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Abstract: The concentration of Pb, Cd, Zn, Cu, As and Ni in soils and dominant vegetables were determined based on the soil and
vegetable samples collected from a representative zinc-smelting region in Northwest of Guizhou province. Both single factor
pollution index and comprehensive pollution index methods were used to assess the concentration of heavy metals in soils and
vegetables, and their potential ecological risks and health risks to adults and adolescents were also analyzed by the potential
ecological risk index (RI) and target hazard quotient (THQ) methods. The results showed that the soils in the zinc-smelting area were
contaminated by heavy metals and Cd contributed the most to the integrated pollution index; high ecological risks were imposed by
Cd and there were 2.04%, 14.3%, 35.7% and 48.0% of sample sites in each category, decided according to the potential ecological
risk index, of low, medium, high and extremely high risk, respectively. Among vegetable samples, the potatoes were heavily polluted
and kidney beans were moderately polluted. Moreover, the comprehensive health risk index analysis suggested that the eating of
vegetables grown in  sample areas could cause serious potential health risks for adults and adolescents.
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Table 1 Relationship between potential ecological risk
coefficients (E',), risk indices(RI)of heavy metals

and pollution degree
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Table 2 Parameters of assessment models

BRlE DN HMEIESEMN SHUR
BW (kg) 60 32 [6,20]
ED (a) 70 70 [26]
EF (d/a) 365 365 [20]
RfD (Pb)=3.50x10* [25]
RfD (Cd)=1.00x10 3 [25]
RfD (Cu)=4.00x10 2 [26]
Rfblmg/(keg-d)] RD (Zn)=3.00x10 ' [26]
RD (As)=3.00x10 * [25]
RfD (Ni)=2.00x10 2 [11]
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4 6.55, 4 TR YE /KT WF 5 X S -3 rh 6
P4 JE o B g Rk 3 iR Ea R
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# Pb. Cd. Zn. Cu. As. Ni JCEMI 525
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(fSEHh T 48 Cd Fl As 2 kRl An R 2%
2 SV ) 5 1 v A0 Al o 30 1 S £ A
g R W] R FEAT A MR AE B 3 AE 500m TE
Y5 Yt ol ™ HLLAE 500~2000m 2 [7) 5 4% B Bl g
V5 Y AT SO 5 B A I X S+ 3 4
JE HIRF T 45 B W, S 3% Cd. Zn Al Cu &1
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Table 3 Concentrations of heavy metals in soils from the research area

P=N
— & i(mg/kg) s o s _ e e o s
JLH - - — — BRAM(%) ISR BRE%) SRR RSN
WoME S KM CFBME PR bR S

Pb 9.230 796.0 87.18 39.57 1493 171 0.79 19.4

cd 0.176 35.60 2.071 0.919 4.060 196 6.00 91.8

Zn 19.02 3483 261.0 129.0 4515 173 1.10 255 .
4.41 T Y

Cu 13.74 317.0 97.81 83.52 64.82 66.3 139 493

As 0.148 73.80 12.29 10.14 12.00 97.6 0.40 5.48

Ni 11.76 117.2 56.43 55.49 20.99 37.2 0.58 123
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Table 4 Percentages of sites at different risk levels in the total

sample sites
Wi R B
i L) ” 4%1;‘&%: EP%TPZ e L B
Pb 5 88.8 6.12 2.04 3.06 0.00
Cd 30 0.00 2.04 21.4 28.6 48.0
£ Zn 1 99.0 1.00 0.00 0.00 0.00
Cu 5 87.7 11.0 1.37 0.00 0.00
As 10 97.3 2.74 0.00 0.00 0.00
Ni 5 100 0.00 0.00 0.00 0.00
RI 204 143 357 480

2.3 B ESEG IR

BEVR MR DX S b 3 FoR AR I AN R g S vh 4
JE & RGeS R AR 2 S A A A LR 1R
X 3 E4)E Pby Cdy Zn. Cu. As. Ni f°F)
RSN 0.099,0.092,4.139,0.307,0.019,0.247mg/
kg; B N E 4 JE Pb. Cdy Zn. Cu. As. Ni {78
SE2 AN 0.015,0.051,3.273,0.214,0.016,0.267mg/
kg; G HE4JE Pb. Cd. Zn. Cu. As. Ni ff1°F-3
TR 0.064,0.097,4.004,1.167,0.750,0.243mg/
kg; 2 G E4)E Pby Cd. Zn. Cu. As. Ni f1°F-3
TEAA 0.295,0.045,21.38,7.785,0.000,0.943mg/
kg fEFASE. B b LURZEGH Zn 5 55,
LU Cu AN Pby Cdy As S EAEANFITEY
WG 2 AR Zn . Cu A Ni EBR 22 P & AR
At 4 v, vT e S LA N I S R A
511 P £ 3 b (1)1 1 & AR e (B AR B e
B AT RIS, 1T RESE R R Pb IR RS PEAXN 4059, 0
YA G BRIGERDY,

HIE 1 v P fEgh i~ F 355 AR H
INRICRE G > A>T > N HE SR T
BEMERCAd IR LTS8 b2, &
TR RENEZESZn IR E >+
># NH Zn EEEPRERERE S TAEAN. TE
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H Cu EEETEEREERS TEAR., LU
R i As RO > S8 h>2EE L H As
FErGhMEREESTERE. & MG
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P REESTEASR.,. LU M.
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Fig.1 The heavy metals concentration and significance
difference among vegetables
PR AR A R [ B B 2 R SPSS [ ANOVA 4347 (P<0.05),
) BANTR ) - B 7 A5 S v [ 7 < e 55 4 A
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NI — 30,3 4 Cd>Zn>As>Ni>Cu>Pb, 1 &
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JE I & R R I AL B3 ) 22 57

