 38 5% FH i 3 ¥ 57 32 B
(ASE), 1E C %P B P B, 4R B £ ik A sl 30 &7 B A
T, RS BEAIE O IR AT RIBER , Uk
PR e 48 fe FAELAR St/ 48 A il 23 1 v BSORHE ik
AR G5 BEASHIN o AR 2T U4 Y O B B I 2 7, SR 16 Fp
PAHs IR #1[%%(Nap) \JE 4% (Acpy) . J& (Ace) . 2 (Flu) |
3E (Phe ), B (Ant) , % B (Flua) . 26 (Pyr) . 2K 3f [a] B
(BaA) . Jai (Chr) . 2 3f: [b] 2 B (BbF) | % 3F [k] 7€ &
(BKF) .3 [a]tE (BaP) . BfiFf[1,2,3-cd] (IedP) . —
2 Ff[a,h] B (DahA ) . % 3 [ghi] 38 (BghiP ) 7} 5 ¥ &
e S Ry = DO S e B s i NG G S
1.2 @EXE T
1.2.1 BFE M

U F AR SRER TN I b B SR - b 1) S B 3 T
FRRI, PR AR 35 SRR i B Rl A A3 P e, DU AR X
N RN DT RERE R SaT5 i SLhs, 4%
XFEEENRBREA 3 & (D)IFER HIEEE
BBETAE, A ABHRNMERA S B BRI R -32 3]
TEERR U 5 (2) 13875 e X Fp A M AL 75 e 4 3 i)
B RS F AT RS AR, B PRRET
N5 (3)15 5 X 38 o B iRl R 58 T A

15 YL St Y vk (R = AR R W U B E
AT DA LAYS e B e A R A T 00 35 L B
a2 DARA B () AR ER A 33 R (EDI, mg kg™ -d™)
FR . BB & S BN INEE & Sy b ) SEBR B LR
R A A, R RE R KT RE B BB L/
Bl &BRBEREGRYBRENTTERT .

(HHEEEBA

BRSBTS YY) EDI(mg-kg-d™)
T RHATHE:
CSXIRXEFXED

EDI HEEAT BWxXAT

(2) B ks
E 3 B JoR e e ok R, TR B RT3

TS5y o R AT T8 B R E AT A5 4

&

CSXCFxSA XA FxA BSXEFXED
BWxAT

EDI =

(3R
WA LIEATRA G R ER TR
CSx( Pé' 7 )XIRXEFXED
BWxAT

EF&A  CS AWy Ae TR PRV, mg kg s
BWa N IRE kg, S BSCHRI6], 1154 AL
NFIIREI 61.6 kg; BWe iy JLE R (AT, i
15 kg; ABS iy B R W e 22 85, A el Ak 20 o e
PE 5 YA ABS WA (2 0 HIER AL
Yiet,ABS BUE N 0.1, 24 i Ry HAA HLET , BUE K
0.01),

#ZHOE EE S BSCRR4-51 3 E Tk A
ol A SEER 85 5 B XU T 2 v ) (HI/T 25—1999), £
HZHIE 1,

Ja R KV R EBE R 30 a, Ko 6 a
JUEHA, 24 a HRAER . BUBRN A B - 4E F
[ BAE K 70 a0 RABLA N PEHM T4, SR SADA ®
(5.0, University of Tennessee, USA )15,

1.2.2 RSRAE

5 4L 1 A E SO XU 2 B A R BR AR
WP H AR EB AR EDI BRLMEHSEF
BIHEAE, UKRE HQ R, Bl HQ=EDI/RD,

i b, LY A AR BUR R <1 B, A
Xt b i) FE R B A B E BRI

15 G 10 500 RIS 3 5 - 249 B B A i 9
¥ifg H AR TR AR EDI R LIBUER EEFiHHE

EDI | y50=

®1 BRTREERANRFRY

Table 1 Exposure coefficient commonly used by soil criteria

RBER vins JLE BA
S4B (2508 )/d AT 25 550 25 550
Sy e 1] (RS0 )/d AT 2190 8 760
B R B Umg kg CF 10E06 10 E06
BBIR/ EF 350 350
FE KA R R T A d SA 2 800 5300
DTEY AF 0.2 0.07
ANE L E A B /mg-d? IR 200 100
FRFEIE]/a ED 6 24

F8 b T/’ kg PEF 1.316E09
K& R B mg 13- cm™ AD 1.0
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B, IR AE R 27w, Bl : R=EDIxSF, USEPA 7£[%
Z TR RS T IS G BB R E KUK 107
(BIy5 gL BOE T A IN—MEAE ) 10 H80G
PR HEME , WA R NN BIRNGTE 10°~10 Z ] 1]
VR LIEEZ R . T IR AR E 18, A
SCRAGRSFRY 107 V524 B AR XU o % [7)— 373 2
BYY R R , T = BUR RIE R AEBUR Y , ER AL
IR
1.3 ERREE TS

