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BT 4 75 Y B 5 L AR R AR
1 R 57%

1.1 ARt EHR

BT XA T R A P A AN B BB B B O AR 4 109711 ~110°55" (Jh4h 27744 ~29°47", H7IX
AEBEMA, H R L R L IR A A K, s AR R 1 P AR AL WP 300~1 800 m, J& H IE #
iy 2 R A, HA B I A R B AR R AR L AR 3R/ 15~16. 9 °CL AR /K& 1 250~1 500 mm, £ 4
PJH BETEC T 291~1 406 h, SEHOKIEARR A F FHEPAEK.
L2 EBmEE . LEBESSH

X YR P M A T LA v 2 AT S AR, e B L RV AR R AT I M A A SRR iIE R ARAERK N ITA M
YRR R A 3G 7, H ARG THAR P 0 = 5 B L X A0 B A e WL RR . LA DXHEZK 78 Sk 43 A2 Kl 40 Sk AN [R) %) A B /N
XA X PR A BENLR AR (8 D REAY &K AERERAT
PAEY) . R 3~5 HRAH R IR & B 1 ASFE 5 o AL 38 BCORD & A 1A 5 9
[l 35 R AEAE W MR PR+ SR EETIRE N 0~30 cm, [FIFER 3~5 A M HHETR
R AFER, B SE M R AR R W RE L AR A 48 AL IR R B TR
FEL W R i 0 338 A O ST BRI IO 3R 200G SR A%, 26 5 e Ml SR 06 =

FE YRR AR ZE T B R K i T AR e R KIS RS IR
Ja BT, F 105 ‘CR P 30 min, ZJ57E 70 “C A fE IR HEAS Bt T 2 & A B
P AR HEF R B AR Y RE S AR S R L 0 60 HIR BT . & . HHERE S TE
= WAL B SR AT 5 B A 9 5 i K e A S 2 B OR BRI R Lk 60 H
W AR 9 R

TR T 4 T A5 fe SR T e T TR 5 SR T R I L BRI B
0.5 g B ATEALE NI 5 mL WRRRIE TR . 5 2 RIA AL
M 90 CHm# 30 min, 140 “CHIF 30 min, 180 CHI# 1 h, ¥ H ., 1 mL & 1~ 7 o HEK L [ R
SR ARG 160 CINFA 20 min, 180 “CAM#k 2 h, W& E A ik ik, LHEReR  FHALREKBUSRENL

- o st ot ot e ot (8 5 . Bl SEEREASH

TR SRR E K-S R s W AR R 02 g A L T PR
LW 4 mL EAR LRSI SRR 1 )RR 2
KIHAHAS N 90 C A 30 min, 140 CJii#4 30 min, 180 ‘CHn#4 1 h, %
LM 1 mL SRR G 140 “CM# 20 min, 180 °C Jin#k 1 h. R H @ % i U8 . TH M5 B FE 40 Fn 1 R 5 R
5 E A A F A1) 1ICAP6300 B HE B G 5 B TR & SOGB4 R U R M VR B . R R
TE SR OB A7 R FUIAR B 4% 70 2 I IAR DGRl 91, 8% ~107. 6 %, £ 6 70 2 43 Fr ot 2 468 il b 74

ST M1 R H Excel 2007 5 SPSS 16. 0 # 47, HoHp fi KAA L fie/IME B 7 26 2R Excel 2007 ; 5 ¥ {E Al
PRUEIR B9 R FH SPSS 16. 0, AW a4 R BB RBCR A X AW w £ 2 =1 kN E 48 e/ -1
AR TR RS R = E s A /AR T A R B ORI
2 R 5118
2.1 HAREEEAREBELHER

