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Abstract: Mining activities are producing waste tailings that pose serious environmental impacts to aquatic and terrestrial
ecosystems. In most mining activities, these waste tailings are left without proper management. The negative impact of these
mining activities on the surroundings is m ainly due to the presence of high volumes of tailing. These tailings are usually
unfavorable to the surrounding environment, contributing to the contamination of soil substrates, destruction of soil texture,
short of nutrient, destruction of ecological diversity. Heavy metals are considered highly hazardous to ecosystems and
humans, not only because of their direct toxicity to organisms but also due to their potential for bioaccumulation along the
food chain. This is a global concern. Studies of natural and man-made environmental interaction of metals after mining have
become increasingly important to society. Xiushan County is located in southwest China and is rich in Mn ore. Rongxi

Manganese mine is one of the biggest mines in Xiushan County. This region is economically underdeveloped where mining is
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the most important pillar industry. Mining activities in this region has deleterious effects on the local environment due to
deposition of large volumes of wastes on the soil. Finding out tolerant plants, which can adapt to the local climate and soil
conditions, is a premise for soil remediation and vegetation restoration. The aim of this study is to examine the heavy metal
concentrations in soils and dominant plants, and to determine plant-soil relationships for the various native species that grow
directly on the mining tailings in the Rongxi Mn mine. This information can be used to establish guidelines in order to assess
further revegetation options by selecting the most suitable plant species to revegetate the tailings. The contents of heavy
metals (Mn,Cd,Cu,Zn and Pb) in soils and dominant plants were measured in Rongxi Manganese mine. Hakanson’'s
ecological risk index and single-factor pollution index were employed to evaluate the heavy metal pollutions in soils and
vegetables, respectively. The results showed that the average contents of Mn, Cd, Cu,Zn and Pb in soils collected from
Manganese mining tailing were 48382.5,3.91,79.97,131.23 and 80.68 mg/kg, respectively. Cd and Mn posed heavily
ecological risks, while Cu,Zn and Pb posed light potentially ecological risk. The contents of Mn and Cd in the dry shoots of
most dominant plants exceeded the upper limit of the normal range, while the contents of Cu,Zn and Pb fell within the
normal range. According to the plant-soil relationships, plants were classified into three groups: accumulators, excluders
and compartments. Accumulators such as Phytolacca americana L. and Polygonum lapathifolium Linn. absorbing high
concentrations of heavy metals in the shoots are suitable to clean up the compound pollution of heavy metals. Compartments
like Miscanthus sinensis Anderss. and Stenoloma chusanum Ching store high levels of heavy metals in the roots and transfer
little to shoots. Excluders including Artemisia annua L., Desmodium sequax Wall., and Aster subulatus Michx. are the plants
accumulating little heavy metals in their bodies though they grow on the severely polluted soil. The latter two can be used to
remediate mine soils with higher heavy metals levels and low use value, and excluders had an important value in the study

of plant heavy metal exclusion mechanism. The surrounding farmland soils were also mainly polluted by Cd.

Key Words: manganese mine; heavy metal; potential ecological risk assessment; dominant plants
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Table 1 Grade standard of Hakanson potential ecological risk

ABEE B s R AR5 e
Ecological risk Slight Medium Strong Very strong Greatly strong

E, <40 40 — 80 80 — 160 160 — 320 >320

RI <90 90 —180 180 — 360 360 — 720 >720

E; . PATEEEMIEAEAESEETTEL The potential ecological risk factor;RI: ZMELRINLEAEAEAEEFEEL The potential ecological risk index
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Table 2 Heavy metal concentrations in Xiushan Manganese mine
WA, Study site Mn/ ( mg/kg) Cd/ (mg/kg) Cu/ (mg/kg) Pb/ (mg/kg) Zn/(mg/kg)
/NZEPE Xiaochayuan — f K fH Maximum 91598.4 4.97 136.29 100.43 398.55
/M Minimum 11775.4 2.40 48.15 41.13 54.92
SF-$5{E Mean 52486.1 3.94 80.80 60.17 127.10
F ) Gaoloucun SN 120565.7 6.07 138.43 126.55 209.48
HR/ME 24088.7 2.55 52.22 41.73 78.77
S 53530.1 4.39 100.85 79.98 138.04
70 H% Shatianwan RKRME 119646.2 6.82 112.08 116.28 195.85
Fe/IME 48612.2 4.12 52.75 60.49 117.46
FHE 85556.3 5.12 71.34 88.98 160.62
MG Yuhewan RME 43614.4 3.45 72.23 87.54 102.879
HR/ME 36696.7 3.15 60.54 77.95 102.048
SEHE 40155.6 3.30 66.38 82.74 102.473
F48 1" Qianzhimen SN 10470.7 2.84 81.00 94.29 131.49
Ie/MAE 9898.4 2.74 80.01 88.78 124.33
S 10184.5 2.79 80.50 91.54 127.91
F-I4{H Mean 48382.5 3.91 79.97 80.68 131.23
TBREFCV /% 50.26 23.32 16.50 15.33 16.01
s e B[ 15]
iijmﬁ?ﬁﬁ of soil in Chongqing 657 0-079 311 30-9 86.5
= e =L [ 15]
BRI bR (pH<6.5) [
Environmental Quality Standards for Soils in NA 0.3 150 250 200
Grade Two(pH<6.5)
NA; JoHR
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FEEER M ( EEAHLFR<10 ¢/ke, T HER%<0.8
g/kg) I H IR & ACEWAEE AR, B o +
WA S RN T 0.8—1.0 g/kg AEFR il A5 Wy i 2E
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Table 3 The potential ecological risk index of heavy metal of the soils collected from experimental zones

