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Abstract:  Objective  To assess the human health risk posed by elevated concentrations of lead in vegetables and to identify
lead pollution-tolerant vegetable varieties. The results could be used to guide vegetable safety evaluation and vegetable optimize
planting patterns. Method A large scale survey of lead levels in soils and vegetables planted or sold in Beijing was conducted with
giving priority to the consumption weight of vegetables and taking account of varieties. Lead health risk was accessed with lead
intake from vegetable consumption, and lead pollution-tolerant vegetable varieties were identified with bioconcentration factors
(BCFs). Result Lead concentrations in soils ranged from 13.2 to 78.8 mg-kg™, with arithmetic, median and geometric means of
30.3 and 28.7 mgkg!, respectively. Lead concentrations in the edible plant portions ranged from 0.1 to 654.5 pg'kg'FW, with
arithmetic, median and Box-Cox means of 80.9, 51.3 and 48.7 ug-kg'FW, respectively. In 9.2% of the samples, lead was higher than
the Tolerance Limit of Lead in Foods (TLCF) of 0.8 mg-kg™ fresh weight for pulse and 0.2 mg-kg™ for other vegetables. The lead
concentration in vegetables from Beijing was significantly higher than that of vegetables imported from other places in China, and
the lead in the field-grown vegetables was significantly higher than that of vegetables planted in a greenhouse. Results of hierarchical
cluster analysis on the BCF of lead in vegetables indicated that the plants sampled could be separated into three groups based on BCF.
Round beans trellis (Vigna unguiculata), radish (Raphanus), chili (Capsicum annuum) and bakchoi (Brassica chinensis), which
constituted the first group, had the highest BCFs. The second group, which includes cucumber (Cucumis sativus), wax gourd
(Beninacasa hispida), Chinese cabbage (Brassica pekinensis), eggplant (Solanum sp.), Chinese green onion, tomato (Lycopersicon
esculentum) and cabbage (Brassica oleracea), had higher lead BCFs while leaf beet (Beta vulgaris) and some special varieties

vegetables had lower lead BCFs. For adult and children in Beijing, the average ingestion rates of lead from vegetables were 16.6 and
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13.6 ug-d™', respectively.  Conclusion

Compared with the background lead concentrations of soil from Beijing, there appeared to

be a significant accumulation of lead in soil collected from vegetables plot. Consuming vegetables with elevated lead concentrations

may pose a health risk to local residents, particularly the children or ill.
Key words: Beijing; Bioaccumulation; Heavy metal; Human health risk; Lead; Pollutant-resistant plants; Vegetable; Soil
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1
Table 1 Concentrations of Pb in vegetables collected from farm fields and markets of Beijing
Box-Cox
Species of vegetables n Pb concentration in vegetables (ugkg”' FW) Results of Box-Cox transformation
Ps.w Ps.w
Range Medium Mean S.D. Box-Cox mean  S.D.
A Raphanus 21 0.7 4403 68.8 1155 1293 0.000 755 1.7 0.659
Allium fistulosum 17 2.0 261.0 66.0 922 708 0.090 703 1.55 0.168
Solanum tuberosum 7 3.0 2864 135.2 141.8 137.8 0.022 723 213 0.023
Allium cepa 5 0.1 68.0 43.6 38.1 294 0.251 233 1.68 0.330
Allium sativum 4 130.7 654.5 179.1 285.9 250 0.043 239.8 1.65 0.125
Lactuca sativa 1 99.6 99.6 99.6 - 99.6 -
Rootstalk vegetables 55 0.1 6545 68.8 116.7 127.6 0.000 712 179 a 0.711
Cucumis sativus 19 23 1229 51.3 50.6 35.5 0.048 41 1.38 0.485
B Vigna unguiculata 18 0.1 3235 156.2 1548 85.5 0.972 124.8 1.63 0.001
€ Capsicum annuum 16 0.1 447.0 116.6 1435 1414 0.003 91.1 1.86 0.612
Solanum 14 11.9 367.0 55.1 91.3 100.6 0.002 62.1 1.61 0.252
P Lycopersicon esculentum 13 1.1 2314 34.6 48.7 58.5 0.000 324 153 0.170
Beninacasa hispida 10 2.2 68.0 13.8 23.7 252 0.031 139 1.49 0.025
£ Bean 4 21.5 218.1 100.0 109.9 924 0.046 85.7 1.6 0.508
Cucurbita pepo 1 2.2 2.2 2.2 - 2.2 -
Towel gourd 1 38.7 38.7 38.7 - 38.7 -
Sweet broad pea 1 86.4 86.4 86.4 - 86.4 -
Gourd and fruit vegetables 97 0.1 447.0 56.6 90.3 95.7 0.000 573 1.68 ab 0.342
Brassica pekinensis 42 2.7 3703 48.7 66.2 72.8 0.000 46.7 1.51 0.267
¥ Brassica oleracea 17 0.1 286.1 54.9 76.8 852 0.000 48.1 1.68 0.452
S Brassica campestris 10 7.6 2199 74.2 96.6 724 0.439 763 1.51 0.839
H Brassica chinensis 10 23.1 3504 138.9 133.1 109.5 0.146 100.2 1.62 0.094
Spinacia oleracea 7 8.1 0.6 441 352 18.6 0.528 314 1.26 0.314
Brassica parachinensis 6 1.2 1388 63.0 59.6 53.7 0.593 345 1.77 0.169
Apium graveolens 5 7.6 116.2 18.3 40.7 45 0.081 29.1 147 0.539
! Brassica juncea 4 2.5 1852 101.9 979 78.6 0.942 652 1.84 0.335
Chinese flowering cabbage 3 10.7 11.7 10.7 11.1 0.6 - 11.1 1.01 -
Wild cabbage 2 33 53 43 43 14 - 42 1.07 -
! Bean sprous 2 10.7 33.9 223 223 164 - 20 1.28 -
Ipomoea aquatica 2 0.1 425 213 213 30 - 6.7 2.06 -
Beta vulgaris 1 5.7 57 57 - 5.7 -
Garlic sprouts 1 6.5 6.5 6.5 - 6.5 -
Xilanhua 1 5.6 5.6 5.6 - 5.6 -
Leafy vegetables 113 0.1 3703 47.1 684 755 0.000 421 162 b 0.744
Mini tomato 2 35 455 245 245 297 - 16 1.62 -
X Mini radish 2 65.1 131.7 98.4 98.4 47.1 - 943 1.27 -
L Chromatic chilli 2 30.7 1544 92.6 92.6 875 - 75.6 1.64 -
Mini cucumber 2 45 104 7.4 74 42 - 7 1.15 -
Baifengcai 2 22.6 262 24.4 244 25 - 244 1.04 -
Amaranthus mangostanus 2 239 282 26.1 26.1 3 - 26 1.04 -
Zibeitiangui 2 1.5 4.0 2.8 28 1.7 - 25 1.12 -
Fanxing 2 28.1 64.9 46.5 46.5 26 - 438 1.26 -
Mini onion 1 2.4 2.4 2.4 - 2.4 -
Brasenia schreberi 1 0.1 0.1 0.1 - 0.1 -
M Other special vegetables 11 0.1 849 5.8 20.1 303 0.001 8.1 1.59 0.424
Special vegetables 29 0.1 1544 13.6 30.0 395 0.000 147 159 ¢ 0.424
All vegetables 294 0.1 6545 51.3 80.9 944 0.000 48.7 1.68 0.048
“.r Data unavailable
A B c D
E G H
I J K
L M

