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BEGESHFSINDRER R T BF M NPK EXH AR P FRE (Vetiveria zizanioides) E K R AWM BEERBBINE A .
GREWRMBEREERELYRSEWM, TUMA NPK EXH3# T 8 EZ W, FK RSk NPK EEAR FERE
ERSRETPERK BVFESREAMEAMZLBFEMEBY BAMRMNEYH. SRV s HEFERERRY TE
SRLBEFBL. RO EMINB KM NPK JBE, BF + Pb fl Zn BEBEA T 13.65%H 32.40%,Co BREMBEM T
23.52% ., AIHAMER Cu.Pb.Zn BABE—BHIRCoMPb EHEBE. FREFRRNPLMZn EER T CuHAE
SRIBHEERE . FMEFEAMNPK ERM Cu HRRLBELER MBERPOEFREZLMM P Zn MPb YRR, BB EH
AL E B L 25 Zn Pb M1 Cu M BB RE (p<<0.05), BFRBHNEH NPK RHESEAR I RBRAIZFARNETHR
B A TEY-HERAEPHESRIBAENSIEXE. FAEYESELRNRESHE . FREMN TRY WHEKERS
BRME.
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Growth and heavy metal accumulation of Vetiveria zizanioides grown on lead/
zinc mine tailings
YANG Bing, LAN Chong-Yu, SHU Wen-Sheng"  (School of Life Sciences, and State Key Laboratory for Bio-Control, Sun
Yat-Sen University, Guangzhou 510275, China). Acta Ecologica Sinica,2005,25(1) :45~50.
Abstract : Phytostabilization of metalliferous mine tailings is necessary for long-term stability of the land surface of toxic
metals. The success of reclamation schemes is dependent greatly upon the choice of plant species and their methods of
establishment. Mixed substrate of domestic refuse and NPK fertilizer has been used to restore mine tailings in recent years,
and vetiver grass (Vetiveria zizanioides) has been demonstrated to be one of the best choices for revegetation of metalliferous
spoils due to its relatively higher metal tolerance. Accordingly, a thorough knowledge of the effect of domestic refuse and NPK
fertilizer on motility and accumulation of heavy metals in soil-plant system is required so as to estimate environmental behavior
of heavy metals and develop revegetation techniques. In this paper, effects of domestic refuse and NPK fertilizer on growth and
heavy metal accumulation of V. zizanioides on a lead/zinc mine tailings at Lechang City of Guangdong Province were studied.
There were four treatments with four replicates arranged in a completely randomized block. The treatments included: tailings
without any treatment (Treatment A); tailings + NPK fertilizer (Treatment B); tailings + domestic refuse (Treatment C);
and tailings + NPK fertilizer + domestic refuse (Treatment D). The amount of domestic refuse was 2.5 t/hm* and the
monthly amount of NPK fertilizer (15%N; 15%P: 15%K) was 150 kg/hm?®.

Chemical analyses indicated that l.echang mine tailings contained high levels of total and extractable Pb, Zn, and Cu, and
low levels of major nutrients (N, P, K) and organic matter, while the pH and EC values were in the normal range for plant

growth. Therefore, the toxic levels of heavy metals, deficiency of nutrients (N, P, and K) and lack of organic matter in the
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tailings may contribute major constraints for plant establishment and colonization. The sequential extraction experiment
indicated that change of heavy metals fractionations were controlled by both the specific element and physio-chemical properties
of the soils. Compared with prior to planting, concentrations of Cu, Pb, and Zn in tailing substrate (treatment A) decreased
by 14.82%, 16.41%, and 28. 24% , respectively, which suggested that the planting activities might result in the loss of heavy
metals in tailings, and V. zizanioides could also have the ability to remove heavy metals. In addition, compared with treatment
A, concentrations of total Pb and Zn in treatment D decreased by 13. 65% and 32.40% , respectively, which was due to the
dilution effect of domestic refuse; however, total Cu in the same treatment increased by 23.52% , which might be due to the
high concentration of Cu in domestic refuse. It was also found that exchangeable Zn and Pb concentrations decreased by 39.
94% and 82.57%, respectively, and increased by 130.43% for exchangeable Cu in treatment D. The decreases of
exchangeable Pb and Zn concentrations were due to uptake by plant and stabilization role of plant and high organic material in
domestic refuse, while the increase of total and exchangeable Cu was due to high concentration of Cu in domestic refuse.

