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Heavy Metals Concentrations and Health Risk in Vegetables Grown on Mn and Pb/Zn Mineland in Huayuan

County, West Hunan Province, China
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Abstract: A systematic survey and determination of Mn, Pb, Zn, Cu and Cd concentrations in vegetables and the corresponding soils were con—
ducted in Mn and Pb/Zn mines in Huayuan county, west Hunan. The possible health risk to local inhabitants via consumption of vegetables was
assessed based on target hazard quotients(THQ ) and pollution index. The results showed that Pb, Zn and Cd concentrations in vegetables and
soils from Mn and Pb/Zn minelands were higher than those from non-mine land. Pb, Zn and Cd concentrations in the minesoils exceeded the
threshold levels of China Environmental Quality Standard for Soils (GB 15618—1995 Class II ). Pb, Zn and Cd levels of the vegetables grown
on minelands were 2.0~10.7 times, 0.9~2.5 times and 2.2~19.8 times as high as the corresponding values for safe food(GB 14935—1994,
GB 13106—1991 and GB 15201—1994) respectively. Vegetables grown on the Mn and Pb/Zn minelands were heavily polluted by Pb and Cd
and slightly or moderately polluted by Zn. THQ of Pb and Cd in vegetables for both adults and children were greater than 1 indicating that the
local inhabitants experience a high potential health risks by intake of Pb or Cd via consumption of these vegetables, especially for children.
Therefore, some precaution measures should be taken to restore the contaminated minelands before they are recommended for growing
vegetables.
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Table 1 Type and sample amount of vegetables
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Figure 1 Heavy metal concentrations and pH values in soils of non-mine ,Mn and Pb/Zn mine land in Huayuan
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X4h,Pb.Zn # Cd & B THET X, WH XK
Cu TR & BEARE , =X+ 2 M,
pH {84354 5.5.5.7 F1 6.5, #3E GB 15618—1995
(IEIRE T BARE) — i bniE (pH<6.5) , AR iE £
&R F— ek H S A5 SR B W
WX 13 Pb.Zn.Cd & BIE I R HER 5 LB
WAE (EP A ELFR), Cu TR —Shr sl
LU Cu KX X & TG B o0, A6 X+
B Cd & Bt (A R B AR ) — R R
TS YVETRAE 0.3 mg kg, HJF PRI W] BB 55 1 g 3 IX. 135
A EH) Cd & BEREA K, J7 WX ESR S 1F L
B2 Wt R BRRUIF I o
22 BRXESEERE

P X B Mn.Pb.Zn.Cu F1 Cd B &
FEl 43 5k 22.63~81.30.0.40~2.15.,18.14~50.42.,1.85~
3.79 mg-kg™ #1 0.11~0.99 mg-kg™', B B & TIEH K %

RMELBETER2), SEZXERE L TARERL
BORE, WU XA Pb M Cd & BB B
NXESFETRRERE, 500 N R EERY 2.0~
10.75 £ H1 2.2~19.8 £, B RBEAE R X 1)
BEMEE XA, HARERM Zn S EHE
bro BB XETEEZE Cu & BINERELBIREINE
L U Cu SRXH X RS 5 4 2B H 3 4
FEX [RIBTFIAE Y 6 FhERSE(OT3R R JhE =7 A&
MFEE M ES R S EHITRHT, K B3R
S FESEITR S ERIE —E RN, BB
Mn & 28 Mn 5 >Pb/Zn H>JEH X ; 3% Pb.Zn.Cu
1 Cd S &N Po/Zn H>Mn H>FEH X, X5 =4
XTEPESRESEEEEAR 3, KUY X gD
HEBRWERSHEERBHERTHNELE S &
BIIG I, AN, ZERIN YRR X 1 6 RhBR SR MR
AR Cd RN, ERERT S HELEEEY

R2 WERYT HHT NETEEERKEERSE (ng kg 85, H{ESE)

Table 2 Heavy metal concentrations of main vegetables in non—mine , Mn and Pb/Zn mine land in Huayuan(mg-kg™ FW,mean + SE)

