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AR, Mgk, HBAED? ) R, M4 %mA” Zhipeng" 2
(1.%&@12&?(%"6?‘7)?1%%%&[&?, oM 5106425 2. T RE RN ARF IS YA SIS AT S S, M 510642)

FEE . P S ORE-TH% (GC-MS) T8 Hr i £ B T4 i 3 /\FLEL XAHY)H 1 e Z 3005 48 (PAHs ) & & Z5 R R0,
1 ASRBES Y 1A RIERER D PAHs T 18.82 ~2153.54 ng-g ™', FIH N 425.95 ng-g ™" ,36 ARAF LY 59 A4
REfR > PAHs FHEEH 9.93 ~748.30 ng-g ™' VA 154. 11 ng-g ™" HIPIFE i AR IFREL PAHS P25 B R
PR AR (2 ~3 3F) > IR (4 ) > B (5 ~6 3F) , HIEFER RIS PAHs P39 & B mI0KIT R IR (4 35) > HH (S
~6 3) >ARIR(2 ~3 )RR EL B AN A3 A Wik /A A5 s, 48 PAHs 232 R Be FLE Tl R AE P R IR ) PAHs %2
SRUF A AN HRIGE RN A Toll. il R XU IF-f 45 2R 22 W, S323 44 3 R /R 49y Be + 4 PAHs X 38 #% T/E N 3 BUiE XU (CR) h
1.26 x 10 7% FFALE T A A Fe UK.

KRR, LM MY, ZH0VE(PAHSs) 5 IERARET; (EREEXUESITM ,
hESEE. X53 STEFRRE. A TEHE. 0250-3301(2022)12-5751-10  DOI: 10. 13227/]. hjkx. 202112229 ‘
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Occurrence, Source Analysis, and Health Risks of Polycycllc Aromatic Hydroc’al'bons

in Plants and Seils from Typical Areas of Xlnjlang, Chlna

YANG-Bei; chen'? XlE Qiflai'* ", ZHENG Qian' 7 ZHENG"Xlad’ o , YE Jin-ming' * 4 TANG: -Cheng jin' %4 " “LIANG Xiao-hui'* .
(1. College of Natupdl Resources and Environment, South Cﬁlna Agﬂﬁﬁtural Uniiversity, Guangzhou 510642, Chlna '8 Guangéiong Provincial Key Laboratery of- Agncultural &_-'
Rural Pollution Abatement aud Environmental Safety ,Guangzhou 510642, (‘lhma) lI|-" .ﬂll

Abstract Gas chromatography-mass spectrometry was utilized to/determitte the contents of PAHs in plants and‘soil collected around several highways and three scenic/ateas in

Xln]lan’g The ‘concentrations of Z PAHs ranged from lé 82'to 2/153. 84 ng- g /1n 11 soil samples from:11 sanlpllng sites, with an average value of 425. 95 ng-¢ " . The

-1

mn(entlatlonq of Z #PAHs ranged from 9. 93 to 748.30 ng-g~¥in 59 'plant _sarnple% from 36 sampling sites, with an average value of 154. 11 ng+g™". In the plant

samples the! 0rder of lhe average content with different ring numbers of PAHs were ranked as low rings (2-3 rings) > middle rings (4 rings) > high rings (5-6 rings) , and in
soil samplés, “the order of the average content with different ring numbers of PAHs were ranked as middle rings (4 rings) > high rings (5-6 rings) > low rings (2-3 rings).
According to the ratios of indicator PAHs and principal component analysis, PAHs in soil and plant samples came from various sources, mainly the burning of fossil fuels and
biomass. The main sources of PAHs in soil were combustion and petroleum, and the main sources of PAHs absorbed by plants were wood burning and coking industries. The
carcinogenic risk (CR) of soil PAHs in the Korla section of the $323 provincial road to road workers was 1.26 x 10 = , indicating potential health risks.

