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Heavy Metal Contamination and Bioavailability in Huayuan Manganese and

Lead/Zinc Mineland, Xiangxi

YANG Sheng-xiang' , YUAN Zhi-zhong' , LI Zhao-yang', LONG Hua', TANG Wen-jie’

(1. College of Biology and Environmental Science, Jishou University, Jishou 416000, China; 2. Guilin Research Institute of Geology
for Mineral Resources, Guilin 541004, China)

Abstract: An extensive sampling was conducted from 4 Manganese mine sites and 5 Lead/Zinc mine sites in Huayuan, Xiangxi. The
total and diethylenetriaminepentaacetic ( DTPA ) -extractable heavy metal (Mn, Pb, Zn, Cu and Cd) concentrations were determined
and the heavy metal contamination of mine soils was assessed with pollution index. A principal component analysis (PCA) was
performed to identify the key parameters and a simple linear regression was employed to evaluate the relationships between the total and
DTPA-extractable heavy metals. The results showed the following: (D The mine soils were characterized by elevated levels of Mn, Pb
and Cd in terms of Hunan soil background concentrations, being 8.7, 21.5 and 2.9 times of their local soil background values,
respectively. According to China Environmental Quality Standard for Soils ( GB 15618-1995) , most Pb and Cd exceeded the threshold
values of Class Ill. @ Pollution index showed the mine soil was slightly polluted by Pb and moderately to severely polluted by Cd.
Comprehensive pollution index indicated slight to moderate pollution for Manganese mine and moderate to severe pollution for Lead/Zinc
mine, respectively. 3 The DTPA-extractable Pb and Cd concentrations were relatively high in Manganese and Lead/zinc mine soils
and their fractions in comparison to the total metal concentrations exceeded 10% . A significant positive correlation was observed
between DTPA-extractable and total concentrations of soil Mn, Pb, Zn and Cd (P <0.01). The principal component analysis showed
the total and DTPA-extractable Mn, Pb, Zn and Cd were the key factors resulting heavy metal contamination of mine soils. Therefore,
various protective measures should be taken to avoid heavy metal contamination.

Key words : heavy metal contamination; bioavailability; Manganese mine; Lead/Zinc mine; Xiangxi
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Fig. 1 Geographic location of sampling sites
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Pﬁ; - f
L, P, NEERLG AT RIEEG P, WHEH T
PSRBT 5 P, AR Fi5 G e Boh i ok
{H. V5 YL S R A hR LR 1.
*1 ESESREBS RinE

7. 3) , F25C %%%& 180 Yj( emin ! %% 2 h , ﬂ?}f‘: Table 1  Classification of pollution indices of heavy metals
Nz NS N oy — ? ] :Agé IEIQH “A;'}éf—)—‘k? ﬁﬁ;#;}é Elb,, ‘\4;'}%:??
R 92 TR (Mn P 7Zn Co, T THTTRORR R BATAER TR

=] . — S ~, 1 i < ‘(EWJT & <0 rﬁ‘
Cd) B R T ICAP6300 % i A A& 45 85 1K & 5t T
HEIEAL (ICP-AES) P % . J5T & P/ 1IE >R OB 474 A1 3 2 <P <3 s 1<Pp<2  EQ
Tk o Wik, & I8 R bR IR ATE 92.5% ~ 4 Pi<3 WG 2<Pys3 g
T = =i 2 5 3 <Py V5 YL

106. 4% | 478 240 BT ik i L M. - 588 pHL _ : =

L5 Hdntr

g 2R AR, FRBGE 2 mm JE IR0 A9 1 FE 4. 00
g FEIRK L 2. 5:1(V: W) JA 10 mL 4K, H
pH 11 (PHS-3C %) | %2
1.4 FEEEIGYITN

W DX e 4 S V5 YT R AR 15 Y e 4k
BoRZR G 15 PR BOL AT ITMN .

BRI YR B0

[P PO ESE RN TS RAEEG ¢ N EER
SSE ; S, HE G @ BTN ERIE.

B 43 R FH Excel 2003 1 SPSS 15. 0 #E47.
FFH 314343 11 (principal component analysis ) 43
Mra™ X HE 4 @ 15 YL A OB R 5 1) Z A [l 0H 434
12 (liner regression ) 73 M7 H 43 J& A 2 & 2 5 H XS
NSRRI R, B KR 0,05, 1t 3 K
-7 0.01.

