ch E B RS 2 AR BATY ISSN 1000-0933
PERRFRHT CN 11-2031/Q

ch EF S HAT

P ERFRESEEET
cta Ecologica Sinica

P E 60 /220 H B HA T
ERHFIR

2011

PEESFFS —_
AR E R 22 B A SRR R 5T Rl
R N tH AR



M C R

" (SHENGTAI XUEBAO)
smepswomis o 31E F3H 2001F2A8 (FAT)
| R

EUA AP BRILLIRT LUK PR B - everererrneerneeeneeeeenns EEE BHES, Y B (593)
“P#%i]‘ﬁﬁﬁ#ﬁ%ﬁ%ﬁ&éﬁfi@&%éﬁ ............................................. ﬁ%/ﬁi,)ﬁ%ﬁ%,ﬁﬁ H B ’% (602)
BA AL R E AR R KA R A A TT A AP e kEE B KEN L (611)
Rl Z 4 R KA A B0 2 1) 4 By A 8 ] R oo Y T N4 B A1 (620)
KA COL RS ot B ZIRH A K B E AL & 209 FRHm e E¥E,EEHZ, X 4 (629)
Bl RALA L) RIT A IR A BAR A A BN oeeeremmeereeennnns T oW, & KT OB, F (638)
FL BRI R A IR KA URAR S D BETE VLB GL - B—, % B GILT,% (646)
jtéﬁi‘giﬂﬁﬁﬁ’f&@i#&‘ ............................................................ Eﬁi#@,%f?}ﬁﬁ,ﬁ{kﬂi,% (654)
FAZ AN O RBA KA S QB E IR e BEF EHE LHE, % (666)
B2 EAAE R AR A PE e BhE, 4R £, F ok, % (673)
ﬁ‘ﬁ?!iii’i&ii%#%f'fiiﬂ‘iﬁﬁ“%%iiﬁéﬁ%" ..................................... e ﬂ’,E ;’%’ﬁ 4%’% (680)
?%?#%?Ez’%"ﬁ#ﬁ%&@ﬁ‘ ................................................... ? ’Q’ﬂ g,ﬁ%?—%’% (689)
P 3 35 Ao AR 3TN 8 T2 3 oy A b 5 A S AR ER R 4G v oo Tr#, FHRE, 3 K, % (698)
LR IR A4 IR R 0 BB BB A A veeeeeeeeeserinrrrrrre e e e e e e & % FAWE ESF,% (709)
AL 4 3R ) R T MR A K S T e TR R EH M (716)
A B AR R R AT AE R L A e s EE FER FEX,% (726)
NaCl #o Na,SO, Mrit F 5 A7 Rl Moot 1 dn ot GEARAB LAY ooveeeeeeneeenes EIE, R, TR, E (734)
BB REE KGR FAIFE R e ﬁi%%,%#lﬁ,%ﬁ%%‘,% (742)
YRt FAR A Db AR H A e T A o8 vvreeerrnnnreereni e Bl A, 0 8, E % (749)
R Qb M R Ay T I K K] oeveverernmeeenee EERWM,ETHEL,BEOE,% (760)
TR S T AR R R L AR R I A e FEH 77 HKE R, R AR (T70)
RATRRE W FAT 8T R 2R ERERIEESHF R eee B OKGHAR, B, % (T77)
BT RRARBARLNEBER BT FEFI e "M, BTR,KAFE,F (784)
GEACIEEEE S MU VS R SO & WA RS & XUECE /L BRI A BFX, EHE,%F (793)
ML LA S A LA LR AN AN BRI YT F e LILH, B 5B, a4 (801)
E BV EARE AM L A DSE 645 [ 4 A weeeevvreeeronreeesiieeeiineeennnnnes mes FARE AT % (812)
BEETE T INA LGP AR IIEL A DFEZL GG A coeeerrrerreeneeen, WL, EAE 4 #,4 (819)
BEARMHME TS E AR AIER GG E B e ?%ﬁ,ffﬁ'ﬁ,?%ﬂ',% (830)
33 FGFER T AT A e E&%,BME?E{:,?%E&,% (839)
T BE B R AR A S IR TR R coeveerrr ﬁ}%él,ﬂ:ﬁ?ﬁ,fﬂj )j%’% (849)
UN AR AALE A RAG AT G oo DK, D F R, F (858)
AR ZAEAZ T DOC 48 TACKT TR - B Fvhy ovveeeeeeenennnnnes BOLHT,E W AW, F (866)
M B 1T AT IR 3 AT R ERE SR TR RARGAE e & F R R R, % (874)
ia) i i