Key words: Xinjiang; soil; plant; polycyclic aromatic hydrocarbons (PAHs) ; source apportionment; health risk assessment
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( L ZER AR A IR | e 28 kA (i
WARAAALER ) ) | ARAL (36 E 2 R A BRA
Al) | HBAEK RGE ()M E YR YR AL A BRA
Al) | HARCIE IR K VA B (i RS A R A A ) |
FICHRIES ()N -E 2B R A IR AR | B
PORBEESZHTAE (8 mm x 30 mm).
FFRFI AL R N . & b, EC kMO
W (ORgal) | JCKBRRR N (JrBral) | R (200 ~
300 H,2rHral) AR (200 ~ 300 H, 70 #rak).
FrFE 16 B PAHSs {45 : 28 (Nap) | T4 (Acy) . —
ZUE (Ace) . 25 (Flu) . 9E (Phe) . Bl (Ant), % &
(Fla) , B6(Pyr) . #If[a] & (BaA) | B (Chry) , &
FF[b]FE (BbF) | I [ k]9 (BKF) | #If[a]
BE(BaP) . % JF[a,h] B (DahA) | BiJf[1,2,3-
cd]EE (InP) FZE I [ g, h,i]dE (BghiP) ( 02Si,

), IR Fg 7~k 5 AR AR RN 2 PAHS ( Nap-
dy, Ace-d,,, Ant-d,,, Chry-d, fll Pyr-d,,,aladdin, I
), R A =I5 -d,, (0281, 35 ).
1.2 FEACREE

2019 4F 8 H , 7€ H7 5 b X £ B\ % ( G210,
G216, G314, S216, S319 £ S323) J& 11 3 4~ K5t
DX (R LR S IX 1 94 i 5 X RISz £ 5 IX) Heok
£ 70 A EHERBL AL . BRSO A6 T 36 A RAE
RO 1).36 S RAE S 11 A R BERAE S IR
RAET 1 FPELZ M), R A R AE Y R S AL R
B FIAR B2 | A BRI b R Bz | AAEE R | 4T
M, ARARE S B i IR - e I B R E )
(HJ/T 166-2004 ) RAE FILRAE L IERE S B R A 2
B SRR A AR B B R AR JE AR A8 2%
B TE 4°C LUT URAR YR

e

N
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® HIERESCRAES
O R SRR
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o L
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Fig. 1 Soil and plant sampling site locations in the study area

1.3 FEAHTALEE

AT T, 308 5 LA Bt PE R 1= 16 24 h,
FEZ AT A AR A S 34 650°C Kk 4 h, 2 4]
J N 3% 1425 85 /K 3 A, T K B I 4 s A 5 3 4
450°C % 4 h. FEME FH 43 Bl — Sl F B i R IS A
AP 120°C 754k 12 .

FREUEE i 15.00 g ZIEACET S, A 10 pL 5]
& PAHs IR FE R Y (2 ng-pL™", 214 i i 20
ng) , I 200 mL ARBLEL R 10 TN EALE C BelR &
W BB, 75 60°C /K IR 4 48 h J& , B 2 HL
W E B ) B4, 28 4 22 2 mL.

TEIZ AT IC I AR , R IR e AT | AR IRAR
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I HPEEALER 6 em | TRALEERE 12 em FIJC/K AR
FREN 2 em. B BUOR 30 mL 1E C % Al 50 H ¢
1 VRA TS 220, BN A 40 mL IE C %EBE .
PRI W AR 2 2 mL, AR T, A 2 mL S
FHLAE - 20°C VKA R B DURE 8 h &, B L i
0.22 pm JENE. W5 7 WG B8 2 A0 R, TR 5
L W B R 5 nge wL ™ X = BROR-d, N AR A
W, HIECLEE 22 100 wL R
1.4 (U5

K GCMS-QP2010 Y S AH £ 3% 57 3% B FH 4%
(&) WE PAHs. (%4l DB-5 MS 4 (B4
K, KJE 30 m, 42 0. 25 mm, JEE 0. 25 wm) ; AE46
VELEE 80°C , HERE IR BE 300°C 5 HERERI . 4000, i
FERFE] 1 min; 2SN ELEER; WILR ST 500 ~ 900
kPa; sl 7 2, Ll g ) 81.3 kPa, S &
25.0 mL-min "', BEi 1.2 mL-min ™", 28 % & 40.4
emes ™ KA E 3.0 mLemin " A THEFER :80°C
{345 1 min, L 10 °C +min "' 7} 2 300°C , {345 10 min;
FEFITE] 33 min. Fl T 40F B 74k 2N EI

