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Enrichment Characteristics of Heavy Metals and Health Rlsk in) Different Veget.ables
QI Hao, ZHUANG Jian, ZHUANG Zhong, WANG Qi, WAN Ya-nan, LI Hua-fen " s L
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(Beijing Key Laboratory of.._Farmland Soil Pollution Prefention and Bemedlqtioll, College of Resource and Environfﬁental Sciences, Ghina Agricultural Universityy_Beijing
1001937 China) ' (Wd »F a i : ;

Yy i/ & u & -
Absfract The healfh n}k c;usetl by heavy metal ac cumulauon- i vtggables i5 of great concern. In this sludy, a databasg of heavy metal content in a vegbtablesoil sv%lem m—"
China was constructed through literature review and field sample eollection. A" systematic analysis of sefen héaw metal conitents in edible parts of vegtables and their
bioaccumulation capacity among different vegetables was also pelfﬂ‘rmed ddlllond]ly, the non-carcinogenic higalth risks of four types vegetables were assessed by using?Monte
Cailo snnulanon (MCS). The mean values of Cd, As, Pby Cf, Hg,' Cu,land Zn in the edible parts of the/Vegetables were 0. 093, 0,024, 0.137, 0. 118, 0.007, 0.622,
and 3272 mg kg 7", and ‘the exceedance rates of the' five toxic elements were; Pb (18 5% ) >Cd (12. 9%) > Hg (11.5% ) 5Cr (4.03% ) > As (0.21%). Lealy
Vegetdb[es shoy ed high'Cd enrichient, and root vegetablesishowed h‘I‘gh P ennchrhent with mean bioconcentration factors of 0. 264 and 0.262, respectively. Generally,
legumés Vegeiables and solanaceous vegetables showed lower bioaccumulation for heavy metals. The health risk results indicated that the non-carcinogenic risk for single
elements of vegetable intake was within the acceptable range , with the health risk for children being higher than that for adults. The mean non-carcinogenic risk for single
elements were; Ph>Hg > Cd > As > Cr. The multi-element combined non-carcinogenic risks of four types vegetables were: leafy vegetables > root vegetables > legume
vegetables > solanaceous vegetables. Planting lower-heavy metal bioaccumulation vegetables in heavy metal-contaminated farmland is an effective method to minimize the health
risk.
Key words: vegetables; heavy metal; bioconcentration factor; Monte Carlo simulation (MCS) ; health risk
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Table 1 ~ Sample groups of different vegetables from different districts
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Table 2 Exposure parameters used in Monte Carlo simulation for health risk assessment
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Table 3 Statistics on heavy metal contents in edible parts of vegetables
ok wemn am — P e e RRRE W
Cd 1102 ND ~5.30 0.007 0.021 0.059 0.093 0.315 341 12.9
As 479 ND ~0.56 0.000 0.010 0.025 0.024 0.053 222 0.21
Pb 702 ND ~2.20 0.012 0.043 0.165 0.137 0.249 182 18.5
Cr 496 ND ~1.38 0.025 0.057 0.138 0.118 0.178 151 4.03
Hg 513 ND ~0.24 0. 000 0.001 0.003 0.007 0.021 302 11.5
Cu 452 ND ~6.31 0.273 0.464 0.796 0.622 0.608 98.0 —
Zn 465 ND ~21.9 1.518 2.520 3.960 3.272 3.071 94.0 —

1) ND ZRAR TG RAE ; REAR AN, AL 5 R BORUBAR AR A % , A Fmg kg ™' (LA TR TT) 5

AFLIE ) PR s v

AT T AT R T B 5 R 25
BURRAE 1 WU SRR LRIV,
2.2 IR T £ 00 B B
FEGE

HEBCRPE T BRI A0 2 | A2

“« " JIR GB 2762-2017 HALELE

A R R . 38 170 A AN R 288 2R i e ml 2 T F <
JE i R 4 AN [ 2 B S v A R 4 R 22
SN, Zn A Co Fi B e/ T AL S R oo R,

