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Human Health Risks of PAHs in Soils and Agricultural Products in Coking Areas, Shanxi Province, China

CUI Yang, GUO Li-li, ZHANG Gui—xiang, LI Hong—yan, HE Qiu-sheng’

(School of Environment and Safety, Taiyuan University of Science and Technology, Taiyuan 030024, China )

Abstract: Polycyclic aromatic hydrocarbons (PAH ) pollution has often been reported in surrounding coking areas. In this study, sixteen
priority PAHs and their potential health risks were investigated in farmland soils and agricultural products from coking areas in Xiaoyi,
Fenyang and Liulin, Shanxi Province. The results revealed that the 216—PAHs levels in the topsoil samples and agricultural products were
respectively 171.67~3 176.79 pg-kg™ and 59.53~1 054.99 pg-kg™, which were at high and moderate levels compared to those in other ar—
eas in China. Most of PAHs in both soils and agricultural products contained 2~4 aromatic rings, while a few with 5~6 rings. The enrichment
of PAHs in agricultural products was in order of leafy vegetables>root vegetables>fruit vegetables. Based on the risk assessment model, the
concentrations of PAHs in some soils and agricultural products exceeded the quality standards, implying potential risks to human health.
Based on the ratios and the location of industries around the sampling sites, the emission of cooking gas and leak of coal tar were identified
as the important sources of PAHs in topsoils. These findings would provide useful information for the environmental quality assessment of the
regional soils and the safe production of agricultural products.

Keywords: coking area; agricultural product; PAHs; health risk

ZI554% (Polycyclicaromatic hydrocarbons,PAHs) fMEE iR A L, B R AR TR PAHs M EE )T

e — 2R3l A T I TR P R AR B o
HATHIE " =B A 32 e o 5 WP A Bz k4%

I F5 B HA :2014-07-26

HEMB: BMEAAREREG W W H (41172316); A HHE AT H
(211026) ; L PH AR 5T ik 4: 751 H (2011021025-2) 5 1L 75
4% 7 Bl = BR 22 A GLRHUES H (2011080)

YEEBINT 4 BH(1989—), 53, INPEH&ZE N LA 7E A4, FEENRR
WLEREE AL 22H5Y . E-mail ; cuiyang201110@163.com

*EEMEE W FkE  E-mail :heqs@tyust.edu.cn

2 Bl PAHs BT B4 R PP, 7T DL AE
PO RS DA 3 v R A 3 e R AR R A A e
AR S 3 2o e b N DS A S, [ P b
FAGE T AR P S PAHSs KO ST B AR LS
AT N o Tao SFWFFE KA H SRR 32+ 16
FPPAHs (56 R0, RIURFIBEZ A PAHs & 522
SRR, HARARE R AR ZE R S AR bR L p
PAHs {2 A0 G ; R T4 058 & B e at Tl IX



BB AT Y X LG D PAHS KURFIER) A D5 73

NER ST PAHs /KF5 HA K L3 PAHs 1EAH
K, R 5% AR B 0 25 5 WU PR PA Hs 5 5K KA 461
WFFE & BLME LT AR X 7 Fpigh 32 X 16-PAHs 75 5
9 74.0~334.0 wg-ke!, SR AE TR | HLIEREH R
PAHs Fr i, (HBESE T PAHs %532 1352 A
K 5 T g S X 4 A B R el T R R SR R 15 R
PAHs(ZEBRAN I TS , KBS IA] PAHSs & 45 R 5L
TINEIE N >Psin 7, 3SR ) & 4 3P IE
4y F ) PAHs, 3XEERIFGEN T M 3R ™ i
PAHs [ P5E g XU P4t T 8 2 Rb 2k 4, (HH
A& TR ERE VR Tk 2 03 1L PG 4 s R A 4k TS
L IX A RN 7 i PAHSs Y& B 7K ST FHEA 55 i 5 JXL
B FT ik 43 A BR

L P28 AR 0 5 S 4, £ AL KR R B 45
FEMEF b A 7= = A AR, K2 S AR T AR S5
T Ak B Tk R ARG R f PAHS HERL . A,
2010 4E K 5T 16 Ff' PAHs (OHER 290 332.10 t,
H30.23%3% B MR AEHEY ., Rt B HERL Y PAHS X
FEAb ) TR g M E TS Y, R R L VG R
i) 3 16 A PAHs 75 447K -3k 86.7~1 258.6
g kgl A IE BEPE L P B LA i X U B
MM I X 38, SRAEAR H 39 KA 7= iR b,
BraLr PAHs ¥ BE7KF-, IR 1T PAHSs (1) 4= 25 R g
JRUBE: B AT, A oA DX 3R 85 J ek w3 A A 285 S i
IR ES %

