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Concentration and Health Risk of Heavy Metals in Vegetables and Soils in Region

Affected by an Ancient Tin Ore
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Abgtract : To invedigate irfluences df mining activities on heavy metad contamination and hedth risk in vegetable of mining dfected area, the
present gudy was undertaken as a prelimnary survey of As, Cd, G, O, Cu, Ni , Po and Zn concentraions of mgority vegetables and ils
in area dfected by an ancient tin ore, Yunnan province. Based on the il heavy metas invedigated , average Nemero index of il heavy
metdsreach 50. 1, showed that vegetable fid ds were contaminated by heavy metds, egecidly As: average As concentration of ils could
reach1225 mg- kg *. Heavy metd concertrations in the edible portions of mejority vegetables exceeded the nationd gandards of China
serioudy, epedialy As and Pb, and the maximum of As and Pb concentrations (DW) could reach 856 mg- kg * and 506 mg- kg ',
repectivdly. Heavy metd concentrations among 3 kinds of vegetables decreased in following order : ledt vegetables > fruit vegetables >
rhizome vegetables. Gonsurrption of  vegetables from the mining dfected area may pose extremdy high hedth risk o As and Pb to loca
resdents, which the exposed risk indexes coud reach 158 and 13. 3, regectively.
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Table 1 Heavy metd concentrations in ils and Nemero index datigtics

Jmo: kgt Nemero
As cd @ o Cu Ni Pb Zn (P)
820 132 12.6 11.5 124 34.8 107 187 3.63

3171 35.6 53.7 150 2417 137 3258 5155 132
1225a 10.5a 29.8a 55.4a 757a 68.7a 970a 1635a 50.1

(n=12)
635 551 268 49.1 216 50.0 588 913 26.0
1159 118 137 358 876 35.7 973 1678 47.8
19.3 0.16 153  55.1 24.3 3.6 30.2  39.0 1.14
74.7 0.84  44.8 113 76.0 80.7 69.6 189 3.46
(n=17) 32.4b 0.53b 28.5a  80.0a 46.3b 55.2b  54.5b 114b 2.13
320 0.80 287  67.9 66.2 517 64.3 148 2.54
9.3 0.27 117  19.8 18.2  18.4 0.2 49.2 0.81
2 250 0.60 300 100 50.0 300 250
El 18.4 0.22 65.2 4.3 425 40.6 89.7
3 1.2 010 127  6LO 2.6 26.9 26.0 742
Tentative Netherlands il Quality
o 20.0 1.00  20.0 100 50.0  50.0 50.0 200
Criteria
b t € =005);2) PHBE.5 7.5 (@B 15618-1995) [ ;
3) . 0 20cm, n=73; n=4093"1:4) A , (18]
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Table 2 Heavwy metd concentrations in edible parts of mgjor vegetables
(DW) /mg- kg™ *
As cd @ o Qu Ni b pay)
1 6.88 0.03 1.42 nd 7.97 1.66 4.64 65.3
1 4.00 nd 2.21 38 129 0.91 8.07 33.3
1 1.90 nd 2.81 0.62 366  17.8 2.04 40.4
1 0.74 nd 1.03 0.20 154 0.98 0.49 40.4
3.38 0.01 1.87 1.17 10.0 5.33 3.81 44.9
1 856 464 110 8.70 900 6.30 506 689
1 a2 4.38 9.79 128 328 20.1 126 312
4 156 3.41 12.0 15.8 264 20.2 210 366
2 63.8 2.54 2.78 552  8L1 17.9 139 248
3 50.1 nd 10.4 148 112 8.35  67.5 108
2 46.9 3.02 9.02 2.79 64.2 10.4 27.7 188
2 33.5 0.92 4.60 230  13.6 49 629 101
3 20.8 0.51 5.76 nd 12.8 206 27.4 123
1 15.4 1.79 4.58 445 169 0.84 4.80 78.4
1 6.97 nd 5.47 nd 8.15 82 315 50.2
1 2.03 0.17 3.53 111 6.40 1.84 8.58 36.2
1 1.63 0.92 0.30 nd 47.6 1.70 12.1 187
112 1.93 6. 66 5.64 130 9.48 116 219
2 211 1.90 5.16 1.8 419 8.43 154 136
1 2.34 nd 3.30 nd 14.0 1.75 14.8 36.4
141 1.27 4.54 124 326 6.20 108 103
1 34.9 nd 13.4 18  10.9 809 421 125
1 4.73 0.04 5.11 nd 8.37 2.49 11.8 49.7
1 1.38 0.10 3.93 0.37 11.2 5.56 5.92 55.4
3 0.78 0.26 6.37 106 327 6.25 10.8 74.6
7.23 0.15 6.92 0.90 214 5.82 15.3 75.6
1 1.54 6. 40 2.58 9.15  20.4 5.62 5.37 126
1 0.36 0.46 nd 6.80 8.03 2.67 nd 48.4
0.95 3.43 1.29 7.97 14.2 4.15 2.69 87.0
0.0 022 — 052 107 0.3" 0.3 209
1) nd: : 2) (@ 2762-2005) 12! ; 3) (@ 15199-94) (211 : 4)
121 5) (@B 13106-91) (&
3
Table 3  Intake and hedlth risk of heavy metd by consumed vegetables
As cd @ o Qu Ni Pb Zn
47.4 0.73 2.83 2.16 47.2 4.46 46.5 87.2
@l pg (kg d) *
2.47 0.28 2.39 0.83 8.09 2.22 5.29 31.0
RDUg (kg d) * 03?2 172 — 150" 500” 207 35” 300"
Ho 158 0.73 — 0.00 0.09 0.22 13.3 0.29
8.25 0.28 — 0.00 0.02 0.11 1.51 0.10
1) usePA® #1; 2) wHO™! ; 3) WHO™!
H) 3
; As Pb (
L 2) 1 L}

As
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