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Potential risk assessment of polycyclic aromatic hydrocarbons in soils of Shenyang North New Area, China

LI Jia—kang, SONG Xue-ying", WEI Jian—bing, GUO Pan, LI Yu-shuang

(Key Laboratory of Regional Environment and Eco—Remediation of Ministry of Education, Shenyang University, Shenyang 110044, China )
Abstract ; Soil samples were collected from 0~20 c¢m depth(n=101) in 5 land use types in Shenyang North New Area(SNNA ), Shenyang,
China via a uniform grid layout method. Pollution characteristics, ecological risk, and the health risk of the 16 polycyclic aromatic hydrocar—
bons(PAHs) in soil listed by the Environmental Protection Agency of the United States were measured. Total concentration of the 16 PAHs
(TPAHs) in soils of SNNA ranged from 123.7 pg-kg™ to 932.5 pg-kg™. Average concentrations of TPAHs in different land use types de—
creased in the order of urban green land>artificial forest land>community vegetable land>maize land>paddy land. The TPAHs in the green
land was the highest, and was over 10 times the relative soil quality standard in the Netherlands. According to Nemerow's Pollution Index,
23.8% of the sampling sites were heavily contaminated with PAHs, and concentrations decreased significantly from south to north. Toxic e—
quivalents of PAHs in SNNA ranged from 1.39 pg-kg™ to 96.41 pg-kg™, with a mean value of 17.96(% 6.59) pg-kg™. Therefore, the over—
all potential ecological risk was low. PAHs in the soil of SNNA did not pose significant non—carcinogenic risks to children or adults by non—
carcinogenic or carcinogenic risk assessments. Cancer risk models showed that the risk of carcinogenic PAHs in SNNA was <107, and inges—
tion had the highest carcinogenic risk for humans. Urban green land soils had the highest carcinogenic risk. This information is important to
develop best management practices to reduce the influence of polluted soil on human health.
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2575 (Polycyclic Aromatic Hydrocarbons, PAHs )
Je— R IZAAAE T AR BRI B R A A
LTS3, A B B | B0 MR L PR
PAHs 1Y) 32 SR 2 A0 A ORH LR B 55 1) A 56 04
B, TR IRITRE 5 K HE LS5 R4S L3
PAHs 75 YLy s B30, [m] Aof b AR Ui 4 2 S5 PR
R S 3R PAHs {5 YL IR, V5 438
TN 1 2 5 AR E A TF SREEAE A WA N, B iy
NEAERERT . T PAHs HATRUR YA S71E, 18
PAHs {5 4 al il 2 i [ A Al A R S A3
Rz —.

U PN AL PR TS e S5 AR 2 AR IR 2
ke, DURURS: BE AR R PEAN R An il id 5 Qe v R 25 L NI
{3 VB TR U o I AR KU PEAN A Sy — 0
SRR T B AT 2 MG A B TS G
i A A )5 A B RS RV R A DX e G
Yy LR b RGeS T B E T QS
A3 N R TR A 3, DT S 2 75 e W HE i
AR ) SR AR o BN AE L8 PAHS {554 X
WP H 54 BT TR F SR D G, PSR X Ty
R BT AR Ml P O, ] A 2 SR 8 R B A
PAHs 15 YR B X, AR 52246 T ARl PAHs
15O RN R 2 A R T U v, o A8
PR S A

VAT DX b Ak ok BH T AR, 2011 48 R AL 2 %
R G AT R A S XA [ R AR S BORIE X
(7] Fof 2 ] 55 et o TS A 575 DO IX o TR 2 2 B v
R R [R] I, PRI X H W & 3k i Tl F5 BE Y 58
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5 PAHs AYTR A& BT 500 R 2R 59 X sifl T Al
(I, R A T X3 — bR i 1 ey S8 s X )
€ PAHSs 7717 D0 A0V A8 XU 23 BT A 4F 5 1 2R DL
HGH . NI, ARSCHTFE T UEALH X AN [7) - 3t 1) i 2 7
FJZ LI PAHs (5 R BUR R N 255
15 48 B PAHs B35 24 B E R AL A S
I8 5 -0 P % AR 73 o) L B 0 R R 70 e X2
o)A, LRE IR PAHs X AR B0 FIEE S0 KU,
AT Ay P e D BT DX s B N Mg e A PAHs 75 e
UREUE P I TS

