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Abstract: Vegetables, including leafy vegetables and fruit, are of importance to human health. In order to evaluate the
heavy metal contamination status and associated health risks of vegetables, 57 vegetables (34 spring vegetables and 23
winter vegetables) and 34 corresponding soil samples ( sampled with the spring vegetables) were collected from farmland
surrounding a mining area in southern Hunan, China. Analysis was carried out to determine the correlation between the
heavy metal content of vegetables and soils, to enable assessment of the potential health risk to local inhabitants consuming
the vegetables grown in the contaminated soils. The results showed that: (1) The measured maximum total Pb and Cd in the
soils were up to 1251.9 mg/kg (the corresponding soil to the three-colored amaranth) and 13.2 mg/kg (the corresponding
soil to the kidney bean) , respectively. The average concentration of total Pb and Cd in all soils were 841.7 mg/kg and 6.5
mg/kg, respectively, which were 3.37 and 21.67 times the standard allowable concentration of Pb and Cd for vegetable soils
in China (pH level< 6.5, Pb < 250 mg/kg, Cd < 0.3 mg/kg; Environment Quality Standard for Soil Heavy Metals
GB15168—1995, Grade I1). It suggested that contamination from heavy metals in these soils was very serious. (2)
Vegetables grown on the contaminated soils were rich in Pb and Cd in different plant organs. The highest levels of heavy
metals were 5.03 mg/kg for total Pb and 2.92 mg/kg for total Cd in the edible parts of garlic and three-colored amaranth,

respectively, which exceeded the maximum levels of the China National Food Sanitation Standards for total Pb ( GB
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14935—94, 0.2 mg/kg) and Cd (GB 15201—94, 0.05 mg/kg). The heavy metal content of leafy vegetables, not fruit,
exceeded the China National Food Sanitation Standards for Heavy Metals. The contents of total Pb and Cd in different organs
of the vegetables were quite different and generally followed a sequence of root > stem > leaf > fruit, or root > leaf > stem >
fruit. Pb and Cd contents in leafy vegetables were generally higher than those in fruits. (3) The order of bicaccumulation
factors (BFs) of heavy metals in the two vegetable types was leafy vegetables > fruits. Based on fresh weight, the average
BFs of Ph varied within (0.7—8.4)x107’ for leafy vegetables and (0—0.02) X107 for fruits, and those of Cd varied within
(15.4—895.2) x107’ for leafy vegetables and (0.04—38.1) x107 for fruits, which signified that the average BFs of Pb and
Cd for leafy vegetables was greater than those for fruit vegetables. (4) The correlations were not significant between the
heavy metal content in vegetables and those in soils; however, total Pb and Cd in the edible parts of vegetables presented a
higher significant correlation level (R*=0.821; n =18, R;,,=0.590). (5) The results of the risk assessment on vegetables
indicated that the hazard quotient (HQ) for total Pb and Cd in the edible parts of leafy vegetables were 1.70 and 3.73,

respectively, 34.00 times and 53.28 times higher than those of the fruits (0.005 and 0.070). In relation to suitability of

agricultural products in this mining area, fruits were more suitable for planting than leafy vegetables.

Key Words: vegetable; heavy metal ; contamination; mining area; health risk assessment
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JLHR FrRUERR{E/ (mg/ kg #£7E) BRI
Elements Standard limit Standard sources
Pb <0.2 mg/kg (B PETRE TAARE) (GB 14935—94)
cd <0.05 mg/kg (B PR IR A T ABRE) (GB 15201—94)
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A (075 Y W e, BEEHEA P 0 T
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FHHBAR (pg kg d7') ¢ WERE S B IRIE
(mg/kg) ;1 HHEMZR (kg/d) ; BW N (k) , %A
BT 60 kg T o, R HEASHE 3 0 5 4 8 T2k
BE (mg/kg) ;D A HXF BRI B & (ke) , 7F
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Table 2 Contents of heavy metals in soils and vegetables