H 5 XS PEHT (Ecological Risk Assessment, ERA )
FE— T LTS X A S R G s H o — 3 437
A R F] REPE RS R , SRk R A SRR XU T
Wr 2 J5 KRR RHT RIA SER RS KU &
WA B RMESEENELE TR, RABNESR S
— VR R RURLEL , S PRE DR 3R 55 A S AR
HEBEEME A E SRS HIRIET

TR T RZHT R 2B E N ST,
ML 43 R 25 R BA T E N BUEHS, X+
B2 IR R A S RS IE M F R R IR 2 R 2858 ) T
FFo RS M Long S48 B A AL e TS TEAZS
UKL IX (BB (Effects Range Low , ERL) FIZLNY X
[8] #{H ( Effects Range Median, ERM ), #5735 4Lk &
/INT ERL, NI 207 Az 47 T8 AR 2530001 5 5 15 e WDk
4vF ERL A1 ERM Z[8], DB /R A= 0 1 A ASRK 0 5
TSRV R T ERM, U 28 7 A 00 T A= 23000
T3 Long SFHITST , IF[bIDEE HEFF (KPR Bl IF
[1,2,3~cd]EE (IedP) FIF I [ghi b (BghiP) BeA Fe fii %
28, WHL DL, X LR PAHs 7E3R 5 H B 7E 5
XY ARERIER

2 ERGWL

2.1 1% PAHs FIMEL R

SRAER B, BT K3 - A M5 Ye 4 A PAHs
&,k H 14 F, Y PAHs B& &JERA 0~1.546 mg -
kg™o PAHs B 4347 F 25 0] K FE o T £ PR IR A9 138
H, IMVA K 3 Bap SR

25 R FE X I, PAHSs K H MR B 3% 2., ARYE AT 22
Maliszewskal''7E 1996 4%t + 1 Fp L IR G542 75 YL 1 4y
FHRE(<200 pg kg V544, 200~600 png-kg™ B
754%,600~1 000 pg kg™ FRETTHL,>1 000 pg kg™ /&
BTG, TR BINA X H N R LI R5%RE
BEEBYE,MERSEX ERIFEFRE,] X
A1 PAHs IR FARDIRR , AR V5 YL X3, H ]

3R 2 PAHs #H iR E (mg-kg™)
Table 2 Detected concentration of PAHs(mg-kg™)

EZ15 72 S SR DX 3, PAHs
% 0.009~0.295 VAR 0~1.213
% 0.001~0.038 FEIRE R 0.081~0.835
E[5 0.004~0.142 N [ 0.048~1.546
) 0.001~0.063 ZEEsh 0.03~0.615
b 0.001~0.260 AEERME X 0.259~0.835
B 0.002 5~0.536 "4 ND
HI{al 0.001 0~0.106
i 0.001~0.055 5
FIFbIPEE 0.001~0.011 1
IR R 0.1~0.327
F I [al 0.001~0.081 4
Bfi3f(1,2,3¢6  0.001~0.098
%[, h]E  0.001~0.049 1
F I [ghildh 0.001~0.117

U, A2 Rk LA P IE S ALK, 13T
YLyt

P PAHs EEZORIET ARIEBA IR, AA]
BRI AR — BRI 25 1R (2~
3 30) FEORIE T A AR A Lt BB H A2
i, MR AR BSR4 B4R E)FERB L
KA REHATE 2R B, BFSE XA 13 2~3 3
EHFRUSBRMIEN TEMEY); =4 REAFGRE
BRI S YA I R P BN o 7 K BN,
VAR ARG X TR 2R SR A&
HEFPAE L AR>S E 2, Bt 38 PAHs A RESR A
TR AT,
2.2 RN

RIS YRR B, V5 Yk B U
SEH4%0 A 95% UCL (upper confidence limit) , A T f#
POPs 75 QL7 iR o B e XU, AR TS
Yk B B RAE (Max ) Xt AR BUE

T4 PAHs (b5 Wik = BEESEL, SO X Hogk AT
U VEHT o FSEHEAT RS AL S 3t 13 i, K
HhZR. 75 AL B AR BUE KU, 2RI [l i R
FEb1E R I (kP A I [aleh B, 2,388 .
A [a, WA BRI

A fk e KRS PP B B R PEAN S50, WP X3
FE[ N -3 v PAHSs W RETFTE A B0R WS AT IR, 45
RN 3.3k 4. NERPIHHELERKRE , PAHs BIEUEX
W (B 357 P 4232 A B0 KUK 106~107; BT s oL
PAHs [ B0 XU BE B X/ Tl 2 K 1;
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R 3 ARREREHEBERRESKRARE (ng-kg'-d™")
Table 3 Summary of non—carcinogenic risk and joint risk values for

different exposure ways(mg-kg!-d™")

e BA I BikEmh B
BA A A A
% 420E-06  3.10E-04  2.80E-06  3.20E-04
B 6.40E-07 6.80E-07  1.30E-06
W 2.20E-06 3.80E-06  6.00E-06
(3 9.70E-06 1.70E-05  2.60E-05
SRR 1.60E-05 ~ 3.00E-04  230E-05  3.40E-04

