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Abstract: This study used the approaches of the single factor pollution index and the comprehensive factor pollution index to evaluate the
heavy-metals pollution in vegetables by analyzing the data of the heavy metals(As, Hg, Cr, Cd, Pb) contents in vegetables grown around the
area of Dabaoshan mine. Synchronously considering the potential healthy risks of the local people from long-term consumption of vegetables,
we also applied the health risk assessment model to evaluate the health risks of vegetables polluted by heavy metals. The results showed that
the contents of As, Hg, Cr, Cd, Pb in this farmland soil were 0.875, 0.900, 0.373, 2.863, 0.305 times as the threshold values from the national
second-grading standard of environmental quality assessment for soils respectively, suggesting that only Cd content in soil was beyond the
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standard level. The comprehensive pollution index of heavy metal pollution in vegetables ranged from 0.412 to 3.339 with the mean value be—

ing of 1.155, which belonged to the level of light pollution. The single factor pollution indexes of As, Hg, Pb, Cd and Cr were 0.412~3.339,
0.000~0.154, 0.105~1.255, 0.563~4.609 and 0.008~0.360 respectively, and the means of these five heavy metals were 0.030, 0.076, 0.343,
1.536 and 0.091 respectively, indicating that the pollution of vegetables was mainly suffered from Cd. Additionally, results from the data of
health risk assessment of the heavy metal pollution in 17 vegetables showed: the mean of the total risk was 3.50x10- a, suggesting that the
situation of heavy metal pollution in vegetable varieties had a certain risk to human health, but the risk was acceptable; the mean of the car—
cinogenic risk for human health was 3.50x10-® a™, this meant that the situation of heavy metal pollution in vegetable varieties had a certain
risk to human health of the carcinogenic risk, but was acceptable with a degree order of the carcinogenic risk was Riskcs>Riske>Risk >
Riskp, the total value from the non-carcinogenic risk was 4.89x107° a™, indicating that the non-carcinogenic risk showed little effects on hu-

man health with a order of Hlp>H |y

Keywords: Dabaoshan; farmland vegetables; heavy metal pollution; healthy risk evaluation

e M HER FA a2z —, B
BEFRAE AR R 05 1 Z b4kt R AN W) R4 B 35
5. YHETFR E 52 Cd Hg As.Cr.Pb 15 L ik b T FH 24

2 000x10* hm?, 52 V5 YLk £ 2235 1 200x10* t , Z8 540
ez ik 200x10° o, Rl TR E Tl Ak A Ak i
AWK, Tl = B A= T b S AR 8 AR BN
PRI P S5 S0l 45 P EE 4 R e Zam ok B 2R Lt A L TE
GIRARIE AR 3, 254 H A S PRBE S N A Sy
e VAR EE R fa 32, JUHUE B X R A H 4357
4 U5 YRR R i, e i R At B
B AN STPUNEL Y[ 3o robi WU L 2P O DN N5
7 A PR, R L) B 4 R T A IR R S
PARAIE T A S RBP4 8 AR i A B

KEWH XA F T ARAICH, Hsb T AT . &5
PP B A8 FAE AR TR RATAG DX AR A PR ™ H
b, 4 T YL Rl R S 28 O ARl S K 1L Rl i
P —SE I PR LU R 52 I B 7K a7 TR, &
HOZATAA H 3 AE AR K A2 81 T AR FE B 1Y
FHA R YY A G AT A A I B VR R
R T A T R e 9 0 114 1 e DX B B B 2 1)
AT 58 3 T Uf B A AX 2 X35 1 B2 4 g 15 4% (] A
DL F 05 e A N A R RS o AR AR K Ll
XA FH A o 4 i v e oA A R XU DA A | 3
B % X I8 4 J8 15 YK S iR A iR o X 42,
iz FH AR 5 Y dR B0E 2R A 15 Ye A8 B iz
FIAE B AN]SR ST 7 8 4w 15 YR O . th
ANEE A B RE AR, PR AR G 0 %5 58 [= 3R R 25
(USEPA) HEF7 11 3500 KBS A 76 A0 E S0 XU AR 76 4
A% As Hg.Cr.Cd Pb i#F7 7 5 KU EA , DA i
X3l FH A A8 FRBE ORGP 5 4 7 i o o 20 4 WA P L
HNE AR

http://www.aed.org.cn

1 RS

L1 REHFRG TR RE

TEX R G AT X A FH - 38 5 43 i V5 Y 8 25 X
[ B VBB i Pl o i G AV AR W Sy FAC R L) & €
A, FFRIALE . T 2015 4F 9 S A 1 FpaE ke 1
P22 3% (1 FhoE 32,4 RS0 3 FIT 2 Figi 2 2
FPEs b 3 FPFSEdt 17 M (GO AN RED
2mx 1 m, /NXJE] R FE 1 m, 45 SRR o8 4 BEALHES ]
BEANX 3AEE i AL e HH 0] 4 B 58 440 BE Y 3t Ay
FPE > 18, 96T 2015 4F 11 A A 5 SURAEE R4
TR A . IR RCORAEVRE R 0~20 om, TR
FIGRET YRS SR B 2R R,
IRA TG REASRAS AR WA 54 )8 T HA%
firk
1.2 HRAESSH

