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Accumulation and dietary exposure risk of arsenic and heavy metals in the vegetables
from some areas of China, 2001-2017
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Abstract: Objective To investigate the accumulation of arsenic and heavy metals and to better understand the health risks
associated with chemicals in vegetables from China. Methods  Statistical characteristics of the concentrations of six
elements, i.e., Cu, Pb, Cd, Cr, As and Hg, in vegetables from some areas of China were investigated, and their health
risks were assessed using the hazard model recommended by US Environmental Protection Agency, based on the available
information regarding the concentrations of arsenic and heavy metals reported in published literatures. Results  The
Kolmogorov-Smirnov test indicated that all the six elements in three types of vegetables had skewed concentration
distributions. And the coefficients of variation of element concentrations are less than 10% . The contents of Cd, As and Hg
were significantly different (P <0.05) among rhizome vegetables, leafy vegetables and eggplant vegetables. The contents of
Pb and Cr were significantly different (P <0.05) among leafy vegetables and eggplant vegetables. No significant differences
(P >0.05) were observed for Cu. The contents of Pb, As and Hg in rhizome and Cd concentration in leafy vegetables were
relatively higher, respectively. The linear correlation of Pb-Cd in rhizomes and leafy vegetables were all stronger (P <0.01).
The linear correlation of Ph-Cr was stronger in rhizomes vegetables (P <0.01). The pollution indexes showed that the levels
of Cu, Cd, Cr and As in three types of vegetables were within the limits of safety. But the levels of Pb and Hg in rhizome

vegetables and leafy vegetables belong to slight pollution. The non-carcinogenic risk levels from exposure to arsenic and metals
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(including Cu, Pb, Cd, Cr and Hg) were separately acceptable in rhizome vegetables and eggplant vegetables. However,

health risk assessment indicated that the hazard quotients of Pb in leafy vegetables were 1.780 and 2.020 for adult and

children at the 95th percentile, respectively. This indicated that the lead in leafy vegetables had a potentially non-

carcinogenic risk via food exposure. Conclusion

The pollution of arsenic, copper, mercury, chromium and cadmium in

vegetables in China were generally low, but the lead pollution in leaf vegetables should be of concern.

Key words: Vegetables; arsenic; heavy metals; accumulation; food contaminants; dietary exposure; risk assessment
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Table 1  Summary of arsenic and heavy metal concentrations, with basic statistical parameters, for rhizome vegetables
from some areas of China

LRIl & Ep P25 P50 P75 A S R e ﬁ’;ﬁ:ﬁ??;’%%é\i
i H /(mg/kg) /(mg/kg) /(mg/kg)  /(mg/kg)  /(mg/kg) /% FRAF/ (mg/kg)
Cu 0.006 ~8.410 0.522 £1.090 0. 059 0.213 0.561 2.09 5. 64 10.0
Pb ND ~ 1. 940 0. 140 £0. 262 0. 009 0.037 0.158 1.92 4.41 0.3
Cd ND ~0. 480 0.034 £0. 066 0. 002 0.013 0. 030 1.89 4.11 0.1
Cr ND ~ 1. 560 0. 101 +£0. 236 0. 009 0. 040 0. 081 2.33 4.89 0.5
As ND ~0. 589 0.040 £0. 105 0.003 0. 005 0.017 2.62 4.37 0.5
Hg ND ~0. 048 0. 005 £0.008 0.001 0.003 0. 007 1. 60 4.15 0.01

T :ND 35 5/ THAG R

2 FEMH X SREH I D As FEEE & B G FRE (2 £5)

Table 2 Summary of arsenic and heavy metal concentrations, with basic statistical parameters, for leafy vegetables

from some areas of China

ﬁ'«‘)ﬂﬂ RNl ¥ME P25 P50 P75 A5 5 R R o YT g
i H /(mg/kg) /(mg/kg) /(mg/kg)  /(mg/kg)  /(mg/ke) /% FRAE/ (mg/kg)
Cu ND ~10. 800 0.681 +£1.300 0. 042 0. 240 0.730 1.91 4.56 10.0

