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Shizuishan Clty Based on GIS and PMF Model / ) Py

XIAZi-shu'*, WANG Yu-yu'*, ZHONG Yan Xia', BAI Yi-ru'?, WANG You-gi'”" | YANG Fan'?, LI Ming-ji'
(1. Qpllegga bt Resoufees and Env1r0nmental Sc1ence ngma Unlversny, Ymchuan 750021 China; 2#China-Arab Joint International

Research Laboratdky for Featured Resources and Env1r5nmental Governance in Arid Regions, Yinchuan 750021, China)

Abstract ; Wlth the “aeceleration of urbanization and 1ndu%t11ahzat10n the content and pollution of polycyclic aromatic hydrocarbons
(PAHs)/ in urban soils have been sources of widespread concern. Taking Shizuishan City as an example, the spatial distribution
characteristics of PAHs in 156 surface soil samples (0-20 cm) from eight urban functional areas were analyzed. Single factor and
Nemero composite indices, as well as a lifetime cancer risk increment model were used to evaluate PAHs pollution in soils. The sources
of PAHs were analyzed using the positive matrix factorization (PMF) model. The results showed that the mean value of PAHs in the

~! and the coefficient of variation of 15 PAHs except for Pyr were more than 100%,

surface soil of Shizuishan City was 489. 82 ng-g
indicating strong variation. The PAH contents of urban surface soils in different functional areas showed the following: traffic area
(1217.61 ng-g™") >industrial area (809.58 ng-g™") >park (273.66 ng-g~') > cultural and educational area (268. 18 ng-g™') >
commercial area (240.05 ng-g™') > agricultural area (226. 81 ng+g™') > medical area (211.90 ng-g~") > residential area (183. 49
ng+g~"). The Nemero composite index showed that 82. 58% of the samples had no pollution, and the proportion of slight, mild, and
moderate pollution were 6.45%, 4.52%, and 0. 65%, respectively. Only 5.8% of the samples had serious pollution. The results of
health risk assessment showed that skin contact and ingestion were the main routes of PAH exposure in soil, and the health risk was
acceptable. Source analysis showed that the main sources of PAHs in Shizuishan City were traffic emissions, coal combustion, mixed
biomass/heavy oil combustion, and oil sources, with contribution rates of 10. 5%, 36. 6%, 50.3%, and 2. 6% respectively, and most
of the high values were distributed in industrial or coal production areas. These results could provide reference for the study of soil
pollution in industrial cities, and play an important role in preventing soil pollution, ensuring the environmental quality of the soil and
human health and safety.

Key words: Shizuishan City; polycyclic aromatic hydrocarbons ( PAHs ) ; pollution characteristics; source apportionment; risk

evaluation
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100% }%ﬂiéﬁaﬁ”‘ﬂ,ﬁthﬂap Acy . Ace . Flu Phe, il
Ant 75 E'*;%%ﬂzm% 2;)0% A LMWPAHs z’“?a}f;g
Enzl%lli];wb ,%ﬂr]iijt SaHAs j‘%rétﬁi &

v AT, %%F'ii:%@ PAHs g 1 & 2 ﬁJf/T,T
[7] PAHs %ﬂj}‘rﬁr \;bﬁzjy 2 3K (67.32%) >3 W
(22.24% ) >4 ¥ (8. 36%) >6 ¥ (1.42% ) >5
(0.64%). X5 Xu 55 &I EAL, &
PAHs HER 3510 70% . 19% F1 11% 451 ARL.
AW LT F DI RE X 148 PAHs Y042 3 F14 31 H
¥, & IREX A PAHS 19 95% UL L, HAP (R ER T
7 B B T B, EARER LA Nap 2.

