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Concentrations and Health Risk Assessments of Heavy Metals in Soil and Rice in Zinc-lead Mining Area in
Guizhou Province, China
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(1.Guizhou Provincial Key Laboratory for Information System of Mountainous Areas and Protection of Ecological Environment, Guizhou Nor—
mal University, Guiyang 550001,China; 2.Chemical and Materials Science Institute of Guizhou Normal University, Guiyang 550001, China)
Abstract:To evaluate the contamination and health risks of heavy metals in mining affected areas, Cr, Pb,Cd,Cu,Zn,Ni, Hg and As in
soils and different parts of rice plants were analyzed in DX and DW areas, Guizhou Province, China. The Nemero comprehensive pollution
index was used for assessing soil and Hazard Quotient(H(Q) for health risks of heavy metals. Soils in the zinc—lead mining areas were se—
riously contaminated by heavy metals, especially Pb, Cd, Zn, Ni, Hg and As. The concentrations of Cd in DX and DW were 34.22 times and
84.92 times higher than those of the National Soil Quality Standard—Grade I, respectively. Compound contamination of heavy metals in the
soils was extremely severe with more serious in DW than in DX area. Per the Food Health Standards, high pollution risks from the above—
mentioned heavy metals, especially from Pb, Hg and As, existed in the locally grown rice. According to the HQ) and Hazard Index (HI)
of the rice, locally produced rice had extremely high risk for the health of human beings.
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FIR, EEERETBHER 1.2 07, PR $kE 35
J7 B EYRRT I S A Je 30 24~ EorT. BE DX
FDW 17 DX 2 53 M A B AR 7 X TR X 2 i 7K
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Ik ey S AL/ N NS INT RO N 95
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H 2 T ES R YK S MR R EE ,
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S @1 B, 2 S L DR A SR ST, IS
TAEZHLIX A+ EPAEE O 4w ™ E 5 Y, i L
X B %A AT BB AAAE AR AR

AR G Y8 BOITAN AR Y 5 fi R JXUR: TP At A5
A, DL SN LR A X DX AT DW R 43, 0 72 K A
+ FokFEHhE 4R (Cr.Pb.Cd.Cu.Zn Ni Hg As)i5
AR S I3 AL, 43 HT s AAS HL A ) 2887 it x4
b S R S A (R JRUISS: , DA Ay 224 b B35 XU 5 A
TR PR BB

1 #R57FE

L1 FXERERT XIMEFE

St DX DW SRR X 4R 1200 m A4, Hbkb
S v I R S AR, M IAVG I e AR AR, P AR
PR 50 AR 90 AL BR &5 VREAL , 38 5 R
5 10 2R a8 R MR Z & mAEAET IR
1.2 HRHRE

T IERUKFIRE ST 2011 4 10 2k B 5t M DX
F1 DW 7 X JE 2 /K RERIAE -, DX RAE - 38R i 22
AN DW 71X 21 A5 TRAERT, AR Z R B 2k
H)ASCRAE D LA FUK R AR A — 3 7ERIH
(KA £ b, BEMLR A5 3N (K AR i 3~5 BRIR
A1, DX 5 IX R KFEFE bR 5o 1~5,DW 454 6~8,
S AR T AN ], TR 2 R IR A R A
TREE R 1~20 em, K AEAE St (0156 % 5, FHZ& 1R /K vk
e, 76 THAE H (80~90 CHME 15 ~ 30 min A, 2R )5
65 C 4kZ2Ht 96 h, Fi/KAEFE ST EEE 5, KoK
FEREATAE S o3 AR AR 2 FoT REOK 3 3840, FRE T,

e, BERE S AR KT EE A 100 H i
J& R 5T
1.3 A%

A YIFEH Pb Zn Cu Cr Cd Ni #2k 4
TH AR L B B B 5%, DA T IO B (Y (AA800, 3
EDIE (AR R SRR PR IEZ /], 2000) , 1
HERE AR Y Hg A As F F AR BT - 9 6k AY
(AF-640, Jb 5t Fi A1) W 2 , K REFE 5 Hg F1 As SR
H,0,-HNO; /55 F % PR AR, B84~ 43 B i A8 i FH )
BRIt S K 258K . bl Bk
FHAPAT RN, DA R bR AERE St 42 i D0 Jo 6, L [mT i
HRIE 95%~98% 2 [d] .
1.4 FEMFE
141 HEHERSEE SN

