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FEE: IR0 IG o AR e KR X 3R 2 R SRR AR 2 3 35 48 (PAHSs) & & 35 Yo /K F 2015 4R 78 % HE KR &£ T 31 4
TR A 38 A E AR SR R SRS TR R 16 R AR ST AR PAHs F ik, AR RRUIEX K
J& L3 16 Tl PAHs Sii0h 113.5 ~449. 8 wg/kg(${H 0y 258. 5 wg/ke) , 517 22 1 EFRIE B i A fEAH LL , A BE R R 2
3R AR R 10 Fh PAHSs (1) 5 & 4 83 ~307 pg/kg, 13 10 F PAHs (9259 (a) BE M B W B (E M 19. 0 pg/kg,
X SR 2 3] PAHs 8275 34 B L3 PAHs 3 0 AR T 17 22 - 8 BR800 2 A o o 1) T 08, - 4 PAHSs 7
TEABE A B E ., INFFRL T KRR I 2R 358 PAHs & 4> 5}y 368.7 ~389.9 .87.7 ~113.5 51.8 ~291. 8 pg/ke,
WEEY R R PAHs E3EDIEH (g, h, ) I6 R 5538 PAHs IFES B E . WMEEYHREN (a) B BT
i EFARMERRME . BB LA /R Y PAHs 895 YL IR, M 55 3% PAHs 32895 YL O R B JRUAN £ aih
TR A RUR . SR AL PAHs S0 KU 40 1 4 4,02 x 10 77 1.76 x 10 ™, JE 30 45 5040 5 R 2.72 x 1072
4.78 x 10 7° B F US EPA AHRARHES 8 o A (Al BE XU 32 B2 58 8 0% 42 A I S 1~ 9, o 35008 IR 6 5 1k
KL 53 AT (a) BRI 289 (a, h) B, X B0 RS 07wk e K A 20 43 2 801 (g, b, 1) JEATEE
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Contamination and Health Risk Assessment of PAHs in Irrigation
District in Southeastern Suburb of Beijing

LI Yan'? GU Hua'? HUANG Guanhua’ HUANG Quanzhong’ LIU Honglu'
(1. Beijing Water Science and Technology Institute, Beijing 100048 , China
2. Beijing Engineering Technique Research Center for Exploration and Utilization of Non-conventional Water Resources and
Water Use Efficiency, Beijing 100048, China
3. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract. Wastewater irrigation was adopted in irrigation district in southeastern suburb of Beijing from
1950s to 2003, the main source of wastewater was industrial and domestic wastewater from Beijing.
Reclaimed water was used for irrigation since 2003 in the irrigation district. To investigate the residual
levels of polycyclic aromatic hydrocarbons ( PAHs) in topsoil and crops in the irrigation district, totally
31 samples of soil and 38 samples of crops were collected, and the concentrations of 16 US EPA ( United
States Environmental Protection Agency) priority PAHs were determined by gas chromatography equipped
with a mass spectrometry detector ( GC — MS) in 2015. Results showed that the PAHs in topsoil in the
district were ranged from 113. 5 pg/kg to 449. 8 pg/kg, with a mean value of 258. 5 pg/kg. And 80% of
the collected soil samples were slightly polluted by PAHs. The sums of 10 PAHs were 83 ~307 pg/kg,
which were lower than the standard of Netherlands (the intervention value was 40mg/kg). The average
value of bap toxic equivalence quantity (TEQBap) for 10 PAHs in topsoil was 19.0 pwg/kg, which was
lower than the standard of Netherland (33.0 pg/kg), indicating that there was no remarkable potential
ecological risk. The concentrations of winter wheat grain, summer maize grain and vegetables were 368. 7 ~
389.9 pg/kg, 87.7 ~113.5 pg/kg and 51. 8 ~291. 8 pg/kg, respectively. Benzo(g,h,i) perylene was
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the dominant component in winter wheat grain and summer maize grain, which accounted for 36. 6% ~
41.6% of the 16 PAHs concentrations. For vegetables, the highest individual PAH was phenanthrene,
which represented 24. 0% of the 16 PAHs. The concentrations of benzo( a) pyrene in cereal grains were
lower than the Chinese standard limits of 5 pwg/kg in food. The high temperature combustion was the
major pollution source for PAHs in topsoil and cereal grains, while the mixed sources of fossil fuel
combustion and oil source were the pollution source for PAHs in vegetables. The carcinogenic risk of
adult and child caused by PAHs were 4. 02 x 10 7 and 1.76 x 10 ~* | respectively; the non-carcinogenic
hazard index of PAHs for adult and child were 2.72 x 10 and 4. 78 x 10 ~*, respectively; all of them
were lower than the threshold values. Dietary intake was the major route of human exposure, which
accounted for 98.39% ~99.64% of carcinogenic risk and 99.8% ~99.9% of non-carcinogenic hazard
index , respectively. The carcinogenic risk caused by benzo( a) pyrene and dibenzo( a,h) anthracene were
relatively higher, which accounted for 42.89% ~ 46.72% and 22.15% ~ 26.36% of the total
carcinogenic risk, respectively. The non-carcinogenic hazard index of benzo ( g, h, i) perylene and
phenanthrene were relatively higher, which accounted for 44. 28% ~46.28% and 29. 14% ~29.60% of
the total non-carcinogenic hazard index, respectively.

Key words: irrigation district in southeastern suburb of Beijing; polycyclic aromatic hydrocarbons; soil ;
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winter wheat; summer maize; vegetables; risk assessment
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1.1 HRRARFERFEE

WFFE XA T AL 5 AR R 2R, A FE A AL 4 39°26" ~
40°02" , %5 116°32" ~116°43" (K 1) ., %W X R
7R SRUTAR N 1 i S KU W 7 A o B e
11 ~12°C , Z4EF- %) H BB %L 2 459 h, 247 #) %
K EE 565 mm, FEAE P 6 ~8 H o W5 XA T K
SE TR A T b R R T A 4, DAV I 1) R e
Getg B . ST IX 2 A HEARL OB R K D AR B
B K 10.5% ~27.5% .46.0% ~ 78.5% Fi
1.5% ~43.5% , + 38 5y R B8+ FE - i HER
DR A3 DX 20 120 50 4R X TF 4 51 AT T ¥ 7K i
A A HEWBE , DN 2003 4 TF 4, 3% X BBt 22 51 1 5 b
s N TR K AR EE T K (AR K ) SR AT
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Fig.1 Schematic diagram of study area