2.5 B ESENTG YN

Wk 6 s EFTRER AR & b LU RZE
SRR 2 B H A R V5 Y b TR LT
15 IR FL U 25 5 M1 B YKo R A
81 Ab 52 B oK T A T G REA v Y g TR
IICE 2 Cd F As R 7354 39.1%F1 46.2%;
HUGE Ni F Po, EEARE ST A 7.69%H1 4.35%;Zn
A Cu 191345 E 389 A b b v BRAEL, HLJC A B AR
ORGP R GE 2 Ni M Zn, 005

PARE 9 1.57 A1 107,885 F 5051 60.9%F1
52.2%; H VK HE Cu Pb Al CdBFRFR> 50 13.0%-
4.35%F1 4.35%;As A AEZE R L FISEFEAR P,
Cd. Zn. HFED5H 0 7.14%. 14.3%F1 14.3%,Zn.
Cu. As. Ni 3t 6 P& EICEN TS EYAR
REFRUEBRAE, 320 AL Pb. Cd. Ni S EEAR,Cu
1 As B BA RBLEERR B MEAS v Y ) TR
& Cd, P38 5 i b v R, P 34075 G 4R B0k
LS, EFREN 42.9%; 0% Ni,HARE N 14.3%;5E
KELJEICE Pb. Zn. Cu. As FEWSEHAE
AR e PR AR, HJE S A B b n DL AN [R) 8 25 i ot A
[7 ol 248 £ 7 B W e 5 BB AR [0 7 A 7
A LA F AN TRV 056 AN [R) 2 4 e 1R R AU ARy i, A 0k
PR b AR VE ), 98 D VRN 1 4 e 1 RS
AR A R ARG A AR 5 A At B 52 0 P ¥ A g .
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Table 5 Bio—concentration factors of heavy metals in vegetables

& 4 ZHU(BCF)

e T H
Pb Cd Zn Cu As Ni
Ju 0.0002~0.008 0.019~0.341 0.010~0.090 0.002~0.022 0.0004~0.133 0.002~0.027
H3k
TME 0.003 0.100 0.042 0.005 0.025 0.006
- Ju 0.0001~0.002 0.014~0.333 0.011~0.197 0.002~0.009 0.001~0.175 0.001~0.042
sh TME 0.001 0.109 0.069 0.003 0.064 0.012
g Ju 0.0001~0.009 0.003~0.429 0.000~0.036 0.003~0.032 0.005~0.278 0.001~0.020
FRME 0.001 0.085 0.008 0.011 0.072 0.004
- Y 0.000~0.140 0.000~0.257 0.000~0.341 0.004~0.473 0.000~0.002 0.004~0.060
o SEHEIME 0.007 0.072 0.139 0.144 0.0001 0.020
#x6 HREEEBREMSHIEBERNGESSHRIEL
Table 6 Single factor pollution index and comprehensive pollution index of the heavy metals in vegetables
LR S il S
p_— Pb Cd Zn Cu As Ni LRV AR EE'S
IEE S < T S CT SR 17 SR G 17 SR EE S <1 SN <1 2 NI << 2% S Hu(PN) H
) e w " P S V5 Y FRHL
b S CO N E (%) B (%) B (%) (%) (%)
F2X 031 7.4 046 14.3 0.21 0.00  0.03 0.00 0.04 0.00 0.41 143 1.23 R Y
N 018 000 115 42.9 0.18 0.00 0.02 0.00 0.03 0.00 0.57 14.3 1.81 RS G
+5 032 435 097 39.1 0.15 0.00 0.1 0.00 0.85 46.2 0.23 7.69 3.04 EREVG Y
%054 435 045 4.35 1.07 522 0.78 13.0 0.00 0.00 1.57 60.9 2.90 NSRS

2.6 SEHh g AR S A O A b
PR S HIE S SRR T R A
AR B TR 7.8+ Cd S8 531
e (¥ Pb R Zn 5 i 52 0 IEAHC(P<0.01); 8528
Zn SR SEH A Cd Al As SRR B IEA

K(P<0.01); 8530 Cu TSI cd Al
As R R IFASE(P<0.01) 535 As 53
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Table 7 The correlations between heavy metals concentration

in soils and vegetables

iR HETEE
&) Pb Cd Zn Cu As Ni
Pb -0.036  0.358** -0.043 -0.128  0.135  -0.140
cd 0.126  —0.075 0.273** 0.285** —0.113  0.302*
Zn -0.033  0.402%* 036  -0.113  0.190  —0.139

Cu 0.082 -0.099 -0.140 -0.155  0.302* 0.038
As -0.029 0.027  0.304** 0.321**  -0.129  0.412%*
Ni 0.078 -0.044 0.139 0.152 0.123 0.198

A S PELE0.01 /K, I MEAE0.05 7K P
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Table 8 Intake and health risk of heavy metals in vegetables

oy Dl(mg/(kg-d)) THQ
BN AL LN 1AL
Pb 0.05 0.03 0.25 0.24
cd 0.03 0.02 0.54 0.52
Zn 3.69 1.88 0.20 0.20
Cu 1.06 0.54 0.44 0.42
As 0.09 0.04 4.88 4.67
Ni 0.19 0.10 0.16 0.15
TTHQ 6.48 6.21
3 it
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