WFST Hb Mn Cd Cu Pb Zn .
Study site E, E, E, E, E,

JNZE 159.77 5i 1496.20 H 55k 12.99 i 9.74 1% 1.47 2154% 1680.17 H5i
RN 162.95 1R 1667.09 H i 16.21 51# 12.94 5214 1.60 F24 1860.79 i %
b 260.45 fR58 1944.30 H5ik 11.47 8264 14.40 2h% 1.86 21 2232.47 Wi
e I V25 122.24 54 1253.16 Mk 10.67 4w 13.39 4 1.18 #21% 1400.65 13
T8I 31.00 Bk 1059.49 # 5 12.94 #24% 14.81 24 1.48 21% 1119.73 H5i
Y75 YL A8 EL Average index 147.28 54 1484.05 Mk 12.86 #2fi 13.06 $2 1.52 #2164 1658.76 13k

HRAIR R 5 M ESE TR IR EA SEH 1R
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FTEARAT 3 Bl 33k B et et A AR ) 00 58 45 A 456 118 368 o7
REJIRCOR , WS BEAR A IX By P 3R S B T2 Y 7Y bl
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( Stenoloma chusanum Ching) LA & /N &3 ( Conyza
canadensis ) % .

K AFIH T A XN A KA R HERR X AY
ERHEAEY AHE WAL AN M Cd,Cu Zn FI Ph
G5 MESEFE, Mn,Cd,Cu . Zn Pb B & H
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WS ER K IR (Perilla frutescens ) | 7=, FE &F ( Rubus
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Table 4 Heavy metal concentrations, BAF and BTF in dominant plants in Xiushan Manganese Mine

