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100 207 mg/ kg, 5% 30 %"
( ) [28]
[3,19]
1
Tab 1 Concentrationsand digtribution characterigtics of soil Zn from farm fields in Beijing
(mg/ kg)
n Psw
52 24.9 308 63 8 79 2 46 8 2 86 10 9 0. 00
52 24.9 308 63 8 707 1 57 0 90 169 0 02
Box-Cox 52 24.9 308 63 8 68 0 108 0 15 1 16 0 28
22
( 2
(20 mg/ kg (29T (40. 0 mg/ kg) (50. 0

mg/ kg) e 0%
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2
Tab 2 Contents of Zn in vegetables collected from farm fieldsand mar kets of Beijing
(mg/ kg, ) Box-Cox

" ( Ps- w ( ) Ps. w
46 037 742 245 271 (1 27) 0.01 2 52 (1 80) 0 95
A 20 118 100 203 309 (2 54) 0. 00 2 68 (2 23) 0. 000
17 030 537 177 2 16 (1 59) 005 181 (2 31) 072
( 15 164 580 282 311 (1 31) 0. 00 2 9 (1 69) 0. 000
13 08 623 330 320 (1 69) 0.57 2 92 (2 07) 0 88
11 368 7.70 5 45 5 57 (1 48) 0. 30 5 45 (1 56) 0 36
( 9 274 499 482 4 38 (0. 79) 0. 01 4,33 (1 36) 001
8 091 249 115 1 42 (0 64) 0.01 1 35 (1 53) 002
7 110 230 186 1 80 (0 40) 071 177 (1 32) 0 51
7 153 594 313 318 (1 51) 0. 50 2 99 (1 84) 0 86
E 5 237 502 417 4,00 (0. 99) 0.37 3 93 (1 50) 018
4 166 974 578 5 74 (3 62) 078 5 07 (2 90) Q72
4 19 160 274 5 87 (6 81) 001 4 42 (4 11) 005
4 580 112 6 37 7. 42 (2 55) 0. 06 7.23 (1L 77) 0. 09
4 213 527 384 377 (1 74) 0 06 356 (1 95) Q07
3 091 185 18 1 52 (0 53) 0. 09 1 47 (1 51) 0 07

2 370 529 4 49 4 49 (1 13) - 4 45 (1 48) -

2 336 390 363 3 63 (0. 38) - 362 (1 17) -
181 030 160 271 3 26 (2 16) 000 288 (2 18) 005
F 24 101 888 215 286 (1 77) 0. 00 2 59 (2 00) 0 04
7 162 886 356 409 (2 35) 017 377 (2 12) 0.79
5 006 289 185 1 76 (1 05) 0.72 138 (2 78) 003
3 28 305 305 2 98 (0 11) - 000 2 98 (1 05) 0 00

2 092 199 1 46 1 46 (Q 76) - 139 (1 74) -

1 333 333 333 - 333 -
42 006 888 232 289 (1 79) 000 2 56 (2 15) 010
24 016 184 113 1 10 (0 44) 0. 65 1 02 (1 60) 001
22 036 328 143 1 54 (0 59) 0. 00 1 46 (1 53) 015
21 060 127 5 28 5 36 (2 48) 0.03 4,93 (2 25) 0.02
I 15 012 891 213 2 66 (1 99) 0. 00 2 26 (2 36) 0 44
15 016 1 50 0 64 0 65 (0 39) 010 0. 58 (1 60) 0 66
12 001 8097 183 2 76 (3 08) 0. 00 172 (3 83) 0.57
5 229 615 532 476 (1 52) 0.33 4. 60 (1 76) 015
4 107 256 17.5 17. 8 (6 33) 0.97 17. 2 (2 30) 0. 99

3 391 440 30901 407 (0 28) - 4.07 (1 11) -

1 389 389 389 - 389 -
122 001 256 170 3 01 (3 70) 0. 00 2 12 (3 14) 0.00
J 6 047 379 142 161 (1 21) 025 139 (2 11) 081
5 114 400 187 2 14 (1 09) 010 202 (173 Q34
4 063 190 131 1 29 (0 56) 0. 81 1 22 (1 60) 075
4 150 473 291 301 (132 0. 67 2 86 (1 81) 070

2 418 586 5 02 502 (1 18) - 4.98 (1 47) -

2 115 2091 203 2 03 (1 24) - 1 90 (2 04) -

2 454 690 572 572 (1 67) - 5 64 (1 63) -

2 311 697 5 04 504 (2 73) - 4,79 (2 31) -

2 215 339 277 2 77 (0. 88) - 272 (1 52) -

2 146 345 2 46 2 46 (1 40) - 2 32 (2 03) -

1 139 139 139 - 139 -

1 1 44 144 144 - 144 -
24 024 969 313 357 (2 63) 0. 08 2 91 (2 774) 0. 90
57 024 969 215 302 (218 000 2 54 (2 44) 054
402 001 256 224 3 11 (2 69) 0 2 55 (2 54) 019
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Tah 3 Comparison of Zn contents in vegetables produced from Beijing and other provinces of China,

and cultured under field conditionsand greenhouse

(mg/ kg, ) Box- Cox

n

( ) Psw ( Psw
316 0005 160 2 16 2 92 (2 25) Q0. 000 238 (25) 0. 965
86 107 256 2. 55 387 (397) 0. 000 2 56 (1 54) 0. 003
224 0.005 25 6 2 32 326 (3 01) Q0. 000 2 64 (2 63) 0. 196
178 0062 16 0 2 18 2 92 (2 22) Q0. 000 2 45 (2 43) 0 919