1 #REFE

Ll RESNAEMFEMRE

K 5] AR AT AR A X R 101 A4
FAERLCEN 1), Horp 21 ANFE SR KRS 42358, 34 A4
SN 358 14 AR S Al 3589 AN FE AU
BNt 18, 23 ANFE R A IR X Sk 3 SRAE i
MR B L EER)Z (0~20 em) 5 AN B L
PR G5 RBR T 0RA, B2 kg A3 AR
PR B S0 3 R A0 SRR AR VR TR AL P
J&  BHEE I 100 H i, 3T oKA i RO AE
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Figure 1 Location of sampling sites in Shenyang North New Area
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KA IMERF 217 eI R

FE il e %% (Nap) | e f (Acy) | i (Ace) |, 25 (Flu) | JE
(Phe ), J& (An) . %¢ J& (Fla) . ¥ (Pyr) . Jii (Chy ) . 4 FF:
(a) B (BaA) ., 7K Jf (k) 2¢ B (BKF), 2% Jf (b) %¢ &
(BbF) &3 (a)tE (BaP) , 283 (a,h) B (DahA) Eji
I(1,2,3-cd)EE(InP) ZRTF(g,h, 1)L (BghiP ) HJ Il H
[ AccuStandard A ], FEAULHAHE B S I TE R
(KQ-250, BLILIET 36 ) , g4 2 K AL (RE-52AA , L
WoRk ), B2 TR R RS (FDV-1100, HAS), ER0K
FH X [Agilent 1100 7Y, B4 2 Y6 A #% (FLD ) Al
TSRS (DAD )],
1.3 T3EHm PAHs MIIRENS %4

SR R P R e I A e A o0 b A o R A T
AEFR: T 4y 2 —HFRFFRI S g 3R BT
150 mL =, A 15 mL 5P keiR i 12 h )5,
I R P TSGR P R 20 min (P K L AN
it 20 C),f B IE IR A JoK B RR N Y T <} 1 08 &
150 mL X800, AR IEBOLIR 3 1k, A IR
W, R 78 R A 4 223 T, oAb o A A ik
WEZHTAE , IE CRE IR At IEHTAE (B 8 mm) Py
WK AR TCKBRFR AN (R4 1 em) BEIE (2
12 em) JOKBRREN (2 1 em) SEHREE A 2 mL IEC
Lt SO VE I 78 2V b AE , 55 2508 ; P A A 8 mL
Ve QEC be: S bE=1:1)43 4 YkkEHh PAHS,
FEHCT 20 mL XSO TR ZE R BT AL
mL LN, S4TSR B, T -4 CUKAR
H AR,
1.4 PAHs HIE 5 BE=H

K FH R ROBORH (15 A (HPLC) #4743 ATl 22 , €8
JEAE : PAHs £ FHAE(250 mmx4.6 wm) , 3E[F Agilent 2y
A W 0.8 mL-min™; FEEL 25 °C; i A < 68 4K
CNE BREEVEE 455 1E B ] 28 min, J5i2 1 THY(A] 3 min;
DAD A 25 2544 (KD InP) < K3+ 254 nm 4y
$& 4 nm, Z HIEK N 360 nm A7 FE 100 nm; FLD 53]
A R BR InP (A4 15 81D L3R 1,

FrE AR UE SR DL 0 Ok B B ) Ak

& | PAHs MEHTF(FLD) iR KEMIZF

Table 1 Fluorescence wavelength detection program

WHE) RSN BRI/ | R REEK BoRBK/

min nm nm min nm nm

0 280 330 154 270 390
12.2 246 370 17.0 265 380
135 250 406 20.0 290 430

14.4 280 450 235 290 410

PRy e B o, AT AR A E TR R S50 ik
R FR AP AGE H PR AR v VA TR R AT O R BRI A T
TORE, IR AT T A AR S 1 SR [E]
WIS o FERE RIS S R R, BRI 10 A 43k
dt, I 1 Yk PAHs YR PR IERE i DAE G 2 M AR A
FEHH 20%, 459 WT, 16 Fh PAHs LA hniE
2R O BB r (I 0.999, J7 ek i BR T
0.1~0.3 ng-L™,16 Fl PAHs [ [i] i 2 3k 46.3% ~
101.8%, SEHEIZN 85.9%, M4 A % PAHs
BRI T
1.5 EXRREIFENFE