Ut 55a ARG A RFLE LGN K FH B IER L AAGF ARG Hrlm ooeeeeeeens x| & 3 KTTH (882)
#) ) HYSPLIT AE A 547 & $F T B 3 3 R AT BIHLIE ~ovveeeerrmmneneeeeiinnneen AR, R T, %AW, (889)

HAFIEARSHCN 11-2031/Q * 1981 # m # 16 * 302 * zh = P % ¥70. 00 * 1510 * 35 % 2011-02



He 2 2F 3R 2011,31(3) :0874—0881
Acta Ecologica Sinica

WAL VX 3 N KB Z=RR
ExRS= AR RTRFHE

& REATRR, SRS RTH L A

IR ARy R~ A BR BT S BT, 1P 4 VR Rl B IR 5 BRI T S5 30 %, Wl KU 410128)

FEE IR A AT B KIE WIBE 3 AN X - GRS AR ) F 4 TR AT I AT . 2553, AT TR0 X As 15 o™ 8, f
B Cd Sb 5 Y AN Ph 1554 18 K ILEED X Sb S FEEI5 YY), F1RE Cd As Pb 1594 WIFH-LE I T X Cd {544 /™ &, 5 Pb
Zn Cu 154, 15 ANRAE S RRAE R AE RO, Sb Rl As R BRAS[FIFBOL ] B9 43 A0 7 it v & i sy, MR 28 rhk 2, oy
4 R AE TR ) 20 A0 AT B, T AT SRR S5 R R Cd & R L — RN Cd & =K 2—10 55, As R K 9.9—147.5
fi5,Sh Frim K 1.2—338. 4 1% Cd &5 R EN R R B R E R 2. 07 Al 3;As B & RBONES R B EA 1.04 Fl 12.42,Sh
B R BN R R AR ER 1.91 F19.04, 3 A" X A5 _ LA B4 58 3. 47 14,3 15,7 t/hm* 3 136 Cd . Pb As .S,
Zn F1 Cu i B9 E350.11.1.17.0.72.7.97 6.71 1. 69 kg/hm* , FeH— & BIZF M EAM B M | & S HET X T4 w15
P IR IR BB A

KEBIE U X HE R R EYBRE

Heavy metal concentrations and bioaccumulation of ramie( Boehmeria nivea )
growing on 3 mining areas in Shimen, Lengshuijiang and Liuyang of Hunan

Province
SHE Wei, JIE Yucheng® , XING Hucheng, LU Yanwei, KANG Wanli, WANG Dong

Ramie Research Institute, Hunan Agriculture University, Hunan Provincial Key Laboratory of Crop Germplasm Innovation and Utilization, Changsha 410128,

China

Abstract: Metal mining and smelting have caused severe heavy metal pollution to the environment and have become a major
threat to some local ecosystems in China. The eco-restoration is the first step for the seriously contaminated region. The
plant species with high tolerance to heavy metals could be qualified for the eco-restoration. For the less contaminated land,
culturing the economic crops is a candidate measure for safely reuse of the land, since economic crop could minimizes the
potential hazard of bringing toxic metals into food chains, and with less uptake of contaminants safely utilization of the less
contaminated region is the last step, and safely utilization of contaminated land. The application of these methods with the
special species is a kind of phytoremediation techquies. The plant species with great biomass, high tolerance to heavy
metal, and less uptake of contamninants have been explored as alternatives of phytoremediation in recent years. Ramie
( Boehmeria nivea) is a promising plant species for the ecorestoration of mining land because it naturely distributed around
many mine region in south China. Ramie has been cultivated for over 5 thousand years by Chinese people and thus also
named “China grass”. This species distributes from N19 to N39 in China.