+ 58 AR PEU I B AR AT T AR
#E)(GB 15618—1995 ) R pnifi 2 AP R FH A
FI5 G5 FL Fl Nemero 273G F8 8005 17 1 18875
PR AT, Ha R A0

(1) PR F15 Jedg Bk

PI:ZC,:/SL' (1)
KPP RIS YAEEL C o5 G SEE ;S AT G il
WAnifE ;0 ARRIEFIS 4L, 2 P<1.00 B, FEA R 3Z
155 P>1.00 B, FREAFE S C5 Y, H P EBOR, U
WA i 32 1 ek "

(2)NHGE 15 Yeda Bk

(2)

AP Ry A N E 4 & 1Y Nemero Z55 75 Y4 4R
B P WESJE PTG YE; P W& ERJE TS Y
BAFE . P<1.00 RS54, 1<P<2.00 52T
,2.00<P<3.00 AHPRETGHY, P>3.00 ARG
1.4.2 FKAEER AR fa e XU A

R T AR R R PR A OK A8 f R XU A T
PN R RS R (HQ )iz T RIA RS b, 3 A
.

HQ:ADD

RfD
CxIRxEDxEF (4)
BWxATx365

N ADD N 48 A4 2™ b ARG 2, mg -
kg -d™RD Ny RS 5B mg kg™ - d 75 CONRTK
HE G R IS me ke IR SR IZMIX AR N
Hiotidt, 208 US EPA BN T TS hi s,
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B 2 X B AR EE AT N 042 kg N7 -d ™5 ED J&
TR R[], B R 30 a; EF J& 2 G750 %, BUE hy 365
d-a™'; BW JEiz L X (A S50 BUE Dl 62 kg; AT &
A ERE, BUE N 70 a;365 AL REL (F—4F
365 d i) o s S AT FE AN 5 i 1 4 S T PR AT B
PE.

T4 Ja X A BRE A 52 il — i 2 Bl ot R JL ]
YERM SR, IR & e de 2 (HD iz 2 2 Py
4B U E X AR R U R AT

HI=HQ+HQx++HQ, (5)

W HI<1.0, FHIRA I 09 filt B2 i s HT>
1.0, e B A AR B 77 A= 52 0 i ] BB K 5 24 HI>10
i, REAELENS P
1.5 BESIt

% SPSS 18.0 il Excel 2003 #4748 5 4097,
Systat SigmaPlot 11.0 #1722 .

2 ERESH

21 TEEEESES5TRIEN

WY RE X JE 31 K% 39 Cr Pb Cd Cu.Zn,
Ni Hg.As 8 FiE &)@ ST 45 R 3% 1. DX 7 [X
T HErPEE A R S Y 20 - Cr 38.37~112.55 mg:
kg™ .Pb 194.07~675.27 mg-kg™ .Cd 8.37~45.26 mg-kg™ |
Cu22.61~87.97 mg-kg™ Zn 4 187.44~9 574.40 mg-kg™ |
Ni 40.64~254.43 mg-kg™' \Hg 0.94~4.78 mg-kg™',
As 20.71~79.69 mg kg5 Xif FE ( 1 PR [ 5 b v )
(GB 15618—1995 ) —ZhrE, DX # [X 13+ Ph Cd
Zn Ni Hg . As 43 BI5F- 35 b 0.38.34.22.23.73.0.77
4.24.0.63 %, o Cd V5 Yt ™ & , V-3 hR 34.22 £
(e R HbRIL 74.50 %), B 4@ 15 Yy Cd>Zn>
Hg >Ni>As>Ph>Cu>Cr, 4555 Sl 20 15 Y i
Cd>Zn>Hg >Pb>As>Cu>Cr B 2257 . X —A84L 1] 5B
S FKH BB ACRE T, SO 59k ik §*, i
M5 Pb AE % PbS DIVETIBL A, T30 Pb B 8l
K, Z e 7K FH 30T 5 177 24 3819 pE F&AI, pH THis
IF, As IS BB K, By Bk il o R, SRAE I
[ FISR A SR S B AN, o] BB R BOX R C R A
TR RA 2R DW B X EIKAE R RS R
O B 4y Bk Cr 23.48 ~102.37 mg kg "' .Pb
345.83~737.35 mg +kg™' .Cd 19.19~82.06 mg +kg™.Cu
35.65~55.24 mg-kg™ Zn 5 202.50~11 824.04 mg-kg™ Ni
29.99~114.44 mg-kg™ Hg 1.54~8.46 mg-kg™  As 27.40~
68.51 mg-kg™; SHrifEEAALL, +3% Pb.Cd.Zn Ni,