WA AT 2 - e AR ERER 10 Al PAHs PARILS
L7 (Nap.Phe An Fla,Chy BaA BkF BaP BghiP.InP),
T JCR A Z 15 YR BOE (P FAE L AL H X £
Herh PAHs A= 25 AU ARAE Py (LA R/IN o 3805 Yo
53R 5 A, Bl 2: 4 (Py<0.7) & 2k (0.7<
Py<1.0) BEG Y (1.0<Py<2.0) . H B i5 4 (2.0<
Py<3.0)FIE BET5 Y4 (Pe3.0) AR TR AR :

(Lspywps
N Y (1)

2

K. P oS YY) i B TS Yede B, P =C. S, C;
G Y i B SEIN F, S ST Y I T R bR
Un( X PR L3P 275 P8 BOV-3ME 5 P 9 18T
S5 e ER KA

H TIF PAHs HAT ZPEdErk, ik # 3R PAHs
A AW ELAT SR PEN, R I 1 FH 2 RS BN 7 %o A
FEIXF A PAHs A 725G A S RS PP o FE 0 XL
TR LD 4 EPA 25 & XU 15 B 2548 /& (IRIS)
PEHE TR, LURA B0 AT B BaP i, i@ i PAHS
FALE I BaP 531 24 5 [ 7 (Toxic Equivalent Fac—
tors, TEF) , 718 LL BaP A5 BB PAHs B0 SR
(TEQgp) , TEQup= X (ZH 43 i HIURFE XA 4Y @ i 24
HHET), A 5T X 43 PAHs $E47 AR 25 KU
P
1.6 BEXEIEN &

T R AR UR B X AR R T b A
SR E A BN TR EEA 0 A A T g L R P
A - 56 FR AR OC BT HEA T3 4K USEPA
X} PAHs SUEPER) 287 AW 9 Fib A4 (NaP
Ace Flu Phe An Fla Pyr Fll BghiP )17 08 XU
MY, X 7 #4b4 9 (Chr .BaA .BbF .BKF .BaP .DahA
F1 InP) R4 7 808 KU PR 5 AR Pt 5% X 4= 1 A1) 28
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AR A H Z#EE (CDD 5% s AR LE AT
Z YRR 2 YN A3 1l LA €S PN B P S E g eyt
{EERR XU P o 3 CDI R LA AR 5 0s,

Z A 1T PAHs 19 CDI gy FEAT(2)

NN
3
CSX \/ % xIR E;ﬁngXEFXED

CDT griein = BWxATX10° (2)

ZNFIREEA 13 PAHs, H CDT spppn AN -

3
CSX \/ % xIR ugzu&;g/\XEFXED
BWxATxPEF (3)

28 7 kA fim 38 PAHSs, H CDI g A 300 -

3
Csx\/ % XSAxXAFxABSXEFxED

BWxATx10°

CDI e 0=

CDI g 2=

(4)
A .C ly 8 PAHs (1Y BaP 23 2 0E Y H 0,
mg kg™ s BW P RE  kgs IR g o L EERIBUH
Z mg+d ™ IR s K FIGE R, m? - d ™ EF S 22 G40
F,d-a™;ED N R EEAFEL, a; AT AN F5 4w, d; PEF
Sy R HEC R mP kg s SA SRy fih - 458 1 Rz ik
L, em?; AF O 305 7, mg - em 25 ABS S J7 ik
UTEY &
1.6.1 AEE0E XU PN
— AR A AT SO ) AR R A
T A B IR A e F . JEB0m RS R
A& 5 %% (Hazard Index, HI)"FER , 25 HI>1 Ui V5 4y
Yyt NRERE ™A= 185, IFRERE HI A3 AA
A7 A B I AR o g g . LA TR R
BRI H TS S A 552 0 800 H e, B
HI=CDI/R;D (5)
K :RD HIEEUET WS Fl i, mg kg™ -d ™,
HRAE AN B8 R4 05 P i 5 X RD e
RDugsg s A FIR Dz s 1, £ LS WIH RD 2% USEPA
FHOCTERHE B (3R 2).
1.6.2 S XS M
o KU TR AL B 5 T2 BT A&
SEEIE VR E 0 2, 181 P B8 XURS: {51 ( Cancer Risk,
CR)ZFIR , — Rt , CRAEAK T 107 3 B 250y AU AT
PLZWEAST, CR B = T 107 B 2 BH 206k A A= A= 3
I DRSS, T2 37 B 80 RS LR 107°~107, LA 5K
Sk H X5 Yes A  S B R TR A, B

