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Heavy Metal Concentrations of Dominant Plants and Bioaccumulation in Three Manganese Mine Wastelands,
Guangxi

TANG Wen—jie, LI Ming—shun
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Abstract : Heavy metal contamination of metal-mined wasteland is an overlooked problem in China, and Guangxi, the largest Mn—ore mining
region, has vast areas of minelands awaiting restoration. An extensive ecological survey and sampling were conducted on Quanzhou, Bansu
and Xialei manganese mine wastelands in Guangxi. Soils and twenty dominant plants were determined for the heavy metal concentrations
(Cu, Cr, Cd, Pb, Zn and Mn ). The results showed that Cd and Mn were the main contaminants of the minesoils. Among the three wastelands,
Quanzhou minesoil was most seriously polluted by Mn. Heavy metal levels in the mineland plants were generally in the order of Mn>Zn>Cr>
Cu>Pb>Cd, consistent with the trend of metal concentrations in minesoils. The Mn contents in the plant tissues were usually higher than nor—
mal. Phytolacca acinosa and Camellia sinensis exhibited very strong Mn accumulation characteristics, suitable for use in phytoremediation of
manganese —contaminated soils;Arundo donax may be used as a good stabilizer for the loose slag dumps and tailings dams;Miscanthus
Sfloridulus and Erigeron acer are metal—tolerant grass species and resistant to drought and inadequacy of nutrients, thus can be used as pio—
neer plants for revegetation of manganese—mine wastelands. The dominant plants usually had low bioaccumulation of metals in tissues, but
some species (e.g. Phytolacca acinosa) had very high transfer ability for particular metals (e.g. Cd, Cr and Mn). The edible parts of corn and
cassava grown in Bansu mineland failed to satisfy the Maximum Allowable Levels for Food Safety Standards of China, thus agricultural uti—
lization as a restoration prototype for reclaiming mine wasteland at early stage is not recommended.
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Figure 1 Geographic location of Quanzhou, Bansu and Xialei Mn

mines in Guangxi
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Table I Heavy metal concentrations in soils in the Mn Mine Wastelands of Guangxi(mg-kg™)
WX RFEH Cu Cr Cd Ph Zn Mn
2 EBHII(Qwl) 45572211 133.75+1.87 5.55+0.22 72.88+7.96 237.1%19.47 160 055.2+6 974.1
Bl (Qwll) 58.1120.50 222.23£10.13 2.810.95 122.02+13.43 103.14+6.68 6 939.2+1 440.2
Wit (Qkd) 36.64+0.34 306.11+27.37 9.01x1.21 53.9426.59 364.81224.36 193 541.91 353.0
FERIX (Qkq) 40.04+3.65 98.4427.02 1.92+0.19 106.09+7.38 138.44210.68 22 545.5+7 699.3
LTI Byl (Bwl) 96.26+1.27 92.32+11.42 7.99+0.65 150.41+20.31 149.69+6.06 14 499.1+204.1
AU (Bw ) 78.43+5.19 67.25+19.23 6.310.35 133.4+3.56 123.0648.83 7 997.5+2 579.9
WA TIX(BIT) 138.03+3.61 48.12+11.16 10.06+0.68 81.96+4.24 241.98+8.03 26 106.0+629.7
a2 X (BEI) 125.86+10.97 16.2624.99 16.42+0.55 82.91+6.61 194.02+8.39 31 516.9+979.5
T MW TIX(XET) 79.1920.71 12.2628.57 3.59+0.47 39.5+1.33 141.7623.61 21 188.9+380.1
W T (XFIT) 68.246.25 78.49+25.07 4.48+0.65 61.8+3.71 106.2120.77 18 791.9+663.9
PR X (X)) 78.64+2.28 17.3429.66 7.05+0.39 67.03+14.04 94.14+8.96 15 718.7+468.9
JVE MR S AES 23.1 65.3 0.073 19.5 51.8 176
TR AR () 150 150 0.3 250 200 NA

T 2R P DR T B 5 R o CRIEARIEDRZE , n=3).

HEBRMEECH 6~54 15,3 M X2 2] T Cd (/™5
e ER TR U ARE(GB 15618—1995)
K&, Cu Pb A V5 Y EmE . H T A o i
FRAEARXT Mn JCER MRS AR A 58 R IR, 4
e Mn B93E FFRAE N 170~1 200 mg-kg™, T ERH"
X 44 Mn (97358 ie i #Bad T FR A, Mn 1] 8
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32 FRIEBEYNESEEEHE

321 EBHEYIE S E A8

31X 20 Ff ALY A 2 G T e
2,

SVRTTE MR Mn & e, O Mn>
Zn>Cr>Cu>Pb>Cd, X5+ 4 )R St sk —
o M Mn KT 3R A AR A R
PO RIET G, AT AR TR Mn 5 ik 25 005.06
mg kg™, s AR A TR P AR B e T o Zn
A HAT TR CEORAR AR 4G G R E R
[, Cu . Pb TR IE W Z N, 8 KA ) Cr 5 5
A L E Y R BRAE

M3 AN X a3 ) BE IR T T R R AT
A K, T ENEARD X LT 6 FE 4
JE W SEAE L (R 2) o 25 536 B [Rl— R P 7 AN [
WX AFEAERERNE S E SR AR, I~ HRE X
I 247 Mn & (#2:25 005.1 mg-kg™, I :241.5 mg-
kg™), HRIFEAIL P Mo 5 (A1 288.2 mg-
kg™, 0.1 206.3 mg-ke™); &M BEWH I T 7775 Mn
it (H:8 389.9 mg kg™ i1 038.7 mg-kg™), B 7
R T 9545 Mn 54 (fR:1312.4 mg-kg', .

