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21
1 2 3 Pb Zn
Cd Cu (GB15618 1995 ) 38 106 89
11. 7 Pb Zn Cd
, Pb  Zn , Cd Cu
s
1 (mg* kg'")
Tab 1 Heavy metals concentration in contaminated soils in 4 districts (mg* kg ')
Pb Zn Cd
(n= 12) 843 71713 2a 2112 0£727 4a 2 6611 09a 586 31212 6a
(n= 8) 417 6£23 8b 840. 3 = 277 9b 1 450 64b 226 132 3b
(n= 8) 297 116 1c 332 1 % 200 1c 1 44%q 31b 218 8£51 9b
(n= 8) 263 2%15 2¢ 249 Te 0 47£0 19¢ 38 3%4 4¢
( ) 250 200 03
, p> 005
pH Pb Zn Cd ( GB5084-92)
2 pH (mg* kg™ ')
Tab 2 Heavy metals concentration and pH of water to irrigation in 4 districts (mg* kg !)
pH Pb Zn cd Cu
(n=8) 325 Q0 25 318 0 06 1. 62
(n=8) 4 13 018 259 0 02 0. 58
(n=8) 522 0 09 0 03 ND 0. 02
(n= 8) 6 04 0 09 0 03 ND 0. 02
5.5~85 Q10 2 00 Q 005 1. 00
: ND
3 ( ) (mg* kg 1)
Tab 3 Heavy metals concentration of fresh vegetables in 4 districts (mg* kg !)
Pb Zn Cd Cu
0 80 22 45 0 28 1. 07
0.42~ 1 43 10 8~ 37 5 0 18~ 0 73 Q 4~ 175
0 39 12 38 0 17 0. 85
0.22~ 0 94 307~ 137 0 07~ 0 46 Q 17~ 1 52
Q0 36 5 40 Q07 0. 52
0. 14~ Q 45 2 91~ 9 62 0 02~ 0 23 0 28~ 0 69
029 8 30 Q07 0. 48
0. 13~ 0 31 2 30~ 6 55 0 01~ 0 06 0 24~ 0 68
Q2 20 00 Q05 10

GB18406 1 2001 GB13106-94 GB18406 1 2001 GB15199-94
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Pb Zn Cd 40 1.1 56
Pb  Cd
, >
>
22
4 cd ( /
) , Pb Cu , Pb Zheng '
, Cd> Zn> Cu> Pb Cd
Q 001~ Q 344, Pb Cu 7 5 Cd
0017~ 0.367, Pb Cu 195 11
4 -
Tab 4 The transfer factor of heavy metals from soil to the edible part of vegetables
Pbh Zn Cd Cu
(n= 8) 0 006 0 022 0 026 0 009
(n=8) 0 004 0 017 Q0 277 Q0 010
(n= 8) 0 010 0 018 0 149 0 019
(n= 8) 0 003 0 014 0 029 0 004
(n= 10) 0 003 0 003 Q0 091 Q0 005
(n=8) 0 008 0 013 0 367 0 007
(n= 10) 0 004 0 017 0 178 0 003
(n=8) 0 003 0 021 0 044 0 009
(n= 8) 0 007 0 014 0 017 0 011
(n=8) 0 002 0 003 0 038 0 014
(n=8) 0 004 0 009 0 045 0 023
(n= 8) 0 002 0 019 0 195 0 011
(n= 10) 0 003 0 005 0 033 Q0 012
(n=10) 0 002 0 016 Q0 061 0 010
0 006 0 011 0117 0 010
23
5 5 (mg: &)
Tab 5 Estimated daily intake amounts of metals
7n Cu DI PTDI ( Provisional through vegetables for adults in 4 districts(mg* d!)
tolerable daily intake) , Pb Pb Zn cd Cu
Cd DI FAO/WHO PT DI 02 1T 00T 0
013 4 27 0 059 029
012 1 86 0 024 Q18
DI PT DI
0 10 2 86 0 024 0 17
24
PT DIl Q2 33 0 072 65
Zn Cd Cu R US EPA
(2000) : 0.3 0.001 0 04mgeke '*+d ', Pb (USEPA, 1997) 0 004
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mg * kg_ Lo g lt6.17) 6
THQ 6 THQ
THQ Tab 6 THQ for metals caused by
1 consuming vegetables of four districts
Pb cd TH Q Pb Zn Cd Cu
1L 23 1. 737 123 0 46 L 73 0 17
0 60 0 25 1 05 013
Cd THQ L Q 56 011 Q42 Q 08
0 45 Q17 0 42 0 07
3
THQ
THQ 7 Cd
Cd , Zn  Cu THQ ,
[18] THQ
7 THQ
Tab 7 Comparison of THQ of heavy metals in different areas (mg/ kg)
Districts Reference E xposure pathways Pb Zn cd Cu
Chien et al., 2002119 ( ) - - L 12 L5 2. 45
( ) - - 015 0.20  0.33
Wang et al., 20050151 ) 0. 02 Q 09 0. 04 0. 15
) 0. 03 012 0. 04 0. 19
Zheng etal., 200720 ( 0364 0.731 0.749 1220
( Q0 331 0. 739 0. 618 1 099
s Pb Zn Cd Cu
( ) 38 1006 89 11. s Cu , Pb Zn Cd
Zheng '
Cu Cd , Cd Cu 5 Alam "1
, Cd Cu 11
Cu ,
, Mn Zn Fe Co
Ni , , Ag
Al Cd Pb Hg, (22 pp o Cd
[25] . Zn Cu i [ 26]
THQ v pp cd Zn Cu