2 HFREHMW

2.1 fEHEVXEESREGE
ACIEAEA HVEERT X 3 pH (H E 4R S 2

e AVEYLE R il B ¥ fE 22 BT X pHEE I 4. 41 ~7. 01,
x2 EGEY BEVXIEpHE.E2ELETEERFHE"
Table 2 The pH and the ranges and means of heavy metal concentrations in Manganese and Lead/Zinc mine, Huayuan
1 v - Mn Pb Zn Cu Cd
LS REER PR pH{H /mg- kg_] /mg- kg'l /mg- kg_] /mg- kg'l /mg-+ kg'l
N 4.91 ~7.01 1191 ~6250 296 ~ 850 229 ~393 49.7 ~ 161 0.28 ~4. 88
RIEEZ 12 (5.53) (3 162) (507) (307) (97.5) (2.68)
_ 4.56 ~6.71 2052 ~9 148 208 ~913 278 ~736 51.1~171 0.30 ~5.01
R 15 (5.20) (6181) (530) (444) (101) (2.70)
N ) 4.41 ~6.90 2042 ~9476 208 ~982 229 ~859 57.1 ~351 0.61 ~4.98
5 WL 13 (5.29) (5720) (566) (500) (125) (2.21)
HES 10 4.99 ~6.93 2491 ~7 150 240 ~779 248 ~324 60.7 ~135 0.34 ~3.69
a (5.51) (4127) (415) (291) (102) (1.90)
Bl 50 4.41~7.01 1191 ~9476 208 ~982 229 ~859 51.1~351 0.28 ~5.01
) (5.36) (4925) (511) (395) (106) (2.41)
- 5.48~7.20 1075~3720 396 ~1178 223 ~ 1165 74.9 ~ 184 0.50 ~8.93
Zeli 10
(6.42) (2126) (747) (631) (124) (3.56)
6.04 ~7.49 708 ~5 646 220 ~ 1499 240 ~1 139 53.8 ~179 1.20 ~9.00
12540 12
(6.99) (2733) (853) (666) (117) (4.01)
o oy 6.20 ~7. 66 960 ~5 614 217 ~1373 240 ~ 1281 43.8 ~174 1.24 ~9.03
L TR 13 (7.09) (2821) (758) (720) (113) (3.83)
i 4.95~7.68 1191 ~6250 296 ~1 320 229 ~ 1235 39.8 ~153 0.30 ~6. 16
Lz 12 (6.35) (3530) (717) (654) (99) (2.60)
_ 4.89~7.06 1758~8325 350 ~1365 259 ~1 170 51.1 ~161 0.85 ~4.88
R 1 (5.56) (4288) (761) (498) (95.5) (2.89)
) 4.89~7.66 708 ~8325 217 ~ 1499 223 ~ 1281 43.8 ~ 184 0.30 ~9.00
Mt >3 (6.51) (3108) (768) (638) (109) (3.39)
WA S 459 29.7 94.9 27.3 0. 126
[ R = b — 500 500 400 1.0

IDEGR=Z PR R A= bR S aliEl
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HYEERT X A 4. 89 ~7. 66, ¥ LIESTRYE N . 4 N AT
JS ANEYEED N A HE S M4 80 (Mn Pb Zn
Cu ,Cd) P F ¥t i T R 4 L3 5e(E, 70 5]
AT EE 10.7 ~ 6.8, 17.2 ~25.8, 4.2 ~6.7,
3.9~4.0, 19.1 ~26.9 fi%, Hrft Mn Pb Cd #A5RAH
B K. WE X LB BT X - 585k Mn & &
AT EYVEERT X A, Ph Zn Al Cd & B TRV
X, P IX. Cu JGE & i B AR AR B K A
BE AR SRR AR P R ) 1
AR IR FE)  BRHEE 2 M S5, e 3
AR5 S ANEVEER 5 Ph S Yl = bR
4 NER R Zn R IETE = AR ERVFIEFIN S
AEVERD S Zn SR AEE S = AR MTTIX Cu
TCRMTE =R NN ; Cd TR S = =
PBRUE, 5300 = AR R 2. 41 F1 3. 39 . BT
4 PR R bR v R X Mn OGO W E , BB 4R
P e Mo ST E M IE AR 170 ~ 1200
mg- kg™ T HTEEETIX 4 HE Mo SR SRR
% FFRIERY 2.9 T 1. 8 4.