SRAE I A HERE S BT T Rk A SR T TR S
JE ik 20 Hifi A1 100 Hf(RAERFN . SRS SE L B
KK e T, P 25 B8 UK Uk 3 Wk, SR TR 4RI
T 2K, e FFTREDILIS S14TE B A B 3t
AR T VKARTEI

A3 MR Y 4 JE T F FE AL EE As Hg Pb.,
Cd.Cr 5 FpE & JE T &K , As Hy Il 5 R R 728
FERED:, A2 BR R AR A I8 vk BEAL S 43 ) R A
GB/T 5009.11—2003 HI GB/T 5009.17—2003, 3%
Pb.Cd F11 Cr (4l % R FH v 8 & 55 2 IR g 1k
Pb 1 Cd 2 B bR by v A A BT ] H A S5 4G 30 A
REATALATE SN/T 0448—2011, - HEAMHT 3 F v
FATUE L HEFE i GBWO7453(GSS-24) #4743 #1 Jit
o B SR A M A R v A SR B o SR
GBW10015(GSB-6)i/E4 743 #r i fs il

— 569 —



http://www.aed.org.cn

KBRS FR -5 3355 6

1.3 #iEE

JFH Microsoft Excel 2007 F1 SPSS 18.0 #{4: %} 5236
Bs A AL B
14 HEELETLTEM

B SR H 4 15 Y VAN T R B IR 75 e e 4K
REE A T5 AR BaAM,

PR 5 AR B R A

-5 (1)

Ao, PO B IS YR EG CON SR E A R
DL T, mg - kg™ S A 4 TS Y B S AR i, mg -
kg™, B R 4 B AN Rl G s H ) BR AR o 2 BT
T FhRECE B TE YRR ) (GB 2762—
2012),

AT R BT R A

P%ﬁz\/(Ci/Si)mzax;'(Ci/Si)ase (2)
K, P s NE S BTG PR BHEE0 (CUS) e FHLE T
15 Y8 B K IME ;5 (CifS)ae F45 LR 115 Y38 20T
FIME.
1.5 BREBEBEXE M E

IS A R XU E A 43R B0 0 AU DA (TE I 75
YL R IRURS PEAR ) A SO P KBS P CF 375 4
Pl R RS A ) PRSI . ARG A S R 0,

HIE YA EAT

Riski=[1-exp(-Dixq;)]/L (3)
Ao, Riski b2 8UEY it 1l & AEE R34
NBUEAE R a™; D S Ak BUR Y i 1 AR
T AT H YRR F8 1 &, mg- kg™ -d ™5 qi i fbai sk
FEPI | 2B AR R B0 E 2%, kg-dt-mgL
PPN e P s o

Y RS A -

H1,=Dx10/(RfDxL ) (4)
A HL R AEBURY R | 28 AR I S fa
FF- A AU a7 Dy Sh AR B0s P i | i A
AR BT H Y R #E 5, mg - (kg-d) ;10
USEPA 31 (E ; RID A AEBUR TS 19 | B A&
#ZH 5 &, mg- (kg-d)™,

ERE-S A nT A=

_ CxIRxEFxED
D=""BWxAT (5)

A, Dy: IHYY H R EE I, mg-kg - d IR Ry
A, Q-d C ORI T 5 e ik B, mg - kg s
EF MEFEIK ,d-at; ED 5 FEFF L], 4 ; BW
—570—

P.

WAKTE  kg; AT S VX 2 TE], d.
VGBI SRS M Oh B AR S T
(B )™, 3 2 s AR (B8 58 H B AR IR B
90.8 g-d; HH[E A A (=18 % ) - My 1A F 4k 7 {H BW
>4 60.6 kg ; HE N HET- B S A e R L Oy 74.8
% s BFEANR EF Ohy 365 d-a™t, S R SCHR , 0128 A iy
Vi R RSt ] B ED ol 74.8 a. SF-H B FR I A]
AT b 74.8 a x 365 d-a™. AR4HE 3 EIIFA B 255 KB 15
B RS IRIS) FE Bra e AF 75 LA (TARC) 1 43 2K 2/
4t, Ju%E As.Cd il Cr N HIHA A Ik~ 20, Pb Ryl
Rer 2= BumY , Hy S Ab2E B 80E Y . AT i A
B AHOCHORE, 15 2IAH N 48 i H RS F it RD,
Pb #1 Hg 43 5B 3.57x10° mg-(kg-d)™* #1 3.00x10*
mg - (kg-d)™; AH ¢ 30 38 & R %K qi: As.Pb.Cd . Cr/)
BIIHX 1.5.0.008 5.6.1 kg-d*-mg™ 1 0.5 kg-d-mgeesl
B R 5 B 4 o AR f B 1) 2 MV R S A I oG
F, MAE A EEEHOC R, WS AEBUE XU Hi Al
SEUE RS Riskr, 2051 WA ZR(6) 1Az (7)e20-20,