25 W3E W 4¥ W SH | 6
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Fig. 2 Constitution of PAHs in soils
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% PAHs STREAEV W25, WHEE, AFD6E
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Table 1  Descriptive statistics of PAHs

PAH Hfk g ﬁ'ﬁ’z/l\{%i E’iﬁﬁl %i@{i %7&% L E LTS

/ng-g /ng-g /ng-g /ng-g /% /%
Nap 2 2.34 9 696. 46 342.87 1076. 44 313.95 100
Acy 3 0.29 202. 13 7.06 18.98 261.43 100
Ace 3 ND 1006. 93 42.65 121.77 285.51 )
Flu 3 0.53 974.55 40.75 101.56 249.23 100
Phe 3 ND 559.29 4.99 46.37 929.26 60
Ant 3 ND 144. 81 7.94 19.01 239.42 76
Fla 4 0.09 9.22 111 1.57 141. 44 100
Pyr 4 0.14 220. 90 40.78 33.05 81.04 100
BaA 5 0. 004 0.82 0.13 0.14 107. 69 100
Chry 4 0.05 5.80 0.56 0.83 148.21 100
BbF 5 0. 04 26. 67 1.51 2.64 174.83 100
BKF 5 0.02 1.55 0.12 0.16 133.33 100
BaP 5 0. 05 15. 44 0.61 1.51 247.54 100
DahA 5 0.17 14.91 0.97 1.72 178.35 100
BghiP 6 0.03 12.42 0.99 1.64 165. 66 100
InP 6 0. 09 103. 13 5.80 16. 51 284. 66 100
> PAHs — 10. 39 11737.45 489.82 1279.24  r 261.17 | 92. 83
LMWPAHSs — 8.31 7628.42 445.72 1416.42 | 317.78 JF /1
HMWPAHs — 2.08 4109.03 44.10 [60:44 137.05 s —

{ - - —

1) “—" FRIZM R TCHEL, “ND” Fem ks o \ f-

> TollIX (809. 58 ng-g ") >/\i(é73 66 "ﬁg-g”)
> SCHK (268718 ng-g™') > 25 Bl X | (240 05.
ngg)>?§ik[:(22681 ngg.-)> }?E
(211,90 ng-g') > R IX (183 49" ng-g" )/ M
PAH ik %ﬂé%, 8 P9fEpC 1 N B

BT Eﬁ{ﬂaﬂﬁ g ‘E%@?ﬁ%ﬂﬂﬁf d&{fﬁ‘ﬁ
TE M TR AR u&ﬂ‘.ﬂéﬁﬁuﬁmmﬂﬁElﬂ??ﬁ;zﬂﬁ
T ) ’EﬁiﬁmﬁDNap il Fla FHETE. IJkE
Fla BbF /B, ‘7)%%1: YN jc%im?uf&ik
X HILEAE %E‘F(P <0.05), J_E.jﬂ]:lk[:ﬂf

U BB AT ALK Ace 5 HEBEE, BB 7 ) Toll A RSB 3 ) R A LA RO AR
RO, “lliﬂ%tli%n%%ikl: Py (51 k. @ff,f IR HLLZ 17 7 32 19 J 19 28 65 2 B Fla | BDF
X Flu' H,_aisuw. 1 BghiP &5 718, 75k PAHs 5. Bk BF,

X8 AINAE X PAHs S HEAT 7 254007, Foeh AL T ASHE KR Tl X 3543 PAH Bidk 5 A ohifg

LI X Nap Al Fla 5Bk T Tolk X AN HE DI REIX 1y
FAEREZER (P <0.05). i Nap Al Fla i % #7A K

x2 AEIhEE

XAATERE 2R (P <0.05) , MHADIEEX % PAH B
BRI REFER(P>0.05).

X PAHs @§7qul)/ng-g’1
Table 2 Mean values of PAHs in different functional zones/ng-g