2.2 eI IXE G E TG YN

ACAEAR YRR X A SR TS Y8 B 15 Yo Fe
L% 3. B Y5 Y8 BT TR DL R R BT T
ZYhRE(GB 15618-1995) M PT-Mrbr i, i T R85
AR X Mn JTTEAE I HLE , A58 A XS Pb Zn
Cu .Cd FAT TR PiH™ X 3 4 P 4R C R
095 Yt G Fl 4y ) M Py, 0.83 ~1.71.P,, 0.58 ~
1.44 P.0.24 ~0.31 P, 1.90 ~4.01. N5 YL F2JF |
F G HEE S 550 S AN, Ph MR X RIS Y Zn
XL S R s YR X R TS G5 Cu ARXT P
WX Y BRHEE £ B A5, Cd X X 1k
-G Y. SRR TS AR T 4 FhEE S BT R
ILEA TG YR, P B LR 1. 48 ~3. 12, Bh 5 G
R XML S HEE 2 RTs s 5w X iy M
WS RORBEFET R X 25T e R LS |
HEE S Jyis e BVRERT X I P 2558 0 J175 . B
B EA& 81X Pb Zn Fil Cd BIPATTHERCNZE A TS
PFEEE TLD X X R 3 M S R IR
WX A3 B EE A A G

R3 REGEY HHTRESESREHRFREE

Table 3 Pollution indices and their grading in Manganese and Lead/Zinc mine, Huayuan

Pb Zn Cu Cd
e HREER P, wRAH P, REm P whAm b, wnam 8RR
P % (n=12) 1.01 Bisgs 0.6l T 0.24 T 2.68 g 2.06 rhE g
R (n=15) .06 R®i5% 0.89 TG 0.25 T 2.71 hsg 2,10 s
A MILE (n=13) .13 gy .00  #i5%  0.31 T 2.21 G e 1.77 By
HHE S (n=10) 0.83 T 0.58 TG 0.26 T .90  R®is% 148 Bis g
Y (n =50) .02 Ri5% 0.79 T 0.27 I 2.41 s 1.88 Bim g
ZHL(n=10) 1.49  ®isg 126 BEYE 0.31 T 3.56 5§ 2.78 G Y
HZEH (n=12) 1.71 Bisg 1.33 Bk 0.29 I 4.01 ®wiGg 3,12 GG
R HEH (n =13) 1.52 #iEge .44 RRI5Y 0.28 Tk 3.84  E{TH 2.9 G g
MILS (n=12) .44 Ri5gE 131 BiEY 0.25 T 260 P 2.09 s Y
RARMH (n=11) .52 BRmY 1,00 RBisye 0.24 ik 2,89 thimjr 2,27 s g
HIii(n=58) 1.54 B®isg 128 By 0.27 T 3.39  HEi5H 2.66 EREES
2.3 X TEESREARES & RE A 2 AR ) 2B 4K B BR A R NI IXC ok

HEBAMS T E BN E TIEPEALEY)
A, RE B b R A W IR S A R A
DTPA RERFE - HE bR I M SS# RB 2 A
P E S AR - E A S 8, ol 2 & A
YA SIEAS . B X LR SR A RS R
R4, 5 MESEITRABE S FIEH Mn 53.23
~430.42 mg- kg™', Pb 26.35 ~129.23 mg- kg~ ',
Zn 20.41 ~ 73.56 mg- kg™', Cu 1.30 ~ 4.61
mg* kg™',Cd 0.15 ~0.57 mg- kg™, H:if Pb Cd H
WA E R, R T T RE(R2), 1)

EI-N=X
H &t

B IX 1 Mo A ECS & B HY R X, B R
WX Pb Zn Cu Fl Cd ARG EH&E THI X, 5
LR BESGR—8 B EAMNE SR RN
FLAE (B/T {8 5 & 1E R PE4r 5 4 8 FRBE 8500 1) —
AFERRNS T RIS WoR S FhE 4B LR K B/T
52+ % K Mn 2.50% ~ 6.96% , Pb 5.33% ~
15.15% , Zn 6.64% ~ 11.65%, Cu 1.33%
4.82% ,Cd 7.79% ~17.56% . N¥J{H &, 8y EE"
X Pb. Zn, Pi B X A9 Cd 15 1k 2 B8 A0 X 45 5,
>10% .
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Table 4 Available concentrations of heavy metal in Manganese mine and Lead/Zinc mine, Huayuan'’ (mean + SD)/mg- kg !
WX SREER Mn Pb Zn Cu Cd

WS (n=12) 115. 67 +19. 59 27.01 £5.5 20.41 +£3.73 1.30 +0. 13 0.35 +0.09

B/T/% 3. 66 5.33 6. 64 1.33 12.90
RAH(n=15) 430. 42 +55. 06 41.77 +7. 19 33.38 +5. 11 2.54 £0. 41 0.47 £0. 13

B/T/% 6.96 7.88 7.51 2.53 17.56
e MILG (n=13) 306. 38 +48. 84 40.23 +6. 54 41.03 6.3 2.42 +0.27 0.33 +0.12

B/T/% 5.36 7.11 8.20 1.94 14.79
HE % (n=10) 129.19 +15. 64 26.35+7.17 28.29 +4.24 1.39 0.2 0.15 0. 10