WATRBEEFEABIE R EEEEMEIRE RIEA B ERCHE TR —, — Bk UL, &8 5
ZMREEYERKANR R TIEFEEWERAEE, FERA N . D WHEMA R FEKRIEEE )1 2:2) Witk
R B AN S A3 Rt R R AR Y S AR R IR X E RO R BRI 4) REAR
o B 22 AR K . D T A A A SR AR B Ak o R R T T A K R R 0 AT T T R A v R 1
S B AR TR AL R L 45 S L 1, BRI MR SRR pH SR AR A A K IR S A X e L R
FIEIAERKANEZ —, NEEESEREEEE LIPS VRS BB, B S8 B8 ama
AR 7 442. 16,1 096. 64,824, 04,22. 15 mg * kg W 575 T K + B = AR ME RIS + 1 E SR
LR, BB ESEAAE RN, SRS AR W EFRITERE A L LB
K AL S AT R, DR, B 4 Jm M RO O 2 R A R IR A Y R AR K BN R,

manganese mine tailings
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Tab. 1 Physico-chemical properties of the typical manganese mine tailings in Xiangxi
B¥ e EETHF%—/l BRILESTE/ (g - kgil) 4$$J§/ﬁ\i/(mg' kgil)
(dS-m ) HAHLE BA B pEg pux B S SR
i KAE 8.02 4. 86 25 300 46. 41 220. 09 705. 57 47.75 21 334.45 1 565.00 2 099. 63
i /ME 4. 31 2. 06 11 900 28.01 160. 21 336. 21 8. 38 1334.45 391.75 518. 38
el 5.68 2.62 18 600  37.21  190.15 520.89  22.15 7 442.16 824.04 1 096. 64
[ 5% 4 e k= e 1.0 500 500
W et 0.097 583 26 74.2

2.2 HEREETERBEY
SRS A IR b A A T 2 BRI A AR R B R (B R R B, ELAA R [ B I PILR) S A — LB e

5 305 7 B3R 9 B G A i e L S R

o ML P AR R SEAR Y 35 AP LRIE 32 08 .15 BH(FE 2.

2 WMARRNFREETEABEMTE
Tab. 2 Main plant species in the typical manganese mine tailings in Xiangxi
25 i FEE Az 15 A F i FEHE  EEH

(Amaz‘:nﬁ;aceae) (A.gf;gzﬁiizm D EFEERE (Phytﬁflﬁiiiceae) P zﬂiffm) D EIEAEEA
(Anﬁﬁﬁcea@ (Rhu%tjjz{ijinsis) BoMASUhRA (;ij:jj'e) <AE.] ﬁﬁifs) D —FERA
Ao (A. ﬁﬁ‘em) BooZRERA (C.ZS?;?EZOH) D ZFERE
(Bidfqi%‘ﬁj{osa) FooAEERA (D. Sa?"ﬁ-mli\() Fo Rk
( B%giffZia) b ERE (Im pemzsl ?:lindric-a) FERERE
(C. fdgﬁ‘”m b FEER (Lolif‘iij.)fenne) F o ERERES
et Do PR Miscanthas simensisy £ FFEAE
Graphaim s T PR Rocgner pamojiy T FFERE
(Ixeris ijo%y%phala) F ;;i;@: (S?ﬁﬁiw F o AR

(Senecj;%c'ﬁlaszdens) F BRERE (Polyiiccacx Pozygonjjjiujfozz‘azum) ;’fﬁiﬂi
(xamhiuﬁ%bimum y B EEEE ( Rumejimw ) LA A
Stttamiamediay T EEAE Ranntes sebotaiiy T EFEHE

Commulimtess)  (C. vomomanis) L It Lol S A
(Eupﬁﬁﬁceaw <Amzyf;§? jj\'tralis) F AR (Ru/)jf\-',;[efh%)dex) F A

(M%a%l%ifjae) (Ur:faﬂl;jfam ) F o OHIAEA (Solifieae) (Solanu‘rlzrlz ﬁraz‘,um y B RREE

(Mf'%ﬂ) (B%j]/enpf F oo A (Solwﬁgigmm P ARERA
Sieb. var. australis Suzuki)
B 2l S