-1

PAHs ¥iffk AT X Tk X Rl X Y7 IX JEERIX NG LHIX £k IX
Nap 871.76 £2237.71a 569.84£1388.21ab  150.92+89.44b  126.1264.68b  117.06+53.02b  138.44£55.37h  184.39£285.32h  156.38 £39.11h
Acy 17.65+44.04a  11.55218. 14ab 8.50 + 11. T4ab 2.03 +1.86b 2.34+2.07b 3.46 +3.85h 2.71 £3.74b 2.72+3.97b
Ace 120.69£243.81a  87.15£143.90ab  24.18 £42.65hc 3.47 £4.05be 6.14 £9.20c 31.37£79.43¢ 5.46 +8.69c 2.49 £5.40c
Flu 109.35+242. 482 48.34 £85.60b 12.79£16.9b  35.27+32.02b 9.33+14.81b  34.91:60.12b  30.64+18.93b 19.04 18. 36
Phe 28.26£124.99  5.00£25.11a 0.36 +0.48a 0.35 +0.60a 0.25 £0.44a 0.24 £0.38a 0.27 £0.45a 0.09 £0.23a
Ant 11.49£21.23a 15.78£23.38ac 2.19 +3.34ab 3.44 +3.29h 1.82£2. 19he 18.23 £42.52b 2.41 £2.95he 1.39£1.92b
Fla 1.63£2.05a 2.18 +2.21ab 0.96 +1.43he 0.45 £0.29h¢ 0.72 £0. 56¢ 0.94£1.2lc 0.44 £0.26¢ 0.37 £0.24c
Pyr 36.93+39.77a  50.36+51.78a 29.01 +18.24a 37.39 £19.79a 39.75 £21.47a 35.14£20. 11a 37.91+21.59a  41.71:13.23a
BaA 0.14 +0. 14a 0.25 +0.18b 0.09 £0. 04he 0.07 £0.03be 0.11 £0.08he 0.11 £0. 10¢ 0.08 £0.08¢ 0.04 +0.02¢
Chry 0.50 £0.65a 0.99 £0. 94ab 0.68 +0.89ab 0.30 £0.22ab 0.58 +1.32ab 0.74 +1.10b 0.25 £0.21b 0.18 £0.12b
BbF 3.02+5.92a 2.56 £2. 19ab 1.74 £2.71abe 0.71 £0.72be 0.86 +0. 66¢ 1.01 +0.82¢ 0.51 £0.45¢ 0.58 £0. 58¢
BkF 0.14 £0. 15 0.21 +0.26ab 0.11 £0.09ab 0.06 £0.03b 0.10£0. 13b 0.09 £0.07b 0.07 £0.08b 0.06 £0.05h
BaP 0.74+1.31a 0.15 £2. 59ab 0.59 +0.87ab 0.19 £0. 12ab 0.55 +1.32ab 0.53 £0.69ab 0.39 £0.65b 0.22.£0.43b

DahA 1.03£1.23a 1.44 £1.89ab 2.28 +4.76abe 0.47 £0. 23abe 0.71 £1.06he 1.21 £1.91be 0.57 £0.72¢ 0.37 +0.39¢

BghiP 1.07+1.54a 1.66 +1.74ab 2.13 £3.97abe 0.48 £0.41be 0.80 +1.83¢ 0.59 +0.74c 0.60 +0.95¢ 0.44 £0.62c

InP 13.20£29.31a  11.11£21.36ab 3.52 £6. 18abe 1.09 = 1. 46abe 2.36 +6.23bc 6.66+19.39b¢  1.48£2.51c¢ 0.731.42c
D PAHs 1217.61£2769.69a 809.58+1547.47ab  240.05£150.52h  211.90£108.50h  183.49£70.64ab  273.66£186.90h  268.18+289.70b  226.81 £47.17h

1) Be AP + bRz

FATAR/NG FRERIR PAHs TEANIR] L fiE

X Z [ 225+ 2% (P <0.05)
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AR A8 I S B b L S PR PPN e 2 LU v

JIE 32 PAHs 19 P, (3 3), Bk Fla, BaA | Chry,

BbF BKF F1 BghiP 4, HAth 10 F i 5¥ 1) PAHs 7£

LM LT A ATAEAS R R BE V5 e, 7E 156 L S
Nap A3 109 & A 225 5%, 5 B A 71.24%

9N BN EEFY, 5 BEESAY 5. 88% . Ace il Flu

FAE /D S TR TS e B9 RE i, 2 RRE A BORY

0.69% ; Acy.Phe Fl Pyr £ 75/ 005 G, 43 i
MFESIAY 0. 65%. 1.05% F10. 65% ; Ant BaP DahA
F InP BAEAERRA0S Yy 8 B2 TS G b BE 35 e it .
WL Py RTAL, AW LT R R R R v R R R
PAHs 7534 5 20 %0 6.45% ., 4.52%. 0.65% Al
5.8%, W LA AW LT 6 2 T4 2 452 3] PAHS
VoYL [T LT 82. 58% L AR TEAE PAHs 15
e DRI T AAATS YL IR LA X SR U