Hlp= ) HI, (6)
=1
Risk= D Risk (7)
i=1
Risk z=Hl;+Risky (8)

A, Hle Dy SRS XU, a™; Risker S 5 B0 XU,
a™sHI O3 | b 4 Jm IE SO XU a7 Risks D95
ML IR I U AURE, a s n N EE B R AP . Risky i
ZFPE G )R T A N B RN ™

2 HR5E

21 tEMBXEEESE
211 +HEHELR T E
ZARHLEPES R MARSFTENRL
fiis . 2P HYESNESIE RS TRAMTE,
T2 G BEARAER W MOR) T 2 S W%, DT X A 855
FINFE 15 G P i X A FH 42398 pH (R 4.67, -1
AP E R 30.19 g-kg™. LI AL G R A RS
TR T LI E AR 1 e A ik 7 1
pH A . A LT & i BHE X SFE 2R E R 5
M#29, J-3erh 5 FpE 4| As Hg.Cr.Cd Pb 4t {E 43
e oK - HERR B i i — R pnifE (GB 15618—1995)
f) 0.875.0.900.,0.373.,2.863 {5 #1 0.305 15, H A Cd ()
T 7 E R AT R TR IR IX
Bk Cd Y 1 2 ARt A A R S 1L X

http://www.aed.org.cn



http://www.aed.org.cn

ARERL, % KT I KRR B 32 5 48 15 YRt B At R XURS: BFAd 2016 £ 11 A
*1 TESEESE(mg-kgt)
Table 1 Contents of heavy metals in soils(mg-kg™)
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tTHFES R 35.003 0.270 56.000 0.859 76.195
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Table 2 Contents of heavy metals in vegetables

WiH As Hg Cr cd Pb
KAy - kg™ 0.042 3 0.001 54 0.180 2 0.922 0.251
i /ME/mg - kgt 0.006 4 A 0.004 2 0.074 0.028
SE{ti/mg - kg 0.014 8 0.000 76 0.045 7 0.315 0.078
75 5 % 54.90 64.88 101.85 75.90 68.50
S Y B R mg - kg™ 0.5 0.01 0.5 0.2 0.3
T B S5 YRR RS2 (R 5 e R A ) brifiE (GB 2762—2012),
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Table 3 Single factor index and integrated pollution index of heavy metals contaminated vegetables

B BT GAGHRR SRR
As Hg Cr Cd Pb

s 0.027 0.069 0.033 3.023 0.160 2.189 rp Y Y

PIESE 0.024 0.100 0.175 3571 0.266 2.592 rp Y Y
e 0.085 0.154 0.042 4.609 0.246 3.339 e

Fil 0.020 0.118 0.010 1.162 0.128 0.846 Ay 2

32 0.033 0.111 0.104 1.489 0.354 1.094 Ui R

i3 0.017 0.128 0.229 1.133 0.349 0.843 2

EINY! 0.022 0.091 0.044 1.072 0.151 0.782 R 2R

31 0.022 0.099 0.059 1.033 0.304 0.761 R 2R

SE) 0.039 0.120 0.079 1.157 0.382 0.856 g 2k

M3 3 0.024 0.066 0.027 1.174 0.242 0.858 2%

1 0.013 0.060 0.014 0.563 0.105 0.412 Gl

P ) 0.028 0.083 0.108 0.820 0.154 0.604 e

¥ 3 0.024 0.092 0.019 0.576 0.163 0.425 e

fif22 5 0.017 0 0.360 0.846 1.255 0.954 Ak

BE(ER) 0.042 0 0.115 2.338 0.185 1.696 IR s Y
Bh1 0.029 0 0.008 0.742 0.283 0.546 Bl
k2 0.036 0 0.127 0.813 1.105 0.835 R 2R
* 4 BXESRSENVEBRERKRIEMRK )
Table 4 Health risk assessment of heavy metals pollution in vegetables(a™)

e e Hlp, Hlg Riskep Riskcy Riske Riskas
M 2.69x10™ 4.63x10™ 8.16x10™° 7.37x10°® 1.63x107 4.08x107
P 4.48x10™ 6.65x10™ 1.36x10° 8.70x10°® 8.75x10” 3.67x107