ARV T XA [8] 15 9 Dy e 4 R X 3k - 38 A f:
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A3 2 i o m] B A, ol T SR A I Th] ) A BOR
SEE I LA 6 A sl 9 H RS T AEWAE M, AR
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Tab.1 Number of crop samples

X ANEA EKA [

B 1 5 5 HiF A g2 A R LA
X% 2 6 6 Hb 2 A2 AL E A
X 3 0 3 B2A LA T LA

1.2 tEMEY S PAHs WRKERSNEF X
BC10 g T iy B A 0. 1 mg/kg 1) PAHs

AU - d12 M 25— d12 JE - d12 /E 5 2 ~

4 35 PAHs 9B U, 25 R - d12 /9 5 ~ 6 3F

PAHs (W) , B 3 )5 % M o i, A8 AR 4r Js
AR RPEWCER AT AL B, LA 12 1 CIRBL LG ]) 1P i
HH R A W 220 mL AR 4R BOK . RICIZI 12 h
Jei , JE AR U R 50 g JC /K B R BN L U8 K, 4
15 mL Py R 1 EEE S V E ATIE  o JBE K R $ IR
TR 75 AN (50°C) R RAR (50°C) #4755 0.8 ~
L.SmL J5 25t 0.22 pm JE BTk, R HBE
1.5 mL B FE S (B 5 WARAE 0.5 ~ 1.0 mL Z 1)),
A VKA DR AT 2RI

FYITE 65°C I BL2s THR A P T8 12 b B— &
i NEFERKFRLI S ¢, B I 2 ) T4 A FE
ai, A — € 5 1) PAHs 408 (0. 1 mg/kg) , i $
S 5 A, B AR A 47 5 N &R TG R AR R AT AL
H,220 mL GE R SR IBOK . RICIE 12 h /5,
AR A 50 g Jo K B B2 4k BB B K, FH 24 15 mL
1ECREIAE IR AT PE . WK G A 3 O e 5% 2% &
L (50°C) FAR AL (50°C ) ¥4 2 0.8 ~1.5 mL J5
280.22 wm P8R I8 CR FAE AL 23 3 I B R4 19
e % R F B AL 08 mT DA 5 H AR 1 [l 36 ) |, Sk
JEHRE 15 mL AR (R E7E 0.5 ~1.0 mL Z
[6]) A UK AR PR A 2 1F I

it A 5335 (7890A ) /57 1% Bk I AX (5975C)
HEATHE G PAHs 2341 046 25 (Nap) JE i (Acy) &
(Ace) % (Flu) JE(Phe) (& (Ant) (% B (Fth) (i
(Pye) ZRIf(a) B (BaA) [J# (Chr) (2RI (b) 9% &
(BbF) ZRJf (k) % B (BKF) A Ff (a) B (BaP) (Efi
HK(1,2,3-c¢d) B¢ (IedP) , 2K 3 (a,h) B (DahA) |
AIF (g, h,i) 6 (BghiP) 3t 16 Fifb G4, SAH A5
(7890A)—Jaik (5975C) Bk FHAX K ] DB — 5MS #IE
A 30 m x 0. 25 mm x 0.25 pm ( 3 [ ZFHER A
AR ) . HERE DR BE 280°C, TG4 Ui i RE, HERE
1 L, 8 U5 B 230°C, PUAR AT B 150°C , < it 42
Fi B 280°C , GC o il R B2 7 L, 40°C R +¢
2 min,5°C/min F}FE & 290°C (£ 4 min, FE5 M
Bf R SIML 45 5 X, AR 40 4R A1 06 0 £ B msf () g £ 7
SRS BT, AR A B 0 1T R HEA T S AT, 45 ) o Sk 0
FVRRAE IR I35 2,

JoT R E R BT o 4 < A R R 34 4 i R
NS IR RV Tt R S AR S N A S )
TR R, 25 s FICRAE 70% ~ 120% 2
(B, A SR — 12 R = Z5 4k 2R — d12 19 46 % [e]
W R 50% ~T0% (AR i — d12 i 2848 48—
d12 5 5 AKE & i 2R = 0 ) AR
12 h M — R 28 B, R A 15 Gtk B s A58 O
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x2 ZIRFTREENRYEEESFELE
Tab.2 Base peak and characteristic peak of PAHs

and substitutes

(17253_Cd)—€6\:2’§3‘:":(a’h)%\K#(g’h’l)%*ﬁ
HBR 43 3 o 0.238.0.036,0.101,0.097 . 0.034,
0.065,0.064,0.110,0.044,0.078,0.048 , 0.090