R3 ARBFRFANERHLEHEIBEES L

Table 3 Percentages of samples of different pollution levels across all samples

G5 B FONRE 5 LU %

24 % s — —
Jeis Y tdos Y BRI Y o VG Y Gl R
Nap 71.24 15.03 6.54 1.31 5. 88
Acy 99. 35 0.65 0 0 0
Ace 90.97 2.78 4.17 1.39 0. 69
Flu 94.52 1.37 2.73 0. 69 0. 69
Phe 98.95 1.05 0 0 _0"
Ant 91.67 2.50 5.00. 0.83 o) i
Fla 100 0 0 0 oS
N Pyr 9.35 | gh 065 0 0 _..,0" =
’ BaA 100 0 0 10 Q}_}
Chry 100 0 of . 0" § < F
BbF 100/ | € 8 0 |/ 0 o
= . BKF 100 s ) o T o S 7 o
A 1 JBaP 98,05 / /r & 0.65 0-65 ) 06 L0
e | " DahA A B T 267 2f I, .66 T o =
# 4 § Bghip 108 /A 0 A = B,
= P 9366 UL 14 1.41 3.52 0
Piy = — IEX I 4,52 0.65 5.80
v " ‘ T 7 ‘ y : -
‘ A

. g |
2.4/ -8 PAHSs fEHER A

ST A i JX 4 A R0 0 W 17 13
PAHs XF JLEEFBLAFE R WP AR P filix 3
TR N BB XU (ILCRs ) FLEJXUS: (CR) |, 4%
RWFE 4 SR LRRIREX BRI, BN ILCRs il
CR MI¥E#R T ILEE , KW - 58rh PAHs %ALY
Fog s T ILE. JLER AR AR, 5+
B AR A 2 | A5 L B P 415 B B0 RUBS 1 5
T ILCR e M 2. 34 x 10 %, BUAE A A SIEA
1o TILEE (AR AR AT 240 W0 42 fioh 500 DRI A 5

FILE. 3 gt )L 5 BN BUE KR E Y 2 &
T AR 1 BrJLEE B Ik A, HAr ik
e BuE KBS (a2 = Tk 4

24 ILCRs 4 10 ~° = 5 /N s 1] Z2 W5 e XURG: , 24
ILCRs /¥ T 107° ~ 107* Z [8] Ky 7 75 ¥ 7 K,
BB RBFSE AR T O AN T 10 70 2 4h,
HAPIFEA T KT 1070 R ki fim
J& PAHs ¥ A AR B EZ ik, BA 8 & 20E R
K. gk R 5k AT kR AL T - 4
PAHs AF5E A M.

®4 JLEMHATERER ILCRs F1 CR
Table 4  Different exposed ILCRs and CR in children and adults

NS Gt ILCR ILCR g ILCR e CR
e/ IME 7.14 x10° 1.88 x10°1° 8.90x10 % 9.63 x10 8

JLEE SN 6.62x10°° 1.64 x10 7 7.75 x10 73 8.39 x10°
XA 2.34 x10°° 3.09x10 % 1.46 x10 3 1.58 x10°
fe/ME 1.43x10°8 1.51 x10° 2.54 %1077 2.69 x1077

[N SN 1.24 x10 3 1.31 x10°° 2.21 x10~* 2.35x107*
THME 1.17 x10°6 2.47x1077 4.16 x10°° 4.42%x10°°