The aim of this study is to assess the potential of ramie for the phyto-remediating technique in the heavy metal polluted
areas. Heavy metal concentrations in soil and ramie in 3 metal-contaminated sites of Hunan Provice ( Shimen, Lengshuijiang

and Liuyang) were measured. The results revealed that soil samples from realgar mine area ( Shimen) were severely
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contaminated by As, accompanied with Cd, Sb and mild Pb contamination. Soil samples from antimony mine area
(Lengshuijiang) were mainly contaminated by Sb, accompanied with Cd, As and Pb contamination. Soil samples from
Qibao mountain area( Liuyang) were severely contaminated by Cd, acompanied with Pb, Zn and Cu contamination. The
ramie communities are prosperous in the investigated areas. In these 3 sites, Cd, As, Sb concentration in ramie shoot were
2—10, 9.9 —147.5, 1. 2 — 338 times higher than that in other plant species respectively, while Pb, Zn and Cu
concentrations in ramie shoot were not higher than those in other plant species because of lower concentrations in soil. And
Sb, As concentrations in ramie leaves were higher than that in roots and stems. The distribution of other heavy metal
elements among different parts of the plant did not show any regularity. Among these samples, the highest bioaccumulation
factor( BF) and transfer factor( TF) of Cd were 2.07 and 3, those of Pb were 0.56 and 6.01, those of As were 1.04 and
12.42, those of Sb were 1.91 and 9. 04, those of Zn were 0. 19 and 1. 40, and those of Cu were 0. 06 and 0. 98
respectively. The biomasses of ramie shoot from 3 metal-contaminated sites ( Shimen, Lengshuijiang and Liuyang) reached
3.47,14.3 and 15.7 t/hm’ respectively. The total accumulations of Cd, Pb, As, Sb, Zn and Cu in ramie shoot were up to
0.11,1.17,0.72,7.97, 6.71 and 1.69 kg/hm > respectively. Besides the above mentioned advantages, the ramie plant
also has economic and aesthetic values and thus can be considered as a good candidate for phytoremediation of mining areas

contaminated by multi heavy metals.
Key Words: mining area; heavy metal ; ramie; phytoremediation
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AIVERT N T E AT TEA s S8R, AT TR 42 km, SERMELR, Z0 DT EEM
T (As,S,) , MWMEKMHET S, ©AF 1500 ZAEFR 75, H A A H 13 As 35 287 mg/kg ™) B3
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1.2 BEACREE

2008 4F 10 H—2009 4F 8 H 747 [ THEE# X (A1—A2) /K ILEE W X (B1—B9) AW FA -k 52 1l IX
(C1—C4 ) BRI 15 ARAF AT, RAE S b BLAL B 5300 A T THER T X (ARZE 111°1754"—111°1'55", 4t 45 29°
38/50"—29°38'51" , Mk 202m—215m) WA IKITERT X (R4 111°28'38"—111°29'25", b4 27°45'19"—27°
46'45" WFH 384—651m) AN FH-E 5 1A X ( AR 4 113°55'4"—113°56'36", JL 45 28°16'35"—28°16'53", i 4Kk
123—147m) , GPS {524 eTrex lengend, FRAF SR 1 B pR Ry ORI A M 78 i Rl BEATL I
A Tm® N2 RRAE AR (SR ) FEHCR 5 RUBURE  FHN AR R 2. Sem B9 H A 0—20 em )2 I3 F R
[ — A b AR A T 5T, B 483 T VR AP AR Al I S0 =5
1.3 FESALELE 53y