UKL £ R 1 T 2 0.025 0. 067 ,0. 047 ,0. 049 pg/ke.
Na 128 127 129 . ..
- - . o L3RRI T %
cy - PR . o “
o o o4 5 R FH1 36 [ R U XL VA 15 15 30 256 TP AL 0 I
Flu 166 165 163 KU A7 R P 4 e TP 2 A R OO 248 1T 4
Phe 178 176 179 AT R R R 7 ik 4 3 A% 2R R TS e ) H R
Au 178 176 179 By BB A A
Fth 202 200 203 1 -
DD —
Pye 202 200 203
BaA 228 226 229 CIIRI EFIEDI/(BWAT) ( Dfﬂz%) (1)
Chr 228 226 229 ClechEsznz/(BWAT) (Dii%) (2)
BbF 252 250 253 Czcﬁ'SMAﬁ'ABsEﬁ'zEm/(BWAT) (ﬁﬂifigg) (3)
BKF 252 250 253 .
BaP 252 250 253 CZET(l/VF+1/PEF)EF2ED2 IR3/(BWAT) (u¥l:]&7ii%) (4)
TedP 276 277 274 A A, —— k2P H YRR &, mg/ (kg-d)
DahA 278 276 279 HASHEXMSHZENEL 3, S HEHFES
BghiP 276 277 274 2 5% [ g U XUBS: DA 15 2. 2R 40 v Ak 2 1 Joi XU 5
i d12 240 236 241 TR P4 R R S R B AR G A N M i
il R 260 265 BB VA 1 S0 B AT R TR
R3 EBEEREITHNERESH
Tab.3 Exposure parameters of health risk assessment
Z%
¥
" L PN L3
WX AR & WM €,/ (mgekg ™)
WX g R €/ (mgekg ™)
) 0. 15(THH) ,0. 1(EK), 0. 10( T #) ,0.05( EkK),
HI g AR 1,/ (kg-d ")
= & 0. 345 (35 37 0 JFr 4t ) 0. 231 (3 3 fof JFi 4k )
A3+ e AR T,/ (mg-d™") 100 200
A AR [/ (m®-d™") 20 8
VEW) R GENH By /(dea™") 350 350
THERBEFRE,/(da™") 250 250
VE W) 55 [ Ep /a 30 6
TIHERBRER E,),/a 24 6
A& B, /kg 70 15
IR AL 70 x 365 ( F 1 R ) 70 x 365 ( 0 Y R )
TP L T
A ED x 365 ( 4 U 91 i) ED x 365 (A SUR 9 k)
b SZ YNN8 - Rz S C,‘./(kg-mg_l) 1x10°°
B IR B RS A/ (mgeem 72 -d ) 0.07 0.20
5 S fuh 4 B2 KT AR S,/ em® 5700 2800
B R 0 - R A g 0.13 0.13
SFNE Ep/(hed ™) 8.0 8.0
HERET V,
TR T P/ (m kg™h) 1.36 x 10°
TV VR 58 2 [ R AR B T 1 S 0 e e B
45 PAHs 25 40 3 B P, 2847 3F SO K PF JRUB ARG A ey 28022
00 PSR PR B A, 5 2 SRR I 5 ORI 5 % WA IR s)
N N s N e - DD fD
2 [ BB 55 XU PEA 15 5L 3R 46 P Ak 2 40 Jo XU A6 72 B .
N A, .S, | B 2% 7=
PP S B (R 07 B O 4 A PR Rﬁ{wﬁ (RAERE)
> ) > . y— 5 s _ _ B x| B =L 2
A S M0 K PR FE A AR [ e 3 4 L-exp(-4,8:) (@)
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RfDx = RfDmABSgi (7)
Sy =S5/ Apsy (8)
Ry, =Ry Igsa/By, (9)
Sey =By Iz (10)

X HI—ARBUE PAHs KUK £ 0, L (HB I 1

(TIPS ESPUNG NE3F sy it

R, —ARBUR IS R S % i mg/ (kg-d)

R, — &R KS % i

Ry, —Z& N B %5 &

Ry, —— &I 225 5

Ry — RIS H WL

R, —3U PAHs B8 KUK, 7 i) B 2% 6%
T BUE KB E KT 0. 01 i I A &5
R ST Spc

S5 R EUE R R I T, (kg+d) /mg

Sy 548 Ik 1 B0 R R R
S b2 1 BUE BRI 7
S p LW W 11 B AR R
A ps—2 1 B W5 S 53 %, B 0. 5
Ly, — N HH 2 S BA =
BWH—E‘Z)\M:E
L ey —WF W W A A B0 PH
PAHs [ % B F A 80U 2 2% 1) & f80UE &
RHFSHEMEWK 4,
Fil Excel 2010 F1 Origin %X {4 kb B8 % 45 1 4
L, 1 AT SPSS 20. 0 X % 41 i 47 48 1 23 A, 42 45 Al
FHJ5 2 53 B v LSD 343 B 3 > X 4k £ ok PAHs &
W22 R, R M ST AR AR oK 58 VS A BT 2 A
B/NFE PAHs & 525 5 1 3 Mk, 3 M K O % B
0.05,

x4 PAHsEREF(V,) EBESEFE(R,) MBERERF(S,)
Tab.4 Volatilization factor (V,), reference dose(R,) and slope factor (S,) of PAHs

Ryp/(mg-kg™'d™")

SF/(kg-dwng’])

5y HERHET Ve

Ezyn| 22 2 Kk Ezyn 28 e ik 2501
Nap 5.52 x 10* 4.0x10°? 8.57 x10 ~* 2.0x1072
Ace 2.16 x10° 6.0 x10 2 D 3.0x10 72
Acy 1.86 x10° 6.0x1072 D 3.0x1072
Flu 5.05 x10° 4.0x1072 D 2.0x10 "2
Phe 1.43 x 10° 3.0x10 72 D 1.5%x1072
Ant 7.72 x10° 3.0x107! D 1.5x10°"
Fth 3.02 x10° 4.0x1072 D 2.0x10 2
Pye 3.76 x 10° 3.0x1072 D 1.5 %102
BghiP 1.08 x10® 3.0x1072 D 1.5x1072
BaA 9.34 x10° 7.3 x107! 1.46 3.85x10 !
Chr 2.69 x 10° 7.3 %1073 1.46 x 10 72 3.85x107?
BbF 4.58 x 10° 7.3x107! 1.46 3.85x10 !
BkF 3.90 x 107 7.3 %1072 1.46 x 10! 3.85x10 7"
BaP 2.43 x107 7.3 1.46 x 10" 3.85
TedP 5.65 x107 7.3 x107! 1.46 3.85x10 7!
DahA 1.03 x 10* 7.3 1.46 x 10" 4.20

E:D LR EATE,

2 HREHH

2.1 EXRELZEPAHs ZE S %H

2 MR X R E HHE PAHs & &S F] 43 A7
Hr 8ok 113.5 ~ 449.8 pg/kg, B {H Hy 258.5 pg/ke.,
SR VX A i G b X+ 3 PAHs 5 B, 2L
R Ry T DX VPG B PG T S R R X, AR T DX 2
PAHs & e fil. )2 1 HE PAHs % &2 25 8] 5 #i 4%
iE 55 DX 375 9 D7 50 45 (6] 43 A (T 1) A AL 3 X e i
A6 LA B AR AL 40 DX 3835 E 7 s 3 40 4R i XI5
VG A R 8 X 3 g sk 3k 30 4 WE X AR AR A X

B HE Dy Gk 20 4R, ik Ud B X 3R )2 + 1 PAHSs
i A2V HE AR BR B ), H o B T W P SR AR BR A
(DRI

K HE MALISZEWSKA — KORDYBACH ™' (1996
4) 3 YR B R 43 U5 ¥ (PAHs /T 200 peg/ke,
FW R Z BY5 Y5200 ~ 600 pg/kg, 25 TS
J¢;600 ~ 1 000 wg/kg, &2 2 g 95 4 KT
1000 pg/kg,Z 3 H{5 Y% ) , A B 58 HE X+ 5 R A
M 80% % 3| T PAHs BTG U,