A: Includes radish, white radish, summer radish and carrot; B. Includes Vigna unguiculata, cowpea and kidney bean; €. Includes hot pepper, mini capsicum, big
capsicum and green capsicum; P Includes tomato, mini tomato and banana-tomato; : Includes pea
bean (Vicia faba); *: Includes collard, violet cabbage, wild cabbage and brussels sprouts; “: Includes Youmaicai, rape and mini rape; ™: Includes a variety of
Chinese cabbage, creamy cabbage and rape bolt; : Includes Chinese kale, mustard leaf and wild mustard; ': Includes radish seedling, watercress, pea seedling,
black soyabean seedling, black soyabean sprout, soybean sprout and mungbean sprout; *: Includes mini radish and pen-radish; “: Includes yellow capsicum and
red capsicum; ™: Includes black cabbage (Brassica campestris), sweet apricot, shiitake fungus (Lentinus edodes), Qiangcai, Shuijingcai, Zisandi, Malancai,

corm fennel, Heiguo, Jingzhoul and Changqi

Pisum sativum

1

, sweet pea, green soy bean and broad
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Fig. 3 Hierarchical cluster analysis based on Box-Cox means of Pb in vegetables from Beijing

2

Table2 Comparison of lead concentrations in vegetables from different source

Box-Cox

Sources of vegetables n Pb concentration in vegetables (ugkg”' FW) Results of Box-Cox transformation

Range Medium Arithmetic mean

S.D.

Ps.w Ps.w
Box-Cox mean
S.D.

P*

208 0.1 6545 61.0 95.0 102.0

Vegetable  Produced in Beijing

of origin 86 0.1 286.1 24.0 48.0 62.0

Produced outside Beijing
222 0.1 4470 57.0 88.0 93.0
Planting Field grown vegetables
Patterns 72 0.1 6545 33.0 60.0 98.0
Greenhouse vegetables

0.000 62.0 1.656 0.067

0.000 26.0 1.632 0.025

0.000 41.0 1.66 0.15

0.000 21.0 1.68 0.047

9.5

5.7

10.0

0.54

* %

Percentage of Pb in vegetables higher than Tolerance Limit of Lead in Foods

028 0.3 kgd!