HEX OB EKE% Mn Pb Zn Cu Cd
MnHX ¥ 93.1:043  45.9327.82 0.89+0.30 31.0424.05 2.21:0.08 0.28+0.08
*E 93.5:1.01  58.68+2.27 0.40£0.24 22.43£2.78 3.08£0.11 0.15£0.05
B3 92.8:0.28  22.63+1.30 1.0320.15 27.99+3.37 1.850.10 0.25:0.01
B 94.6:0.14  54.98+8.08 1.52+0.30 18.141.70 2.22+0.41 0.47+0.02
¥ 95.3:0.89  42.898.51 1.3220.36 31.49£3.03 3.15£0.59 0.61:0.04
3] 92.1:1.03  53.24£2.11 0.75£0.23 21.19£1.59 1.97£0.11 0.65+0.10
B h 93.5:0.68  81.30+17.26 1.4620.33 20.02+1.73 3.31:0.23 0.31£0.15
¥ O 93.5:0.65 51.38+9.25 1.05£0.21 24.61£2.59 2.54£0.27 0.39+0.07
PhZn H'X  FF¥ 93.7+0.71  22.72+1.20 1.3520.18 50.42+4.91 2.06+0.35 0.47+0.03
*E 93.2+1.03  34.09+1.07 1.25:0.12 26.16+0.60 2.68+0.22 0.11x0.01
i 91.6:1.14  45.92:2.11 2.13£0.36 36.49£1.59 2.82:+0.11 0.67+0.10
B 93.7:0.81  37.89+1.98 2.15+0.14 32.45+0.99 2.04:0.21 0.54+0.13
A3 95410.86  33.137.26 1.4720.29 35.68+2.81 3.54:0.21 0.87+0.14
= 91.8:0.69  18.26x1.23 1.330.23 27.04£1.35 2.65:0.14 0.91:0.11
Wk 93.6:0.12  35.17£11.25 1.8420.33 39.87+2.59 3.24£0.17 0.540.04
Hix 923+0.19  39.29+1.18 1.6320.17 29.98+0.63 3.79£0.12 0.99:0.03
HF¥ 93.0:2.01  29.93+1.88 1.3620.22 19.2620.70 2.15:0.09 0.59£0.04
¥ O 93.1:0.74 34.30£6.77 1.6520.23 30.87£1.73 2.86+0.20 0.65+0.08
X I3 94.1:0.13  10.96x0.18 0.09:0.01 8.03+0.05 1.2620.23 0.04+0.02
B33 94.4:1.07 14342321 0.07+0.00 2.14£0.78 1.02+0.81 0.03+0.00
i 93.7£0.12  9.64+2.08 0.14+0.00 6.43£0.73 0.86+0.31 0.02:0.00
B 947+0.19  21.63+1.30 0.13+0.00 7.19£0.17 0.77+0.13 0.01:£0.00
¥ 96.1:023  5.74£131 0.05£0.01 11.1920.03 1.79+0.09 0.06:0.00
ey 924+1.08  8.46£1.07 0.080.00 3.08+0.71 1.34x0.20 0.01:£0.00
¥ O 94.2:086  11.80+2.97 0.09+0.01 6.34:0.54 1.1720.46 0.03£0.01

BXESEOURREE(SE)  —

0.2(GB 14935—1994) 20(GB 13106—1991) 10(GB 15199—1994) 0.05(GB 15201—1994)
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ARG RAER I 3. X GRE SR T YR A
Hi R EGEITRR R, NETSREECRE,
BRERA XSRE SN, WA KPR BRI P Po (HIR
F 3, B TEIGREH, WIIMH XER32 2] T Pb Al
Cd BB {54 7 X GRSHE i AP BRER A IX AR5 5
B X HEIR PuE/NT 15h, HABRSER) Py (63
TE 1~3 Z ), B TR~ R, Wi KA HR Po
EX/NT 1, 55PN, DB SR Z 2] Cu 1Y
154, WERBTSRIREU(P ») K E , T Cd Timk i
R, P KA GRER G5 RIEEIIRT 3, B T
BT YER o B X GRSBRAEZE (Po (6> 1)51, HoRik

3 Py PuPo, F1 P (BE/NF 1, VBRI LR EE %
% Pb.Zn.Cu # Cd M55, (AIF3E B AR ILE
BIYHEEIIRT 0.7, 388 T Y& mEH , X F 5
HizhX +3E Cd FEEREA X, HIED X2
45 Cd 154,