RS T b g BERT B T U IR BT 250°C B 1R T

270:C, TR ] 5 min,azﬁimu%%r;z“o.,z}v;fﬁé

4775 (Scan) @M, BRI 50 ~ 500 m/z, i
J P28 B 1 WA = (ST .
1.5 JFiEfRiE S

R 2 R IR bR R0 A7 45 1. A DR
T8 4 ANIARAS FURE, 5 FLARE i 7E TR — SRR AT
R 5 7 BT A R A I ARAC PAHSs 1IR3 R
Yy, kR IEDSCR YL B R 64, 149% ~ 127. 98% , T &80
el R ot MR ; AT 2 45 RAH X i 22
INF15% . R 3 545 M LU AR S 5 A R B, 462 1
B4 0.08 ~0.67 ng-g™'; TEARMEM LR E I,
PAHs FR#ERY 7 DB M BEAS 2 10, 20, 50, 100,
150, 200 #1500 pg-L~", UL HAnES 5 Nbr a9 HE
fIE B F-0e AR 7 2 FUAE B AR AR, DL HARfE &9
55 AR A 5 i R 22 A R B AR AR A 4R 1 1
MR R MHRB R >0.99.
1.6 4 PAHS RIS (T

LM 9 E RS 3 A A ( incremén‘taj lifetime
cancer risk, “"IL.CRS) E&%% R PF ﬁﬁﬁp %ﬂﬁf?i@
FHU S0 R B R VA L 3 Nl LA
I W5 A 17 JERS 2 M3 i 7 % F - FPA s

BRSO R H g LA (1) ~ (6) 2

.“._.l'.

</ ¥ < €8 X (SR % VBW/T0 x IRjyggx EE.xED, ,
AR ILCR g = — - & 0 o i )
k. 4 By BW x AT x 10° & o
- e | CS/X OSF e X VBW/T0 x WRygyer x EF x ED, (2)
BRATy A =T LA - BW x AT x PEF
3 . CS x CSF s x VBW/T0 x SA x AF x ABS x EF x ED,
ILCR s = BW x AT x 10° (3)
CS = > (PAH, x TEF,) (4)
CR = > (ILCRyg + ILCRygyn + TLCR i) (5)
1 5
ED, = ED x 2—4; OP, x OT, (6)

A, CS NI HIA PAHs 22T BaP M50 EEE
WA (me-ke ') s TEF 44K PAHs 5T BaP
MREME 5, UL SCHR[22 ] 5 CSF b PAHSs 93K
FERPRINF  kg-d-mg ™", CSFzs =7.3, CSF gy =
3.85 I CSF s =257 ; CR NEEE | PRI AT
Bz R faX 3 Fh R 22 &4 T B, RIS CR K
AINKE B RS K 43R 3 AN G A A7 T £ AU
(CR < 107°) . f7 1 W AE fd HE XU (10 ° < CR <
10 ™) FIFEAE A RE XS (CR=107%) . HiflAH X281
FIBUE K A USEPA™* 2 FISCHk [ 26,27 . i F 4 4
RFERCN AR, S X R REE BREE, AR TR
TRFRERIT  7E | st i BRZR BRI H] (ED, ) S8R
N6 E (i =1 HAGHIAEE i =2 N TAERER) ,
ZARTIA L d WATER I B ER E 37 548 2t 1]

FIHER OP(occupancy probability ) {H , Fl12 i B i<
OT; (occupancy time ) (HM-DZH. AAF50H 1 d 70
5 A~F B, 43 502 00:00 ~07:00, 07:00 ~9:00,
9:00 ~17:00, 17:00 ~19:00 #119:00 ~24.00. OP,
R BAE @ R AR, OT, S j I B iy i
(h) 2 BRI T M S B S B % 1.

