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Bioaccumulation of Heavy Metals by the Dominant Plants Growing in Huayuan

Manganese and Lead/Zinc Mineland, Xiangxi

YANG Sheng-xiang'*, TIAN Qi-jian', Liang Shi-chu®, ZHOU Yao-yu', ZOU Hui-cheng'

(1. College of Biology and Environmental Science, Jishou University, Jishou 416000, China; 2. Key Laboratory of Ecology of Rare and
Endangered Species and Environmental Protection, Ministry of Education, Guangxi Normal University, Guilin 541004, China)

Abstract: Heavy metal pollution is a major environmental problem of mine wasteland. Finding out the tolerant plants, which can adapt
to the local climate and the soil conditions, is the premise of vegetation restoration. An extensive vegetation survey and sampling were
conducted in Huayuan Mn and Pb/Zn mineland, 76 species belonging to 69 genera and 39 families were recorded. The main dominant
species and their associated soils were determined for heavy metal concentrations. The results showed that soil Pb, Zn and Cd levels
exceeded the threshold levels of Class II of China Environmental Quality Standard for Soils, which suggested minesoils might be
polluted by the three elements. The main dominant plants can adapt to the unfavorable edaphic conditions of mineland and were tolerant
to heavy metals. There were great variations of metal uptake and accumulation among different plant species. They were classified into
three types according to the metal concentrations in the plant shoots and roots: the accumulator, e. g. Camellia oleifera and
Dicranopteris dichotoma, absorbed a large amount of heavy metals by the roots and transported to the shoots, which can be used to clean
up the soils containing light to moderate toxic metal concentration and with high-value; the root compartment, e. g. Rubus tephrodes,
R. corchorifolius, R. chroosepalus, Artemisia princeps and Pteridium aquilinum also absorbed a large amount of heavy metals but held in
the roots; and the excluder, e. g. Miscanthus sinensis, Imperata cylindrica, Indocalamus tessellatus and Toddalia asiatica, absorbed
less heavy metals than the accumulators. The root compartment and the excluder were more suitable for remediation of the mine
wastelands with high heavy metal concentration, low-value and extensive area.
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Table 1  Main plant species in Mn and Pb/Zn mineland, Huayuan

