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A Survey of Copper Concentrations in Vegetables and Soils in Beijing and Their Health Risk
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Abstract: In order to assess the human health risk posed by elevated concentrations of copper in vegetables, and to identify pollution- toler-
ant vegetable varieties, a large scale survey of copper levels in soil and vegetables planted or sold in Beijing was conducted. 53 soil samples
were collected from gardens and fields growing vegetables.100 varieties of 416 fresh vegetable samples were obtained from vegetable stalls,
supermarkets and wholesale outlets. Copper concentrations were measured using graphite furnace atomic absorption spectrometry (GF- AAS).
Copper concentrations in soils ranged from 6.0 to 65.2 mg kg%, with arithmetic, median and geometric means of 24.5, 23.2 and 22.7 mg kg?,
respectively. Compared with the background copper concentrations of soil from Beijing, there seemed a significant accumulation of copper in
soil collected from fields that produce vegetables. Copper concentrations in the edible plant portions was 0.024~8.25 mg kg* fresh weight,
with arithmetic and geometrical means of 0.713 and 0.505 mg kg* fresh weight, respectively. In all of the samples and vegetable species,
copper was less than the Tolerance Limit of Copper in Foods (TLCF) of 20 mg kg* fresh weight for pulse and 10 mg kg* for other vegetables.
The highest copper level of 8.25 mg kg* was found in a sample of beans round trellis. The copper concentration in gourd and fruit vegetables
was significantly higher than that of leaf vegetables and rootstalk vegetables. And the copper concentration in vegetables from field- grown
vegetables was significantly higher than those planted in a greenhouse, but there was no significant difference between vegetables from other
places of China input to Beijing and those of produced from Beijing. Hierarchical cluster analysis on the copper bioconcentration factor (BCF)
in vegetables indicated that the plants sampled could be separated into three groups based on BCF. The first group, beans round trellis, had
the highest BCF, and the following was the second group, including eggplant, chili, Pakchoi and Chinese green onion, while wax gourd, cu-
cumber, Chinese cabbage, tomato, cabbage, radish and leaf beet had lower copper BCF. The average ingestion rate of copper from vegetables
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was 815.6 ug d* for individual people in Beijing, being 82.4% of the quantity demanded (990 pg individual-* d*) and 6.8% of Provisional

Maximum Tolerable Daily Intake (PMTDIs) (12 mg individual* d-*).Consuming vegetables with elevated copper concentrations may not pose
a health risk to local residents.

Keywords: Beijing; vegetables; copper; human health risk; pollutant- resistant plants
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Figure 1 A sketch map showing sampling sites of vegetables taken from Beijing
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Table 1 Concentrations of Cu in vegetables collected from farm fields and markets of Beijing