2.5 PMF JrikiRfisr
iz ] PMF #EHIXT PAHs € U5 3£ 47 @ A7, BE AL

Ve 20 R 0 s AT 2 ACHEE 3 ~ 8 A4
73 iz 5, % ek Bk #E R T E o 4 ) A
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RLZEAIES 9 WK, Q5 QB NI, H
KHB5r PAH FAKAL G W) 5% 22 58 7E - 3 1 3 0] If
MR N IEZS 23 A, R B LA 16 Ff PAHs REHE AR 47 b
Bl

PMF i ALZ 1T 45 W 3 i, ERF 1 &
PAHs & 3K U8 B9 10. 5%, BghiP | InP . BaP, DahA
BKF 7E £ K+ 1 86 8 i, o BghiP, BaP Al
DahA B A BRI EZA L G ), R BRI 5
HE g 7~ 95 InP B BKF BIA Sy 2 58 i #hbedie
AR SR BT R R 1 AR S E HE .
FHF 2 Pyr HEHIEICE , BaA [ Fla JIr i [ E 4K
j(,ﬁflﬂ:%%:zﬁﬂ,f’yr\BaA F Fla f8) 2 5 Y5 2 I 7%
Whps73) Rk R 36. 6%, T LB, £
iR Z &) AT 48 Tl Al R s A A
MRETR, S EOR IR 12 X e 1 3 PAHs 75 Y B Bk
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Ant ———
“la :1
h
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PAHs

U5, FEHTF 3 5 PAHs BORIERY 50. 3%, Acy NRHIE
JGZE,Chry \BbF #l BkF G A K E. Hrf,
Acy EAPHRBEIEEAEHE R Y)Y Chry | BbF 1 BKF
SEIMA AP PIARSE 0 g E A Tl
WA NYIREE & B T A8 flk 45, X s Tl g
sy o= R IR BE TS G, HL Tl AR 7= 2 e v 1 4
TR BE LA K B 7R S8 L 42 44 2l BOF Al BRE'! |
FH G A BT R 3 AR 3R A= W I/ S Il R R TR A TR
TN T 4 TTHCE N 2. 6%, Flu Nap F1 Ant B 28 45
15, e Nap F1 Ant 1920 5 2 ZEALF6 A8 58 2 MR A1
AR ST I E T 4 B £ . 25
Firid ALl T 22 e PAHs B EZORTE N 2
HHE RO B BRBENR A W I E IR e Y TR B R
KA, otk 2 3 518 10. 5%, 36. 6%, 50. 3%

F2.6%.
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Fig. 3 Source profiles of PAHs in soils obtained with the PMF model

2.6 3 PAHs 23 [a] /M A4

F ArcGIS 21l £7 W5 1L 7 3% 2 158 PAHs =5 [i]
34 (Bl 4) , Nap . Acy . Flu il Phe )25 [a] 53 4 45
FERBCHRL, LAASHS PG A0 AN P R 350 7 et e s - 1] o
TR M X 3% )8 ; Chry \BbF DahA 1 InP (1) 45 8] /3 A5 45
FEAE R AR, AR P ANPGRS 7 1) b e v, P
FEA; Ace BKF 1 BaP 7£ 75 g 5 ) L 25 4 B i
15 Ant Fla Fll BaA 75 5 7E AR H At 55, 1) PE B X
AR U IO 76 VG R 7 PO B {E ; BehiP Ri{E
DI AR AR AR AN PG AL &8, AR X B 3l Pyr
SRR PEACRZR B R AR D PAHs SR AR
TORITAR TS oy 20 B DX, P50 VG TP e 77 1] 9 PAHLs

SR AR .
3 g

222 AW LT 22 58 PAHs % &4 10. 39
~11737.45 ng-g~" , ¥I{H M 489.82 ng-g~'. HEH
CTF AL KL T 33 + 38 (PAHs P39 & &0
67 000 ng-g ") RN A4S Ha AL T 5el X + 48 ( PAHS
XA M3 089. 8 ng-g ) MY BT T I X 44
(PAHs 3858k 221 ng-g™") SRR fEX 4
HE > PAHs S RA/NNZHEIX > Tk X > A6 >
HX >R > Rl X > BEIFIX > HRK, X5
KEPEE X R R PAHs B H K
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MNap/ng-g-! Acyng-g! g Flu/ng.g-1