®2 FERTEYA RD 0 SFE

Table 2 R and SF data of the objective contaminants

PAHs RD yzpn RD wpmpen RD gggnen SF gpmmn SFupmuen  SF pmn

Nap 0.02 0.000 8 0.02
Ace 0.06 0.06 0.06
Flu 0.04 0.04 0.04

Phe 0.03 0.05 0.03

An 0.3 0.3 0.3

Fla 0.04 0.04 0.04

Pyr 0.03 0.03 0.03

Chy 0.0073 0.0431 0.0073
BaA 0.73 0.431 0.73
BbF 0.73 0.431 0.73
BkF 0.073 0.431 0.073
BaP 73 431 73
DahA 73 4.7 73
BghiP  0.03 0.05 0.03

InP 0.73 0.431 0.73

VE :RD W AEBORE TS 05 i, mg- kg™ -d 5 SF Ol R AL
P kged-mg™s
Note: “R{D” means the reference dose for non—carcinogenic contami—
nants, mg-kg'+d™; “SF” means the carcinogenic slope factor, kg-d-mg™.
CRy.=CDIXSF (6)
CRy.=1-exp(~CDIXSF) (7)
Ao SF MEUERIEE T kg d-mg™, &5 PAHs fL5&
Y1) SF 275 USEPA KAHC TR E"M(2);
CRus F1 CDy. 43500 A AP 22 XU A 57 791 ot 2 XL
B , T 24 BoE KU T 0.01 BER AR (7)3H5
1.7 #iE4bEE
FHi SPSS 17.0 % PAHs 4% 20 53 04T Y {8 b v
LRG0T T ArcGIS 10.2 227 KAk 5 A7 1]
43 PAHs INHEE 27515 e a8l () 40 A

2 #REWR

2.1 t1Erh PAHs & 245

FE AL X 101 A4S0 3 R A o5, A ) &)
USEPA 16 F L #% PAHs Ty 15 F (s AR gl A i)
(#£3), b IX FLF PAHs B (X PAHs, T
[ )38 A 123.7~932.5 pg kg (DW, T[] ), 3 PAHs
S K (281.8+136.1) wg-kg . PAbHT X Bt
Hi N TARHE IR X S /KR FH R K 28 PAHS
RO E A 9k (291.1£70.5) L (375.3+132.6) .
(326.7+191.3).(209.9+74.8) wg-kg™ F1(254.8+96.9)
pg-kg™, AT ULFE 5 A PSS AU - 3 rh o IX S b AT
Ml PAHs WAF LR, FLUCH B . R oK, K
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R 3 MAHFRAE LR AEE TED PAHs WRE
Table 3 PAHs concentrations in different soils from Shenyang North New Area
fr 2% 143 i (n=9) i (n=14) £ (n=23) JKFEH (n=21) K (n=34)
&t LR T STV SN T ST TR o N (T ST TN T ST T N e ST T N L