5 WoR T E NSNS X G 14 PAHs 5 EE
S EWWEIE R A L, A 058 X K )2 1 58 PAHSs
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Fig.2 Spatial distribution of PAHs in topsoil in

irrigation district

GRETLETEVS AN L% PAHs 5/ 7 5
R N X A B 5L R 2 04 A M R 630 1 3 5
SN M PAHs iR IR T IL R AT
JA A BT R X B S M L T U X g
JEHEHE Tl X 22 [ A 8 PAHs & 0 e ig
TR LD X A FHRNLL PG /)N I 35 9 X 1 3 PAHSs &5

= [12,18]
=EN o

5 [ AMNIF 58 IR AR L, BT 5T IX 2 2 + 4 PAHS
i Sk Al 5 PAHs S MY LT
% FELFITEL 307 4095 90 IX L8 PAHs & 4170 5
AN 1 A0 L, A B 98 3R )= - 58 PAHs % = 4b
T A X AR K o
2.2 ERXRELTEPAHs RAHSER S EELLH

6 SR THEX )2 14 PAHs &40 414 &
UL G SR . PAHSs 16 Rl I 4 40 75 BT

*5 AEHEXLTEE PAHs EEHLE
Tab.5 Comparative analysis of PAHs in soil from different regions
W5 K PAHs i PAHS/ (peke ) Sk 5
5 Ak [ SN
b5 AR B HE X 16 113.5 ~449.8 258.5 EN i
TR S e 16 25 ~1014 193 [35]
R N 4 23 16 100 ~ 300 [7]
URAANE 851 85 58 3 15 92.9 ~438 248.8 (8]
. LW AR 25 S i i e 1 16 84 ~1076 289 [36]
HAFERR R X 2 16 258 ~ 535 364 [13]
SERSR T AR iE 16 14 ~ 1858 396 [37]
T b H 5 Tl 1K 2 16 123 ~ 1626 399 [14]
RS X AR 16 118 ~ 1042 487 [12]
L PG /N5 35 9 X 4 3 - 108 ~3 821 - [18]
i [ el +- 1 16 23.3 ~2834 236 [38]
[ SMIF 5 18R WL H A 16 120 ~5 335 435 [34]
2L J0 1 5 94 3l X 16 223 ~929 [19]
*6 EXREITEPAHs ZERNAFEE . HRELHFIUR BaP SHLHEIRE
Tab.6 Concentrations, percentage and TEQBaP of PAHs in topsoil in irrigation district
%40 5 Nap Acy Ace Flu Phe Ant Fth Pyr BaA Chr BbF BkF BaP IcdP DahA BghiP PAHs
Ko i 2/ % 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
AR/ (pgkg™) 8.4 1.9 40 14.8 103.6 50 37.5 32.7 12.6 185 100.0 29.5 33.0 62.2 21.8 67.9 449.8
BAME/(pgrkg™') 2.7 0.3 0.4 3.6 268 1.3 167 69 1.8 2.0 155 52 40 55 1.4 82 113.5
P/ (peg-kg™") 45 1.0 1.2 84 548 2.7 27.0 183 6.3 10.2 39.3 11.9 14.4 22.9 7.2 283 258.5
i PAHs i/ % 1.8 0.4 0.5 32 2.2 1.0 10.5 7.1 2.4 40 152 46 56 89 2.8 10.9 100
TEF® 0.001 0.001 0.001 0.001 0.001 0.01 0.001 0.001 0.100 0.01 0.100 0.1 1.0 0.1 1.0 0.0l
TEQpp/ (g kg™') 0.005 0.001 0.001 0.008 0.055 0.03 0.027 0.018 0.631 0.10 3.93 1.19 14.42 2.29 7.16 0.283 30.15
T ra: BaP 32 K T TEF 3% {5 2% NISBET fil LAGOY ] (1992 4F ) B 5345 - .
B RARNG £ SRR S I ATt . L RE PAHS 540 10.9% .10.5% s EIAKTIN A4 &7 PAHS Ho il 0 -

WALSY Hr, Phe % HERL 5, 9 26.8 ~ 103. 6 pg/kg, 14
{5 PAHs 819 21.2% ; H ¥k 9 BbF , BghiP fi
Fth, & 543 5 4 15.5 ~100.0.8.2 ~67.9 .16.7 ~

37.5 we/ke, B 1H 4> B &5 PAHs B & 19 15.2% .

F 5%, b or g

(2012 4F) Fin 2 i %

(2016 4F ) BF 58t 7% H 1+ 48 PAHs 25450 41 73 o LA
Phe & 4t i e, 0 i) i S A9 24. 8% I 14% 5 T JH

S

(2013 4F) BF 5215 R 75 B

WAk A 34
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4¢ 13 PAHs ) BKF 1 BbF 2 3, FB A IX
Ik 38 PAHSs #5203 L9 5 + 3% B B D B X BB T
REFR B S, 0 R i 4T (2014 4 ) P A5 K Tl
AW TIREX )2 1 PAHs 4541 73 & i, 153 i 2B
X 433 PAHs £ 4143 Lk Phe Ant Fl Fth & &} ¥, /%
TR X+ 58 LA TedP Fil BghiP O 3= | X = B2 37 1 1
JE) B A i ol R 20 S5 R )

I H AT W & AT - 3E PAHs B T i AR
FE PR BB G — PP O b o 38R DL 22 4 1 T
Bt HEAT PR (Cfir 2% 38 T /K BR5% 5T 5 ( DIV,
2009) ) iZ AR E P 10 F PAHs ( Nap ., Ant, Fth |
BaA ,Chr, Phe , BkF ., BaP . IcdP ., BghiP) i T i {8 K4
40 mg/kg, AFFIE K Z T AHN 10 F PAHs (1Y
MR 0.083 ~0. 307 mg/kg, Y% T AR UE