= i = 272.13-410.84 = ] 5.98~7.08 = il = 74.46~117.63 - i = 44.88~60.04
= 62.26~133.4 = 410.85-513.99 = 1.37-3.13 7.09-8.80 = ~1.45-16.87 = 117.64-175.21 w1 2.85~14.52 = 60.05-81.63

8.81-11.45 = 16.88-41.73 = 17522-243.26 = 14.53-~27.36 = 81.64~120.74
11.46~13.22 = 4].74~74.45 = 24327-33225 = 2737-44.87 = 120.75-151.67

= 133.41-190.31 = 5]14-581.57 = 3.14-4.62
= ]90.32~272.12 = 58].58~969.29 = 4.63-597

r .

Phe/ng-g~! Ant/ng-g-! Fla/ng.g-! Pyring-g-1

= ¥ = 3.29-8.06 - 3 = 14.49-19.69 - 3 = |.96~2.69 - = 38.45-43.85
©0.02-046 = 8.07-11.10 = 0.88-4.99 = 19.70-2539 ©10.15-0.69 = 2.70-3.49 =114,78~25.82 = 43.86-51.97
= 047-1.54 ™= 11.11-12.40 = 5.00-957 ™ 2540-32.19 =0.70-127 = 3.50-447 =2583-33.49 ™ 51.98-60.98
= ]55-328 ™= 12.41-55.39 = 0581448 =32.20-41.04 = 28-195 == 4.48-598 =33.5-3844 = 60.99-7225

<

BkF/ng-g-! BaA/ng-g-! Chry/ng-g-1 BbF/ng-g-1

- i = (0.31-0.46 = i = (.19~-0.26 - = ().76~-0,98 B | = | 80-2.38
w1 0-0.08 = (0.47-0.68 e 0,02~0.07 = 0.27-0.35 e 0.15~035 w=0.99-1.23 w 0.49-098 = 2.39-299
m 0.09-0.17 = 0.69-0.99 m 0.08-0.12 == 0.36~045 m 0.36~054 w=]124-147 = 0.99-14 = 300-355
= (. 18~0.30 = ] 00-1.5] = (0.13-0.18 = 0.46~0.64 m (055-0.75 == ]48-1.73 m 1.41-1.79 = 356-443

Da;,}ﬂﬁfﬂs-?' BghiP/ng-g-! InP/ng.g-!

BaPing.g-!
- i = 26441 = | 40-]1.89 £ 2 5
= 001046 m 442-733 = 028-059 w 1.90-2.44 ‘“ :1ao10s Wl s
= 047-131 = 7341134 = 0.60-093 = 245-2.99 015065 s 1ial Qe shobib
= 132259 = 1135-153 =094-139 = 300361 -0l Saldeas w210y Wif6-H
= 091-127 w 259-323 = 370-532  w 13.55-17.48
A
0 6km
| E— |

ZPAHsIng-g“

= il = 519.9-642.71
w 135.61~-254.46  wm 642.72~785.33
m 254.47~381.23 == 785.34~923.99
m 381.24~519.89 = 924.00-1 145.84

4 AWELTLE PAHs ZE S
Fig. 4 Spatial distribution of soil PAHs in Shizuishan City
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SONII. S R Tl IX 5 3 5 T HALTRER (P <
0.05) , JEUPRAE 4 5 LT 5 T oMb A0 5 3 s g ol %5
HEE, TALHER S RS H T 2 SR A 5
firh PAHs 75 5 Fh 5, PAHs B W B OF 47 B A5 + 1
Hh. Mielke 261 X0 35 [ 7 30/ B TI7 19 F 9 45 1
R BRI PAHs 4 B 17 FE A Al X
B B X TR T S A X 2 LA 15
PAHs 5 BF5E R W], Tl X PAHs & 1 3% & T8}
HX R XA S T g X