peoke? ket fEEK pg-kg! fE pgokg! B peket REEK peke! AR

Z% Nap 15 2.1+1.0 0.3 2.9+3.0 0.7 3.0£2.8 0.9 2.1x1.5 0.4 3.6+£2.5 0.9

& Ace 44.5+5.2 — 44.9+20.7 — 48.2+32.0 — 48.8+11.0 — 45.6x15.4 —

Vil Flu 47.4+6.1 — 50.3+116.9 — 42.0£6.9 — 50.9+8.5 — 46.5£13.6 —

B[S Phe 50 39.7+7.2 0.9 49.8+15.7 1.8 41.5+14.7 1.7 39.9+8.1 1.2 39.8+8.8 1.2

B An 50 2.8+1.1 0.1 34+1.7 0.1 34+2.8 0.2 2.1+1.0 0.1 2.0£0.9 0.1

D Fla 15 29.6+12.3 3.1 43.3£21.0 6.3 38.2+37.8 10.1 16.2+12.3 4.5 22.5+18.4 7.2

T Pyr 11.31£5.6 — 15.6+£7.9 — 13.6x14.5 — 5.0£5.1 — 8.9+7.5 —

Ji Chy 20 2.0+1.1 0.2 2.8+1.3 0.3 2.6£2.6 0.5 0.8+0.8 0.2 1.5+1.1 0.4

I (a) B BaA 20 61.1+£26.0 4.7 87.2+43.4 8.9 74.5£64.6 13.6  24.0+23.2 59 48.8£31.9 9.6
ZKIF(b)EB BbF 14.7+7.2 — 22.9+11.1 — 18.4x16.8 — 6.3+4.8 — 11.7£7.3 —
I (k)9 BkF 25 7.7+4.2 0.7 10.7+5.3 0.9 9.1+9.1 14 2.7£2.7 0.6 5.8+4.4 1.1
FKIf(a)tE BaP 25 7.6+4.7 0.7 9.8+5.3 0.9 9.5+10.3 1.6 2.7+3.2 0.6 5.2+4.4 1.0
ZH#If@@h)E  DahA 1.9+1.4 — 2.3+0.9 — 2.8+2.9 — 1.2+0.8 — 1.8+1.1 —
KH(ghi)dE  BghiP 20 9.1+4.2 1.0 12.8+6.1 1.3 9.8+9.7 1.9 3.3+3.1 0.7 6.6+5.0 1.4
EiFf(1,2,3-cd)tE  InP 25 9.6+7.5 0.8 16.6+9.9 1.4 10.3+14.1 1.7 3.8+10.5 1.6 4.5+8.5 1.5

> PAHs 291.1£70.5 375.3£132.6 326.7£191.3 209.9+74.8 254.8+96.9

T« n” IR R SRR, R

Note : "n" means the numbers of tested samples. The same below.
et HH g A i A A1

X -5 rh PAHs BUASE P oy 2% - 458 o 0 s o
HIEF TP, ZAREL S T 10 Fh PAHs SR{L 5
(Nap.Phe ,An.Fla,Chy BaA .BkF BaP BghiP InP) 1%
T RE (SR 3), 52 M L, Nap fil Chy BRI B
S AR, AT A B LI R A
{E R TR bR ; Fla F1 BaA W Fh 4 5 48 A5 AH X
#, HAHT X gt T R KO AR RO AR T
10.1 /5401 13.6 15 ; H 4 6 Fliib& %) (Phe ,An BKF
BaP BghiP  InP ) 7 15 jifti 5 4 3 v 3 S eI, R M i
AR FRAE, T A At 2 Y - 3 54 A [R) R BE 1)
b, LB A ™ A I3t R A A v T DX it -
B,
2.2 tiEd PAHs &£ #SXBEIEM

F 58 X 101 4~ R A 55 PAHs N #2515 YL 45 2
(POYERI R 0.89~9.97, HA g 4.0% 1) 5 Ak T2 1k
28 ,60.4% )8 T TS Y, 11.9% & T H BTG Ye gt
A, 23.8%)@ THE VG Y] . AFIF FHZER b
Py 1723 18] A 0 (& 2) S 30 5B S A RRAE , F 5
X7 b3 A% K Fef AR R Y oK 38 Py (E 3
I, SR TR AP 2R e 25 Tk X, "L r B
T PAHs St fI, V5 JetRind J& T8 & f i TS

PG s 5T X I AT IE A B IE L T
AR B R TN A X, AR AL
AR FE N TV e X~ A 8 2 1) PAHs, 3:3(0A X5
8 N LA b R T S b, 3 v Py ARG A e, TR
A G T D A A TR AL S Tl AR X AR v,
AP FRIESE = A2 1) PAHs DR RFLT 3R L X
SRy AL T S YO s F R X AR TR K B
BRI SR 2 B8 TARHLIX, {H i T XS A AE b
WA AR e H T, KA/ L3 PAHs ik )
TR EE TS YR, X R T PR G HR IR
18 T 2t 22 4 ) [ RE AN BE 20

SR, FHF AR PAHs SRR A P i B 45 AN HH
], A T4 —i b+ PAHs p 3P, SR A a2
i [ (TEF) 155 + 3% b PAHs 824 & (TEQu.)
(F4). £ 1 16 F PAHs B9 S35 PE 24 5 (TEQpais)
T 1.39~96.41 pg kg™, 2P 2 8FHE Y
(18.25+6.64 )pg-ke™'; 1 7 FhEUFEM: PAHs ) BaP &
P 23 (TEQpun. ) Y8 Fl 9 1.28~95.37 pg-kg™, BT Y
N (17.96£6.59 )ug-ke™'o 7E 16 Ff' PAHs iy
BaP #f i th DTk B i 4L 50 BaA Fil BaP,
b A ik 32.3% 1 37.5% 57 FhEUE PAHs (1 BaP
VY G N 98.4%, T 9 RPAEEUEME PAHS
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Figure 2 Spatial distribution of Nemerow Pollution Index for PAHs
in the soil of Shenyang North New Area