XA X - A R 5 YR P AR R A
R EABE R E — RAnE (B 1 BERITR) . TET &R
R WIS YHEHE , Pb Zn MR T X 1 B 2
Ry AR X 3 A B P T5 Gy, Cu KX X
TERT5 Y, Cd X X 1 B R E I YL, JEF KR A2
#| Pb.Zn . Cu {544, {32 3] Cd EI5 Y, NZEBT5
YAREORE , W . SE0 X LEE P oEH 55 h
5.16 #19.22, ¥k B T EIF %%, BT Cd W&E
TSYHR BT, B0 X N RIS YL,

R3 REGY AR ETEREX DRESRSMERRTFEESR

Table 3 Heavy metal pollution indices and the corresponding pollution degrees of the vegetables and soils in non—mine , Mn and

Pb/Zn mine land in Huayuan

X BB Py, Py, P, Py Py
Mn § X vk 446" 1.55¢ 022°¢ 5.60 ® 633"
FE 200 1.12¢ 031°¢ 2092 ™ 3328
SHES 5.15H 140 0.18 ¢ 5.00 " 5931
B 7.58 1 091 ¢ 0.22°¢ 948 H 10.51 8
3R 6.60 " 157" 032°¢ 12.00 ® 13.05 1
Fer 375% 1.06 M 0.20 1328 8 14.04 ®
-l 730" 1.00t 033°¢ 612" 8.18 1
wERHE 526" 123¢ 0.25°¢ 777% 8.58 1
+ R 152" 1.68 0.64 ¢ 679" 5161
Pb/Zn H" X P =3 6.77 1 252M 0.21°¢ 9.44H 10.56 ®
*E 6.26 1 131¢ 0.27 ¢ 220 6.74 1
W 10.66 ® 1.82¢ 0.28 ¢ 13488 1499 #
B 1075 1.62° 0.20 10.80 ® 1228 8
He3E 7.35H 1.78 ¢ 035°¢ 17.40 ® 18.65 1
i 6.66 1 135% 027 ¢ 18.12 ¥ 19.28 H
Mg 9.21H 1.99 ¢ 032°¢ 10.80 ¥ 12.16 ®
Hik 813" 150" 038 ¢ 19.84 1 2120 ®
¥ 6.79 1 0.96 ¢ 0.22°¢ 11.88 8 12.87 1
wERHE 8.23® 1.54 ¢ 0.29 ¢ 13.07 " 14298
+ R 228 M 249 M 0.68 ¢ 15.60 ¥ 9221
X Pied 045 ¢ 0.40 ¢ 0.13 ¢ 0.80 ¢ 092V
*E 035°¢ 0.11°¢ 0.10 0.60 € 0.67°%
W 0.70 032°¢ 0.09 © 0.40 © 092V
B 0.65 ¢ 0.36 ¢ 0.08 © 0.20 073 ¥
H3E 0.25°¢ 0.56 ¢ 0.18°¢ 120" 132"
) 0.40 © 0.15°¢ 0.13 ¢ 0.20 € 0.46
BRE 047 ¢ 032¢ 0.12°¢ 0.57 ¢ 0.68 §
+ g 037°¢ 041 ¢ 0.29 ¢ 1.87¢ 142°

7 :C. 787 Clean; S: %4 Safe; W S Warning; L. #2754t Light; M Fi54% Medium pollution; H EE754% Heavy pollution,
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f&4E US EPA(1997,2000 )™ %5 #E , Pb.Zn . Cu F
Cd /) R 4354 0.004.0.3.0.04,0.001 mg-kg™-d?, 24
HJE R OB LE )BT SES I AN 2 T2l
H4J8 Pb.Zn.Cu Fl Cd () THQ fH UL 4, PIH X B
SEH Zn F Cu 9 THQ fH¥/NF 1, ULHASH SRR
BAR Zn A1 Cu X 24 3 fE R AR XU EL 88K, 1H Pb
M Cd B THQ EHI KT 1, K4y ew XA L&
Cd /9 THQ {E 43 A5k 3.52 1 4.62, ULES)E Pb
A1 Cd BB AN bR R AR RE . M
PH X kR E ,Pb.Zn Cu Fil Cd B THQ (53R
4 Pb/Zn 7 >Mn 8, JLESHA , Ui E £ B &5 K&
12 R BRI X E R AR RS & T X
X JLEE g R XU & TR o FET X BE3E Pb.Zn,
Cu F1 Cd /) THQ (E¥im/MF 1, ULBHIED X8R
BRIS R R 4 FPEESEHRRIR/N .