Compared with treatment A, biomass of V. zizanioides significantly increased in treatment C and D, and V. zizanioides
grew best in treatment D (1111. 42 g/m?). V. zizanioides accumulated higher concentrations of Pb, Zn than those of Cu and
most of the heavy metals in V. zizanioides were accumulated in roots. Compared with grown in tailings only, Zn and Pb
concentrations in shoot and root of V. =zizanioides grown in other treatments significantly decreased. However, total amounts
of Zn, Pb, and Cu accumulated in shoots of this grass grown on tailings with addition of domestic refuse and NPK fertilizer
were significantly higher than those on tailings alone (p<C0. 05). The results presented here indicated that domestic refuse was
a useful material for improving physico-chemical characters of the toxic tailings and organic matter of domestic refuse also
reduced heavy metal toxicity to plants by complexing spoil metals, supplying essential nutrients, improving physical conditions
and increasing microbial activities.

Results presented here also demonstrated that the application of domestic refuse and NPK fertilizer could provide a cost-
effective method for revegetation of Pb/Zn mine tailings, but the transferring heavy metals between tailings-plant system
should be concerned. It was found that most of heavy metals accumulated by V. zizanioides was distributed in its roots, and
the plant also had relatively higher biomass. Therefore, V. zizanioides might also be a useful plant material for vegetation of
Pb/Zn mine tailings.

Key words :mine tailings; heavy metal; sequential extraction; Vetiveria zizanioides; revegetation
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REMNE T AARESEST B, BEHFSE FHFRE 1500 mm, KRS 4 MBE4/ER:A BY.B BF +
NPKJE,C R +iik,.D BHF +NPKE+LER. HFHHEN 2.5 «/hm’, NPK BAS%N : 15%P : I5SKK)EA AR
K 150 kg/hm*, RBFHMARBR/DPRBEST W MER W) 5 M A TFEAERI . 20 AERKERE MIARSH. A
B B 5 M A R B R BB A R 5 (0~20 em) 3t 16 4N, # I SE G 3
1.2 Hadgm
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BCD.FEEAEG) AHEETCHRRBEEGCHY, #FRELBMHRARTRUOEERAASM, REAHTRA
ANOVA(SPSS 11.0),
2 ZERS5SK
2.1 Ry MRk R

RY B, pH 2 8.55, MK ik ,pH Xy 7. 56, B WE SR AHHEKMATZREBFRDFRR. MR ETEREK
BNPHK,APHEF I 40.4 F1 4 %5, BT % Cu M1 DTPA-Cu $b, BF P Zn.Pb M1 DTPA-Zn.Pb S BB EH THK
(FD.

1 BV MNBHBUERCFYHEIFER, N=5)

Table 1 General physico-chemical properties of tailings and domestic refuse(mean+SE, N=5)

Z¥ Parameters B®" Tailings 17 % Domestic refuse
pH 8.55+0.12 7.5640.07
B 5% & Electrical conductivity(dS/m) 0.4140.08 1.054+0. 07
A HL#K Organic carbon( %) 1.4040.13 3.6010.15
7] 2 # FH B F Cation exchangeable capacity (¢ mol/kg) 3.5240.25 6.2710. 36
N B Total (mg/kg) 52.36%5. 89 2356. 52+212. 23
KA Water-soluble (mg/kg) 0.1140.01 0.1840. 00
P B8 Total(mg/kg) 550.45+30. 21 2245.61+178. 27
KA Water-soluble (mg/kg) 0.0710.01 0.5240. 04
K #8 Total(mg/kg) 1525. 924+192. 39 6865. 36+ 486. 42
7K % %A Water-soluble (mg/kg) 0.25-0. 03 2956. 95+134.12
Zn & & Total (mg/kg) 4377.56+1670. 81 1080.844177. 23
DTPA # Bt % DTPA-extractable (mg/kg) 187.64+48.15 73.15+4. 95
Pb & & Total(mg/kg) 816. 26£55. 45 297.24%50. 16
DTPA # BlA& DTPA-extractable (mg/kg) 331.72£56. 64 62.4745.73
Cu 8 Total (mg/kg) 35. 4944 44 47.943.03
DTPA $# % DTPA-extractable (mg/kg) 2.65+0.17 5.54+1.41
81 £ 82 = S3 54
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Fig.1 Percentages of the fraction of Zn, Pb, and Cu associated with their total contents in tailings