(1) TEQuan,, %W 7 FPEUENE PAHSs J2 X (PAHSs B
ERTTERE o TLAUBT XA M IS - PAHS 1Y
SR A 25 RURSE SRR, T DX gt AN Tt 5 A3
105 2 DR, DRI 3 PP AR T Rk A A |
A FE A RF AR PAHS, TEQge [, BT HE R

A VR AE A 25 U 5 TRt S 1 . T K FH AR ZK e
Mo A Tl 3% B b g rp ABER, 13 PAHS (IR 7E
AR, Btk PAHSs (1) TEQu, (B EAR, TR H
FEAR ELA VEAE KU

55 = A FE X384 EE , YL AEHT XK FRS AR
KHH 16 Ft PAHs FE RN Y 1t (TEQume ) P-4 53
WR 797 pg-kg Fl14.36 pg-kg, KT AT
A i 4158 (87.8 pg-kg™), 5 B TP LI I X 4k H
1458 (13.10 wg-kg™ A Y ; it A T ARHB A X
ZEHb i PAHs B8 2 2P 3{H 4051 19.09.26.25
pg-kg™ F123.82 g kg™, HMEAR T R EATPRBIX 135
(>33 pg-kg™ )RR T RBS 1 4 (36.71 pg-kg™), &
W B WA X 6 4 PAHs X RIS A 8 R G010
T RS 3K
2.3 L3 PAHs 2R IFM

SR FE 5% 5 M 001 At B IXURSE DAY T 5 B 49 A Mk
A BRAFFE B AN - S EOR HE AR AR S . RE(BW) |
N6 (AT) B (EF) R 4ER (ED) 1] fE
FEfih - 38 1 B2 R THI AR (SA ) R R (TR e 1 ) 1458
FEBOE R (TR sy ) B X 45 (109 1082 [ 22 B (ABS)
1 - RSOk HE i A - (PEF) | - 386t 35 [H - (AF) , iX

R4 RAFHEARF AZEE L Td PAHs IEMEHE(TEQw, ) SEEMFHE (pg-kg™)
Table 4 Range and average values of TEQg, in different soils of Shenyang North New Area( g -kg™)

PARe  EFHEE S (n=9) H(n=14) 23t (n=23) IKFEH (n=21) K (n=34)
BT TEF il P L FHME L FHE L FHME L FHME
Nap 0.001 0 0 0~0.01 0 0~0.01 0 0-~0.01 0 0~0.01 0
Ace 0.001  0.04~0.05  0.04 0.02~0.09 0.04 0.03~0.19 0.05 0.03~0.07 0.05 0.02~0.10 0.05
Flu 0.001  0.03~0.06 0.5 0.03~0.08 0.05 0.03~0.06 0.04 0.03~0.07 0.05 0~0.08 0.05
Phe 0.001  0.03~005  0.04 0.03~0.09 0.05 0.02~0.08 0.04 0.03~0.06 0.04 0.02~0.06 0.04
An 0.01 0.01~0.04  0.03 0.01~0.07 0.03 0.01-0.11 0.03 0.01~0.05 0.02 0.01~0.04 0.02
Fla 0.001  0.01~0.05  0.03 0.01~0.09 0.04 0.01~0.15 0.04 0.01~0.07 0.02 0~0.11 0.02
Pyr 0.001 0~0.02 0.01 0~0.04 0.02 0~0.06 0.01 0~0.03 0.01 0~0.04 0.01
Chy 0.01 0~0.04 0.02 0~0.06 0.03 0~0.10 0.03 0~0.04 0.01 0.01~0.07 0.01
BaA 0.1 081~9.49 610  1.90~17.74 872  1.59-2726 745  023~11.75 240  2.14~1921 488
BbF 0.1 020~291 147 0.64~4.60 2.29 0.29~6.62 1.84 0.20~2.49 0.63 0.56~4.56 1.17
BkF 0.1 0.10~1.69  0.77 0.29~2.28 1.07 0.13~3.51 0.91 0.07~1.39 0.27 0.26~2.66 0.58
BaP 1 1.06~17.80 756  1.87-2270  9.81 123-39.13 947  055-1607 270  0.14~2427  5.18
DahA 1 0~4.70 1.87 1.08~4.04 230 047-1439 279 0.23~3.03 1.16 0~5.18 1.84
BghiP  0.01 0.04~0.19  0.09 0.04~0.27 0.13 0.01~0.37 0.10 0.01~0.15 0.03 0.03~0.29 0.07
InP 0.1 0~2.08 0.96 0~3.60 1.66 0~4.36 1.03 0~3.98 0.38 0~3.79 0.45
3PAHs 2.16~3871 1876  579~55.02 2588  3.71~9537 2350  128~38.74 755  3.11-5973  14.11
3 PAHs 232~39.19  19.05  593~5577 2625  3.82-96.41  23.82  1.39~3923 777  320~6047 1436