Se¥ 4.14x10™ 1.03x10™ 1.26x10° 1.12x10* 2.08x107 1.27x10°
il 2.15x10™ 7.85x10™ 6.53x10™° 2.84x10%® 5.09x10° 3.05x107
Hi2 5.96x10™ 7.44x10™ 1.81x10°® 3.63x10°® 5.23x107 5.03x107
03 1.59x10™ 0 4.82x10° 9.07x10°® 4.23x10°® 4.41x107
o4 6.20x10™ 0 1.88x10° 9.92x10°® 6.35x10” 5.36x107
31 5.11x10™ 6.62x10™ 1.55x10° 2.52x10°® 2.98x107 3.26x107
3% 2 6.44x10™° 8.04x10™ 1.95x10° 2.82x10°® 3.97x107 5.91x107
133 4.07x10™ 4.44x10™ 1.24x10° 2.87x10°® 1.33x107 3.67x107
1 1.76x10™ 4.03x10™ 5.35x10™° 1.37x10° 6.95x10°® 1.92x107
Fr¥2 2.58x10™ 5.51x10™ 7.84x107° 2.00x10°® 5.41x107 4.25x107
I3 2.74x10™ 6.14x10™ 8.31x10°° 1.41x10° 9.57x10°® 3.61x107
fp2eid 5.87x10™ 8.54x10™ 1.78x10° 2.77x10°® 1.15x10° 2.61x107

BO(EH) 2.53x10™ 6.07x10™ 7.69x10° 2.62x10°® 2.22x107 3.26x107
Wh1 1.41x10™ 0 4.27x10°® 1.03x10°* 1.80x10° 2.49x107
Bh2 2.07x10™ 0 6.29x10°° 2.85x10°° 5.78x10” 6.36x10”
R 1.41x10° 1.03x107% 4.27x10° 1.12x10* 1.80x10° 1.27x10°
e/ ME 1.59x10™ 0 4.82x10° 9.07x10® 4.23x10°® 1.92x107
SEHE 4.38x10™ 5.07x10™ 1.33x10°® 3.41x10°® 4.58x107 4.45x107
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Table 5 Total health risk assessment of heavy metals
pollution in vegetables(a™)

e e Hl; Riskr Risk 3
i 3.15x10™® 7.43x10° 7.43x10°
PRl 5.14x10™ 8.82x10° 8.82x10°

e A 5.18x10™® 1.14x10* 1.14x10™*

E N 2.94x10® 2.87x10° 2.87x10°
2 6.71x10® 3.74x10° 3.74x10°
3 1.59x10® 9.56x10°° 9.56x10°°
Fl 4 6.20x10™ 1.11x10°® 1.11x10°®
EE] 5.77x10® 2.59x10°° 2.59x10°°
138 2 7.24x10° 2.92x10° 2.92x10°°
33 451x107 2.92x10° 2.92x10°°
FEEL 2.17x10™® 1.40x10°® 1.40x10°®
32 3.14x10™ 2.10x10° 2.10x10°
FE3 3.35x10%° 1.45x10 1.45x10°
faf 22 55 6.73x10™ 2.91x10 2.91x10
wHE(ER) 3.14x10™® 2.67x10 2.67x10
W1 1.41x10® 1.24x10 1.24x105
k2 2.07x10™ 2.98x10° 2.98x10°
SN 1.41x107° 1.14x10* 1.14x10™*
/M 1.59x10® 9.56x10°° 9.56x10°°
SEHE 4.89x10° 3.50x10° 3.50x10°

WA T HA SRS A fE 5822 Riskr=1.14x10™
a™>HI;=5.18x10"a™, H Risk; & 1.14x10* a™*>1.0x10"*
at, UL S0 S AR TR B A e AU 3 202 R B 4
JET IR TR0 3 7E 17 RS rh Risk 5 A,
B PR g H A B S i A A L B0 4 R XU
PEAG (B LA, (H3E 0 3 Risk 4 9.56x107° a* {57
1.0x10°~1.0x10* a™ Z[1], FKIRAIAFTE— 2 YR 7K
o i 17 PSRRI  : Risk g 1Y YI{E A 3.50x
107 a?, 7F 1.0x10°~1.0x10* a™* = [ii] , TR %t B 3¢
s 1 4 T e U N A A A — 7 1 AUz L (H
XU i BT 3557 s Risky A7 3.50%x10° a*, 7F 1.0x10°~1.0x
10 & Z [i], izt sh 2 i Al vh B0 4 8 X A
fat BREAFAE— 2 1 AU, H XU 18 7T 4652, HL7E 30 X
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