B/T/% 3.13 6.35 9.72 1.35 7.79
¥ (n =50) 262.38 +28.33 34.74 £3.42 31.24 £2.71 1.98 +0.17 0.34 +0. 06

B/T/% 5.33 6. 80 7.90 1.86 14.10
ZKIAH (n =10) 53.23 +9.94 97.66 £22.79 73.56 +12.39 3.58 £0.61 0.44 +0.2

B/T/% 2.50 13.07 11.65 2.89 9.63
ALk (n =12) 109. 77 +18.22 129.23 £22.76 62.92 £16.2 2.49 +0.55 0.48 £0. 16

B/T/% 4.02 15.15 9.45 2.13 11.91
TR (n =13) 162 +26.7 90. 85 +18.95 64.08 +15. 02 3.07 0. 41 0.57 £0. 13

by B/V% 5.74 11.98 8.90 2.72 14.96
MWLg (n=12) 134.87 £24.8 95.27 £20.98 68.61 +10.98 3.86 0. 47 0.33 +0. 13

B/T/% 3.82 13.28 10. 49 3.88 12.72
R (n=11) 184.78 +35.71 112.03 =18.59 52.90 +18.85 4.61 +0.43 0.38 +0. 12

B/T/% 4.31 14.72 10. 61 4.82 13.12
¥IfE (n=58) 131.15 +12.25 104.9 +9. 19 64.29 +6. 54 3.49 +0.23 0.44 +0. 06

B/T/% 4.22 13. 66 10. 08 3.91 13.07

D)B/TAEWAMS GRS BB

2.4 WX EHEE SRS Y E R T

FIF 3 00 W i X 0 (X o 4 i 95 e ) e [
TFIEAT A3 M, AR 4 A0 AR A BB BT ik 23R 35 BB iy A
FHSY A (PCL) B T 54. 64% 15 bG
BEE B BB A TR (PC2) R T 13. 10% HY%K
Pfs B (3R 5) . Rl 40 iy S fa KBS, Mn \Pb \Zn |

®5 RLEGY HETEIHESESRERS M)

Table 5 Factor loadings of each variable along PC1 and
PC2 resulted form principal component analysis in

Manganese mine and Lead/Zinc mine, Huayuan

S8 PC1 PC2

pH 0. 69 -0.16
Mn 0.55 -0.21
Pb 0.48 0.10
Zn 0.59 0.21
Cu 0.18 -0.58
cd 0.41 -0.33
DTPA-Mn 0. 63 -0.41
DTPA-Ph 0.59 0.25
DTPA-Zn 0.61 0.10
DTPA-Cu 0.19 0.22
DTPA-Cd 0. 60 0.48
FEAEAR 2.71 1.44
TR/ % 54. 64 13.10

1)PCl 85— FE R4, PC2 . 58 — o

Cd 7t PC1 E it far 28003 512 0.55 ., 0.48, 0.59
#10.41,DTPA-Mn . DTPA-Pb . DTPA-Zn .DTPA-Cd 7E
PC1 [ RITAFTE 2314 0. 63, 0.59 . 0. 61 F10. 60.
X Ui W] Mn, Pb, Zn, Cd F1 DTPA-Mn, DTPA-Pb
DTPA-Zn DTPA-Cd /& S BUEIH W X 5 4 )8 15 J
A FE N F. S, pH 7E PC1 _EAY T far fE 4 0. 69 |
Ui pH (A5 H A B I5 YA L.
2.5 TREMELSREAYEGTES BB
Gy

2R T X HIEESEANE GRS H
X 7 e AR DG S 2R L 2 o LR - X+
HEHE 4SS DTPA $#2HUS & & 5 B 2 IEA X OC R,
Horp B4 X 43 DTPA 42U Mn Pb Zn Cd F &
HHBFEWNEFEEMHIE(P<0.01),Cu 54 Cu
Z A (P =0.49) . 8Y4%H” X + 3 DTPA
FEHBUS Mn Pb Zn Cd % &5 H S8 2% 8%
FHX(P <0.01),DTPA 2 HUE Cu T H 5 H Cu 2
WEMEIEMAX(P <0.05). B4, X H X+ pH {E
5% 48 pwm A S S =TT Pearson 1K1
R (B AR R ) G5 SRR X pH fH5 Mn,
Pb.Zn Cd E &A1 DTPA #2504 Mn Pb . Zn Cd & &
B AR G,
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Fig. 2 Relationships between total Mn, Pb, Zn, Cu, Cd and their DTPA-extractable fractions in Manganese and Lead/Zinc mine, Huayuan
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TR BTG Y, R R R X AR L
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15 M E4JEICE (Mn Pb . Zn Cu . Cd) B 75
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mg- kg™',Cd 0.28 ~9.00 mg- kg ' (£ 2). Hr Mn,
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