T IX) Tif FripEy A A

BEREL Anacardiaceae IIRA Rhus chinensis F HEAR
F A Araliaceae WK Aralia elata F HEAR
2458} Asteraceae WP TR Crassocephalum crepidioides F — AR LR
JnE KK Conyza canadensis F TAEIE A
WEE Artemisia princeps D ZARAERIAR
AL Artemisia lactiflora F ARGV VN
iyt Euphorbiaceae H M Mallotus apelta F HEAR
YA Vernicia fordii F EIN
K IR Equisetaceae A Equisetum hyemale 0 EAC: VN
B} Fabaceae % Pueraria lobata F FA VN
25 Caesalpinia decapetala F HEAR
“EWEH Bauhinia purpurea 0 N
4265 Hamamelidaceae biiks Liquidambar formosana F PN
H {1 F} Gleicheniaceae PEHE Dicranopteris dichotoma F FA N -VN
B REF} Iridaceae WAL Iris japonica F ZAEAE AR
HABEEL Juglandaceae LW Platycarya strobilacea F INFRAR
AR} Lardizabalaceae =K Akebia trifoliata F AR JFEA
15ER} Lauraceae AR Litsea glauca F /N
ek Cinnamomum bodinieri F EiN
H4AF) Liliaceae ZAEHHE Polygonatum cyrtonema 0 EZGR:EE VN
WA TR Lygodiaceae W47 Lygodium japonicum F PAC VN
BFF Meliaceae Tkl Toona sinensis F EiN
kRl Phytolaccaceae Wikt Phytolacca acinosa F EZ A wN
HAF} Pinaceae LM Pinus massoniana F TR
FKAP} Poaceae EES Imperata cylindrica F FAC VN
2B Miscanthus sinensis D ZARERIAR
JEHL Arthraxon hispidus F — AR RO
RYT Lophatherum gracile F EAGVaN VN
WA} Pteridiaceae W Pteridium aquilinum D FA VN
FAE L Preris multifida F ZAEAE AR
iRl Rosaceae W¢%&F Duchesnea indica F EZGREE VN
KA TBHE Rubus tephrodes D HEA
BB Rubus chroosepalus F /N
WAL % Malus hupehensis 0] INFRA
/N Rosa cymosa (0] HEAR
111%F Rubus corchorifolius D /N
EHYTF Rubus ichangensis F HEAR
PEHF} Rubiaceae K- H 4L R Mussaenda esquirolii (0] HAR
W Paederia scandens F EAGVaN VN
= HE R} Saururaceae 11 I Houttuynia cordata F ZAFE LR
FRTFF} Schisandraceae FLRT Schisandra chinensis 0] AR EA
% 2P} Scrophulariaceae EIEWIM Paulownia kawakamii F INFRAR
HiF} Solanaceae Y5 Solanum lyratum F B EAR
FB} Taxodiaceae A Cunninghamia lanceolata F AR
11 25F} Theaceae WZ% Camellia oleifera D YN
#iF} Ulmaceae LR Trema cannabina (6] HEAR
Z#EF} Urticaceae AR Boehmeria nivea F EE R
HFEFERL Verbenaceae LBk Callicarpa bodinieri F /N
%R Vitaceae SR Parthenocissus dalzielii F R AR
MR} Anacardiaceae EIRA Rhus chinensis F HEAR
TMAEL Araliaceae K Aralia elata F HEAR
2P} Asteraceae T H5t Senecio scandens F ZAEAE AR
CE Artemisia argyi F ZARERIR
B} 4 Dendranthema indicum F EAC: N WiN
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gkl
BHCE R IX) fif FrEy A i
& H- Xanthium sibiricum F — AR
JINE R KE Conyza canadensis F TARAEEOR
TAEL Celastraceae W N Celastrus angulatus F AJREAR
WrSESR Iveris polycephala F — AR R
FUEIE Celastrus orbiculatus F AR EA
#ZF} Chenopodiaceae +IHTF Chenopodium ambrosioides F — AR RO
N Equisetaceae A Equisetum hyemale 0 PRGN VN
iyt Euphorbiaceae KL Mallotus repandus F HEAR
T8} Fabaceae 25 Caesalpinia decapetala F AR
LW Indigofera pseudotinctoria F INHEEAR
YR Kummerowia striata F — AR R
4265 Hamamelidaceae WA Liquidambar formosana 0 FiVN
JEIEF} Lamiaceae H I3 Perilla frutescens F . % N
4 Origanum vulgare 0] EZGREE VN
1R} Lauraceae LA Litsea glauca F AR
g4 V0F) Lygodiaceae 41> Lygodium japonicum 0 ZAEAE AR
L Meliaceae Ttk Toona sinensis F EIN
PR Papaveraceae % ] Macleaya cordata F EA VN WiN
PAE} Pinaceae LY Pinus massoniana F FiVN
ZETHA} Plantaginaceae ERIH Plantago asiatica F EZ N
RAF} Poaceae M3 Imperata cylindrica D EZGREE VN
ZENT Indocalamus tessellatus D ARGV VN
T Miscanthus sinensis D ZAFE LR
JEEL Arthraxon hispidus F — AR RO
BRF} Preridaceae HAZHEE Preris multifida F EZGREE VN
E A} Ranunculaceae FTWEWiLE AL Anemone hupehensis F ARGy VN
Z=R} Rhamnaceae A Hovenia dulcis (0] AR
HeAi2) )LZS Berchemia polyphylla F N
FEARl Rosaceae W %% Duchesnea indica F PRGN VN
K EE%E Rubus tephrodes D /N
FEHEE Rubus chroosepalus D HEAR
KFH Pyracantha fortuneana F HEAR
PEELEl Rubiaceae W I Paederia scandens F B EAR
4 BIE Rubia alata (0] T AR
75 F} Rutaceae R Evodia rutaecarpa F AR
PrAEA Zanthoxylum armatum F THEAR
I Toddalia asiatica D A A
= HE R} Saururaceae 11 I Houttuynia cordata F ZAR LR
FRTFF} Schisandraceae HWKTF Kadsura longipedunculata 0 AR EA
% 2P} Scrophulariaceae Bt Paulownia tomentosa 0 SN
FiE} Solanaceae AT ZE Solanum photeinocarpum F ZAFEE LR
H ¥ Solanum lyratum 0 B A
F2F} Taxodiaceae A2 Cunninghamia lanceolata F TR
L1 Z5F} Theaceae WZS Camellia oleifera D HEAR
Z#EF} Urticaceae ALK Boehmeria nivea F BN
HFERERL Verbenaceae SL4EST Clerodendrum bungei F INEEA
IR LE Premna puberula (0] AR
W% F} Vitaceae S €L 8 Parthenocissus dalzielii F B EA

1) E & EEYH . D(dominant) F/REIHAFN , F (frequent) F7RF WFH , O (occasional ) 27 {H L FH

TEVEE D EYRERT X Pb Zn Al Cd SRR ST 6.5) W X L3 Pb Zn Cd & R — bR
BRI, R IX Cu JTCR & R AEARR. M X B RORIE (B 1 R BRI ) T X A
YRRt pH 600 9 5. 4 R 6. 3. MR LIEEF 4, Cu SURIAE ARG N, W] Cu R¥FH
S bR E) — AR ME (GB 15618- 1995, pH < DX -5 TS G, H AT - A8 R AR E R X Mn
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Fig. 1 Heavy metal concentrations and pH values of Mn and Pb/Zn mineland, Huayuan