Pb ND ~1.200 0. 136 £0. 223 0.002 0. 006 0.038 1.63 5.93 0.3

Cd ND ~2.060 0.045 £0. 139 0. 002 0.011 0. 042 3.08 10. 20 0.1

Cr ND ~ 1. 460 0.091 £0. 152 0. 007 0. 030 0. 120 1. 66 4.25 0.5

As ND ~1.090 0.038 £0.098 0. 003 0. 005 0.031 2.57 6. 69 0.5

Hg ND ~0. 100 0.004 £0.011 0. 000 0. 001 0. 003 2.67 6.29 0.01

T :ND g5 /D T R

5 GB 2762—2017"" 4% ,3 KB Cu Pb,
Cd.Cr As fl Hg F ¥ & /N FARHERE. &80T
FRGIS MR R RS P Al Cr R ER

G EE X (P <0.05),3 JKiis b Cd As Fl Hg
FRHWEFARITFE X (P <0.05) ,{H 3 i
Hh Cu H R ZER TG E L (P>0.05), Cd-F
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3 OFREMA M AR B  As FIE S8 & B GITFRE (5 £ 5)

Table 3 Summary of arsenic and heavy metal concentrations, with basic statistical parameters, for eggplant vegetables

from some areas of China

iRl TR ¥ifH P25 P50 P75 A5 5 R . I R CE Y7/ Rog s

gE]| /(mg/kg) /(mg/kg) /(mg/kg)  /(mg/kg)  /(mg/kg) /% e FRAE/ (mg/kg)

Cu 0.001 ~2.740 0.323 £0.411 0.033 0. 166 0.501 1.27 2.51 10.0

Ph ND ~1.610 0.070 £0. 165 0. 005 0.015 0. 081 2.35 5.98 0.3

Cd ND ~1.150 0.022 £0. 103 0.001 0. 002 0.016 4. 49 9.39 0.1

Cr ND ~0. 896 0.075 £0. 158 0. 004 0. 024 0. 068 2.11 3.57 0.5

As ND ~0. 402 0.029 £0.075 0.001 0. 005 0.013 2.59 3.43 0.5

Hg ND ~0. 590 0. 003 £0. 009 0. 000 0.001 0. 002 2.78 4.67 0.01
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Figure 1  Single pollution index of heavy metals and arsenic

in vegetables from some areas of China
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Table 4 Non-carcinogenic risks for adults and children because of exposure to arsenic and heavy metals in vegetable

form some areas of China

Lol . (RS g Tl 2
B L - - - - - -
Wi H LN JL3E LN L LN L
50% 0. 040 0. 005 0. 024 0.028 0. 006 0. 007
Cu 90% 0.023 0. 027 0.179 0.203 0.030 0.033
95% 0.038 0. 043 0.282 0.319 0.039 0.042
50% 0.019 0.022 0.103 0.117 0.015 0.016
Pb 90% 0. 183 0.208 1. 090 1.240 0.153 0. 167
95% 0.294 0.334 1.780 2.020 0. 296 0. 323
50% 0.011 0.012 0. 041 0. 046 0. 003 0. 003
cd 90% 0. 066 0.075 0. 361 0. 409 0. 044 0.048
95% 0.126 0. 143 0. 689 0.779 0. 086 0. 093
50% 0.010 0.012 0.039 0. 044 0. 009 0.010
Cr 90% 0. 036 0. 042 0. 336 0. 381 0.079 0. 086
95% 0.136 0. 155 0.431 0. 488 0.209 0.228
50% 0. 001 0. 002 0. 007 0. 008 0. 002 0. 003
As 90% 0.039 0. 044 0. 135 0. 153 0. 020 0.021
95% 0. 048 0. 0537 0. 265 0. 300 0.116 0. 127
50% 0.014 0.016 0. 029 0.033 0. 007 0. 008
Hg 90% 0. 062 0.071 0.315 0. 357 0.097 0. 106
95% 0. 121 0. 138 0. 384 0. 435 0.287 0.312
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Abstract; Objective The risks of Bacillus cereus in commercial fermented bean curd were compared using the existing
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