M) 45 B Plants Mn Cd Cu Pb Zn
R AR 2 Hi_[- shoot 8433.48 0.94 12.18 3.90 46.94
Polygonum lapathifolium Linn. HF root 1806.71 0.42 10.57 4.01 26.19
BTF 4.67 2.24 1.15 0.97 1.79
BAF 0.21 0.01 0.06 0.04 0.23
4 Hi1 I shoot 7534.02 0.82 9.59 20.48 58.64
Achyranthes bidentata T root 3558.80 1.06 25.63 34.02 137.71
BTF 2.12 0.77 0.37 0.60 0.43
BAF 0.26 0.21 0.09 0.20 0.34
e bl Hi_[- shoot 7066.40 1.69 12.19 21.68 57.64
Phytolacca americana L. HF root 1812.93 1.24 12.66 22.60 44.41
BTF 3.90 1.36 0.96 0.96 1.30
BAF 0.23 0.48 0.10 0.32 0.47
= 11 shoot 5152.98 1.27 18.29 4.79 24.34
Polygonum longisetum De Br. HF root 2295.60 2.42 53.40 39.84 49.55
BTF 2.24 0.52 0.34 0.12 0.49
BAF 0.57 0.53 0.15 0.07 0.38
SStilb Hi_[- shoot 3275.94 1.21 8.57 17.39 53.58
Chenopodium ambrosioides L. HF root 2692.10 1.09 12.56 23.15 76.59
BTF 1.22 1.11 0.68 0.75 0.70
BAF 0.06 0.25 0.08 0.18 0.33
i # | shoot 2811.37 1.19 11.63 26.22 54.76
Rubus buergeri HF root 941.67 1.01 19.81 22.32 48.66
BTF 2.99 1.18 0.59 1.17 1.13
BAF 0.14 0.38 0.18 0.57 0.91
TH Hb_I shoot 2055.04 1.24 10.90 21.52 39.13
Saussurea scandens HF root 1506.49 2.32 17.89 105.84 66.99
BTF 1.36 0.53 0.61 0.20 0.58
BAF 0.02 0.22 0.19 0.24 0.21
58 % H_ | shoot 1091.50 1.77 10.29 19.31 31.88
Radix Acanthopanacis Senticosl HF root 939.54 1.45 14.65 21.68 62.41
BAF 1.16 1.22 0.70 0.89 0.51
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M) 45 FK Plants Mn Cd Cu Pb Zn
BAF 0.03 0.39 0.12 0.19 0.10
T Hi1 I shoot 1943.76 0.54 1.96 22.75 39.94
Miscanthus sinensis Anderss. H1F root 5806.02 1.06 18.67 27.07 57.83
BTF 0.33 0.51 0.10 0.84 0.69
BAF 0.37 0.19 0.02 0.31 0.45
55k Hi_I- shoot 1464.24 0.74 21.66 17.70 31.84
Stenoloma chusanum Ching T root 7631.03 1.41 46.23 38.94 40.84
BTF 0.19 0.52 0.47 0.45 0.78
BAF 0.01 0.13 0.21 0.42 0.18
PR AL H | shoot 877.08 0.57 3.93 17.99 19.17
Nephrolepiscordifolia Presl T root 4663.64 0.72 4.21 15.16 21.00
BTF 0.19 0.79 0.93 1.19 0.91
BAF 0.01 0.10 0.04 0.19 0.10
EDi Hb_I shoot 898.73 1.39 6.54 16.94 34.40
Perilla frutescens HF root 2319.54 0.61 13.70 12.99 18.98
BTF 0.39 2.28 0.48 1.30 1.81
BAF 0.01 0.28 0.05 0.23 0.23
AN 1] #_F shoot 645.22 0.89 2.85 14.34 14.67
Macleaya microcarpa HF root 1664.53 0.55 9.41 10.16 35.23
BTF 0.39 1.62 0.30 1.41 0.42
BAF 0.01 0.20 0.03 0.17 0.09
NRE 1 b shoot 545.35 1.31 11.48 20.69 55.95
Conyza canadensis T root 2041.20 0.77 15.45 28.00 27.98
BTF 0.27 1.70 0.74 0.74 2.00
BAF 0.01 0.24 0.19 0.18 0.37
EES H_E shoot 724.20 1.23 6.94 15.18 0.77
Cariaria sinica HF root 1698.90 0.83 14.23 5.01 1.02
BTF 0.43 1.48 0.49 3.03 0.75
BAF 0.01 0.25 0.09 0.27 0.01
NS Hb_I- shoot 400.49 1.38 3.60 21.93 49.66
Debregeasia orientalis C. J. Chen HF oot 380.75 1.06 6.33 23.75 13.29
BTF 1.05 1.30 0.57 0.92 3.74
BAF 0.01 0.30 0.03 0.25 0.24
R Hb_- shoot 842.63 0.75 8.78 18.71 31.56
Paraixeris enticulate (Houtt.) Nakai HF root 682.43 0.75 15.49 18.82 27.39
BTF 1.23 1.00 0.57 0.99 1.15
BAF 0.01 0.13 0.14 0.21 0.19
P L s Hb_I- shoot 533.91 0.69 6.57 18.71 25.19
Desmodium sequax Wall. HF root 244.77 0.51 4.79 17.07 17.43
BTF 2.18 1.35 1.37 1.10 1.45
BAF 0.01 0.15 0.11 0.20 0.16
Hi A b1 shoot 463.95 2.03 8.51 26.15 26.38
Ficus tikoua Bur HF root 694.97 0.76 10.68 16.28 18.72
BTF 0.67 2.67 0.80 1.61 1.41
BAF 0.01 0.63 0.15 0.53 0.27
R i1 shoot 736.13 1.64 8.48 23.23 37.05
Boehmeria HF root 513.30 1.04 6.91 17.68 16.69
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M) 45 FK Plants Mn Cd Cu Pb Zn
BTF 1.43 1.58 1.23 1.31 222
BAF 0.01 0.46 0.12 0.33 0.33
Y %5 Hi_[- shoot 216.06 0.64 16.75 18.86 24.59
Aster subulatus Michx. HF root 478.80 0.57 23.78 14.78 16.90
BTF 0.45 1.12 0.70 1.28 1.46
BAF 0.001 0.11 0.32 0.29 0.26
vl 11 shoot 323.44 0.88 10.40 14.04 35.62
Artemisia annua L. HF root 625.43 0.66 5.95 7.24 27.59
BTF 0.52 1.33 1.75 1.94 1.29
BAF 0.04 0.37 0.08 0.21 0.56
I IEH %) Normal content of plants 1—700 0.2—0.8 0.4—45.8 0.1—41.7 1—160