786.9 mg-keg™), AJUL[E—FEYTEAS R AL G T
X 4 JE B WO AR L 25 S I R . RIBRZEAS TR
DX SRR 4 Ja R B AR AL, W Min Zn  Cu \Cd #5
Z Crig/b, [alif 1) SAGE Ty feoik, JUHJE Mn
5 Cd,
3.2.2 LB E SR s R SR

W £ 280 (Bioaccumulation Factor, BAF) &2
TR N M E S JE & RS RIEP FR E SRS
HI A, BB T YA 135 G JR e R 1w AR e
710 B3 3 AL UL, BRI Mn BAERES1, HA
T Mn & L RE IR/ (BAF JEFI7E 0.01~0.81),
I REEAEY) B TR0 IR 5 b, JRFEHAY Mn
FARE, TR BAF<L, "G MHAAE T Zn AR
B 1.96.1.05, H &ZEM Zn & &8 IEW A, N
184.38 mg-kg ™, RILH BRIY Zn W HERE ST 3 M7IX
FEHIR Cu P Zn (5 B R BI<1,

YN E SR s, MARER M) 3853 5% 7%
fE 71, ] FH AR W) 55 % 22 81 (Biological Transfer Factor,
BTF) 37w, BV ATAE Y 1, b 380 45 e 1) 1 B LAAR PR
ZEE R, WK 3 FE, FRXT M (T
EeALRe ik (B 2B 79.62) , REIR Z i &
Bk 35.45; K& D MARAEXS Zn 1FERS R B
S0 14.41 .9.11.5.78, RILHARIRINY Zn 55 HE T .
AR AG FIAREXT Ph, REZEMIRTREXT Cd . Cr Cu (9%
BARBIIRT 1, Wl BB AR ARG, X 284
Yy R4 T R — SRR R, R L R
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Table 2 Heavy metal concentrations of the main dominant plants in the Mn minelands(mg-kg™)
VRS A A A HYl Cu Cr Cd Pb Zn Mn
o Qw I ZARH R ESUS 7.61 28.85 1.07 12.40 65.28 1 038.7
Miscanthus floridulus R 13.90 45.75 1.34 16.10 259.20 8 389.9
[BE] SR A AR e 11.70 176.07 1.36 12.70 49.51 12723
Paspalum orbiculare H 26.70 65.84 1.56 12.90 49.51 10523
P Qwll HEAR i 4.85 9.12 0.86 11.20 31.05 8 161.4
Camellia oleifera 2% 8.62 8.77 1.16 26.20 44.13 2623.6
R 474 2455 0.73 8.47 48.81 584.6
KA Tk - 5.45 162.82 0.15 742 20.01 5599.8
Schima superba 2% 8.64 154.42 0.47 25.10 22.28 891.7
G 36.70 168.12 0.64 2.93 20.60 404.1
Hifrsg Qkd  —AFAERIAR 2znf 21.29 16.90 2.28 26.69 88.53 1 170.0
Eleusina indica 12.02 24.66 175 20.98 48.74 16323
Ay 2 i Qkq  —AFAERIA EXY 5.78 191.00 0.73 16.70 47.52 519.3
Glycine soja 9.37 240.94 0.35 15.50 4221 17242
IR Vi Bwl 4w - 8.24 1.29 0.48 1.38 28.09 573.8
Blechnum orientale R 25.10 - 0.58 12.50 60.99 1935.7
Vi SRR B e 16.10 - 0.51 13.20 50.68 12063
Arundo donax R 19.60 305.10 0.42 9.42 78.31 1288.2
il PZS PN - 33.40 16.96 3.70 7.08 98.00 11 080.2
Phytolacca acinosa 2% 17.30 25.76 1.95 9.59 35.75 831.0
it 21.50 0.91 0.94 - 9221 1392
NS Bwll Tk - 8.36 39.57 0.83 2.40 82.00 1859.8
Trema orientalis 2% 7.71 19.70 1.53 6.24 25.99 956.8
R 7.07 2691 1.11 10.50 23.46 7112
Fok Bf I —APERIAR e 16.20 56.01 2.02 10.80 46.95 2 596.2
Zea mays 2% 13.60 9.09 0.98 - 3111 4489
R 26.10 109.50 1.20 13.60 184.10 30583
sz 2.98 12.49 0.07 2.57 19.81 11.4
e A it 734 104.08 0.39 9.85 81.53 599.0
Manihot esculenta = 4.84 37.86 0.54 3.24 24.36 102.4
R 2.12 - - 234 13.09 16.9
] BARLE AR nf: 13.50 152.67 1.07 4.02 253.50 1377.1
Tithonia diversifolia = 11.00 72.50 0.31 1.30 38.06 59.0
R 17.90 113.41 0.36 0.59 43.89 13319
Fies © Brll EIN it 5.89 19.61 0.28 10.10 19.93 34247
Eucalyptus robusta 2% 6.13 - - 5.63 9.77 11853
R 5.65 - 0.36 7.90 19.90 689.5
S Df [ SAEREA S 11.80 36.56 0.19 0.93 21.87 24159
Merremia boisiana 2% 11.20 33.59 - 3.11 20.48 418.2
bia 18.10 23.56 0.20 1.52 20.96 640.7
it 12.90 49.90 0.49 3.53 31.06 367.1
FAy S RIAR EX 9.50 36.48 0.17 6.72 21.91 2415
Arundo donax R 42.10 104.06 0.65 21.30 83.61 25 005.1
LR LA RR B 9.29 36.59 0.15 3.67 35.38 638.6
Eragrostis perennans it3 28.40 117.13 0.06 9.41 52.34 24788
g DFII —ARERIAR ENUN 5.68 169.92 0.37 4.07 84.38 2202.2
Digitaria sanguinalis R 10.49 46.65 0.17 - 9.26 793.0
23 DIl —A4F/ERiAR 20t 16.20 45.64 0.80 4.11 184.60 602.1
Erigeron acer it 4.39 - 0.08 2.61 12.81 93.4
it LA B - 14.30 56.89 0.44 2.14 21.51 2543
Buddleja davidii 25 12.90 14.20 0.54 4.79 16.52 175.8
R 5.64 - 0.19 1.74 10.33 76.0
R EF & 20 0.4~45.8 0.2~8.4 0.2~0.8 0.1~41.7 1~160 1~700%