x4 WIEET HET RANEET XERELSHXRE
HAANFESEEML THO &
Table 4 TH(Q(Target hazard quotients) for heavy metals caused by
consuming vegetables in non—mine , Mn and Pb/Zn mine land

in Huayuan
FEX ABE Pb Zn Cu Cd
Mn#X  BAEA 1.42 0.44 0.34 2.09
JLE 1.86 0.58 0.45 2.75
Pb/Zn "X REEA 2.22 0.55 0.39 3.52
JLE 291 0.73 0.51 4.62
X BEA 0.13 0.1 0.16 0.15
JLE 0.17 0.15 0.21 0.20

3 iFig

AL RF MG IEE T AR X SR
+ 4 Mn.Pb.Zn .Cu 1 Cd & B ¥ ixicE TIEG
X, HoH Pb.Zn 1 Cd & BAR S, 433 0 E K 335
BRECHAE (pH<6.5) 1 1.5~2.3.1.7~2.5 {1
6.8~15.6 fi5, H AT HIEABE R EARMERNT Mn JTTRM
HHLE , 7 EHGED, -5 % Mn JOE S AR
170~1 200 mg-kg™ , 400" HHEFH X 13 Mn FH 5 &
435 Rz R A 2.1 £5F0 3.0 1%, Mn RTREEL B R
TXHENESREISEITR. Fik, Wy X 803
B YL 2 Cd, HiKJE Mn. Pb FlZn,

AR TER X I X 0 R A 4R AR
BARZ , InnEag | Rz ki WA S, P R EE
HHEEERNEEIEYBAMS, HTFRERKL

Je N/ BR  ZER X AR AEY) RSG5
R . )P H A X B TR R A AR, SR 2 R
L R B R SRR AVEY) , R A R B
R FHHERT XAE R RIEY S Pb.Cd Fl Cris ez
A3 BIH 100%.96.9%F1 75%"9, ~EEEH X Fii 55
RN ESE SR EBR, H As.Pb i
o R(UTET) 255 E 856 mg-kg” F1 506 mg-
kg, Zhuang SRR FEINEZE B XFHE K
FARFMEXESBEERERR, FKFH Cd.Pb
F', BETH Cd.Pb.Zn HFEWETEREEN
o WITLA XN E XM H#EH /) Pb.Cd & &
43 BB H I R B AR HE Y 20 F5AT 30 508, AWFITEs
REHH , BH X B3 Mn Pb.Zn .Cu F1 Cd {5 EHAE
TR X, B XA &SR Pb.Cd & & . K4
BRM In SEMBERERES B CRRERE, K
H1 Pb Al Cd £ 24351 R Xt 107 R 2 bR 7 1Y) 2.0~10.75
f5FN 2.2~19.8 £, Pb.Cd X 24 gk S B B I5 4L,
Zn X Y B E E-P E s Y, AT, 7R L
X ) 3 RS E &R AR IS L, %
SPR RS [ R R B, KB X e gt A
Mg FREAF AEAR R B XU

HE R R BB AR XS PP 25 5121,
T X ERESHFEHANRMESEILE Pb A Cd
i) THQ HI KT 1, ULBATEES X8 R 5k
IR Pb F1 Cd Xof HoAg BRAF 75 R M TS ZE XU
X5 ARBEHR E I R G R —B R RGN T
RFEIH X & RESREREGK KRR )&
&R BB EAIT AR AR IR, 5 R R K EEA
FLBHRAZRDESE Pb Fl Cd XA AE ) SIS TE 1
Bz o Zheng SENFEA P SR ) ML R R A A 24
PR BAE S BN AR R R R P 2 R BN, B
3 Pb.Cd ) THQ ¥IfE 35k 2.6 159, HEL RS
Al LEE AR XU S AR, SRR
— . XL FER R AES R RREMNT X
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