PAHs 78 HIEH K R BT R S S A S R gl
KA, PR UL 75 0 4 48 PAHs AR 25 KU R 47
WA, B SEF W O BaP 3 PE M &k ((Toxic
Equivalence Quantity, TEQ, , > PAHs 2l {5 5 H
BaP % Y5t Al TEF 3 f1) #F 47 + 3% PAHs W% 7
AT S A SCH A T PAHs & 415
MR PE S vk B, WL 5. 4 R BRI X R Z - 4
16 Flt PAHs G 75 M XY f vk B2 3506 30. 15 pg/kg.
FZ 15 PAHs & 41 43 of 3 P VR B R K KR
BaP .DahA  BbF  IcdP  BkF, H: 35 1 24 B ik i K F
1 ng/kg, X 5 B2 43 %F 5 B 1 24 o vk B oT iR R
500
o

300
53; 200

" (1.1 []

Mg ke™)

PAHs

NESNE ER ER EK

(KBED) (KB2) (KB (KB2) (KB3)

*Ef;(fg/ﬁ’%

96% , F] WL, FEIEIX 5 Fi 73 H BaP Btk 5 A+
M HC R T 8. JR I 22450 (2013 4F) £ 9 52 7 4
AT Al JE i BF 9 45 % FH 4 49 PAHs B - 3 2
PEY Rl 26. 8 weg/kg, HOX B 1 24 9 EE TTHR
H: KN BaP BKF DahA I BbF AR B 57 25 S 55 it 4
Lo fif 2% bR B bR (E B2 19 10 Ff PAHs 8 4
M FEBRAE R 33 pg/kg( i 10 Ff PAHs HARH 5
FH L B 1 224 B DR T A ), AS BIF 5 TR AR R B9 10
Fit PAHs S0 #8424 5 W BE 0 19. 0 pg/kg, 16
B % X 22 + 3 B 7R 1 PAHSs 3 78 A4 25 KU A
B,
2.3 EXEZEY PAHs &£

F 3 R T KRR X /E Y PAHs & &, H
L 3a WoR TOHE X X8R 1L X 3 2 & /N FE R kL
PAHs S8 {5510 368. 7 weg/ kg 1 389.9 pg/ke, X
BECL X 2 X 3 B OKFFRL PAHSs B (E 4
W4 93.9 .87.7 113.5 pg/kg, B BB R T /0
KRB R AFRLAS A X 58 PAHs 75 500 i 3% 22 5
(P>0.05), Ut B A [ V5 3 Dy 50 9 K 3 5 iR 12
VEYIFFRL PAHSs & it . ABFSE /N2 KT BL PAHs &
TR A (2011 4F) 75 5 B R T4 ) /N 2 A2
B PAHs & it (240 pg/kg) , A BF 58 E Kk ORL
PAHs & & % T H 0 58 £ K fl 7 PAHs & &
(249 pg/kg) , F 20T 68 5 5 X 350 4 498 | E E 7K 0
RAREDFH K.
500

400
300

CninE

PAHs & fit/(ng kg™

B3 WEXAAEY) PAHs B&

Fig.3 Concentrations of PAHs in crops in irrigation district

AT R AR 1B ST A 3R 2R3 RS
MRS, 18] 3b B 7RER 3 ] £ 4> PAHs Gy 51.8 ~
291.8 pe/kg ({168 pe/kg), AL T 26 &'
(2015 48 ) BF 58 15 A B 3 PAHs % & (78.0 ~
320.0 wg/kg, ¥ H 205.0 wg/kg) , 1 T A 41 &
(2012 4R ) 7 T2 B S BF 5T 15 A0 B
PAHs 7 5 (23.4 ~209. 1 pg/kg, ¥ {8 121.0 ng/kg) .
AT B3 PAHs & &l KB /N 3 X
X R MR, X HHF (2015 4F) 15 i
B ok PAHs & 5 AL A AHBL, 32 02 A ] B 3 i il XF
PAHs W W 32 + 38 & 5 52 W Ab, Al g 8 52 R
RS2 T R AT R & S A A K A5 1 3 VAR OC

2.4 ERXEY PAHs EHNERSBELLH

£ 7 88 THEY) PAHs %5410y & & DL b B
M. & /N2 MR E K FF R PAHs DL BghiP
F, A 157.7 we/kg F135.7 pe/kg, 43 0
PAHs A1 41. 6% F1 37. 2% ; Fouk 2y Phe, 43 51
MO 24.5% 1 20.2% o BEME 4 (2011 4E) £F
U W94 /D 2 4 B PAHs DL BghiP il Phe
SRR, PAHs BERY 46.3% 1 12.9%
FKFPT PAHs & B BghiP O 3, (5 SR 80% 5
AR R G HEL . B3 PAHs £ 2415 L) Phe
R, BIE N 44,39 pe/ke, o5 B LB 26. 4% ;
HUR A Fih, 7 S50 13.5%  HAh 22 5 DF R b 1%
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Tab.7 Concentrations and percentage of PAHs in crops in irrigation district

%45y Nap Acy Ace Flu Phe Ant  Fth Pyr  BaA  Chr BbF BkF BaP IcdP DahA BghiP  PAHs

K%/ % 100 100 100 100 100 100 100 100 100 100 100 100 100 100 13 100 100
ﬁ"y'jj({ﬁ/(ug-kg") 15.5 2.2 17.4 64.2 161.7 10.0 67.9 40.0 14.0 22.6 11.1 12.6 4.4 13.2 2.2 247.3 522.4

KRNEFRL BME/(pekg™') 115 0.4 0.8 23.5 449 0.8 1.6 3.0 0.6 2.8 0.8 1.4 04 04 0 344 2075
ﬂ]ﬁ/(pg‘kg_l) 13.1 0.9 10.1 36.2 92.8 3.8 241 10.6 3.9 7.4 4.1 6.4 2.0 59 0.3 157.7 379.3

S i/ % 35 0.2 27 95 245 1.0 6.4 28 1.0 20 1.1 1.7 0.5 1.6 0.1 41.6 100.0

K%/ % 100 100 100 100 100 90 100 100 80 100 90 100 80 90 50 100 100
E‘y’jj{{ﬁ/(ug-kg’l) 1227 1.2 39 65 27.2 1.9 10.9 5.8 3.3 37 35 9.9 19 40 2.7 52.4 128.5

HEKRIFR  MME/(ugkg™') 68 02 1.4 42 156 0 60 L1 0 05 0 38 0 0 0 239 73.0
ﬂj{E/(p,g'kg") 9.1 0.4 2.7 54 194 1.0 7.8 2.5 1.1 .9 L5 54 05 1.2 07 357 96. 1

i R H /% 9.4 0.4 28 57 202 1.0 81 26 1.1 20 1.5 56 05 1.3 07 37.2 100.0

Wl E/ % 100 86 100 100 100 100 100 100 100 100 71 43 43 71 14 86 100
ﬁj{{ﬁ/(p,g-kg'l) 29.0 10.0 15.5 35.1 83.7 80.6 59.9 31.5 5.8 18.4 12.7 19.1 14.6 83 1.0 21.0 291.8