JCEM T IR RIEN, £ Mn TR IE P
FRUEN 170 ~ 1200 mg-kg ™', 5h B A EEH X + 4
Mn P28 3 0 i L FRAELR 2.1 #1015 4%

2.3 WX EEEAEY N ESE S &

B ERE I E SRR Y 0 )R
LR 2. AR R Y 2 Mn, HORJZ Zn Pb | Cu, i
RAE Cd. X5 H 3P Y 4 R & R E AR —
RN T E SR AV ERRES R E S
JRIARSCHE. BUASKE AN R A 0T 143 8 iy W s
BHPURHERI B R 2 5. SHEYIER S &AL,
ZRAIHEFEI 250 Mn Pb F1 Cd & 4w, 5 FhE 4
JBICRIEARI M > 25 > W KH B4 B
B KA EE R R E SRS B, HRIIR >
b1 81157 S S B I A 01 I S B R N s e g
E AR ZEAE Y E R S ], HAR 2
el EERAY 5.

2.4 PHETIXOREAE YR AR AR RS RE

TR BYRE X R B R & R R
BHEHEEBERHBWR 3 AP EE R
( bioconcentration factor, BCF) J&F8AH 1A P S Fh &
SRICETRS PR ELSE S RALE",
BRI LR SR T R E LR B
ZAH (transfer factor, TF) 25 T M #5845 4
i R AR AR i 4 R 0 R R )
W T 4 R i, ARG Tl 25 ke B e 11 A
Ye R BORT , I A ) X 4 JBJT R Mn Pb
Zn Cu HY B4R BE IR ELS , BCF < 1, Ui WA P X 1Y

FEARFAEY N 4w A — TN 32 6E ). IR
BABE WA ATEFH X Mn Pb Zn  Cu Fl Cd %%
P REEGE , TF > 1, 30 B i 1) #3853 54 %
BB, K BAE B LA Bk BEA HP R
e TR R S A 4R 0 TF (HEAK, —
/N 1 IR 4 s S ) B R R R 2.

3 iFig
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F2 REGY HETEIEABEVELESE /mg-kg™!
Table 2 Heavy metal concentrations of the main dominant plants in Mn and Pb/Zn mineland, Huayuan/mg-kg ™!