T D R AR F R LA,
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AR T L H R AR (Poaceae) 3 FF (Asteraceae) B R BCE: 2, 43 BIAT 8.9 Fl o 15 4 i PE KL 4 49
AR 22, 9%.,25. 7% . IZGE R G RESCARSE N FETT I A BN T 3 R X R R A 4 AR L X
5 RAR AR Y 1 Fh T % BB R 1B R AR B X TR S R A T L M R T ROK L B M
T £ R B AS R o E L3t 20 Bl R R R B AG 82. 990, b A AT R VG 2 W KR
B A R IR 5 T A KR 81, 296, 50N H AR 4 % A 45 BROBE 5 O B e WA
Y EE ERE B ERN BB Y NS 0 E T 5 (Alternanthera philoxeroides)  R% # (Bidens pilosa) JBf
% (Chrysanthemum indicum) JIEE K KE (Erigeron canadensis) .1 i 5 (Commelina communis) .75 F . H 4%
BFEIR (Alopecurus japonicus) . M) F AR (Cynodon dactylon) . ] B ¥ (Setaria plicata) . %t & (Artemisia
princeps) M T B (Digitaria sanguinalis) ,

2.3 HEGEELTSRBEYELESE

SR TR 34 B T B R SRE R  TEAJE A B LR 3. MR L R R R RR 0 B R TR 3 3 3 4 U
W IS AE e B R R 25 5 T RE S IX R pH A AR it BB A RS s e w5
TEFHUYIAR LE 0 70 2 25 A L BF 45 4R 4 L 0T A5 R 40 00 o B2 350 0 T 9 R A BB 088 2 v 2 ke T LS B
BT L F AT S A A R AR R S 2 A A TE R A B O R 1 Nk TR AR 25

A R I B 90 P 5 0 1 2 0 T AR L BF A AN SR AR WS B R 2SO A A R (. bk
G RS s P A R R B 56— B SR T RO T 4 T 0 T M T 5 T 7 5 T 4 S 9T 2 ik A
P TRl SHE SN R DS I B L R NE S e T DR R AR A T A 4 R

x3 MARRGEEIEZEABEVESESE

. . . . . . o - . —1
Tab. 3 Heavy metal concentrations of the main dominant plants in the typical manganese mine tailings in Xiangxi mg * kg

T ) i 2 HBAL B B ekt BB

LT 2z} 1.7040. 14 153. 92437. 36 8.6341.55 91.25421.12
(A. philozeroides) Pt} 2.2540.10 631. 63470. 17 26.4843.75 174. 59430. 80
W} i 2zt 1.5940. 21 237.854-21. 08 6. 8820. 76 45.0745. 27

(B. pilosa) pits 3.0640. 45 204. 854-49. 66 13.7241.03 72.9746. 95
25 e 1.13%£0.08 376. 94429, 41 8. 724-0. 31 86.3942. 67

(C. indicum) it} 0.434-0. 05 202. 254-27. 14 4.2040. 43 28.1543. 45
R RE E3u 2.4440. 50 124. 31429. 39 69. 6146. 94 105. 18 11. 60
(E. canadensis) R 12.8341.72 1 465.95+157.73 160. 69+27. 17 290. 304-36. 71
I i 2 ES0 2.3940. 25 6 290. 474654. 36 52.3942.95 255. 40421, 04
(C. communis) R 4.5841.09 2 046. 02463. 60 47,2948, 25 351.57470. 10
i bl 0t 6.21+1.06 8 044.55+624. 24 7.3940. 65 243.95+28. 78

(P. acinosa) i 3.8540.56 827. 834-86. 66 3.654-0. 80 48.40+7. 68
¥ 2F R Znf 1. 4740. 06 299. 48+70. 42 22.2542.23 48.1144. 87