7 X PAHs R 7 R PAHs Z Fil; X PAHs 27K 16 Fl PAHs Z Fll,
Note: X, ;PAHs means the sum of 7 kinds of carcinogenic PAHs content. ¥, sPAHs means the sum of the 16 PAHs contents.
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ES SIS <IN NGRS 1 £ IS - A RS
Ko NFAATHL 70 4F B AT=70x365 d=25 550 d; &
25 (3R 5)27% USEPA HERHH KA E CTolk Aol +
SEPR I ST KU A S vE) (HI/T 25—1999) 45 5%
T,

®5 RERITNSY

Table 5 Parameters used in exposure model

ZH i JLE A
BW ke 17.0 57.0
EF d-a™ 250 350
ED a 6 30

IR mg-d” 200 100
IR s n m’-d” 10 20
SA cm? 2800 5700

ABS — 0.13 0.13
AF mg- om? 0.20 0.07
PEF m’-kg™ 1.36x10° 1.36x10°

SHIFSE X2+ PAHs XoF L& A1 A A0 31 S0
B AT (R 6), 25 BRI T X 15 b 9 Ak
HUE PAHs XL ZE A B 255 A 808 XU H8 55038
B350 4.43x10° F1 8.11x107, BJEALF USEPA 1
FRUE(E 129, UL IR 5T X 138 1) PAHs AS 2% Ak
FEAE R AR BUR G F LB AT =R R AR
T4 O E AR A PAHs [ EE S0 AU 5Tk 245 1) 3k
73.3%H1 69.8%, K Al ) Bz kM4 A PAHs, &
WA DX H AR R e e o 1 5 T 7E 5 AP R S
A3 T ARHURIIR X 43t PAHs X AREIRSL
s XSS ARG 1, 57 BRI I 5 SR BB 7 5 it X 3¢ 7
FH ST 3 fin DAV 3L

% 6 1IE PAHs ZEATILEF R AR IEBRRE
Table 6 Non—carcinogenic risks for children and adults under

PAHs exposure

e AR LR Hlgpg  Hlggsa  Hlgpso Hlia
IL#E S 3.25x10°  1.30x10™" 1.18x10° 4.43x10”°
A, 4.24x107°  1.75x10"°  1.54x10° 5.78x107
L5, 3.48x10® 1.55x10™" 1.27x10”° 4.75x10”

KFGH 23310 1.09x107% 8.50x10™ 3.18x10”
FokH 2.95x10°  1.61x10™°  1.07x10°  4.03x10°
LN SEHb, 5.07x10° 8.12x10™° 2.63x10°  7.70x10°

MM 6.62x10°  1.09x1072 3.43x10®°  1.01x10°
G 7.43x10° 9.72x10™°  2.82x10”°  1.03x10°®
KRG 3.65x10°  6.81x10™°  1.89x10°  5.54x10”
FokH  4.61x10° 1.01x10™2 2.39x10°  7.00x10°

XF5T X 2%+ PAHs X JL#E A A0 2508 X
B AT (R 7), G5 RIS X 3 7 R EURE
P PAHs X JLEE FIRLA B 256 B0 A 48 09 E 55
AR 4.20x10° F1 6.79x10°, B{IRT— e AT 4232 Ui X
B 107 358 B 32 4 f PAHs N2 0k A4 7= A 308
R o 7E =R RS T, PAHs X AR A0 XU
AN IR A 28 11 8 A > B2 R fish > PRI ERE A 5 Ho )L
A TE TR AR AR BRI CR (H /N T 107,
Hiid USEPA W22 80 KB AR, XERE8UE R
SHAEL A TR P LA 2200 o JLEE RN RN 28 1 A A 13
PAHs 1180 RSB B 850 KU sTik 43 3115k 73.3%
F1 65.9% , Ui BIIZ8 45 & PAHs % ARBUR G = &K
(7 25 N 28 Bz JD 2 Ak B8 A PAHSs (1) B0 XU 51 ik
Ry 34.1% , 75 FE RN B AAE HH TAE RS0 AT
Yo FR 7% T PAHs 55+ 3Erp | IR0 Rz R X g
(B0 U RN W] 2240