Pb/ (mg/kg) Cd/ (mg/kg)
I O o RN o) B HA R
Vegetable types  Samples Different (HfisbrifeR) ) (fsbrifeR) (HHhRHER)
vegetables Soil Edible part Soil Edible part
(Mean +SD) (Mean+ SD) (Mean +SD) (Mean+ SD)
3 (N=29) 3 253 627.5+£56.4 0.5120.07 2.8+0.5 0.20+0.10
Leaf vegetables 3 i 1251.9+38.7 2.36+0.29 7.6+0.4 2.92+0.59
2 INEES 582.2+55.6 0.75+0.13 3.4£0.9 0.42+0.03
3 Kiw 596.3+70.0 5.03+0.09 2.8+0.8 2.54+0.87
3 {3 595.1£60.2 0.67+0.28 2.7+0.1 0.0420.02
3 W 543.6+57.0 0.97+0.19 2.8+0.7 0.51+0.05
2 HFH 1071.5+13.4 1.90+0.21 7.5£0.2 1.02+0.06
3 A3 1077.3+16.5 1.16+0.54 7.320.5 0.46+0.21
2 UNEES 1049.5+50.9 0.42+0.06 7.6+0.3 0.12+0.02
2 aXE 1008.2+30.9 0.94+0.33 7.8+0.7 0.18+0.04
3 ME 1094.2+39.7 0.78+0.24 7.8+0.6 0.24+0.09
1 Mean 863.4+44.5 1.41+0.22 6.8+0.5 0.79+0.19
R (N=28) 3 SN 534.8+50.7 0.06+0.01 2.5+0.4 0.002+0.001
Fruit vegetables 3 [liEakin 1015.7+47.6 NG 7.8+0.5 0.03+0.01
3 K 1063.0%5.6 0.12+0.03 6.8+0.4 0.001+0.01
3 BN 1094.1+23.9 0.20+0.01 7.6+0.4 0.0003+0.01
3 #JN 1116.0+33.1 NG 7.7£0.1 0.004+0.001
2 2K 582.6+11.2 0.01x0.001 3.120.4 0.002+0.001
3 FHR 539.4£65.2 0.06+0.01 2.3+0.8 0.05+0.04
2 T 1115.4+16.4 0.43+0.001 7.6+0.3 0.29+0.03
3 PUZET 576.9+55.5 NG 13.2+18.2 0.010.02
3 K5 561.1+19.4 0.07+0.01 3.50.6 0.0120.01
H{E Mean 819.9+32.9 0.10£0.08 6.2+2.2 0.04+0.01

NG R AKE H

R XoF 45 it 52 T B B AL Ph W BE R 44 (%
2) RIS (B 1), AR R 4 26 K
BRI 128, Ph Wk B o iy s 05 L
SH VRIASE 203 T RVINA S 52 Ph ¥
JERZ, R 25038 A3 2r3es Ry 26 ; a2
ISR SR I 9 N2 NN |\ = ) NN 7 SN A 1
PEEBR S Ph W B RAIE, R IV, )R, AR 4 i 5%
Cd WRBEEIME (3 2) TR R (B 1), il
BRSRarR 3 A K M 12 /el 2%,
KREZ A W DA AXE A4S UE
TR BN 22K K BR R K P B
WA PRI S, L rT 0, 728 DXORPRL R S
N PR 4R Ph A Cd MR BAR A B SE an Fh, Hean

KOM U 22K Tk BN BT R S8t
3, B R AE T 4R Ph A Cd e BE AR X 55 g Y 4
AP B S, FLRT A L A AR
22 ARG 4w o

e 3 AP, M SEAE S AR R ZE M Ph
LS h 3.18—28.47 ,0.42—5.03 mg/kg, -
SR 11,73 1.41 mg/kg; Cd & 536 B 4351 4
0.08—5.95,0.04—2.92 mg/kg, F 4 & & 7 5 N
1.58.0.79 mg/kg, HEKH P ZE it RAAL
Pb &40 51h 2.71—13.88 ,0.22—2.02 ,0.02—4.77 .
NG—0.43 , ¥4 545394 6.36.,0.86,1.30,0.10; Cd
ST B 43 5 A 0.09—1.37,0.04—0.32,0.01—
0. 86.0.0003—0.29 mg/kg , F-H4I 7 543514 0.56 .0.19
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Fig.1 Cluster analysis based on mean concentrations of Pb and Cd in different vegetables
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Table 3 Contents of heavy metals in different organs of different vegetable types

Pb/ (mg/kg)

Cd/ (mg/kg)

B SRR BRAEHRAL
o o " RGeS P - RCEC] P
Vegetable Different T . Fi{E N PER | X P N
s arts Ry Geometric Medi o R R Geometric Medi +hRUEZE
P P ange mean edian Mean +SD ange mean edian Mean +SD
M35 (N=29) Jics 3.18—28.47 11.72 11.73 11.73£2.85 0.08—5.95 1.55 1.56 1.58+0.05
(Leaf vegetables) A &#BAL 0.42—5.03 1.38 1.40 1.41£0.22  0.04—2.92 0.77 0.75 0.79+0.07
RRRK Jics 2.71—13.88 6.27 6.35 6.36£2.42  0.09—1.37 0.55 0.56 0.56+0.02
(N=28) ES 0.22—2.02 0.85 0.85 0.86+0.36  0.04—0.32 0.19 0.18 0.19+£0.02
( Fruit i 0.02—4.77 1.30 1.28 1.30+0.71 0.01—0.86 0.08 0.09 0.09+0.02
vegetables) CINcw:divi NG—0.43 0.097 0.098 0.10+0.08 0.0003—0.29 0.03 0.04 0.04+0.01