W E¥ Tailings,L W] & #: 75 Exchangeable fractions, ,S2 %% ¥4k % Fe or Mn oxide fractions,S3  HH4E
4 & Organically bound and sulphide fractions,S4 3% B % Residual fractions; A B # Tailings,B R H + NPK JE Tailings + NPK
fertilizer,C B+ hilk Tailings + domestic refuse,D EH +NPK &+ #71% Tailings + NPK fertilizer + domestic refuse

i % Domestic refuse,S1

2.2 By .BBRPESRESKSH

B1.E£2 85 MYMHEH . BEFRIARESBRMRMESHEMKAZRER, BT RUZHE Pb LBIFZE 40.50%,
M ZHE CuflH 1.50% ., BH & Zn FEVUBRBIERNFLE MEEEAS Cu LF N 0. R P ARE LR FEFME K
o B LB 22 S /I, AT A 35 Cu Pb M1 Zn T 5 B4 B0 8.50%.7- 56 % 9. 99% . ik Zn FEUANLEASHMRES
FfE, T Pb EBUANLSSHFE. MYMHEE, LE A FREF Cu.Pb A Zn 4 HWA T 14.82%.16. 4157 28. 24 %,

WA ZAMNPK B, BT HEL RNV EREBETH. SLEAMY, LB DO +NPK) P RF A 2283 Zn 1 Pb
W T 39. 94 % F 82. 57 % (AT S5 e A Cu 3ANT 130. 43% , WFEAL T BULMEHI NPK JIE) T, B P ANE A B AREE Zn.
Pb ¥ (3% 2).

AEGEET A3 %A CEY S A AS)Zn f1 Pb & B & AR F R A>B>C>D, A& 40.50%; A7 384 Cu(f
F 8. 50 ) HEMHF MR (B Do REENS Zn 52 Zn IR —BL7E 1. 3% ~1. 20 Z F, AL T HILEE Zn FIRE
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S RBEHER. Co TRUANSARESHERAEE, ARLEPFXIWHBEZM L S EH HLHD 91.50%~98.50%, 3
MEE P Cu WEREAALSTRRMOIRAEL).

%2 BB RV RFAELETREY & Zn.Pb M Cu B A5 (meant SE, mg/kg)

Table 2 The fractions of Zn, Pb, and Cu concentrations in d tic refuse, t gs, and tailings with different treatments
e £ R T A 4> % Metal sequential fractions by different reagents o RBE Beme ﬁl?eri'iﬁ::f)
Treatment ﬁﬂ®§um Total content iR TERE
HOAc HONH,CI H,0;+NH,0OAc  HNO;-HCIO, of fractions  of elements Total  Exchangeable

Zn

By 597.14+125.56 a 47.73115.63a 676.14+158.26 a  3330.231562.86a  4651.24 4377.56

bivg 3 105.25+42.94d  20.34%5.48¢ 385.38+82.09b  543.111+94.32b 1052. 08 1080. 73

A# 403.16+113.31 ab 32.934+10.05b 486.14 +226.38a 2267.27+679.54a  3189.50 3141. 46 (28.24)®  (32.48)
391.52+86.85b  38.27+10.42ab  649.53+174.84a 2524.17+917.57a  3603.49 2955. 69 5.91" 2.89
248.34+26.72 ¢ 22.90t3.44 ¢ 526.171134.24a 1317.474423.42b  2114.88 2173.52 30. 81 38.40
242.131+8.30¢ 25.9343.00 ¢ 583.421+134.53a 1311.26+496.16 b  2162.74 2123. 64 32. 40 39. 94