K AT Cd AR e T 3 i
R, Ph fl Cr E*EX?@@.meF'E’JAE”E &,

ﬂ"%*ﬂl\m* 4 PRI O T B P EERICR EE? As HgTTH*ﬁ”m%qﬁﬁﬁ*ﬁﬂi’J*}
Y255, X 4 Fp2E A Mmﬁ]\JﬂJL T?fﬁﬁéﬁﬁ 6 2 ST RE A ph TR Il S R Hﬂ%ﬁ%ﬁlﬁ(%ﬂ 14
é*%ﬁ‘%%4 PRARZEISHR Pb 5 :Filjﬁﬂ‘,,\/ﬂi %Jﬁﬂjﬁ%ﬂﬁﬁ%iﬁrﬂm
%E/‘ I%ﬂj{ﬁi@ﬂi%ﬁ i GB 2762- 20175 EP?FHT“ .bmiﬁi/‘)ﬁ (W g of *%%ﬁGBCF)
&
iy ] ’2@4 f*#%—fﬁ“lluiﬁﬁﬁséj‘m‘l L o
) “‘-" - I ¥ Table 4 Statlsllcs on heary mefal qo‘ments in edible parts of foup‘ types ok Veg?tdbleb ’ 3 3
e &l 71:?’ BEARHIRL %Tﬁ’vg@l - Tt i ;:“gi P 2T PR PR
g U od* 600 IND ~5.30 0. 014 0.030 0. 091 0. 140 0.416
] ! Fas| W 216 ND=0.3844 <0008 0.013 0.028 0.025 0.045
Ph 385 ND ~2.19 0. 024 0.070 0.218 0.171 0.274
ek Cr 289 ND ~1.38 0. 036 0. 080 0. 155 0.127 0. 168
' Hg 298 ND ~0. 13 0. 001 0. 001 0. 003 0. 005 0.016
Cu 262 ND ~2.76 0.275 0. 460 0. 801 0. 600 0. 470
Zn 269 ND ~21.9 2.053 2.969 4.511 3.725 3.305
cd 105 ND ~0. 57 0. 004 0.013 0.073 0. 061 0. 108
As 58 ND ~0.48 0. 001 0. 003 0.010 0.017 0. 064
Pb 74 ND ~1.70 0. 007 0.034 0.173 0.187 0.367
EESS Cr 59 ND ~1.31 0.014 0. 048 0. 090 0. 145 0.270
Hg 60 ND ~0. 14 0. 001 0. 001 0. 001 0. 008 0.025
Cu 53 ND ~2. 90 0.211 0.412 0.772 0.671 0.710
Zn 57 ND ~15.7 1. 443 2.290 3.695 3.358 3.211
cd 324 ND ~0. 82 0. 003 0.012 0. 034 0. 031 0. 065
As 117 ND ~0. 56 0. 001 0. 006 0. 021 0.019 0. 056
Pb 202 ND ~0. 66 0. 004 0.017 0.071 0. 058 0. 096
GBS Cr 122 ND ~0. 82 0.012 0. 026 0.077 0.083 0. 145
Hg 128 ND ~0.24 0. 000 0. 001 0. 003 0. 009 0.029
Cu 122 ND ~2. 07 0.288 0. 449 0.775 0. 546 0.438
Zn 123 ND ~13.2 0.619 1. 600 2.830 2.101 2. 146
cd 73 ND ~0. 31 0. 003 0. 006 0.025 0.025 0. 048
As 28 ND ~0.38 0. 007 0. 021 0. 033 0. 042 0.075
Pb 41 ND ~0. 64 0.015 0.038 0. 149 0.117 0.175
Tk Cr 26 ND ~0. 67 0.018 0. 060 0.151 0.120 0. 153
Hg 27 ND ~0. 13 0. 001 0. 002 0.022 0.013 0. 026
Cu 15 ND ~6. 31 0. 600 0.759 1.170 1. 466 1.855
Zn 16 ND ~9.79 2.892 3.858 5.282 4.363 2.100

1) ND SRR TAG IR ; REA R LA, ]

HAe Amg kg~ (PAEEE )
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