Hg As 43 ) °F 35 48 % 0.66.84.92 31.24 .0.08.7.54 .
0.67 15, Hir Cd 15 e fi /™5, V-2 bn 84.92 5 (i
FTHbRIA 273.5 %), A& 15 47~ Cd>Zn>Hg>
As>Pb>Ni>Cu>Cr, Z¢ FRIH1, P X KA £ Cr . Cu
K 95 4L 48 50N T 1.00,Pb .Cd . Zn Ni Hg . As ¥k
T 1.00, UL B e e Z 0 3 5 Y, H Cd Zn,
Hg 75 4™ 5,

F Nemero #5850 PEAT 455 (=2 D ATAL, BIAT X P
AT 3.00, B &k H] 196.00, FHAWH X 1
ZEEELSEE AT, DX X 14 Nemero f§
B 12.24~54.72 COF-3{H 25.64, F{1 22.42),DW
WX S 14.09~196.05 (F-31E 61.86, H1{H 56.95),
#REE A2 Pb.Cd . Zn Ni Hg As 6 48 I5 4, L)
Cd XF PAEBTkE K X LA T, DW 7 [X 13 Nemero
FeRm T DX B IX, UiRH DW B X 2 A T5 YL o o,
22 KBEEESESTEFEN
2.2.1 IKFEA Y EE A A & o A R

M 1 RTLAE 1, 5T Ph JGE , 28 76 KH Pb %
T KRR R R B4 51 R 20.319%~61.37% 24.10%~
55.99%F1 13.94%~33.20% , F-HI{E 451K 34.85% .
42.929%F1 22.23% ; % T Cd JGE, 2 58 K Cd &
5 KR R U543 )R 22.03%~69.53% . 12.64%
~46.97%F1 3.81%~47.20% , F-Y{E 45K 42.24%
32.09%1 25.66%; %} T Cr JLEK , 2 52 KW Cr &
7 KA A B e 45 23 91 36.55%~64.04% 22.319%~
42.90%F1 13.44%~34.21% , -3 45> 5y 48.25% |
29.59%F0 22.17%; %} F Cu JTE , 2 58 K Cu & &
7 KR AR R 949 591 R 13.829%~46.67% .10.56%~
66.02%F1 13.70%~74.43% , SE-YE 5 5 25.97% |
33.99%11 40.04%; ¥} F Ni JLZK , 25 52 KW Ni & &
i K R R B EE 43 R 6.72% ~48.90% ,7.92% ~
65.24%F1 10.61%~85.35% , SE-FI{E 451K 24.58% .
35.16%F1 40.25% ; %} F Zn JUH , 25 5¢ KT Zn S
i KR AR R L9049 531 R 29.55%~78.86% (15.51%~
59.89% il 3.36%~21.73% , “F-HIME 4 5K 49.41% .
38.56%F1 12.03% ;% T Hg L& , 25 .5¢ KW Heg &
T KR AR L4 1R 12.35%~76.28% ,22.24%~
50.92% 1 1.48%~36.73% , F-HI{E 4 51y 46.59% .
34.55%%1 18.85% ; %} T As 02,25 7% kP As &
7 KR AR R L4949 53] R 26.13%~71.01% ,22.43%~
56.53% 1 3.68%~29.97% , F-HI{E 4 5k 49.36% .
38.15%F1 12.50% . H L r] LAE H 0 XK 4% %
L1 8 MIKAFFE ML, 8 A EE 4 8 U ZE BR Cu Fl Ni
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Table 1 Contents of heavy metals in soil and Nemero index statics from DX and DW