Box-Cox 59.3
ngkg 'FW
16.6  13.6 pgd’ 17

98.7% 4 R

4 65.2%

R 0.5

05 2
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Table 3 Bioconcentration factors (BCF) of Pb in major vegetables collected from farms of Beijing
n Box-Cox
Species of vegetables BCF of vegetables Results of Box-Cox transformation
Ps.w Ps.w
Mean (S.D.)x10" Range (x107) Box-Cox mean (S.D.) (x 107)
Brassica pekinensis 22 3.62 3.96 0.16 16.31 0.000 2.54 3.26 0.632
Brassica chinensis 17 362 28 0.76 12.17 0.002 3.04 243 0.483
Brassica oleracea 3 222 1.17 1.29 3.53 0.436 2.08 1.8 0.592
Beta vulgaris 2 0.82 0.99 0.12 1.52 - 0.54 3.3 -
Leafy vegetables 44 340 3.33 0.12 16.31 0.000 2.54 291 0.732
Allium fistulosum 17 3.04 2.01 0.07 6.49 0.425 238 29 0.043
Raphanus 12 5.04 6.01 0.58 21.67 0.001 349 3.68 0.466
Rootstalk vegetables 29 3.87 4.18 0.07 21.67 0.000 2.80 3.22 0.598
Capsicum annuum 17 546 5.59 022 17.74 0.002 3.69 4.03 0.442
Vigna unguiculata 17 5.74 3.36 0.72 11.83 0.081 5.05 247 0.451
Lycopersicon esculentum 7 2.77 3.16 0.52 9.76 0.001 2.09 2.78 0.152
Beninacasa hispida 4 1.76  0.86 1.02 299 0.278 1.67 1.64 0.531
Cucumis sativus 10 233 2.01 0.03 5.67 0.305 1.53 3.5 0.407
Solanum 13 343 4.09 0.33 14.86 0.001 225 3.52 0.441
Gourd and Fruit vegetables 68 419 4.1 0.03 17.74 0.000 295 342 0.753
D special vegetables 11 1.89 245 0.07 7.62 0.006 097 3.73 0.346
In sum 152 3.73 3.83 0.03 21.67 0.000 2.61 3.32 0.318
1 1

Includes mustard leaf (Brassica juncea), Heiguo, Intenerate chicory, Changqi, sweet shallot, Jingzhoul, Baifengcai, Jinzhu and Fanxing
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il Species ' i } : . ;
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K Allium fistulosum

Wi 1 Solanum
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W Cucumis sativus

B Capsicum annuum
% Raphanus }—
ANF1HE Brassica chinensis

£ HL5E Vigna unguiculata
HEAE Beta vulgaris

4 Box-Cox

Fig. 4 Hierarchical cluster analysis based on geometric means of BCF of Pb in vegetables from Beijing

1993  FAO/WHO ADI 10.5% 15.1%
25 ng-kg ' DWH! 4
56 33 kg ADI 200
117.9 pg-d”’ 4
ADI 30%
214.3 2
153.7 pgkg! 30 46
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Table 4 Weight coefficient of vegetable consumption, lead intake from vegetable
A B R=B/A Poaurc % Penitgren %
Species of vegetable % %
Absolute Relative value to Absolute Relative value to
value total Paguic value total Penilgren
Brassica pekinensis 249 27.9 1.12 2.53 24.1 2.53 16.8
Cucumis sativus 72 5.36 0.74 0.00 0.0 0.00 0.0
Lycopersicon esculentum 6.9 2.27 0.33 0.30 2.9 0.30 2.0
Raphanus 5.7 13.8 242 1.85 17.6 2.31 153
Solanum 4.4 4.12 0.94 0.28 2.7 1.12 7.4
Vigna unguiculata 3.8 13.7 3.60 1.81 17.2 3.25 21.5
Apium graveolens 33 0.25 0.08 0.00 0.0 0.00 0.0
Allium fistulosum 2.8 6.9 2.46 0.34 32 1.02 6.8
Beninacasa hispida 2.4 0.47 0.20 0.00 0.0 0.00 0.0
Spinacia oleracea 2.0 0.52 0.26 0.00 0.0 0.00 0.0
Brassica campestris 2.0 2.6 1.29 0.20 1.9 0.40 2.7
Capsicum annuum 1.9 9.8 5.16 1.45 13.8 1.81 12.0
Allium tuberosum 1.9 - - 0.00 0.0 0.00 0.0
Brassica oleracea 1.8 4.7 2.62 0.68 6.5 0.68 4.5
Solanum tuberosum 1.5 1.20 0.80 0.42 4.0 0.42 2.8
Brassica parachinensis 0.9 0.42 0.47 0.00 0.0 0.00 0.0
Nelumbo adans 0.6 - - 0.00 0.0 0.00 0.0
Allium sativum 0.5 1.30 2.60 0.16 1.5 0.16 1.1
Brassica chinensis 0.4 3.39 8.49 0.40 3.8 0.80 53
Other vegetables 25.1 1.3 - 0.08 0.8 0.3 1.8
In sum 100.0 98.7 - 10.5 100 15.1 100
A B Pagure and Penitdgren ADI

A. Percentage to the total consumption of vegetables in Beijing; B. Percentage to the total lead intake from vegetables; Pugu and Penigren. Percentage of
vegetable samples with Pb higher than ADI for adult and children, respectively

3
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