Pb Zn Cd

Cll [27]
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Health risk of heavy metals to inhabitants around mine
contaminated areas via consumption of vegetables

ZOU Xiae jin', QIU Rongliang" >, ZHOU Xiac-yong', HUANG Su#+hong'
(1. School of Environmental Science and Engineering, Sun Y atsen University, Guangzhou 510275, China;

2. Guangdong Provincial Key Lab of Environmental Pollution Control and
Remediation Technology, Guangzhou 510275, China)

Abstract: Vegetables have been reported as an important route of human exposure to heavy met
als. This study aims to evaluate the health risks associated with ingesting heavy metals through
vegetables for the general population of four districts (Shangba, Xiaba, Suoyikeng and Hewu)
which were contaminated by mine exploiting and acid mine drainage irrigating in Dabao M ountain,
Guangdong province, China. Soil samples (36), irrigative water ( 32) and vegetable samples
(120) were collected from the 4 districts and heavy metals analyzed by atomic absorption spee-
trometry (A AS). The mean concentrations of Pb, Zn, Cd and Cu of the soils in Shangba village
were 843.7, 2112.0, 2. 66 and 586. 3 mg/ kg, respectively, and were 3.8, 10. 6, 8.9 and 11.7
times compared to the tolerant limit level in China. The vegetable concentrations in Shangba vik
lage were 4. 0, 1.1 and 5. 6 times of the tolerant limit level of vegetables in China. While the
mean concentrations of Pb and Cd in the other three districts were also higher than the tolerant
limit level of vegetables in China. T he heavy metal concentrations of soil and irrigation w ater and
vegetables in the 4 districts were in the order: Shangba> Xiaba> Suoyikeng> Hewu.

The average daily intakes (DI) of Pb and Cd in Shangba were 0. 28 and 0. 097 mg/d, which
were 1.40 and 1. 35 times of the provisional tolerable daily intake ( PTDI) established by FAO/
WHO. While the DIs of Zn and Cu in Shangba w ere below the PTDI. The DIs of heavy metals in
the other three districts were also below the PTDL

The target hazard quotients (THQs) can be used to evaluate the health risks with heavy met
als by vegetable concentrations consumed in inhabitants. T he THQ of heavy metals of vegetables
in Hew u and Suoyikeng were below 1, while the Pb and Cd in Shangba were more than 1, indica-
ting that Pb and Cd were the key heavy metals which affected health risk of the inhabitants in this
polluted area. It also showed that the inhabitants who lived near the contaminated river faced the
adverse health risk. It indicated that health risk was caused mainly by AMD irrigating. Shangba
villagers had higher health risk because they irrigated heavily contaminated water from Hengshi
river, while Hewu villagers had less health risk by using contaminated water for irrigation. The
THQ of Cd of Shangba village through vegetables was similar to that of Taiwan through oyster,
while the THQ of Zn and Cu were lower than that. The THQ of heavy metals in Hew u was simi

lar to those of uncontaminated areas.

Key words: heavy metal; health risk; daily intake; target hazard quotient