B E{/J\{E/(pg-kg’l) 3.1 0 1.3 46 2.7 08 80 22 04 15 0 0 0 0 0 0 51.8
B/ ( ug-kg") 12,22 2.29 7.14 12.76 44.39 20.37 22.69 9.98 2.31 6.41 5.20 5.35 2.89 2.69 0.14 11.27 168.08

&R B % 7.3 1.4 42 7.6 264 12.1 135 59 1.4 3.8 3.1 3.2 1.7 1.6 0.52 6.7 100. 0

W3 PAHs £ 41 5> o LA Phe & B e i, Hilk o
Fth Pyr #il Flu'®" %)

HRE A1) 32 B U BghiP 1 Phe , 355 35 AT £ HI 7
£ E B Phe Fil Fth, {E )RR £ 1) Phe Fl
Fth 32222 5P X W22 7 3 A 4 (3R 6)
H¥ )& TR PAHs KRR, 2 T AR Tk
HREAVEY RE W UL £ BehiP, BR 52 1 38505 & 5
Wi ob 3 52 KA KA R PAHs 25 70 &% i, A
WHoE e WAL 50T K A< PM2.5 F1 PMI0 3 43
PAHs & & & Tl s> ¥ PAHs & &, H BghiP 2
PAHs & it fe i 24 23, PAHs & & i s B HE
A% MERES ZE Y AP &N EE
KK HARKRBANRELE L, TR R & KRE %
il 45 2 1 RS UCRE , ir AR B AR 0 g IR e 2 1
BghiP,

AT IE AN RERL B B OK KR BaP & 4y
WA 0.4 ~4.4 pe/kg MO ~1.9 pg/keg, LT & i
R A VR 75 Ye ) BR R ( GB2762—2012) M) L B
{E(BaP ¥ EEFR(E 4 5.0 ng/kg) o MRAE PAHs % 41
gr BaP B 4 8 N 73R AR A&/ NE R AR £
KFFRL 16 Fff PAHs ) BaP B P XY 5 vk & 35 {43
N 6.12 weg/ke F1 2. 45 pe/keg, Z&/NFEFFRL PAHs %
443 v B R E B K BaP #l BghiP, H 8¢ MY
EWEIEYRT L5 pg/kg, FERX 2 M4
BEME Y B e AR T B, B EOK R R PAHS
£ 2043 AW BE K 9 Oy DahA Rl BKE, {H 514
BINF 0.70 we/kg, F 2R A 0 & = RAK
2.5 RELTEFMIEY PAHs KRS

N R 851 2 305 ke 15 G i 1 28 2 R R N

A A BB R 58 42 0k e 0 AR R 58 A T ) ik ORS
B BRBEUR AN R o R BE IR AR ) PAHs L2
3 W F LR ARG B R R K R T4 38 L
I PAHs FEZAE m il R 77 A A0 IR R B AL B AR
20 2.3 % PAHs; [ it — M 00 F 4 3 K& DL |k
PAHs & AR PAHs & & 52 MR 3800 A B, 3%
5 AN 58 R be S T TS YR B =2 W DA A TR
BWARE,

FIH Origin #4425 0 + 358 AEY) AN [R5 4% PAHSs
A =cK (K 4), NE 4 TULEEERXEZ L
HE UNZRFRL  EORFFRL A A PAHSs 4143 43 AR,
T2 H A AR U 5 1185 3¢ PAHs 4 43 22 B ECK,
15 YR IR AR o

1.0
0.25 0.8
S 0.6

Fos0 N

4
0.75 X.. B—7

\ D 7%
1.00 A 5
0 02 04 06 08 1.0
2-33f
4 WEXRZE T W EEWFRL B3 PAHs
4 =Kl

Fig.4 Ternary diagram of PAHs in topsoil, cereal grain

and vegetables

KIS Rk ZE 3 MEW 4 38 PAHs 5 B &1
Lo, #2132 .3.4.5.6 3 PAHs % 0 5 B8
Hoofil 4y Bk 1.8% . 26.3% . 23.9% . 28.2% .
19.8% , &5 3 (4.5.6 ¥F) PAHs & & [ a4 & 1
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71.9% , L A BE 5E b 16 A0 5 A 725 T 09 e 2 - e
PAHs E375 Qe i, BRZEBE%'" (2010 4F) M5k
2R T R0 DX A K R A TR A5 Y 8 PR PAHs
G M E TR 71.80% M1 58.94% ,# 5 N PAHs =
BTG e Y, 47 £R 4 (2011 4F) B FE 45 Y PAHS
15 Y T2 M R A A AR 58 R A R HE S R e
W o

120

g D63 @55 ©4%F O35 m23F

S oo 0 R
m |k }

i 60Ff B

18

& a0 K

&

0
TN KL M RE AT B BE TR
((=7)
KIS K2 AEYER PAHS |5 Bk L
Fig.5 Percentages of PAHs with different rings in

topsoil and crops

KN TN FRAFRLH 6 35 PAHs (5 8 i L ]
TR AR 43, 1% F138. 2% ; Lk ok 3 FR, 45k
37.9% F129. 9% ;4 ¥F i Bk L 300 o 12 1% Fi
13.9% ;2 1 F0 5 BF 5 St R F 10% . B
EYI R 36 (4.5 .6 1) PAHs 5 & [ B 5 58. 6% ~
60. 0% , Ui, B A BIF 5% o e T R b S H 2 /E 4 PAHSs
EEIGRIE . XSGR (2011 4F ) 76 5 #BF S
A H 2590 20, Y /N 22 AT LR R KRR L 6
I PAHs i, H PAHSs SRR IR BEIR