I HE S

1.1 BERESRE

T 2013 4 9 JI R S Uy BH MR 1 1
FIAE 7= SRR S, 10 5% JE BRI BRAT S T A 75 YRR, SR
SO LI 1o A AR S 4 e [A]— et 200 m x
200 m i Fil R XTI R 5 SRS BT kg B 5TIR G
J5 L R AP 1 kg MRy 1A SR A e A3
MR IR IBRAS . 78 T HERAE A 1 oRAEFIAE 1
g, B—PUfH ERERRA W 3 I ER—
A A, HEORAR 10 A IR A 12 4k
AR o PEANSRAESS BN R AR R AP T A
H HRAEFRZE 14 (0~20 em) K HARAEY) , (L35 00AK
IR N VR EORFE IR R K P13
IV 5 Vo BH - 38 K R S Ay BH - 38 R 1138 I3 LA
BN T R RAR R AR AR T T T
KFE, A FHEAMIAR A b + 3% (0~20,20~40,40~60 cm )
21985 Yy BHAZ Wk 3t £ 32 (0~20 ,20~40 . 40~60 cm) .

P A )5 £

..

.....

$223( éﬁ)

0 60 120 km FEg 0_90771

1 RHETBENAFRRERSHE
Figure 1 Distribution of sampling sites for agricultural

soils and products

T AR R VR TR S L BRER O AR AR & | oF
JE 3k 70 B o A7 Al RE A R O R 0 (2o
Femt A ), UIE VR VR TR WIS L o 40 Hi . 1235
AL AT A TR -4 CLRAF
1.2 FmTsbE
1.2.1 3ekedhAb 3

PREX 20 ¢ AL T 150 mL BERRIN , I S H bt
PR3 (15 min- Y, KR I EE R 10 CAEAq
A A TR S bR s ), SRR A C
() PAHs [FIICRFE R P (25 —ds i —dyo FE—d o S —d 1
Aldb-dy) FEE A Fr o SRIORIER: 28 ke 4 2
10~20 mL, 2 oK GRBREN , PR 4R 2 1~2 mL, I IEC
BEHA T AL AR AR 2 1~2 mLo WRAR WL RER
AARENTAEONT 2 FARYCR 12 em fEFE,6 em A4k
B LS em JOKBREREH)HHE, T 70 mL IECL b/ — 5
e (VV=T:3) BRI, DR e % 25 % % 1~2 mL, &
WOEAZE | mL, £,
1.2.2 A5 ke b Ab 2

FREL 5 g 4= hh, IIAC AL PAHs BIJCREE IR
Yy, RIRIEE 48 h, SEPURIER: 28 LA 229 1 mL
5, INIECBEH AT R S, ARZEHesE 2 2 mL,
Agela Cleanert SAX/PSA-SPE #1548 & 1~2 mL, &
WEAZE | mL, £,



74 LR ety 53455 1 8
1.3 SiA* K- (I 2) 24 rBH(1 356,53 pg-ke™)>2# 3L (1 181.27

K H 5t GCMS=-2010 plus 23 #rkE 5 A9 PAHS,
ik RTX=5MS(30 mx0.32 mmx1 wm) , FHE
MR 65 CL, R %F 2 min, L 5 Cemin™ F+ £ 290 C,
PR4E 20 min, B 7R EL & 43800 SIM AR
PRt it rh Ak G ) O BE B TR) 25 6 B e e vk o
AN ERRMEZ (0.025.0.05.0.1.0.25.0.5.1 ng-pL™)
bR B (AR 7S R ) o R PAHSs TAERRIE
ik 0 R4, RAMEAR DG (R?) KT 0,99,

BTN E 16 FHLEE PAHs (L F5—2 3R %%
(Nap);3 ¥ 5/ (Acy) )& (Ace) . % (Flu) (3E(Phe) |
B (Ant);4 3R 2¢ B (Fla) (BE (Pyr) 2K (a) B (BaA) |
Jiti (Chr);5 ¥ : 28 3F (b) 2¢ B (BbF) |, 28 I (k) 2¢ B
(BKF) . %3 (a) ¥ (BaP) . % Jf (a,h) B (DahA ) ;6
o K IF (g,h,i) dE (BghiP) | B JF (1,2,3,¢,d) B
(TedP),

1B H S IFR E Bk TR OE , I ORAIEAR M
LAMIXHARHER 22/ N T 20% ., HASEEESE 3K, 1
BERA G S RE b 5 FRAL PAHS $87R 9 NI
48.0%~119.8% , HrhZE—d; fy 48.0%~68.1% . J5—d 1 H
79.5%~118.6% . FE—-diy H 92.8%~119.8% . Ji-d,, Ky
91.9%~119.3% At—dy, H7 88.3%~113.6% ., FIiAs S 2 5
KT EIOR , REEMCRIIE IR 2