NG kit ; SD EbrifEz

0.09.0.04 mg/kg, oK, [F sk A R0 5 4 )8
TR, 25 ERTR ST E AR & R IT —
SEARSZES IS I SR SIS 2ES 1

NG R G e s S N S A ey
WAL 4B Ph Cd & W RS2 > 3R
FXEERGDEEELIR Ph.Cd, X5 HABIIIT 45 R
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3 itig
3.1 ANEIERSEM R 4800 S /e i
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IO NG D RIS & S SO i
JF 14 AR RO | R R A <5 i P E D A
YU 4w o Qe Y BE T B RAFRIR | B RN

F4 FEMEBRXPESENEERY
Table 4  Bioaccumulation factors of heavy metals in different

vegetable types

FIRC R I A5, B8 ik T 14
S T R Ph & A 5 P 9 BT 92 4
K

R5 BRXECR5IEECREXXER
Table 5  Correlations between the contents of heavy metals in

vegetables and those in soils

AR EERL
BiRZEA] BESEL BRSERN Bioaccumulation
Vegetable types Samples  Vegetable factors of heavy metals
Pb Cd

M3 (N=29) 3 T 0.0008 0.0719
Leaf vegetables 3 e 0.0019 0.3817
2 KHZE  0.0013 0.0228

3 Kw 0.0084 0.8952

3 3% 0.0011 0.0132

3 i3 0.0018 0.1843

2 i 0.0018 0.1368

3 3 0.0011 0.0633

2 ANEZEE 0.0004 0.0154

2 a¥E 0.0009 0.0234

3 H3EE 0.0007 0.0305

S 0.0018 0.1671

W (N=28) 3 FPIN 0.0001 0.0008
Fruit vegetables 3 PEZiAl 0.0000 0.0036
3 R 0.0001 0.0002
3 /S 0.0002  0.00004

3 BN 0.0000 0.0005

2 2R 0.00002  0.0007

3 B 0.0001 0.0217

2 iR 0.0004 0.0381

3 ES=) 0.0000 0.0009

3 K2 0.0001 0.0029

S 0.0001 0.0070

Iﬂ'i H Item PbJ_ CdJ_ Pb; Cd;ﬁ

Pb i 1 0.278(n=21) 0.305(n=18) 0.180(n=21)

Cd 45 1 0.138(n=18) -0.032(n=21)
Pbi,cgetable 1 0.906** (n=18)
Cd;ﬁ»egelame 1

Pb (15 4 2 5U7E 0—0.0084 Z ], %F Cd B84 25
7E 0—0.8952 ZJal, KXt Pb Fl Cd A& 4 R 8 i
5,0 0.0084 F1 0.8952 ; B I | PG 21 Al Hl U 2=
FRERMEEREEN,JLEN 0, 2 KT E
4 )& Pb Cd &R FIF A A, iF 22> IR 3E2k
5B 1 s R —k, BAh 2 KN E 4R P,
Cd & ERE ST R/AMKIR Y Cd > Phb, X 5 MF #5845
AIRFFFE 4 R
32 BFHESESLEPESEMEES
FSEW, LP Pb 5 Cd, £ P 5
H1 Pb Cd Z 3 52 IEAH G J3 40, g R h E 48 Pb
HI Cd Z A EAR S 3 IE AR DG B A1 2 [l A

SKHH Pearson AHIE /T, WML, + + R8P < 0.01, * KR P
< 0.05; . Soil; 3. Vegetable

3.3 BRI 4R 0 R XU PRA

W4 USEPA™Y Fl WHO ™ #5102 % 5 58 77
(RMD), 5 AKX H 8 A& (CDI) # 1 R, B
HQ > 1T W5 G2 0] 5] A A 14 £t B XU
HOQ o AE R, 22 BIZ 75 G2 0 A A R IR B A
6 Ko RIS RN, P Al Cd B9 H #EA &=
(CDI) ¥I/NT USEPA 1 H 7% 2 5% | it RfD,Pb il
Cd 78 K48 0531 R 0.005 F1 0.07, HQ e < 1.,
PSR EESEM S, Pb 1 Cd A H AR (CDI) ¥k
T USEPA [ H =% 2§ | & RfD,Pb Fl Cd %55 X
B A5 1.70 F13.73 ,HQ > 1, AR, BN
S T 4 i B XU 35 v, 1 AR SR e )
SR AR AL, AR SRS TR E
G A B XU DF 1 00 28 AU 58 2538 A TR RR A
AT X SR 3 RN A PR 5 i i BRI YLk F , 1
4:J@ Pb FI Cd 3 33 85 5 AR 224 1l By ofe 1 fi
B AR &7, P R4 AAR(g R R A fE 3 . iR XT
WF5E DI R TG 0 3 7 A OGTE , f ISUAE 4 b ol
i — 26 FHEBA Ph Fl Cd BB AR RSB S