(C. dactylon) i 2.5340. 66 714.144-82.78 40.40£6. 53 95. 5546. 09
A A F 2 1) =t 2.3040. 46 2 868.97+305. 61 34.1941.70 129.2049.72
(A. japonicus) bits 1.4740. 45 1 .853.614£218.60 41.53415. 25 121.51413. 87
%= 2Lt 7.3940. 82 374. 484136. 27 27.25+4. 22 60.61+10. 12

(A. princeps) bit} 10.01+1. 08 414.14+52. 28 40. 9074=8. 49 103.05249. 08
¥R T 2z} 0.8940.13 204. 81419. 40 7.874-0. 81 79.03411. 89

(S. plicata) bits 0.510.06 489.71467. 82 6. 960.19 35.3041. 88
I fE 2zt 1.2240.51 603. 614-135. 85 41.53415. 25 114.014£19. 55
(D. sanguinalis) e 1.30%+0.13 293.97+43.08 34.19+1.70 79.20+11.16
WE S &4 0.2~0.8 1~700 0.1~41.7 1~160

2.4 WAREZREEFTENBEYMESE T ERE
TER A R AR B AR W ok B J 29 BT — 5 A4 TR A TR A T L o) e A R G T 0 TR A B AR A R
BURFIE R B B 22 57 . A2 W) 6 48 28 B0 B 28 MR T R R AR 1 90 X 0 4 Jis o0 3% Tt A R ik 1) P 1 3 T 4
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b BRI ALY AR TR A Y R R BRI R R B 4. M B RHORE L R B
T Wb 5 1O B B BE R BOR T 1 A0, BT AT R % B 4 R T 204 G B AR IO B S R D B LA B 4R R
BN 1, 3 U 725 08 TR 4R 2 K (R 1T S9E A ) s L ) R0l o 5 4 S 2 0 R 4 A P st
(1 T 4 R L AN e e T LA S e i PR A B A I S A . SRS RBOR L A L B B R B
FK T 2 08 00 FE 0 T B X 50 L 00 B 0 B 2 R 75 WO i 4 D U 3 L S S R 1 ) 2 0 R 1 i
BT AT AT AE R T SRR R 0 A SR L 00 i B A8 K 4 R A2 1 BRI I I L A R S L I A A
e W T 4 T AR A W TE R DR R o FT PR O R 4 R R RE S e RIS R 20 T
WOVLER T ISR RTE AR R 0 4 4 T R RECY B HENT 1L T 4 S e 25 0
RO RE S22 . 35 06 I 3o AR 400 08 MR M 14 T 4 8 0 6 L B AR 386 D620 1 L 3 5 A o DA T D 20 X A IR T
HETE RGN GE T T TR 4 R T TS e R ) (I A

x4 HARBRGBEAERWEEYNESRRYENERRY

Tab. 4 Bioconcentration factor and transfer factor of the dominant plants in the typical manganese mine tailings in Xiangxi

— i : i : H : (=
BCF TF BCF TF BCF TF BCF TF
2SI TF ¥ (A, philoxeroides) 0.10 0.75 0.10 0.24 0. 04 0.33 0.25 0.52
RAEFH(B. pilosa) 0.23 0.52 0.06 0.76 0.02 0. 50 0.11 0.62
B4 (C. indicum) 0.51 1. 00 0.48 1.39 0.08 1.39 0.48 0.75
&R KEE. canadensis) 0.74 0.19 0. 20 0.08 0.27 0.43 0. 38 0. 36
T B 55 (C. communis) 0. 34 0.52 1.04 3.07 0.11 1.11 0.58 0.73
ik (P. acinosa) 0.49 1.61 1.11 9.72 0.01 2.02 0.28 5. 04
T F R (C. dactylon) 0. 20 0.58 0.13 0.42 0.07 0.55 0.14 0. 50
HARZ XM (A, japonicus) 0.18 1.56 0.59 1.55 0. 09 0. 82 0. 24 1.06
BEE (AL princeps) 0.71 0. 74 0.22 0. 34 0.10 0.57 0.15 0.59
TR F(S. plicata) 0. 06 1. 72 0.10 0.42 0.02 1.13 0.10 2.24
L} (D. sanguinalis) 0.12 0. 94 0.12 2.05 0. 09 1.21 0.17 1. 44