2 #RE5W®R

2.1 t3gEh PAHs i5454E

A 262 130 B PAHs( X 16-PAHs ) i /K-
TN 171.67~3 176.79 ng-kg™, “F3#4K 982.18 pg-
ke™'o TASRFEHLIX AR 3R )Z 1308 X 16-PAHs Mk

pe ke )>HIMK (321.10 peg-keg™), HHE Maliszewska—
Kordybach %t + 3 it PAHs 75 2 7K - (1) 3] 7 75 719,
WA FH N5 YL, Y BHAN 2 SCAR H -4 R 7™
HI5Ye, XA AR S RAE S E R S R —
SEMSEZR o ) T 39, AAACRE Dy PEAZ Ak b 1Y
0~20,20~40 ,40~60 cm + 3+ ¥ 16-PAHs 17K ¥4
Bk 171.67.166.60.160.63 wg-kg™ Fl 475.69.157.37
178.60 wg-kg™o AT UL, MIAKRCAS b 13 FHAZ Ak b ) T -
e 3 16-PAHs fiz i {H 3 H BUAE R )2 (0~20 em) , Fifi
LIRS A v N . PAHS 5 LAE B A
FHAZBEH R )2 H 2 B R 5 g, HAR AR Bk PAHS
1544(<200 png-kg™).

UrBH Z SCRIMIAR SR )2 138 PAHSs 351 2~4 37
N FE, HEETE Y 16-PAHs FF 5 H 43t 4 3ok
73.91% .70.86%F1 79.35%,5 .6 & PAHs 7 & W AH X}
BAR (I 3a) . MiIbRA B 43 PAHs 388050 4ii hy 3
PRS2 >4 3155 F>6 3, 2 U H 4 458 PAHSs 374K
I3RS 4 FR>3 FRS5 BR>2 FRs6 B, UrBHAR H g
PAHs SNG40 3 37>4 31>5 3552 315>6 36, ¥rFH .
% L MIAREE L3 rh PAHs HAI L) Nap Phe {55
B, Acy (Ace BB IL(E 3b), Horr Uy BHANZE SR
M 22 3% PAHs ¥JPX Nap . Phe .Fla Chrf1BbF
F2,3X 5 Flt PAHs 24351k 884.04 wg-kg™! 173042
pe kg, 5 X 16-PAHs i 43 Hb 43 91 M 65.17% Fi1
61.83% ; MMk A H 3% )2 18 p PAHs DA Nap . Phe,
Chr .BbF F1 BghiP 3, iX 5 ff PAHs ik 222.30
pe kg, i X 16-PAHs B 7 43 1 4969.23% .,

55 FE N HARF AR FE (B 2), 22 SURT BHAS 3

30007
o 25005r T
v | |
&0 |
2 2000} @ |
= 15007 o 1
2 | B4 . I 1
= [ E P | |
A~ 10001 Ed =] P I |
© | B9 B e I T
— | I __ [ ] ", | | i 1
75001 B B | k] s . . i I
B4 Bl e B4 B B3 B M
Y i N - SO e N - N = S - NN = NN N SO U N
",\\l\ \\\\ © \\’5\ \\>«\ \\‘:\ \\o\ R ﬁ o %
> \ 3 > W ﬂ" WX
G w@“@; @\\%‘\*‘\ NS R
Y 5 R { .
e ¥ > A
AR
x 7

B2 KERELESD 16 7 PAHs /K F
Figure 2 Concentrations of Y, 16—PAHs in topsoils



BB LT AT Yl R 5  PAHS SRR E RIS B 75

40r
(a) 2%
< 3%
> 30 B 435
fg RN
= 20f m 6 3%
[y
2
= 1o+
0 -
¥rBH
5001 .
() DIy
N
- 400f §+x
E: Hipk
°3_° 300+
£
X 200f .
= i
A~ 100f
I Tt [ a2 I -
' - IEsEs e PR b h P e T TEE TR fee U
Nap Acy Ace Flu Phe Ant Fla Pyr BaA Chr BbF BkF BaP IcdP DahA BghiP

[ 3 RELTEEH PAHs BIEREHE
Figure 3 Composition of PAHs in topsoils

JZ2 -3 Y 16-PAHs He B K BRAK T A fL 1 hr
I A sl o 30 R P 3R 3 R0 DX A FH - 40207
P48 T el A A AT 5 DX ) A 1 R X
R AR RIS AT T kI A b 1 A FH R
T PAHs BV EEAKE 40 T AGm B K o BIbkiY
2 16-PAHs YR EEZKFBR T T M i i LASh AR T
FCAMFFE X85 4 282 -3 PAHs IV EE/K -
2.2 K= PAHs 75 454