BEEAEY) 45 38 PAHs (5 B 5 B B A ), (2
S5REEY AR, Bk B3 3 BM 4 3 PAHs |5
S LB Ay 43.3% ~67.0% F1 12. 1% ~
39.6% ;5.6 345 A (5 B AL, B0 ~16%,
ARG 45 R 577 % (2009 4F) 78 BRI = A AL
BRLL R4 (2012 4F) 752 BOF 55 45 SR A DL, B 3 4
W PAHs TEBE SRR & 4, 1M1 5.6 5 = AL,
FE R SRR N KR A T A AR Y
PAHs KPR, AW A RUPE & 25 5 1 38 W e 3R
Mo BRAEY T & PAHs 5 5 D& 28.0% ~
53.7% Ut WA A BF 58 b 5 3% PAHs 32 835 e J5 O %
PRV Ry I U5 (S AR T ) TR AR T, 3
(2015 48 ) 7E b i ZF A 52 0 15 4 55 5% PAHs >k
R IR e U N A 3 2 U
2.6 AN f&fERXE TG

%8 BR THEIX PAHs 4% 420 A A fi B B0 X
W (139 VEY PAHSs 25 41 509k % & BEBOE X BI{H) o
US EPA $ ) — % v 2 52 1) B0 KU 7K S8 107°,
T3 3 R B0 KU KO R 107 A BESE
BN LZE PAHs SO KBS 43 51 4. 02 x 10 7 A1

1.76 x 10 =, ¥4I T S0 KUK K B 158 B 8 AiE K
Wz 7K S AT 42 52 30 1R P 5 (H DA 22 4 2 2 1, I
T EX S I PAHs ¥R JE KV o DA 5 58 3R 12 F 4 5%
4341, PAHs 208 f& 5 STk DL D —1EY (V% &
KFNER ) S 3, HX AR e BR BT 1 R BUR fé
oA N AR S0 AU 1) L5143 500 2 99. 64% (R N)
F198.39% (JLEE) , Hov DL 1T —/NZZ 19 o3 ik % I
Iy R 58.72% (JEN) Fl 46.22% (JL#E) . A i
3 HET R A 25 A BUR KBRS 143 x 107 (A
F12.82 x10 7 (JLE ) , 514 %5 (2011 4F) 1E
TG LR G B8O KR MG (3.17 x 1077)
M PAHSs 241 43 43 B, XF A A4 3500 XU B3 R J5e K 1)
4392 BaP Fl DahA |, £ F % B S0 KBS 51k %6 43
Bk 46.72% F1 22. 15% , 4% A X} )L # B0 KK 5T ik
TRy 42.89% F1 26. 36% , FH L X 2 LA
P AR AR I (R 4) .

9 R THEIX PAHs £5 20 43 A\ {4 fi B 3008
SR (38 VB PAHs £5 41 73 ¥k B % i HOHE X 1y
i) . US EPA 45 YR BuUm & H AR EBOR T 1 B, 9A
RN N R 77 A A . AWFSE s R 3
FEFS B MR 2. 72 x 10 P F1 4. 78 x 10 7° KT 1,
ULHT PAHs SRk A BE ™ AR B S F 20 {8 R fe
A2 55 3 A% T 2 58 A 0 43 i, PAHSs HE BUE 8 3 5T
BRUA AR (/N2 LB R RIBE SR ) o 3, X A M4 f
R JIT 3 8 1) AR B0 T o5 RS AR XU 1 B 48] 4 i)
$}99.9% (JHN) F199. 8% (JLE ) , Horhid i 11—/
M TTER 5 0 Ry 80.95% (N ) F1 71.78% (L
#) . M PAHs & 4053 43 #r , %8 AR B KU 5Tk
I R 43 51 8 BghiP A1 Phe , & 8 % B0 JFE B0 KUK
DR 53 51 o 46. 28% F129. 14% , £ H X L #E AE 3
9i R B 1k 2 4 50 K 44. 28% F1 29. 60% , A
Y aX B A F A R R (R T) .