— ‘ F SR P4 /mg kg
SFRE B it - PIE
Cr Pb Cd Cu Zn Ni Hg As
DX X (n=22) A H(pH i) 112.55 675.27 45.26 87.97 957440  254.43 478 79.69  54.72
(6.74) (6.74) (6.54) (6.89) (7.36) (6.72)  (7.06)  (7.38)
/M HL(pH 1) 38.37 194.07 8.37 2261 418744  40.64 0.94 2071 12.24
(7.44) (7.23) (7.38) (7.75) (6.82) (7.75)  (7.46)  (7.75)
RN 67.42 412.11 18.39 41.03 587332  72.18 2.72 3746 2242
SEHME 67.36 414.44 21.14 44.15 6 184.41 8838 2.58 4068  25.64
hriE2E 18.00 134.72 9.44 14.31 148422 4827 0.90 14.14
DW B [X(n=21) KA FH(pH {1) 102.37 737.35 82.06 55.24 11824.04 114.44 8.46 68.51  196.05
(7.13) (6.41) (6.41) (6.87) (5.99) (5.99)  (687)  (6.36)
e/ M &I (pH ) 23.48 345.83 19.19 35.65 5202.50  29.99 1.54 2740  14.09
(6.41) (5.50) (7.85) (7.56) (7.85) (6.58)  (7.13) (7.39)
P 65.57 508.08 47.44 43.19 781521  49.19 3.60 39.84  56.95
SEHME 63.88 499.52 51.55 44.10 806245  54.20 425 4186  61.86
bR 2252 105.41 18.85 4.86 197034  21.00 1.84 10.79
E i T HERBE T AR 250" 250 0.30° 50" 200 40° 0.30" 30°
300" 300" 0.60" 100" 250" 50" 0.50" 25"
350¢ 350° 1.0 100° 300" 60° 1.0° 20
T RIS ARERE “a b ¢, a Dy 135 pH<6.50,b 2 pH6.50~7.50, ¢ 2 358 pH>7.50; B V(B Y pH R b iEUEL.
1000r "M MA AAAAAAOGA MAMNAOAAA AOAAA[AA A
90F || | | i
. |
g 8ot | = | A HHHIH H |
= s L L i
S 70p | H H L L H
2 6or Sl e E 1 i il
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S 4or | Sl e H HE HHEEE = 5 |
S sor BIHUEENLE EHEEHEUEHE HEHHE = g L H H
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of BEHEHEHE HEHEHEHE HEHEHEHE HEHEHHHE
O 2345678 12345678 12345678 123456738
Ph Cd Cr Cu
FE b g5
100 nANAAMNANA NMAOAMNNOER NANONANAE MONANOOn
90 s | H L i i |
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= - L H : |
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Figure 1 Distribution characteristics of heavy metals in plants
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2.2.2 KFSAPK 4 )8 & i ST A

- rp i 4 JE AT L AR AR AR RS AE )
R IE R BAEAE YR R 28 B Rl 2 an R /R
Al A AR R R E A W o 2 ) A% s
AT ™ B 52, EYEED DX R 48 R A KR
WoKESR S EILE 2,