TR AR T S 0RAE i 100 B, AR S E o kb 1 (25 i) R R R, 58 105°C T
30min, SRJGFE 65 CHET R MBS i, 4J8RF i K- SRR VA T Ak, A RF 5 FH A 1R - = SRR T TH
£, SOLAAR M6 B 5T MR 34 20 551l 1 42 J& Sb.Cd As.Pb . Zn Cu &, Hitkih i E 48 & &
= (ETHxEPESRESE + M TExHPESESE)/ (ETH+ M TH) ;SRR = LT ESE
T/ AR ESES R, R AR = D ESE SR/ T E SR S AR S E 4R B = A
PR b ER 4 O x A AR E AR A Wi, T ARG EE A Excel2007 1 DPS AT 7 B E A AR i 22 (1)
.,

2 BRESW
2.1 B XM E SR S

3N X T 2 TR FNA K, 25 50M 35875 YL DL K AWl i PR A e i, e R v K T X A A e
WA E X H RS SRAE L 20 RFP AR o3 A AREAAE Y 3 3 0 X SRR 3 A i — S B A AE
Y F A T HL ( Miscanthus sinensis) MREWAYE ( Preris vittata) 5K ( Boehmeria nivea ) 5 2247 A BUAFE W) A1 M0 B ¥
( Setaria viridis) 55 1 A FLARFEY)

AT VR DR BE-E 52 L X - 8 = 2 R e 2r g+ 2 K VTLER T X - 28 R B i 4T
TRPEE, AR RT3 AT XA A A R S el (0 R TS P UER TR AT T IX As A
BGOLR, As R T IERRIS TR R (GB15618-1995) HY I ZARME 97. 46—127. 33 4%, HEREA ™ 1) Cd
Sh 5 YRR Ph 1554 R /KILBAA X1 Sb 15 Ye s ™ 8 HR A Cd  As \Pb 1544 WIFH-E S 1LH7 X Cd 5
Yot 43 A P Zn A Cu 1552, Crommentuijn %[20]§§1ﬁii§*$$5@§ij(ﬁl¢@§jﬁ 3.5 mg/kg,ﬁﬁzlK
PP T TR XA K ILEET IX Sh & i s 1 axX — 18, Hrh @ K TEEE e X B7 SRAE S8 2 000 £
i, TEE L T JE IR R R
2.2 MRENESES

WX R AE A 5 JFR A AR 15 AP AR S AR RS, X 3 AN XM R PN 10 B 4 i e R 1 A i e s SRR
(B 1) 2SRRI T i 4 A R 2 5 F AR 3 . A T IR IX A5 R N 42 J8 A A A ol i > AR
> 25 HARH XA RRAE 25 P E A A A TR — (B RER A  pR Fr rh E G i AR, o S As 7R
BRI B S B IR AR TR ANZE . SRR F R Cd Pb  As Sb Zn Fll Cu 19 F- 345 B39k 2. 72 .27. 16 .55. 55 ,
295.13.,170.21.55. 80 mg/kg, — M 3875 Juibl/™ 5  MRAREE 4 8 & S, 1 C3 RAEE S L & )R I5 Yo e
B JE AL AR EB ) Cd \Pb Zn 5 EI B 5,