Pb

By 368.07+82.33 a 118.41+9.65a 241.10+54. 15 a 181.31+21.65a 908. 89 816. 26

784 16.2241.53d 9.93+1.54 ¢ 112.284+10.52b  76.11+£12.24 b 214.54 297.57
300.18+1148 a 95.62437.11ab  204.47+118.43a 150.35%59.20 a 750. 62 682. 29 (16.41)  (18.44)

B 187.37453.02b  62.58+25.48 be 210.341+115.76 a  187.46482.41 a 647.75 767.77 —12.53 37.58

C 72.46%16.74 ¢ 31.1449.20 cd 229.62+149.46a 187.514+32.06 a 520.73 682.11 0.03 75. 86

D 52.32£20.77 ¢ 25.16+9.50d 185.131+32.94a  205.321+43.65a 467.93 589. 14 13. 65 82.57

Cu

By 0.56+0.11d n.d. 26.11+4.87a 10.574+2.65b 37.24 35.49

g 3 3.08£0.96 a n.d. 15.254+1.69 b 17.92+2.86 a 36. 25 47.96

A 0.69+0.28d n.d. 19.1743.03 ab 11.47+2.43b 31.33 30.23 (14.82)  (—23.2D)

B 0.904+0.15 cd n.d. 16.3314.48Db 14.49%0.98 b 31.75 33.05 —9.33 —34.78

C 1.1940. 26 be n.d. 16.16+2.01 ¢ 15.15+4.17 b 32.49 38.92 —28.75  —72.46

D 1.59£0.08 b n.d. 14.38+2.99 ¢ 15.52+3.82 b 31.49 37.34 —23.52 —130.43

* BB B3, N=5 Tailings, Domestic refuse, N=5;% A REH Tailings,B EH +NPK I Tailings + NPK fertilizer,C EBH +hiik
Tailings + domestic refuse,D B # +NPK E + i & (F #8 B W £ /5 ) Tailings + NPK fertilizer + domestic refuse, N =4, N =4 (after
planting); @ HERBESREMANL B2 A Sum of four fractions; @  FJh LA H,S0,-HCIO, 3% WL A9 4 /& £ & Total contents of elements
digested by aqua regia; @ AbF A MY FHREYFERED LKL 8 £ % # Metal remove rate in treatment A vs tailings before planting; IV

47 BC & D)MXM T4 A 4B B # Metal remove rate in treatment B (C or D) vs treatment A; n.d. #F#& i Non-detectable; ] —
SIGERRNEEBRRLEHEZERBE (P<0.05) Values with different lowercases in the same row are of significant different (P<C0. 05)

2.3 FREMEK

EREELB AGRET) EAKAR, UNA NPK B FREMNE KA —CREER.B50B A AL KEYEER
HARBEP>0.05);BAELHCMLEED FTHEREMNEYREEWM., NPK BRI FEHEAN FREMEKORER
KEAE 2,
2.4 BFREESRENRK

BEER FREHRBREHN Pb.Zn AIBMEN Cos AREESHAERB(R . SELRSTRU, SL4H A M. UNA
NPK JECGtE B FREZEZF CuPb M Zn W RAREBEL M. BABEREERFPPHSE, RN REBERRERE
ZMMP Zn M Ph AR EMRI Cu WBRHNBER M. WABRF NPK IBf5 , BAFREFREZPFEM Zn . Pb fl Cu
REEENN, SL4ETLR(E)/£BOR WM D>C>B>AFH—ABTL£RECGE/£B WK LILE Cu>Zn>Pb,
3 ittt
3.1 HYMAEK