BTF : 4= W%4 % Z 4L Biological Transfer Factor; BAF ;=¥ & 4 224X Bioaccumulation Factor

AR TR ERERX L5 E Y, 2ad K
H AR UL, A A X 5 4 0 3l 7 A T — s L
PEM S ARFAE Y, (E 2 AT AL ] TR Ak )
PR AN [] 2 (A 40 o) B 4 Jim ) WAL 7 A% Fn R RRURRAIE
RIVBERIZER . T RIRAE Y IR N HLAA sk
FE AL, ek 4R T R A G R RE &
Sliiz Fr ik AW 5 PR FVRRIR B 1 2% 55, DA
INB R EEROR (Y e A TESR S EdEE &
() T SEPRE TR TN 52 35 5 P )R 4R S LA )
AL L HE AP AR AL B B AR, Al S Ak
HEABE vk B 4 B NI A B ez E
Baker' ™ Fll Punz 25" AR 415 A8 9 %) 5 42 g AS [R] 114 W%
W B A R ARRHL S OKs ) 5 4 Ja HAT P A
W15y R e R HE R R R R R, TR A
S5 USRI 5 W P A 7T B A DX 0 ) B 4 ) I
fERF X A 2L R 5y, AR FEE S % T
25 SR R 4 TR R AL A 0 4, AR AR 3 A X
A AR Mn W CHIL ] ok a5 B2 760 R el 1
RUFIRLRERY 3 AT HRIT

=AY R N D E SO B R R
JCE, [FIEPR R 4 JE AR AR A2 2 3R i A
Y1, EARD XA, 8T Mn &£ 8 YA IR
M-EE AR PR R K S Y AR T
5, JEHE R 2 A RN 7 j Bl 3 Fh AR ) %t
Mn 195 SERE T4k, Hotth B35 Mn & 20588 T
8433.88 . 7534.02 Fl 7066.40 mg/kg, M it F
10000 mg/ kg A4 A8 & 42 4L 90 A0 b o> i HL R A
AR 7 B R X 5 FREE 4R Y BTF ¥R Falizin
T 1 YR N E 4R & s, A BRI L

ey, Tk EAT S PSR E A5 L
Wiesd, JUHOE TP R, O R
P IR AR A E AR Cd BIRE T, M cd
IR EE R 130 me/kg B, E P R fli AR L 25 05 540
Sk 60.44 37.74 F1 116.93 mg/kg, BTF Jy 1.28"%!;
i H., BRER AN, TP BRI e 4 P 48 0 & &
Vi TR 2 RTEBE G Gk A
B R AV AR N AL

AN [EFEY X 4 R ) & SR BE A R, O AT
TR 4 8 TC R AR A A B I Fe A SR I R Y
25, MY E SR WIKRIAN T E S RES
B R, A AR ) FOR D i o 4
el iR FE AT AR SR, DL /D X AR ) A= B R G )
153 B BTF /NF 1, X A i T AR SR AR
AHIFFE 10 g A MR (g AR S P R A, T
L BRI AR FRXS Mn A 558 A WOSCRE T, Mn 7% £ 53 5]
4 5806.02 F1 7631.03 mg/kg, 1fij #L_F- #0043 54 Ky
1943.76 F1 1464.24 mg/kg, HH¥ 4 FhH 4 )8 1Y BTF
WHPNT 1(FR4), KRR pR AT 1 4w
BEA WS ARAE 5 F 4 W 3 R AR &R
R W AN A RR TS e ) 3

WAL A — A T ke TR | 3 AR ) 1
SR, B A RKEE SR S RAEE & e Ed
AR WRAR D 0 T A, R RE IR Ak S S AL
REA5 I8/ T 4 8 0 2R I IR IS R AR Py okt ) o 4
JRICEHE RSN B I Kk o e e A
KA 256 BOARAE K AE Mn, Cd ™ H 15 QL 198" i |-
(%2, 3) ,HHARN 5 PSR & EHHAL,
FEREY)IEE SHVE BN (£ 4) . 5900, A5 R,
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SR QA g i Ly SR R AR S
B AR = FAR R & &, RN BTF KF 1, 3%
FHTEAR R & 8 & s BT, 473 S K5 MR 8 i i 1
GrJE i IR R 5T L R AT T
XA FE 4 R —3, FLRERIRE YY) il A A E 4 RS
e 7 B LA A (B AR AR A B L g e 1T T
B A X A T HE R LR A,
2.4 AfH 1T SR TG YR