X R HBAE Mn Pb Zn Cu cd
HIES it 2191.76 +213.06 79.32 £2.63 122.53 +3.64 14.69 £0.15 2.78 £0.15
2% 977.56 +100. 52 59.98 £1.97 105.42 +1.33 12.2 £0.05 1.45 £0.27
R 492.35 +98.23 50.63 £2.12 89.78 £3.19 7.05 +£0.67 0.67 £0.51
KAEE it 569.47 £79.03 30. 06 +4.24 94.76 +2.4 21.48 +0.32 1.17 +0.08
2% 408.73 +71.51 20.80 £6.83 73.29 £8.62 11.24 £0.51 1.32 +£0.18
R 974.76 +141.58 87.60 £4.92 88.58 +10.21 36.36 £0.89 2.54 +0.64
ks - 447.13 +58.55 10.28 +2.67 101.98 +2.71 25.34+1.20 1.18 +0.44
2% 310. 96 +29.76 28.66 £7.37 137.43 +25.08 43.51 +5.02 0.41 £0.41
Gt 1276.61 £299.51 150. 17 +8. 19 158.38 +14.86 44.04 +3.68 2.47 +0.76
1% - 304. 23 +60.02 47.30 +1.44 87.37 +16.76 28.48 +0.70 2.32+0.26
b 2% 242.57 +98.97 25.34 £1.55 38.65 +8.48 14.65 +2.63 2.06 +0.24
W R 1018.22 £24.3 68.29 £4.65 116.02 +25.72 16.44 £1.61 3.18 +0.70
THH it 2110.27 £207.74 107. 02 +25.20 85.65 +8.18 42.45 +5.66 4.59 £0.85
2% 1553.47 £124.06 80. 06 +4.24 37.45£2.12 34.81 £7.28 1.39 £0.38
i} 404. 58 +16.49 16.62 +2.48 63.77 £4.49 26.69 £3.46 1.09 £0.36
W it 404. 88 +54.00 10.08 +1.76 44.76 £4.36 10.09 +1. 12 0.95 £0.03
2% 266.48 +17.86 19.39 +17.13 51.34+3.94 18.74 +1.17 0.56 £0.07
iz} 1336.19 £245.44 47.06 £8.08 59.9 +12.41 32.89 +1.91 1.32£0.14
! it 440.12 £70.84 7.67 £1.31 24.28 £3.5 14.18 +2.13 1.05 £0.22
2% 310. 11 £42.08 5.84 £2.04 34.8 +8.38 11.01 £2.07 0.85£0.16
R 532.55 +86.13 44.38 £6.99 50.25 +8.12 34.01 £9.85 1.55 £0.40
B - 1680. 87 +163.09 81.70 £10. 61 137.06 +25.25 18.12 0.9 2.66 +0.42
2% 1344.93 £39.53 61.51 +15.31 96.01 +13.87 17.37 £1.46 1.01 +0.37
R 672.27 +30.97 65.46 +16.19 126.17 +1.91 12.95+2.1 1.19 £0.41
A=EEY it 403.72 +48.17 51.94 £4.93 91.65 +9.29 20.69 £3.77 1.48 +0.19
2% 258.47 +36.25 45.06 £3.70 113.87 +10.12 27.79 £1.65 1.57 £0.17
Gzt 1491.55 +46.98 108.77 +8. 16 140. 6 +19.51 36.08 £7.5 3.12 +0.37
EE3 n 50.05 +2.11 15.00 +0. 16 68.74 +1.88 5.26+1.17 1.06 £0.20
ES 15.43+1.35 21.81+2.64 18.59 +0.91 10.80 0. 14 1.00 £0.07
HE R 230. 01 +39.63 83.21 £11.75 81.21 £10.51 19.67 £6.67 1.51 £0.27
BB it 212.31 +46.19 28.48 £3.87 148.38 +25.74 16.21 +3.08 0.93 £0.07
W 2% 81.89 +9.44 33.06 +4.35 31.09 +5.88 11.25 +1.41 0.96 £0.10
it 96.17 £4.12 11.19+1.33 121.73 +8.39 11.11 £0.76 0.79 £0.08
B e it 126.85 +2.54 12.31 0. 80 109. 65 +30.22 7.74 £0.10 1.05 £0.06
E 67.63 £5.67 8.99 +2.18 26.47 £2.39 2.39£0.12 0.24 £0.03
Gt 1056. 60 £15.91 46.99 £4.02 199.31 +6.23 20.74 £4.07 2.30 +0.08
KM nt 60.04 +£12.19 8.12 +0.34 63.01 £1.95 13.08 +0.48 1.05 £0.02
2% 33.02 £0.97 6.10 £2.25 11.08 +3.02 10.56 +0.26 0.41 £0.12
R 131.87 +4.29 22.38 £0.22 60. 08 +2.61 22.62 £1.46 1.96 +0.10
! it 99.91 +1.44 26.98 £2.78 39.87 £5.03 6.79 +0.23 1.05 £0.21
2% 119.90 +4.05 12.21 +1.64 37.30 £5.05 10.77 £1.61 0.42 £0.19
R 146.29 +28.17 42.51 +10.84 61.34+9.22 22.83 £2.24 1.16 £0.14
FIYIE 5 &A1) 1 ~700016] 0.1~41.7 1 ~160 0.4 ~45.8 0.2~0.8

x£3 EET BEVIERABEYNEERENEEEY
Table 3 Bioconcentration factor ( BCF) and transfer factor (TF) of the dominant plants in Mn and Pb/Zn mineland, Huayuan

PR Y S L P I S M
BCF TF BCF TF BCF TF BCF TF BCF TF
FiES 0.57 4.45 0.22 1.57 0.43 1.36 0.13 2.08 1.53 4.14
KHER 0.42 0.58 0.17 0. 34 0.31 1.07 0.33 0.59 1.08 0.52
B 0.28 0.35 0.14 0.57 0. 46 0. 87 0.44 0.99 1.03 0.48
Tt 11%F 0.48 0.30 0.18 0. 69 0.43 0.75 0.32 1.73 1.06 0.73
T 0.53 5.22 0.28 6. 44 0. 30 1.34 0.47 1.58 1.46 2.38
B 0.24 0. 30 0.14 0.41 0.18 0. 86 0.41 0.57 0. 60 0.72
e 0.17 0.83 0.13 0.17 0.17 0. 69 0.37 0.42 0. 80 0.67
HIES 0.75 2.50 0.15 1.25 0.26 1.09 0.15 1. 40 0.82 2.24
Y ASEEY: 0.74 0.27 0.14 0.48 0.31 0. 81 0.28 0.77 0.53 0.50
EEZ 0.11 0. 07 0.18 0.26 0.13 0. 46 0.18 0.55 0.28 0.70
HEED BT 0. 07 2.21 0. 07 2.95 0.31 1.22 0.15 1.46 0.29 1.22
EEE ¥ 0.42 0.12 0.13 0.26 0.28 0.91 0.17 0.37 0.49 0.46
KR 0.04 0. 46 0.03 0.36 0.12 1.05 0.04 0.58 0. 64 0.54
fi 0.05 0.82 0.12 0.37 0.13 0.65 0.05 0.47 0.34 0.90
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