SRR b A i (8] 2) 5 A 1 IE R F A L (Cd 0.2—0. 8 mg/kg,Pb 0. 1—41.7 mg/kg,Sb
0.02—2.2 mg/kg,Zn 1—160 mg/kg,Cu 0.4—45.8 mg/kg,As <1 mg/kg) *>' Cd S H—MHEWH Cd &
R 2—10 1%, As S H K 9.9—147.5 1%,Sh & K 1.2—338.4 f%. i TRAEA T3 Ph Zn 1 Cu 75 QL FERE
B, I RRAR X 3 PG I8 & 7R IE W I Y, B7 R B8 SRAE AR H % Sh & iy, 15 3 1103
mg/ kg f11035mg/ kg , 527 (Achilleaageratum) . 4 Fi ¥ ( Plantagolanceolata ) F1 ¥ fify 22 i ¥ ( Silenevulgaris )
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Table 1 Properties of soil samples from contaminated sites in mining area
) " Cd Pb As Sh
No. ’ /(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg)
Al 6.24 4.92 £0.58 52.72 +£3.15 3898.5 +238.6 292.01 £26.45
A2 6.58 5.48 +0.39 160.72 +18.49 5093.23 +384.52 217.51 +£17.50
Bl 7.63 2.23 +0.16 45.40 £9.52 21.42 +1.41 83.92 £5.68
B2 7.95 8.81 +0.77 72.10 +£10.43 18.30 +1.81 123.45 +15.44
B3 8.22 1.69 +0.23 32.17 £5.91 10.72 +1.12 43.11 +4.43
B4 8.25 3.29 +0.14 43.10 +7.06 22.90 +£2.65 157.78 +14.90
B5 8.09 2.67 £0.32 45.31+9.81 23.03 +£2.34 227.14 +17.86
B6 7.88 8.51 +0.69 72.29 +10.90 132.50 +13.71 250.21 +28.50
B7 8.04 2.99 +0.13 66.73 +6.39 310.02 +£20.55 12308.33 +1647.34
B8 7.74 0.87 +0.10 44.40 +4.86 29.01 +2.68 485.42 +43.71
B9 7.82 86.69 +5.45 219.92 +25.61 176.02 +10.08 2750.03 +288.01
R AT R
Soil background value in Hunan 0.079 27.0 14.0 11
S I RE
0.074 23.6 .2 1.07
Soil background value in China ?
3 A S s e
.i%%.TEﬁEg;T/T{E.(]]Iﬁ) 1.0 500 40 y
Soil environmental quality standard
) " Cd Pb Zn Cu
No. ’ /(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg)
Cl 5.40 18.76 +3.68 2699.40 +204.92 1027. 19 +100. 30 1082.72 +124.35
C2 5.12 7.24 +0.64 3942.92 +298.07 1015.31 +107.51 832.48 £70.64
Cc3 5.61 17.40 +1.82 1860. 82 +155.01 1074.04 +103.42 1079.72 +100.57
C4 5.08 6.12 +0.90 2314.52 +148.31 1146.16 +115.30 1167.70 +156.02
R TS R
0.07 27.0 5.0 26.0
Soil background value in Hunan ? ?
S I RE
0.074 23.6 67.7 20.0
Soil background value in China
A s e
e R ( 4% 1.0 500 500 400

Soil environmental quality standard

SRR A R S RS
2.3 MR E SR I E R BB R AL

A RBUE I WA PR 42 R BE /NI B R AR b, L RS AR AU R WA ) ph T R e R B
A EET KN EZIEM AR R, REGEICULARE g, Wi kB 2) R /KTLERT X B3 SRAE &S
JBRXT As Sb B REKT 1,B8 KA AMXT Cd Sh M FEREKT 1, HACRAE SRR E 48 & 5 R4
INF 1, AT THERE X 2 ASSRAE SR Cd P IR REI R T 18 KB IX 9 AR AFE ST A2 R X 8 42
J& FE RS RE 1555, Pb (Cd \As Fll Sb BY5ERE RECHME 3100 3.01.1.45 7. 68 F14.51 ,%F As B4 2 B0
A 12,42, W LR 151X C2 SREE S 2SN Cd Zn Fl Cu BIFERE RECBEL K T 1, 15 MRES T, B3 Rkt
FUEHR As Sb I E AR RECRIELRE REUK T 1, B8 SRAE AR Cd Sh s ERECRER KRBT 1, X HE 4
J& 1) & L se A Rk — 2R
2.4 MERRHL O E 4 R ) BAUE