TE 2 LRI AR TR IR o
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Figure 2 Heavy metal concentrations in plants from different minelands
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Table 3 Bioaccumulation factor (BAF) and Biological transfer factor (BTF ) of the main dominant
plants (above—ground parts) in the Mn Minelands
R Cu Cr Cd Ph Zn Mn

X Lick7]

BAF BTF BAF BTF BAF BTF BAF BTF BAF BTF BAF BTF

=l AT 0.17 0.55 0.22 0.63 0.19 0.80 0.17 0.77 0.28 0.25 0.01 0.12

hAS 0.08 1.02 0.04 0.37 0.31 1.18 0.09 1.32 0.30 0.64 1.18 13.96

[5] SR A 0.26 0.44 1.32 2.67 0.24 0.87 0.17 0.98 0.21 0.99 0.01 1.21

A 0.15 0.15 0.53 0.97 0.02 0.23 0.14 2.54 0.05 0.97 0.81 8.05

ERTied 0.37 1.77 0.08 0.69 0.81 1.30 0.22 1.27 0.86 1.82 0.17 0.72

TR 0.14 0.62 1.94 0.79 0.38 2.12 0.16 1.08 0.34 1.13 0.02 0.30

LT ESV/S 0.12 0.62 1.16 0.51 0.20 1.69 0.13 0.80 0.19 0.26 0.10 0.85

AR 0.05 3.46 2.16 — 0.04 — 0.12 4.21 0.34 6.23 0.02 35.45

iR 0.10 0.75 3.17 1.35 0.11 3.01 0.05 6.83 1.05 5.78 0.05 1.03

ISR 0.09 0.33 0.01 — 0.06 0.84 0.01 0.11 0.19 0.46 0.04 0.30

P 0.17 0.82 — — 0.06 1.23 0.09 1.40 0.34 0.65 0.08 0.94

[E515R 0.35 1.55 0.18 18.55 0.46 3.93 0.05 — 0.65 1.06 0.76 79.62

LR 0.11 1.18 0.59 1.47 0.13 0.75 0.02 0.23 0.67 3.50 0.23 2.61

ey 0.05 1.04 1.21 — 0.02 0.76 0.12 1.28 0.10 1.00 0.11 4.97

T S 0.15 0.91 2.98 0.73 0.05 0.40 0.02 0.26 0.15 0.70 0.11 6.58

A HR i i 0.12 0.33 2.98 0.31 0.04 2.32 0.09 0.39 0.25 0.68 0.03 0.26

o 0.08 0.54 2.16 3.64 0.08 2.18 0.07 — 0.79 9.11 0.12 2.78

KE 0.21 3.68 2.63 — 0.11 9.67 0.06 1.57 1.96 14.41 0.04 6.45

[ 0.18 2.53 3.28 — 0.06 2.32 0.03 1.23 0.23 2.08 0.02 3.35

ﬁﬁj{ﬂ@ﬁzm‘ﬁéﬁ o land in China and abroad: an overview|[J]. Acta Ecologica Sinica, 2004,
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