&7 1IE PAHs REXILE R ABIEIE XK

Table 7 Cancer risks for children and adults under PAHs exposure

TN LI CR gepn CRusmpn CRuggn CRuu
L3 SEHL 3.26x10° 7.23x107° 1.19x10°  4.44x10°®
Mt 421x10° 9.34x10™  1.53x10°  5.74x10°®
G 4.19x10° 9.32x10™°  1.52x10®  5.71x10°
KREH 1.32x10°  2.98x10™° 4.81x10®° 1.80x10°
EKH 241x10° 541x1077 8.79x10°  3.29x10°*
A SEHL 5.09x10°  4.52x1072 2.64x10°  7.73x10°
Mt 6.58x10°  5.84x10™2 3.41x10°  9.99x10°®
G 3.97x10°  5.83x10™ 3.39x10°  7.36x10°*
KFEH  2.07x10°  1.86x10™  1.07x10*  3.14x10°
EKH 3.77x10° 338x107™? 1.96x10°  5.73x10°®

AR % 8 s A RS L e o A 3 S 4 R N T
MRHB AN [X S b 1358, J2 T 3K PR AP 2 7 1= M B 25
A P A 1 DG, R AR A T AR e
£ PAHs, JUHE BaP.DahA F InP 25 5 34 .6 FRH
A BETER PAHs, 2 RRVERZ L858, U A
A 5 1A DA XS B 1 o TR A b XS 24 04 Tk
il b, Ay S A I Tkt 2 L E Y Pk 2
— WFFE X NSkl | KR HH AR R OK PR T 2 N 24
TG XSS M 26 %, 1 rh AR PAHs /0, IR LX)
ARSI XU S5 {1 5 HL TR b DX AN AT 3k B
o BEAEAR H P S5 4, b S A i i) R AT 3 2 R T
15 g IR DRI R A R B 1 i B v
TESEEANL M o B 2, R XU PPN A B
A —E AR E T, IR EE A A s AR
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(A KRR A B (R AN 2 1 55 5 T =z 3% ] B A e] R 2
EERRISHT A B ASCR ST ok A F
ARSCHR BRI S R R I S A — o B RS T
ST IR TS

5 1] N A ATE 5 DX B L PR X A P L (%
Jiti S oK AN KRS ) 4387 PAHs X JLEE A
o KBS A8 505518 3.18x10° 1 5.53x10°%, {KFT°
P TR A B A HE O KU L (3.17x107), [R5
A8 F 10 T8 3k 23 X B+t - 38 (L EE 2 1.31x107°, i
N :6.64x107°) ; Ak b (3R X 2 b AT N TobAHh, ) -5
PAHs HXf L2 . A BUE XU 6 £y il 5.72x10°78
1 8.68x107°, 24737t X F b ¢ i 4k b + 3 (L -
1.27x107°, BN :2.53x10°) . R, Ak B kAL X
e 1 PAHs X A AR PV U AR

3 it

(1)ALHIX 4 PAHs & &3EFh 123.7~
932.5 wg-kg™, AFIFIFHZER 13 PAHs P35 i
P 75 R A 30k [X 253 i > AT A > 15 i 52 > 5 K FH >
JKAFH .

(2)7 b #7 X % 1+ v PAHs 8 3 Y &5
1.39~96.41 pg kg™, 4 {9 (18.2546.64) pg-kg™';
XFEERE M vk R f = 1AL B0 BaA(32.3% )il
BaP(37.5% ), H. 7 #2095 PAHs [ BaP B 24 &3
JE 5 Uik 98.4%  INHGE L5 15 Jeda 5 () 4 A R AIE
B, WS X R i A2 A 77 G 2 L Tl 25 A IX A
18 PAHs 98 A 28 XU B 8 & ARl IX

(3) ZR R AR ZE R B AR IX 3R L AR BuE
PAHs X NAVETE f 35 B BT AR 4 X o e 35 o AHF
WL 3 Fhig AR 2 1 0 B0 XU KNP AR IR R 248 1
TS Bz IRAZ A >PF WA 5 PRAbHT X 5 i A A
I N TR R X 2 4 3 X6 A AR Vs 2 B0 X
S 5 1, e o R A B T T A EE AR, R USON) T e g
AT H1 W IR R BB > A S it

S 3Lk
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