ARSI R AR B A B A TR X 3, B
O3 =28 IR R AR F 43 A R LR AT 1
i, MO LA, 5 L SR K R A7 VR, (H A4
SEARA N Tl R R AR B TR H e g s TR
o, TR HE R AR H, 43 A A 1 R A 2% b
R AL EER T KA R R A
T AR 2 FE R 430 £ LU SR Ll SR /K

M S v LA, B EoRUE, MR P R R B E 4R
S, B ME T O AR R, AR T AR R
ik, M £3Erh S P £ )8 &% &4 Mn> Zn> Pb >
Cu >Cd, 540 HEFUX + 3 4 &8 & & 1 R/ h iy
—5, SRR R bR AR L, R Cd
B, M Cu,Zn \Pb Fit ¥ oRbn, WM ERH 5
T HE T 5 A FBOREGT 3 T A A Cd S A R
TARIER 10.8 4.6 F1 2.6 5. I Mn SR EA
AL R A R 2 T3S TR AR M (700—1200 mg/kg)
IYE R, L EBRIE R 4.8 4%, 1 & v e R J7 4% [ LA
TN 5 A T A HE M 25 5 035 76 38 v b o 7931
FEIPN LA b 1 200 o B ) 00 7 ¢ A FE - 48 32 22 57 3]
Mn Cd PIFhEE 4 8 T R AYT5 Y, 0 HE R 5 A4 1 L
RN i A T 418 A2 8 Cd 75 5L,

£S5 FRAATEESRESERRL

Table 5 Heavy metal concentrations in the soil collected from the farmland around Manganese mine

AT A Wt e H AR 1 A
Farmland on both sides of the river Farmland beneath the slagheap Relatively clean farmland
FHIA . -1 o 1) .
PEI gz PO s PEM ppnu
Mean/ N E; Mean/ E; Mean/ E;
CV/ % CV/% CV/%
(mg/kg) (mg/kg) (mg/kg)
Mn 5724.6 79.8 17.43 972.9 45.2 2.96 318.3 20.61 0.97
Cu 28.54 14.89 4.59 24.83 10.69 3.99 22.67 28.76 3.64
Zn 112.34 3.75 1.30 94.39 9.84 1.09 96.14 9.28 1.11
Cd 3.23 29.56 1226.58 1.37 7.84 520.25 0.8 28.45 303.80
Pb 65.76 44.76 10.64 29.99 15.33 4.85 30.13 9.02 4.88

DL PRTT 4 875 S AR e, I TV e A2 8 1
FEFRFCE A H 43 4w s YR L T IR (R
5) , &K 3 FAH B Mn Cu ., Zn \Pb #B A F A 25K
B, 1 Cd A AR o sl b 5o 1) A A JRURS: o D275 IR
FEF T WO AR s ME R 7 AR R I T R
) RI{E 2590 1260.54 .533.15 .314.40, 53 5 R 1
s RS FE ARG EMRAENGE, WM
Jr A R A 25 XU 2 B e v, T 4 R ¥ e ™ L, 3
FESE AR I T R v = A 0 K45 2R i i
TR DIRERRE 75 T o3, 20w 47 R SR N ™ 1)
Y AU E N AESGE, U A R
EART I T Hl TH MR T REEmy %
T TERRZK RS T, 73 v % AT i 14 2 4 s (o 2 i
AFNAR A1 PR A 2 5 BOIR 5 A AR A e 5
ARGV 7 A T B SR8 B AR 7 0 T RV 7 P2 v M

RS2 3] Cd B E s e, 0 T HI5 QORI
Bt — SRR AR, KRR R, X =K H
T AEAR v BOBRIFE IR , b 28 5 5 it B , A4 BE
PEAT BRI A Rh A, 75 000 AT RE 22 %) AR
fE RRE = A AN RSN

3 i

(1) BEBAR A HE AL X e 4 i 5 1 Rk
#HH Mn>Zn>Pb>Cu>Cd, ¥ 5 F4 FH H1ES = H
R+ 31 S, Hodh Mo Cd RiZa X 30 3
G YLIUR il I S R A A S KT, &
Y EHEFX AT Cd o om iy 2B 285 5, Mn 5%
A BFEE , Cu Zn P NEEHMASEH

(2) 5 e b AR LA YR N 4
J& & BN Mn>Zn>Pb>Cu>Cd , M4 4 5 8 4 & 11
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