DX #" XK P BR Zn Y% i AR A PR E A,
HAx 7 Fi 48 S ibs . H Cr &5 1.80~
3.25 mg-kg !, WARE L 100% LR 1.78 15, ek
FAHE 2.25 15 );Pb N 4.79~8.14 mg-kg !, HIRR
F 100% (SF-XJ#FR 29.60 £%, e KRR 39.65 %) ;Cd
TN 0.25~1.24 mg-kg™, HARAIE 100% (V-2 AR
1.65 %, F KABAFR 5.20 £ );Cu & H 8.91~48.19
mg kg™, AR E A 80.0% (F-XHEAR 1.63 £, i KAE
RS 3.82 1%);Ni &k 3.13~23.70 mg kg™, #AFR R
h 100% (SF-YEhR 30.82 f% , fe KHibR 58.25 %) ; Hg
BN 0.05~0.19 mg-kg™, HARA 100% (V-2 bR
5.00 1%, Fc Kb 8.50 1% )3 As i A 0.12~0.68 mg-
kg™ PR 80% (IR 1.40 %, i SOl bR 3.53
%) DX A IX K FEHE b v 843 1 34 AR e A AR
FEEUIR ) Ni>Pb>Hg>Cr>Cd>Cu>As>Zn,

DW " X K AFAE A B Zn 19 7 5 oK 8 1) B 4
i, HoAh 7 FoCR IR, b Cr &R 1.65~2.68
mg kg™, HFRAEIE 100% CFEEAR 1.24 4%, BB
1.68 1% );Ph &t 7 8.13~10.53 mg kg™, MARHE N
100% (V- Y EAn 46.15 4%, i Kl bR 51.65 £%);Cd %
M 0.20~0.46 mg kg™, HBIRFIL 66.7% (SRR
0.63 5, FAKMAR 1.30 f5);Cu &N 13.67~21.03
mg-keg! RN 100% CEE PR 0.66 £, e KAE A
R 1.10 £ )5 Ni 5 5.17~11.36 mg kg™, #FR R N

100% (“F-Y3EE45 18.10 7%, e AR 27.40 %) ;Hg &
4 0.03~0.10 mg-kg™', IR K 100% (CF-3 b5
2.00 13, F /B 4.00 1%); As B4 0.22~0.35 mg-
kg™, HARER 100% (CF-Y#EAR 0.87 £i5, KR
1.33 4% ). DW f" X K AEAE & oh 2 4w - Y AR R A
HEFRMEEUR IR Pb>Ni>Hg>Cr>As>Cu >Cd>Zn.,

25 b P AR KT Zn B9 YR AR DW 4
X Pb 5 H DX B X ™
2.2.3 FEARUEPEM

Wetls 30 1.4 th AR, TR 3] DX AT IX A DW
XAk Cr . Pb.Cd.Cu.Zn Ni Hg As ] HQ Fl HI
BN 3 . DX A RKAESL H, Cr Zn () HQ /)
T 1.00, H. Cr #57E 107 B& 9% b, R B0 X4
FEREA, Cr B¢ Zn X AAMEER 2 A B2 071X
P& Ph Hg #1 As [ HQ #5KF 1.00, %] Ph.Hg
5 As X NIRERAATEITEfGE . DX 07X Cd /9 HQ
7 0.72~3.60, HPHEKF 1.00;Cu (9 HQ 9 0.64~
3.49, HOEHE AT 1.00;Ni 5 HQ K 0.45~3.44, 1
SEPEARTF 1.00. F£B DX H XK FEAKH Cd.Cu Al Ni
X NAEERAEAEVEAE 2, H Cd . Cu fR7E— & AR
S DW " XAERAE Y, Cr Zn X A AR 52 i -
AN Pb He F1 As X A A8 Rl A7 78 1 7E G 3 5 Cd
1) HQ $0.58~1.33, HoOVP-#4{H H 0.95, 0] DW #” X
A AR, Cd X AR R CAFE IR RS E . Cu 1Y
HQ $70.99~1.52, HFH{E K F 1.00;Ni 1) HQ Ky
0.75~1.65, H V-1l KT 1.00;Hg () HQ 2y 0.87~
2.90, F-BME KT 1.00, FW] DW 47 XA ™ By FE K [H]
Bt A7EAE Cu  Ni F Hg T TE G