4 Zig

(1) I Rg 50 X B -3 Ph AN Cd 388
G A TR UEAE, T HL OGS 25 0038 KR VA3
FISEH L3 E M 322883 P il Cd & i it
I BAEARERRE, MR85 5% Ph il Cd MR
RS, AU Y M R R — e I B
B0 I S RN I ERAEY 7 A S
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Table 6 Intake and health risk of heavy metal through vegetables consumption
bR Gkl CDI/(pg kg™ d7") RD/(pg kg™ d7") HQ

Vegetable types Heavy metals

Concentration daily intake

Reference dose Health quotient

322K Leaf vegetables Pb 5.94 3.5 1.70
Cd 3.73 1.0 3.73
L Fruit vegetables Pb 0.02 3.5 0.005
Cd 0.07 1.0 0.070
(2) Iﬁ]ﬁﬁ%zﬁ Iﬁj?ﬂg{jié}‘\ﬁ é‘%]:[ﬁ] ’Jllﬁj_‘?# forest soils in Hunan, Southern China. Geoderma, 2005, 127(1/
FRORAR > 2> > S s ARSI > 25> 5 R IAIHESE 2 91103
ﬁlé E ﬁ_j]i[ﬂ ,J@F?#ﬂ&%%%é@%i%o [7] GuoZH,ZhuY G. Contar.mnatm‘n‘and available l.;'onterllts of .heavy
R i . . . . metals in soils in the typical mining and smelting circumjacent
(3)2 ﬁﬁ;&qj Pb.Cd fry %%g\ﬁ“lﬁ%j\j : ﬂ‘l‘;,% districts. Ecology and Environment, 2004, 13(4) . 553-555.
oS IS Horh R 3 1) & 4R R U K, BRI £ Ok [ 8] Zhou H, Zeng M, Liu I, Liao B H. Investigation and evaluation of

/N, 2 285580 Ph .Cd B9 & BEGE 1 K/ F M Ph, Cd, Zn contamination in soybean planting soils of 4 typical

Cd > Ph, mine zones in Hunan Province, China. Journal Agro-Environment
() Bsh Ph Al Cd ZFAFER BEEMS i?ie“:;oi_l’fo;’: e

NN 5 - iao , Liu J, Zhou H, Zeng M, Huang , Zhou s
T«Eé[ﬁ ,ﬂ]ZIETJ ﬁlﬂﬁﬂégﬂg%‘{g%o Zeng Q R. Effects of Cd stress on physiological and ecological
(5>Lﬁi+%ﬁi$$$}§@%mgﬁﬂ%ﬂ ﬂ‘l“ﬁ indicators and their differences of soybean plants at different

%ﬁ%ﬂq Pb ﬂ] Cd E"J HQE%¥ {Ejt:": 1, ,\ﬁﬁ%%ﬂ growth stages. China Environmental Science, 2010, 30 ( 11):

o ISR P B GBI L A7 15161521,

m@o Pb Fl Cd 18 i M 352 25 3 A2 0 24 b S LY [10] CuiYJ, Zhu Y G, Zhai R H, Chen DY, Huang Y Z, Qiu Y,

ﬁ% % J)—(leﬁ ij\f % ) Liang J Z. Transfer of metals from soil to vegetables in an area near

a smelter in Nanning, China. Environment International, 2004,

References: 30(6) : 785-791.

[11] PanP, YangJ C, Deng S H, Jiang H M, Zhang J F, Li L L,

[1] ZhouZY, Fan Y P, Wang M J. Heavy metal contamination in Shen F. Proceedings and prospects of pesticides and heavy metals
vegetables and their control in China. Food Reviews International , contamination in soil-plant system. Journal of Agro-Environment
2000, 16(2) : 239-255. Science, 2011, 30(12) ; 2389-2398.

[2] WangQR, Dong Y, Cui Y, Liu X. Instances of soil and crop [12] Fang F M, Wang L L, Xie H F, Wang H D. Enrichment
heavy metal contamination in China. Soil and Sediment characteristic and health risk assessment of heavy metals in
Contamination, 2001, 10(5) : 497-510. vegetables in Sanshan District, Wuhu City, China. Journal of

[ 3] CaoH B, Chen]JJ, Zhang J, Zhang H, Qiao L, Men Y. Heavy Agro-Environment Science, 2010, 29(8) : 1471-1476.
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China. Journal of Environmental Sciences, 2010, 22 ( 11): accumulation rule. China Vegetables, 2011, (4): 1-7
1792-1799. [14] Alam M G M, Snow E T, Tanaka A. Arsenic and heavy metal
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