R4 TRARFRENBEREESKE KK (ng-kg'-d™)
Table 4 Summary of carcinogenic risk and joint risk values for

different exposure ways(mg-kg!-d™)

&Y TA 2213 Refksfl XU
HIfal 2.80E-08 220E-10 2.00E-08 4.80E-08
IR 220E-08 2.10E-11 1.50E-08  3.80E-08
FIHKPEE 2.20E-06 3.80E-06  6.00E-06
I {alte 570E-09 530E-12 4.00E-09  9.80E-09
i 120E-10 430E-13  8.10E-11  2.00E-10
—%3fa,h]  1.10E-07 430E-11 7.50E-08  1.80E-07
BiJE(1,2,3-cdtf 3.50E-08 1.60E-11 240E-08  5.90E-08

{HJ2, Hh 2k PAHs £23 B0 XS FRAE , 485 [a] tE A EX
ABUE RN 1.30E-06, AT #E 10° FRAE , (B4
FER B2 TR R 2 9, A2 B A P R )N, 4
PR H R RS 7 AT 232 Y R P
2.3 EEREEG

AR B H A ML G 5 XS PR i AR RS 4
—hrifE, Btk , 2 BESCHR(12- 141k FH BB #4790 45
T

LERBIR(FKS), 13 FEIIF R IE M H
T ER-L {H, X R L3524 25 RS FERF 73 X 388
E&FFTE, 13K Y PAHs LS9, FEIEb PR
I [K)PE R FR I [a]tE VB H[L,2, 3188 . K FF[a, h]
BAZE (g, h, i]t8 #0 2 BUR L F W1 R, BRZEIEb]
P IRIF K] D A , #03m  A% T XU PR 9
(ERM), 5 Z T R M B RME (ERL),, BB % X
PIPAHs M50 PER AL FRMRK T B S, X T2
FH[b]7E B AN I k|7 BUX IR B L EHY IR,
N SR A = AR R, X Le(E B3R
B, PR EAAFAEYRZEN, +
BB EA —E AES R

FRBE AR RS PR 45 SR 2 B, B 9 X3 N - e e

&5 1% PAHs FIBMEITERE (meg-ke™)
Table 5 Toxicity evaluation of PAHs in soil(mg-kg™)

&Y FE Min Max ERL ERM
= 2 000505  0.142 0.160 2.100
TR 3 ND ND 0.044 0.24
B 3 ND ND 0.085 3 1.1
hiA 3000417 0436 0.016 0.5
% 3 000958  0.038 0.019 0.54
E|5 3 000668  0.142 0.240 1.500
I [a] 4 0.003 64 0.1 0.261 1.6
B 4 000413 0536 0.665 2.6
M 4 000165 00555 0384 2.80
R 4 000165 026 0.6 5.1
HIFbPEE 5 00052 00813 NA
HIFkPEE 5 000178 0.327 NA
FIH(alth 5 0000528 0.0814 043 1.6
—%If[a,h]EE 5 00028 00491  0.063 4 26
BEIF(1,2,3]18 6 00066  0.077 /
#IF[g,h,iHE 6 000442 0.0633
M 0.019 1.90 4.022 44792

T (DXPE R A Ry B W42 sl T B8 7 AL A RN B PAHs 5 8
AT B SRR 10 N E M EFZE 50 AN E A EDBIHE
h AR B A (ERL) R A= W18 WA FEl L (ERM ) ; (2)NA B8
RAREAH,

AR KSR MBI , #7832 ) KU
BN o B TR 2 R, IXURSE I 2o 78 AN e
SHAFTETE 200 R 1, A SCIBRR XS PR 95 e 4
FREEUR R IR B , B 8 B HOR R B 7%
PR B XU B0 =5 TS Je 2 18] 45 A A A
PFEFER, 25RO RIS ok IS R — &R
3, X LEHR AT BE F BN EAHE o

3 #ig

(1)WF5E X8 - e A HE 9 14 Fh PAHs & BYE R
$7:0.001~0.54 mg-kg™, 25 FE DB FEIF kPR B AE
RFEEY

(2)WF5E X 35 1 48 PAHSs {g R KUK 76 A2 vT #5252
i) 10°~107 YRR

(3)F4r X825 (Flu)fb &4 & &8t T KK TF
PHEAE(ERL) , H 4 377 — 8 W A 2K I (b2 B
FIERIF K, FT REAEAEE MAE R AR A

F TR XU AN A 25 RS P A TE AN S E 1
SURNF -3 XU ) — 4025 1 B B VA ) XURSE TR
WREN AR RTINS, B 1T
PN E A B 5 T 5 o
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