B | n HXASB/mg - k!, HE HYESRER
HuE BEERHER) Ps.w BHEERHEE) Psw
PN=E 46 0.128~2.155 0.348(0.317) 0.00 0.293(1.66) 0.001
HEEA 20 0.089~0.999 0.405(0.272) 0.00 0.336(1.86) 0.37
*H 20 0.322~3.957 0.777(0.804) 0.00 0.611(1.84) 0.01
HiE)HB 15 0.235~2.151 0.62(0.607) 0.00 0.47(197) 0.006
INEEA 13 0.223~3.486 0.798(0.912) 0.00 0.556(2.21) 0.11
k¥ 11 0.292~5.627 0.956(1.557) 0.00 0.584(2.26) 0.001
B(HHED 9 0.35~1.538 0.975(0.412) 077 0.884(1.65) 037
¥ 8 0.133~0.85 0401(0.218) 0.35 0.352(1.76) 0381t
B B3k 7 0.079~0.193 0.123(0.048) 0.05 0.115(1.46) 0.06
K 7 0.436~1.052 0.719(0.195) 096 0.696(1.32) 098
JFHE 5 0.259~1.627 0.672(0.551) 0.05 0.542(2) 0.64
7524 4 0.18~0.51 0.39(0.151) 0.32 0.362(1.62) 0.15
A 4 0.374~3.605 1.245(1.577) 0.00 0.752(2.92) 0.07
PN 4 1.156~1.819 1.386(0.313) 0.21 1.362(1.24) 0.25
F 4 0.272~0.539 0.406(0.153) 0.03 0.384(1.48) 0.03
(e 3 0.321~1.272 0.755(0.481) 0.71 0.65(1.99) 092
HE 3 0.577~0.737 0.643(0.084) 0.44 0.64(1.14) 0.46
LK 2 0.515~0.689 0.602(0.123) — 0.595(1.23) —
MR 185 0.079~5.627 0.596(0.672) 0.00 0.433(2.08) 0.005
BNF 24 0.089~1.197 0.468(0.351) 0.00 0.356(2.17) 036
+83 7 0.52~1.884 1.118(0.46) 0.34 1.029(1.58) 0.17
HE 5 0.352~0.666 0.534(0.115) 0.51 0.523(1.27) 0.27
i 3 0.211~0.402 0275(0.11) — 0.262(1.45) —
BE 2 0.526~0.968 0.747(0.313) — 0.713(1.54) —
- 1 1.62 1.62 - 1.62 —
REH 42 0.089~1.884 0.611(0.441) 0.00 0.466(2.18) 0312
FipAR il 24 0.131~0.771 0.45(0.213) 001 0.399(1.67) 0.054
&L 23 0.216~1.661 0.494(0.294) 0.00 0.445(1.52) 0.014
nyEght 21 0.431~8.25 1.986(1.885) 0.00 1.532(1.97) 0.092
B 18 0.328~2.459 0.976(0.527) 0.06 0.857%(1.7) 094
T 17 0.293~2.712 0.981(0.648) 0.00 0.834(1.76) 034
ZK 15 0.024~1.116 0.271(0.272) 0.00 0.185(2.53) 0.78
fEE 5 0.283~0.99 0.802(0.294) 0.01 0.734(1.71) 0.01
G 4 1.453~6.34 3.44(2.225) 053 2.917(1.95) 0.69
VEEAPS 3 0.647~0.677 0.657(0.017) - 0.657(1.03) —
M 1 0.585 0.585 — 0.585 —
JRRH 131 0.024~8.25 0935(1.134) 0.00 0.623(2.44) 0.88
P 6 0.152~1.267 0.843(0.388) 0.44 0.708(2.18) 0.02
HHE N 5 0.154~0.487 0.312(0.124) 095 0.291(1.54) 0.87
XLHELAH 4 0.342~0.761 0.532(0.188) 0.72 0.508(1.43) 0.76
FEREL 4 0.421-~0.54 0.456(0.056) 0.03 0.454(1.12) 0.04
HE 2 0.436~0.807 0.621(0.263) — 0.593(1.55) —
AR 2 0.392~0.477 0.435(0.06) — 0.433(1.15) —
W3k 2 0.806~1.294 1.05(0.346) — 1.021(1.4) —
KNRE 2 0.534~1.248 0.891(0.504) — 0.816(1.82) —_
i 2 0.481~0.531 0.506(0.035) — 0.506(1.07) —
B 2 0.303~0.711 0.507(0.289) — 0.464(1.83) —
H#H 1 0.336 0.336 — 0.336 —
T 1 0.203 0.203 — 0.203 —
HAnsrsr ™ 25 0.143~2.253 0.762(0.531) 0.00 0.608(2.02) 0.73
HERR 58 0.143~2.253 0.658(0.428) 0.00 0.545(1.87) 041
25K 416 0.024~8.25 0.713(0.819) 0.00 0.505(2.21) 0.8
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Figure 4 Hierarchical cluster analysis based on geometrical means 5
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Table 2 Comparison of Cu concentrations in vegetables from different areas and planting patterns

e . HEFA SR /mg - kg HE MEHERER
ki) FHEFEE) Ps.w BHEGREE) Ps.w
P 3] 2 330 0.024~8.25 0.730(0.819) ] 0.520(2.21) 0.955
L3 86 0.089~6.340 0.645(0.822) 0.000 0.451(2.17) 0.214
M BEh 236 0.089~8.25 0.789(0.953) 0.000 0.553(2.23) 0.01

R 180 0.024~5.627 0.601(0.584) 0.000 0.449(2.15) 0.997
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Table 3 Bioconcentration factors (BCF) of Cu in major vegetables collected from farms of Beijing
fh¥ n L HARSEGIHEE) LIS ERREE) Psw
PNLE- 22 0.005 2~0.099 3 0.021 2(0.020 7) 0.016 1(2.02) 0.174
KH 20 0.009 5~0.143 4 0.033 8(0.032) 0.026 3(1.94) 0.053
UN=E 17 0.006 5~0.169 2 0.043 8(0.055) 0.022 7(3.05) 0.005
Hig 3 0.011 4~0.016 6 0.013 7(0.002 6) 0.013 5(1.21) 0.68
- 32 2 0.005 8~0.015 9 0.010 9(0.007 1) 0.009 6(2.03) —
L 64 0.005 2~0.169 2 0.030 5(0.036 4) 0.020 1(2.3) 0.001
HMERF M) 14 0.004 1~0.062 4 0.018 1(0.014 8) 0.014 5(1.94) 0.62
B 19 0.006 8~0.102 5 0.036 8(0.022 7) 0.030 7(1.9) 0.81
ZRE 18 0.024 6~0.406 3 0.100 4(0.100 6) 0.071 7(2.21) 0.221
i 8 0.002 4~0.037 4 0.021 5(0.011 5) 0.017 1(2.41) 0.033
AR 0.006 1~0.056 1 0.025 2(0.021 6) 0.018 8(2.49) 0.93
#HIK 12 0.009 8~0.083 4 0.023 5(0.02) 0.019 3(1.78) 0.56
T 16 0.0102~0.159 4 0.047 5(0.042 9) 0.035 6(2.11) 0.21
JRE 77 0.002 4~0.406 3 0.049 6(0.060 9) 0.032 9(2.38) 0.80
Ky 12 0.002 6~0.081 8 0.020 4(0.023 9) 0.012 2(2.79) 0.56
LBHX 167 0.002 4~0.406 3 0.037 5(0.049) 0.023 7(2.48) 0.203
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