Kl da 251 T ABFFERYAR P i £ 16-PAHs 5 i
JKF, X 16-PAHs BIHIE K- 59.53~1 05499 g kg™,
FIIMER 199.24 pg-kg™o F LIS X 16-PAHs
WA Sy, U BH - G R, 5 N HA ST AH
o, ABFSE B S Y 16-PAHs ¥ B8 K AR T 4%
ZETT(26.4~3748 pg-kg™, ¥IME N 656.3 pg-kg™)P T
IR A 3R Rk BT (199~2420 pg - kg™ R
H(280~690 pug - kg™ )™ (H 2 i b Ll i 07 X
(74.0~334.0 pg kg™, HIMHJy 183.0 pg-ke™ ) OFI 2
AR I T i B R AE RS T 15 Bl PAHs (ZEBR A1,
23.4~209.1 pg ke, FE R 120.7 pg-keg™ ),

TP RIS (L BUEBAL SR AT 25 PR 5 J2 52 1A A PR
HPAHs 5 /KB EER R, WAk 4 Fhefe = i
Y 16-PAHs W 7K A D >TE2Es B RSLLA, i
B | PAHs 75 3 5 A] g ROy AR ZE ih g s 0 i

JE MG , B A R S AR M i A2 SR 2
X3 Rl S 16-PAHSs #k 2 K0 P13 T 356>
EK, T T 16-PAHs &5 Al e 5 1 3En 2w
UK H B # T2 30P A %, KA PAHs TRUTRE
AIRBME PAHs &) FAE 1SR rp AL P, S54h, 7EHEut
TEOLE MR M -3 iR PAHSs 31T 7% B 2 AE )
FLAFRAL , Rt PAHs & it s U BH 5 A
A7 di X 16-PAHs ¥k 7K R 111 38> 01 38 >0 3
M>KE>+5, KEHY16-PAHs i T+ E Al figy
R RFE 8 45 R BB — B I OE 3R MR A5
14 Y 16-PAHs 535 3 176.79 pg kg™, HJEFEA

BAR(417.10 pg-kg™) o WAFMEA = S 43 AR 252 (i
BN R IR MR (SO AR (E
KR LLR) AW AT i PAHs % SV
AR > RZEFE > ([ 4b),

M PAHs 4B 5 THIEF , AR 7™t H PAHs 10
2~4 3R E, 53 16-PAHs [ 83.66%~97.83% (&
4b) o X F K RS 5 PAHs HAG AT
SR L R ERE YT B Sl 1k I 5 TR
P, 5 2 A 5T 45 R — 30, W 40 T PAHs
W55 T 5 Lok sl R SBURL 25 45 T AS 2 A )
AP, SR, R 280 7 PAHs LK



76

1200
00§ (a)

1000}

800+
| Hikk
600}

PAHs 7K/ pg kg™

o oF
T_%c [ 5#%
i B 43
Z 258
P
=
a
&
ey
iy =
K e OB OB

P AN P . OO S s
Afgj' :h\&\\ ‘@)ﬁﬁ\g& @@’f&)‘? ;/;9‘5( :b\&\e\ﬂ %@\ﬁ :\\?&% ,‘%\\K %ﬁ" %@\ﬁ :R&%

RAIRERZF2IR AEIREE Wl
Q YA
i =
Tk % FE B kY b
Rk Bk
......... B gp B Fm pm P

4

B 4 R PAHs BI7K F R AR

Figure 4 Concentrations and composition of PAHs in agricultural products
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Table 1 Range of TE(Qg,p in farmland topsoils and

agricultural products

PAHs Elﬁﬁl pp LD TEQw/ A= b TEQu,/
pg-kg pg kg pgkg
Nap 15 0.001 0.07~0.33 0.01~0.07
Acy 0.001 0.00~0.01 0.00~0.01
Ace 0.001 0.00~0.03 0.00~0.01
Flu 0.001 0.01~0.20 0.00~0.05
Phe 50 0.001 0.03~0.82 0.00~0.29
Ant 50 0.01 0.02~0.33 0.01~0.25
Fla 15 0.001 0.00~0.25 0.01~0.28
Pyr 0.001 0.00~0.17 0.00~0.13
BaA® 20 0.1 0.03~13.28 0.08~2.80
Chr* 20 0.01 0.03~3.73 0.00~0.89
BbF* 0.1 0.27~27.77 0.03~2.60
BkF* 25 0.1 0.07~9.60 0.01~1.49
BaP 25 1 0.35~112.80 0.11~10.57
TedP 25 0.1 0.07~9.78 0.02~0.72
DahA 1 0.54~56.99 0.14~3.16
BghiP 20 0.01 0.02~1.92 0.00~0.08
> 16PAHs 1.56~238.00 0.57~23.39
> 7PAHs® 1.37~233.94 0.48~22.22
fir2% 10PAHs 0.73~152.84
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Table 2 Source analysis of PAHs in farmland topsoils and

agricultural products

HefH 13 A= ik KR
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>0.1(#ABEi)
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