I e DX A DW " IXFORFEAS B Pb Ab,
DX B X FFKAE b Cr.Cd.Cu.Zn Ni Hg . As 1 HQ

T2 DX DWHRBEREEESE

Table 2 Contents of heavy metals in rice from DX and DW

EHEJR i CF{H£SD )/mg kg™

GETE A :
Cr Pb Cd Cu Zn Ni Hg As
1 3.24+0.46 7.49+0.57 0.35£0.02 48.19+3.60 45.23+4.70 23.70+4.23 0.1420.02 0.29+0.02
2 3.11+0.31 8.14+0.50 0.25+0.03 16.32£1.82 26.03£2.35 7.33£0.93 0.19+0.02 0.43+0.03
3 2.51+0.27 4.99+0.36 1.24+0.03 21.44+2.04 38.07+5.37 10.67+2.45 0.15+0.03 0.12+0.02
4 3.25+0.36 5.21+0.42 0.37+0.04 38.14x1.27 30.60+2.23 18.80+2.17 0.05 0.68+0.06
5 1.80+0.26 4.79+0.38 0.45+0.04 8.91+0.39 17.63+1.82 3.13+0.57 0.07 0.26+0.03
6 2.68+0.37 10.53£1.01 0.32+0.03 21.03£1.86 22.50£3.35 6.40£0.35 0.10 0.22+0.03
7 2.39+0.19 9.62+0.82 0.20+0.01 15.22£1.24 27.20£2.65 11.36£2.57 0.06 0.35+£0.01
8 1.65+0.10 8.13+0.30 0.46+0.03 13.67+1.80 18.63+2.41 5.17+0.60 0.03 0.28+0.03
FRUE(E 1.0 0.2" 0.2 10° 50° 0.4 0.02" 0.15"

T a, HE A ARIE NY 861—2004 ;b BRI AEARIE GB 2715—2005; ¢, 225 3CHR[13],
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#3 DXHEMDWHRBARPESEITEMN HQ I HIE
Table 3 H(Q and HI values of heavy metals for an adult via rice
consumption from DX and DW

HO

R s : HI
Cr Phb Cd Cu Zn Ni Hg As

1 6.26x107° 6.21 1.02 349 043 344 4.06 2.80 21.45

2 6.01x107° 6.74 0.72 1.18 0.25 1.06 5.51 4.15 19.61

3 4.85x10° 4.13 3.60 1.55 037 1.55 435 1.16 16.71

4 6.28x10° 4.31 1.07 2.76 0.30 2.73 145 6.57 19.19

5 3.48x10° 397 1.30 0.64 0.17 045 2.03 251 11.05

6 5.18x107 8.72 0.93 1.52 0.22 093 290 2.13 17.35

7 4.62x10° 7.97 0.58 1.10 0.26 1.65 1.74 3.38 16.68

8 3.19x10° 6.74 1.33 0.99 0.18 0.75 0.87 2.71 13.57
e IE;D—II.d—l 1500°  3.5* 1.0° 40.0° 300° 20" 0.1* 0.3

te) =]

T :a W ASCHR[10-11]2:7% 5 b, EPA 2005,

HIEEAFHL L DW 87X (%) HQ fHK; DX 7 X Fl DW 4
XA HIEAR KT 10.00, [H i #BAEAE S R E T4 8
BHfaE.

3 it

3.0 DX DWH R EHEMECERIENESR

DX . DW FVEEe A2 ML ) 2 R0 4 R AR IK
B TR B — (A5 R 5 1ER L 1 e,
FEERE BHELUSNE SRR 2 THLR 2B E
M FRAKAE R A X RS, AN GE i 9T IR
e, T A3 B E A v e o F R A SRR I T IX
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Table 4 Correlations coefficient of heavy metals in different organs

¢t Pb € Cu Zn Ni  Hg As
ZH7% 039 031 071% 023 072% 042 0.84%F 083+
FEK 073% 072* 044 014 006 020 026 0016
ZEX 012 0.74% 007 -0.04 -0.07 -0.04 -0.02 -0.11

7 : 2—tailed #5565 , n=8, **P<0.01, ¥*P<0.05,
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Table 5 Correlations coefficient of heavy metals in land

soils and rice

Cr Pb Cd Cu Zn Ni Hg As
g
K5+ 0.90% 0.92% 0.66%* 0.25 0.74%% 0.72% 033 025

7 2-tailed f56, n=8,**#P<0.01, *P<0.05,
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