2 #REITE
2.1 WX R T PAHs 1975 3KF

WFFE X+ ERE L 16 Fh PAHs & WL 2,
> PAHs FiufH % 18.82 ~2153. 54 ng-g ™', F

Y{E R 425. 95 ng°g_1 ,HPAIE N 114,35 ng-g_1 R3S
12000 ~20164F ] 42 [ -4 > PAHsH{H
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Table 1  Parameters required for calculation of daily average exposure dose

240 X Li¥va JLFE(5~19 %) M (20 ~70 %) Rk
IRysge PR mg-d ! 200 100 [25]
TR g 0 R 3 R m?-d! 16.29 20. 88 [26]

EF RS dea™! 252 252 [26]

ED TR EFAERR a 14 50 [26]

BW RElENGiy kg 36.24 59.78 [26]
PEF TR R m? kg ™! 1.316 x 10° 1.316 x 10° [27]

AT N F i d 70 x 365 70 x 365 [25]

SA Je kA cm? 2 800 5700 [24]

AF RA M T mg+cm 2 0.2 0.07 [25]
ABS AU ES A — 0.13 0.13 [25]
0Py, 2 i H % — 0. 040 0. 040 [26]
0Py, BRI E — 0. 491 0. 491 [26]
OP; 23l i % — 0.314 0. 044 [26]
0Py, AC3E i IR — 0. 606 0. 491 [26]
OPy5 2 i H % — 0.097 0. 190 [26]
0Py, BR(FUYE — — 0. 049 [26)
0P, BR(LPEE — — (04252 ; 26371 JF
OP,, TR I — — ‘ 0.947 A%61 L
0Py, TAESHR 5 — == 10.265 [26]
0Py TR R el — 4 los i’ A

p i

(994. 63 ng- g'lﬁnﬂﬁjtﬂﬂliii% Z PAHs i’J{E
(1778 5 ng- g'l)'m ,E?Fﬁaﬁzééﬁmwﬁ&?%
Z PAHs i’;}ﬁ(187 58 ng-g~',2017 %3 ) R
BT B X (32.24 ngeg! '2018 410

H)"Z“PAH P32 5P T R 2012 @liﬁ

ﬂf*‘WFﬁM’ﬁ Y VEHR T K I A ﬂi@%ﬁﬁ%ﬂﬁt
Tk 5 HE RS B4 . BT X 3 PAHSs &%
m?ﬂﬁﬂﬁﬁaﬁz/\%/ﬁ%,J??iﬂ_fﬁa%%ﬁ%séﬂiﬁ
A TN Bl 14532 0 BT A2 3 8 b A A A R
i S323 A IEIRZM R HEAE AL PAHs B Ry,
> JPAHs 92 153. 54 ng-g ™", 5 WA FEHK X
T I 0 2 A B A A il Tl PAHs
b e A b X AT R S L SO & T S A G

FE 3 A KU X 3R, R L R e XA
Yt Y PAHs F it 984.50 ngeg ' R
TR P # 5 [X (46.49 ng-g™' ). B4 = X
(157.87 ngeg™" ) M RFERIEIE > PAHs HIfH,
X AT BB 12 MU T RE 2R 1) B K | R
SEFHLBH 42 ZE I BRI IR R 7 o A 5

FEY)RE & P Z PAHs & & {5 H b 9.93 ~
748.30 ng-g ™", FHEME A (154. 11 £19.46)ng-g ™!
ST e KA TS 7 BT 138 B 55 i sk ARt R
(314.93 ~1000.45 ng-g~ )" KT FiEF R
PR, A WE, AR A A2 S AR Rl R R (389

%éz ﬁﬁh[i{%ﬁaaqﬂz PAHs &8

Z PAHs cofilgnts _1-1‘1 5011 samples in the study ared "

Table 2
wy by TR Ly PAHSIE 4
| . /ng g

A01 AT G216 ELBZLEA 40. 12"
A2 M Ss2s A 663. 42
A03 N G217 [t v R e g 18.82
AO4 X ARHr 5 X 46. 49
A05 AN FIH RS S B 2 TR 59.04
A06 NS G315 EHiEFHE 114.35
A07 NS JER#hT S323 i 2153. 54
AO8 NS s S5 g 104. 54
A09 N et B 342.77
A10 X W AT 5T X 157. 87
All HIX KK 5% X AT 48 984. 50

T = bR
)RR R 11

425.95 +195. 99

ng-g~) I jc%lJ%BTf%ﬂ;ﬁL%k Bt
(106.6 ~4607.5 ng-g™" )" BAKE TAKI5 YLK
. mfﬂﬁﬁ%%%)ﬁﬁfﬁ%%ﬁﬁﬁzﬁ,ﬁ\mﬂﬁz
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Fig. 2 PAHs composition of plant and soil samples in the study area
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Fig. 4 Source analysis of PAHs in plant and soil samples in the study area
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