4 PAHS 15 4 A S5 AT LTI B TS
YOIRBUAR X SR W, 82. 58% (I FE s ANFFAE PAHSs 75
Y AUA 5. 8% MREAETE T VS . S E PO I,
FEYLLC IS AL X AR, BTG TR T
ZM B FILAR A A I A 5 E S
PBEF SRR AL T 80, BT A T
5 FEL ST Tl 49250 oS T M I
R gL 4 PAHS Y5 SRR 1 LA T
VT T A F S TR, A R R R
SREURA B BT A S5 A R L8 PAHS
FHE 2 R [T JLAF A [ SR i A5
ﬁ@%&%@iﬁ%ﬁaﬁgﬁﬁﬁ@yﬁgﬁ
LEErIEIn , L Il TR T RO T et
B TS X 55 2 YR P —
SERLIE FAAR P PAHS OB

1B DA s SH U T T 1 A

SRS T 5 A2 X R 2 25 5 51 %2 4 A T
FAUY ORIR K A8 AT 3 PAHS S A g e 4
Trat o B AN Tl 4340 55 I 3% 5 350+ 1 PAHs SRR
SR REN . R PMF 5 3 45 A W 1l v £ 3
PAHs A 4 Fh EBORE, RIS HEBOIR (10. 5% )
IR BE TR (36. 6% ) A= Wy oL/ 2 I R B 1 TR A TR
(50.3% ) LA K ATV (2. 6% ). =8 B/ =l ik be
X 35K )7 PAHs SRIE &7 L i 50% Y R IAE T,
AT LT B Tk s B A AR R A JE i T
TRERTF RS | LR — BT A5 S R P Tk R
ORISR IR T 5 LU s . B A BEIR AT 30%
JERAETAME LT A H T AfE T4 Toalk 4l &
DUSRIEEA B LA A 5 A 7 ) IO e BRI T o L A1)
IREd . SRR A R PMF J7 ¥k 5 B A BT X
A T el X JE] ]+ 38 PAHSs K5 A BRI TR 5 36%,
TR S8 R B TR S 21, 6%, A= W TR B IR 5
19. 1%, AR FEE BARBER GV 5 19. 3%, B F
FIMIRGE LR, SAIE ST A4S MR R A PMF
D7 AR B U5 R 1 AR s kR 2 SR e HL S 5
PR BUARAT , 285 AR A B0 g Bl g0, R
PMF J5 i st i b 40 W 1L 7T 38 PAHSs 75 Yook I 2

AT

i G EAEEEI AT LUE 1, 16 Fi PAH PR S
BEAERTSE IX 52 B 11 ) S ) B R 43 A AT, H 5
TEJCTR AR TR 35 924 ~ 1 145 ng-g ™", 30 74 A1
P 7 11 ) PAHs 7 fik MO 85 P R 2 X
PAHs 75 B 2 2 PR ok 45 B e 2 LS 4 3
W GBI I S A e R A 4 ek
AT, R d 4 47 HE B /A R X B
PAHs 7 R 5 79 3 X3 49 PAHs 5 42k 3 g It
PRI 5 24 kv Tl Bl X A 73 3 56, Tl A
7B A5 AL T 5 AL AT SRR S PR 2 R T
PNTICEY =270 R R o EtEZ o S Sk A
G DX AL S IR, 57 T o, A B A B
AR 03838 S 308 1 R 3  PAHS HE i i 4% .
LRI GE IR 21 1 AR X RS A,
VR RO Tl A 770 20 6 12 X 485 7l PAHSs
Vil FLE T Bl L B V5 e e S X I
URL Zr LT, 0 1l 5 92 )2 14 PAHSTC 32 5
NN B AR 43 45 Y (O AR U St

— 2 R X - 900 T W B v, Wl 1

S 7 LD 4 RV e

(1) AW Py 3R )= 0% 16 F PAHs % &>
10.39 ~ 11737.45 ng-g ', F ¥ {H & 489.82
ng-g ' FMIMETELL 2 3 HNE, 5 D PAHs HR
HECK 89. 56% . 28I XA Tl X 322 1 4% PAHSs
T S T HAMYIREIX (P <0.05).

(2) TR B I 2 ik o o 4 A =0 L 2 179 3
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