H:BCF AW E £ RETF WEEH R

3 &1t

Li LPTIR ABEFEAT LIRS 3 A4S - 1) N1 74 S B G U I G R LR BT LB R B A LB A
AL 5 e A X B . DRI i 2 A AN S B 2 i T 2 IR A R A S AR i R BN R . 2) 9 P R U
HGC R SEAEY) 35 Bl SRR 32 8L 15 Bh. RERHAEY N A0 T R R4S I ok R E VY B LR
Bli o HARE A2 0 S AR i R R A S R . 3) BRI A L SR X e 4 B — s A . LA (]
L X8 T G T A WSO 28 AR AE AN ] . 57 4 0 B R i S R 2 I e R e R R R A R < e e A B
S P 1) 25 I BE RS O RE T . AR N EE R R R TS e R A B R s 20 T R BT B ISR KGR A AR A
i 0 WA < s ) ZE I B RS Y RE ) B2 L WA D R < B e S AN R PR i B S AR .
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Species and Heavy Metal Tolerance of Main Dominant Plants in Manganse Mine Tailings, Xiangxi

LI Fengmei' , YANG Shengxiang' s CAO Jianbing’, PENG Qingjing'» FU Daijun', LONG Hualai'

(1. College of Bio-resources and Environmental Science, Hunan Provincial Engineering Laboratory of Control and
Remediation of Heavy Metal Pollution from Mn-Zn Mining and Collaborative Innovation Center of Manganese-Zinc-Vanadium
Industrial Technology (the 2011 Plan of Hu’nan Province) ., Jishou University, Jishou Hu’nan 416000 ;

2. Huayuan Environmental Protection Bureau, Huayuan Hu’nan 416000, China)

Abstract: [ Purposes ] To revegetate the manganese mine tailings. [ Methods ] An extensive vegetation survey was carried out in the
typical manganese mine tailings in Xiangxi and determination of heavy metals in plants and the corresponding soils were applied.
[Findings | There were 35 species belonging to 32 genera and 15 families in the typical manganese mine tailings, Xiangxi. The main
dominant species were Alternanthera philoxeroides, Bidens pilosa » Chrysanthemum indicum , Erigeron Canadensis, Commelina
communis , Phytolacca acinosa, Alopecurus japonicus, Cynodon dactylon and Setaria plicata, Artemisia princeps, Digitaria
sanguinalis. The concentrations of Cd, Mn, Pb, and Zn in these plants were over than that in the plants which lived in normal soil.
These plants can adapt to the unfavorable edaphic conditions of the manganese mine tailings and were tolerant to heavy metals. And
the average content of Cd, Mn, Pb, and Zn in the mine tailings was 22. 15, 7 442. 16, 824.04, 1096.64 mg - kg ', respectively,
which were obviously over Soil Environmental Quality Standard Three and distinctly higher than the mean value of the four heavy
metal elements (Cd, Mn, Pb, and Zn) in the control to the Hunan Province’s level. C. indicum. C. communis. P. acinosa .
A. japonicus, S. plicata and D. sanguinalis whose transter factors (TFs) were over 1 absorbed and transferred metals to the
shoots, which indicated that they can be used to clean up the soils containing light to moderate toxic metal concentration. A.
philoxeroides s B. pilosa, E. Canadensis, C. dactylon and A. princes whose TFs were less than 1 absorbed and held metals in the
roots, which suggested that they were suitable for remediation of the mine land with high heavy metals concentration, including
mine tailings. [ Conclusions ] The excluder was more suitable for remediation of the mine wastelands with high heavy metal

concentration, low-value and extensive area.

Keywords: manganese mine tailings; dominant plant; heavy metal tolerance; Xiangxi
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