HIYI 6 5 A RCRAAN I R 4 0] S5 b B 4 A 8 B A R E, T ELIRC R A AR B AR W i) RN
AT TR XA RRIR R 2 60em ZE 47, ¥ /K TLER B X RN BH -6 52 L0 XA R R 1—2m 1, 3 M KRR S 225 57
B, b A AR O A 22 S AR 3 R 4 T DU B, A T T HE R X 2 AR s Rk b3
SEAME A 3. 47 v/hm? b EERXT As 59 2R 1K 0. 72 kg/hm?® . B /KILERHT X 9 N RAkE S FR F3T
FEYIE 14, 3t/hm” |, 4B K FCd  Shys Y fc = # B9  B7 R AL &S ™ fR b 3 Cd  Sh Ay 22 51 N
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% 300 % 1200
g 250 £ 1000
E g
2 200 £ 800
=] E
§ 150 § 600
|
(=} (=}
N S 400
2 100 2
H 5 B 200
<1 <
) =]
< 0 z 0
Al A2 Bl B2 B3 B4 B5 B6 B7 B8 B9 Al A2 Bl B2 B3 B4 B5 B6 B7 B8 B9
300 —
—~ 300 — —
: 3
§) 250 |- 2 B0r
= =
£ 200 g 200-
E E
S 150 § 150 -
g 100 3 100
i} i
50 50 —
& &
N |©]
0 1 0
Cl C2 C3 C4 Cl C2 C3 C4
ML S 485 No. of samples
E1 =REMHNRESESE
Fig. 1 The Cd, Pb, As, Sb, Zn and Cu concentrations in stem,leaf and root of ramie
F2 ERMMNESENEERBMEBRE
Table 2 The bioaccumulation factor and the transfer factor of heavy metals in ramie
%5 Cd Pb As Sh
Al 0.23 1.03 0.06 1.20 0.02 0.64 0.01 0.40
A2 0.24 1.26 0.02 1.65 0.03 0.91 0.01 0.58
B1 0.97 2.41 0.31 2.36 0.50 7.43 0.77 2.77
B2 0.26 0.69 0.17 0.80 0.64 7.19 0.42 3.37
B3 0.85 0.77 0.35 1.29 1.04 12.42 1.91 9.04
B4 0.68 1.28 0.48 5.35 0.50 6.59 0.50 6.33
B5 0.73 0.77 0.42 1.89 0.51 9.68 0.37 3.66
B6 0.28 2.06 0.35 3.18 0.09 6.99 0.31 3.11
B7 0.56 0. 81 0.38 3.32 0.09 8.24 0.05 1.14
B8 2.07 1.3 0.56 2.89 0.34 3.09 1.53 7.47
B9 0.09 3.00 0.23 6.01 0.11 7.54 0.08 3.70
%5 Cd Pb As Sh
Cl 0.09 0.96 0.01 0.29 0.09 0.62 0.02 0.19
Cc2 0.29 1.34 0.01 0.96 0.11 1.40 0.05 0.98
C3 0.11 0.43 0.02 0.31 0.19 0.79 0.01 0.11
C4 0.27 0.51 0.01 0.22 0.13 0.60 0.06 0.28
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0.11.6.64 kg/hm*, W BH-EF "X 4 A SRAE S

900
M 1 PR 15, 70/hm® | C3 SRAE £SR3 200l mop
TE R, N 33.0 v/hm®, H E 35 Zn Ph 9 2 ik 001 g4
600 =
6.70 kg/hm®F1 1.17 kg/hm?; Cu V5 YL i C4 SBAE B 2 g0l oca
4

JLL SRR B Cu BB N 1,69 kg/hm®, &G54 1 A

B 2 380, W BH-E LA X 4 A RS 3R Ph iS5

PR ST Zn 1.7—3.9 £, "R N Pb & &AL T

Zn, M &8 Zn ZREE T Pb 2. 8—10. 8 £i5, i BH-£

T XCRAEE 1 Zn BABSRNES S,

3 itig E2 =Rit-HELELE
fﬁﬁ*ﬁ%%ﬂﬂ] *ﬁfﬂ} éj‘:?ﬁ s Tﬁf {mﬂ C3 ;&ﬁl‘]j\ E]ﬁ(ﬁ/\] Fig. 2 The Cd, Pb, As, Sb, Zn and Cu concentrations in ramie
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Fig.4 The heavy metals accumulation in ramie shoots
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Fig.3 The biomass of ramie shoots

ISR _b 553 X 4 T A T AR, I AT TR 4 Vs 2, an SR A W i T 4 R R o
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