24
, Box- Cox 4)
4

Tab 4 Bioconcentration factors ( BCF) of Ni in major vegetables collected from farms of Beijing

Box-Cox
" ( ) Psw ( ) Psw
22 0053(0029) 0050 0 006-0 144 0. 02 0 048 (1 21) 0 16
17 0030(0018) 0026 0 006- 0 073 0. 47 0 026 (1 19) 0. 93
17 0039 (0.021) 0033 0 016-0 081 0 07 0 035 (1 18) 0 07
56 0041 (0025 0042 0 006- 0 144 0. 00 0 037 (1 20) 0. 55
( ) 13 0053(0062) 0033 0 016- 0 247 0. 00 0 042 (1 30) 0. 01
16 0035(0. 039 0024 0 002-0 165 0. 00 0 026 (1 29) 0. 46
18 0077 (0.036) 0077 0 008- 0. 137 0 94 0 071 (1 23) 0 24
0. 010 (0. 007) 0 009 0. 002- O 024 0. 40 0 009 (1 14) 0 99
4 0007 (0005) 0006 0 002-0 012 0. 68 0 006 (1 12) 0. 80
11 0021 (0.013) 0021 0 006- 0. 051 0 32 0 019 (1 16) 0 84
11 0036 (0.045 0024 00001-0 149 0 00 0 022 (1 40) 0 97
68 0 040 (0. 04) 0.026 0 0001-0 165 0O 00 0 028 (1 33) 0 23
12 0023 (0.022) 0014 0 002-0 079 0 01 0 018 (1 23) 0 45
149 0040 (0. 037) 0031 00001-0 247 000 0 031 (1 28) 0 91
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2 404mg ( -d
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EPA (NOAEL) 0.91 mg/ (kg- d)
60 kg 22 4%,
6 7% (FAO/ WHO) 7. 4% (EPA) , 76 %;
[32]
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A survey of zinc concentrations in vegetables and soil s
in Beijing and their health risk

HUANG Ze-chun' , SONGBo'? , CHEN Tong-bin' , ZHENG Yuarrming' , YAN GJun'?

(1 Center for Environmental Remediation, Institute of Geographic Sciences and
Natural Resources Research ,CA 'S, Beijing 100101, China;
2 Graduate School , Chinese Academy of Sciences, Beijing 100039 , China)

Abstract : To assess the human health risk posed by elevated concentrations of zinc in vege
tables, and to identify pollution-tolerant vegetable varieties, a large scale survey of zinc
levelsin sils and vegetables planted or sold in Beijing was conducted Fifty-two soil sanmr

ples were collected from gardens and fields used to grow vegetable plants In addition, 97
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varieties of 402 fresh vegetable samples were obtai ned from vegetable stalls, supermarkets
and wholesale outlets Zinc concentrations were measured using flame atomic absorption
spectrometry.

Zinc concentrationsin soil's ranged from 24 9 to 307. 5 mg kg * , with arithmetic , me-
dian, geometric and Box-Cox means of 79. 29, 63 81, 70. 7 and 68 01 mg kg ', regpec
tively. Compared with the background zinc concentrations of soilsfrom Beijing, there ap-
peared a sgnificant accumulation of zincin soils collected from fields that produced vegeta
bles Zinc concentrationsin the edible plant portions ranged from Q. 005 to 25 6 mg kg™ *
fresh weight , with arithmetic , median and Box-Cox meansof 3 11, 2 24 and 2 55 mg kg*
fresh weight , respectively. In all of the samples and vegetable varieties, zinc was less than
the Tolerance Limit of Zincin Foods ( TL CF) of 100 mg kg * fresh weight for pul se and 20
mg kg * for other vegetables The TL CFis the maximum permiss ble concentration of zinc
in vegetables that will be consumed by people The highest level of zinc detected in a vege
table plant was 25 6 mg kg * , which was measured in a green soybean sample Statistical
analyss showed that the zinc concentration in leaf vegetables was sgnificant higher than
that of gourd and fruit vegetable And the zinc concentration in vegetables from other
places of China was dgnificantly higher than the concentration of local vegetables, but
there was no sgnificantly difference between fiel dgrown vegetables and those planted in a
greenhouse

Results of hierarchical cluster analysis on the zinc bioconcentration factor (BCF) in
vegetables indicated that the plants sampled could be separated into three groups based on
BCF Beans round trellis (Vigna unguiculata) , the first group , had the highest BCFs,
and the following is the second group , including Chinese cabbage (Brassica pekinensis) ,
Pakchoi (Brassica chinensis) and radish (Raphanus) , had higher zinc BCFs while Chinese
green onion, chili (Capsicum annuum) cucumber (Cucumis sativus) , eggplant (Solanum
. ) , tomato (L ycopersicon esculentum) and wax gourd (Beninacasa hispida) had lower
zinc BCFs

The average ingestion rate of zinc from vegetables was 4 04 mg/individual/ day for
people of Beijing, making up 22. 4 % of the quantity demanded (18 mg/individual/ day) and
7. 4% of No-Observed-Adverse Efect-Level (NOAEL). Consuming vegetables with ele-
vated zinc concentrations may not pose a health risk to local resdents

Key words:Zinc; Beijing; vegetables; soil ; bioaccumulation; human health risk ; pollutant-
red stant plants