3 Hig

(1) BEANFEIX L Z T PAHs 5 & 113.5 ~
449.8 ug/kg, ¥ H N 258.5 pug/kg, K P
MALISZEWSKA — KORDYBACH (1996 4f) + {5
YRRy i HE X LR AE S P 80% B T
PAHs 52 BG4 . 5 a7 2% 4 58 PR 5% ot o A 7fE (10 Fif
PAHs )T {8 4 40 mg/kg) F L , AWFFE K JZE 135
FRAR R 10 #f PAHs 11 & & 4 0. 083 ~ 0. 307 mg/kg,
TEAR T 22 1 4% PAHs & 52 T Wi{E, Ui W] X+ %
PAHs Aifi THUER . A5 10 Ff PAHs 283 (a)
EETEE Y U BE (TEQ,,, ) BIMH h 19. 0 pg/ kg, I T fif
22 - PR A 2 KU A D ARTEAE (33. 0 pg/kg) , 1 W
TR IX L VA AR SRS AN
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Tab.8 Calculation results of carcinogenic health risk of PAHs
g KR
REEBA T HoERE RN
BaA Chr BbF BkF BaP ledP DahA
N Tk AR/ %
B -+ 1.60x10 ™% 2.59x10 " 9.98x10°? 3.02x107" 3.66x10™% 5.8 x107? 1.83x10°% 7.26x10® 0.18
O-E#(NE)  2.51x10°° 476 x10°%  2.64x10°° 4.11x1077 1.26x107° 3.79x10°° 1.61x10°° 2.36x10"° 58.72
O-E#(ER)  4.71x1077 8.14x107° 6.43x10°7 2.31x10°7 2.14x10°° 5.14x10°7 3.00x10°° 7.01x10"° 17. 44
WA O-EWEZE) 3.40x1077 9.46x107° 7.69x1077 7.84x10°% 3.96x107° 2.07x10™% 4.26x10°° 9.44 x10 ¢ 23.48
H-+ 3% 1.54x107% 2.50x10 " 9.62x107% 2.91x107" 3.53x10°% 5.61x10™% 1.76x10°% 7.00x10® 0.17
W0 -+ 4 L73x107" 9.69x10 7" 2.20x107" 8.00x10 " 1.54x10°" 1.08x10~"" 2.12x10~"" 4.40x10°" 0
/N 3.32x107° 6.52x107% 4.07x107° 7.22x1077 1.88x107° 4.34x107° 8.90x10°° 4.02x10"° 100
4153 BTk AR/ % 8.26 0.16 10. 12 1.80 46.72 10. 80 22.15
B k-t 2.62x107° 4.24x10°" 1.63x10°% 4.95x107" 599x107% 9.53x10°° 3.00x10°% 1.19x10"’ 0. 68
O~ (hE)  1.56x10°° 1.48x10°% 8.20x10°7 1.28x10°7 3.92x10°° 1.18x10°° 5.00x10°7 8.12x10°° 46.22
O (EXK)  2.20x1077 3.80x107° 3.00x1077 1.08x1077 1.00x10° 2.40x1077 1.40x10°° 3.27x107° 18. 62
JLE O-ES(EER) 2.13x1077 5.91x107° 4.80x1077 4.90x10°% 2.48x107° 1.29x10°% 2.66x10°° 5.90x10° 33.56
[RESE 3.60x107° 5.83x10°" 2.25x10°% 6.80x107" 8.23x10°% 1.31x10°% 4.11x10°% 1.63x107’ 0.93
L 8.08 x10 72 4.52x107"2 1.02x107"° 3.73x107"2 7.18 x10 ™" 5.02x10~'% 9.89 x10 "> 2.05x10 ' 0
N 2.00x107°% 2.64x107% 1.64x10°° 2.86x1077 7.54x107% 1.46x10°° 4.63x10°° 1.76x10° 100
153 TRk 2/ % 11.37 0. 14 9.33 1.63 42.89 8.28 26.36
*x9 PAHsFBEERNEITEER
Tab. 9 Calculation results of non-carcinogenic health hazard index of PAHs
E 135 ¢
REBRAT ! _ ERHRE KRB
Nap Ace Acy Flu Phe Ant Fih Pye BghiP
Mt TR/ %
i B+ 3 L14x1077 2.03x10 7% 1.69x10 ™% 2.13x10 77 1.85x10 7% 9.14x10 "% 6.85x10 "7 6.19x10 7 3.69x10°7 3.90x10°¢ 0.0
O-ERONE)  6.73x10 7% 3.46x10 ™ 3.08x10 7> 1.86x10 ™ 6.36x10™* 2.60x10 = 1.24x10~ 7.26x10~* 1.08x10 "2 2.21x10~2  80.95
O-ES(ER)  3.12x107* 6.16x10 7> 9.13x10 7 1.85x10 ™% 8.86x10 ™% 4.52x107° 2.67x10~* 1.14x10~* 1.63x10~3 3.47x107*  12.73
A O-fE9(HEF)  1.44x107* 5.59x107° 1.80x10 7> 1.50x10 ™% 6.93x10 ™% 3.21x10 > 2.67x10 "% 1.57x10"* 1.78x10"* 1.70x10~*  6.22
-1 4 L10x10 77 1.96x10 ™% 1.63x10 ™% 2.05x10 "7 1.79x10 ~® 8.81x10 "% 6.60x10 "7 5.97x10"7 3.56x10 "7 3.76x10°¢ 0.0l
TF—+ 5% 1.86 x10 ~° 1.86x107°  0.07
Mt L15x10 7% 4.63x10 7% 5.8x107° 2.19x10 7% 7.94x10 7% 6.27x107° L77x10 7% 9.99x10 % 1.26x10 % 2.72x10 "2 100
KA TR/ % 4.21 1.70 0.21 8.06 29. 14 0.23 6.51 3.66 46.28
J Bk 3 7.48x10 77 1.33x10 77 L11x1077 1.40x10=® 1.21x10 7> 5.98x10 ™% 4.49x10°° 4.06x10 ¢ 2.42x10°° 2.56x10 > 0.05
O-ESONE)  1.05x1072 5.38x10 ™% 4.79x10 7> 2.89x10 ™ 9.89x10 ™% 4.05x10™> 1.93x10 > 1.13x10~ 1.68x10 2 3.43x10°2  71.78
A-fE#(EXR)  7.27x10 7% 1L44x10 7% 2.13x107° 4.32x10 ™% 2.07x10 7% 1.05x10 > 6.23x10 ™% 2.66x10 "% 3.80x10~* 8.09x10 >  16.94
JLE A-fEH(BEH)  4.50x10 7% 1.75x10 ™% 5.64x10 7> 4.69x10 % 2.17x10 7> 1.00x10 "% 8.34x10 "% 4.91x10"* 5.55x10 "% 5.30x10 ">  11.08
M-+ 4 1.03x10 7% 1.83x10 77 1.52x10 77 1.92x10 "% 1.67x10 > 8.22x10"® 6.16x10 ® 5.57x10 ¢ 3.32x10 ¢ 3.51x10 > 0.07
-1 5% 3.48x107° 3.48x107°  0.07
Mt 2.26x10 7% 8.57x107* 1.26x107* 3.8x107° L4Ix1072 L5Ix107* 3.39x10 > 1.9x107% 2.12x107% 4.78x10 2 100
KU TR % 4.73 1.79 0.26 7.94 29.60 0.32 7.10 3.97 44.28

(2) & /N2 kP AL B ORORF LA 5 25 AT 8

2012) HLE B FREAE (S peg/kg) o

4% PAHs 43 3 368.7 ~389.9 pg/kg.87.7 ~
113.5 pg/kg F1 51.8 ~291.8 ug/kg, MK | &3¢
PAHs & & i R BN OGS 2253 R R
. WMEVEWH R PAHs %11 BghiP 3 3, H
SR MR 36.6% ~41.6% . B3k PAHs #4414
H1Lk Phe & it di i, AV LU 24. 0% o IREAEY
FPRL BaP & 8 BT 8 b i Qe ) BR & (GB2762—

(3) FRZ T3 MREEY G S & I PAHs & &
b B B 71.9% L 58.6% ~ 60.0% FI
28.0% ~53.7% , Ut B & L AR S 1EY
PAHs %275 YL il , 11 #% 5%¢ PAHs 22275 Y i R %
50 A7 I TR TR G ok T

(4) A FLEE PAHs B KU 20 9 4 4. 02 x
10 °H11.76 x 10 ° AEBUE I 5 3R 2. 72 x 10 77
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4,78 x10 7° HMKF UE EPA JLE A0 W b ol B % 40 43 o BaP Fl DahA, 5T #k 58 43 5l o 42.89% ~
fH o F—AEY i A B XU 3 28 5 6% i A2 R o, 46.72% F1 22. 15% ~26.36% o Xf I B0 KU 51 ik
Xof S0P RS 0 A B0 8 E ot ik 32 4 1 o 98.39% ~ I KA 53 it BghiP 1 Phe, TTHR 373 1] 0 44. 28% ~
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