TP EEN REE . ELBEHSRABEHEYERD EHER, ¥ RBSLKE Pb/Zn BF# pH M EC
A FHYEKHIEREE,EHE Pb.Zn f DTPA-Pb.Zn & 5% E% 8,7 BH N.P.K AIFNEETES L%, B
HBRIMANESLREENEERAEAREY FRAYARKNEERFET . XS5RO0Pb/Zn FHMRLER B, AHREAE
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WA SRR 25 R B (U A NPK B BR300 2 KA — 1600 {658 Treatment

ERHEEMBSHRT LHEMAL, ZRHFABEFP>0 05)&3.r a é g

MREELREEMNHHEYMNEFRTRERUMER H1

EPEFRENEYRBERME 2, AL TMAL i&ﬁﬁ
TESR®RE RNEIESRHRERTESREESLAEEX
BHEFRTEN.PHK, XERERTFTHOOERMER Bt
BT NPK BB E . EREAYR(TEEERE . Bl

I
S
[~}

44 & Biomass (g/(m2DW))
o0
8

NBRENERTRRY IR HBRERET -1 EHFAERNT 400
%R R IREFHBERERE.
3.2 ELRBRRWAMBRE 0

AR S Y2 G S ZaH L, B4 # Cu.Pb

In BERS XTEREEIMHEDHMEYT WA FFIRENE H2z ARLBTERENEYRCEYELHRER N=0
SREE, N FAHERENESBEAE - ENEBRBA. i Fig. 2 Biomass of Vetiveria zizanioides grown under different
A B3 H NPK FBJG + 3 TR #4& Zn f1 Pb BE WP (F 2, treatments(Mean+SE,N=4)

B, EHNEFRELRB P Zo P S BB ERME,BHFRE A  R¥ Tailings,B R#H +NPK JE Tailings + NPK fertilizer,C
Zn FIPb /B WEHNBRNGE D, EHET EL BN KM BH + 33K Tailings + domestic refuse,D EW+NPK BB+ 51
NPK I b 55 056 [ 2 p 4 30 F i 25 b B 2, D ZE AL T 8 K I, % Tailings + NPK fertilizer + domestic refuse; Ji] — ¥ AR R
Pt Zn 80 Pb. 540, 0 AL 96 NPK B A G BBL LA a0 RS (P=0.00) Valuse in the same plane

tissues without same lowercases are of significant different (P <C

2 RRK Zn Pb M1 Cu & BE 0, 7T B R i T B/ A NPK 0.05)
ExEREEYRMMEEFESRIBRBENZREL, X
BEMLBFESROERD. MALRANPK G, BT $ Cu SRFABELRTH MAFREEP CuEREA.X5

Zn f0 Pb M RIEFHRL TTRREM THRLRT SEHELSHE Co MATZHE Cu KRR 1,.R 2,

#3 TAEALBERTLBEREENRD Zn.PrhHCUMNSRURB EBSRARNESRE SR CEYEHFRER, N=4, mg/kg)
Table 3 Concentrations (Mean+SE, N=4, mg/kg) of Zn, Pb, and Cu in plants shoots and roots, and t of these Is ac in

shoots of Vetiveria zizanioides grown on tailings under different treatments

ALK &R & & (mg/kg)

it Concentrations of heavy metals in shoots or roots iﬁmfﬂt%*fﬂ%%ﬁﬁﬁ(mg/mz) e
Treatments Metal contents in shoots on per square meter Shoot/root
# Shoot # Root

Zn

A* 57.021+13.7 ab 1162.21+620.36 a 9.43 ¢ 0.05
B 64.48+19.1 a 911.95+324.28 a 15. 57 be 0.07
C 37.15+4.58 ¢ 351.57+44.02 b 22.80b 0.11
D 43.49%£5.94 be 316.25+57.92 b 39.24 a 0.14
Pb

A 18.14£3.99 a 720.81+213.23 a 3.00b 0.03
B 13.3145. 36 ab 456.18+54.10 b 3.21 ab 0.03
C 7.94+1.78 b 146.344+28.38 ¢ 4. 87 ab 0. 05
D 7.97+2.87 b 141.454+30.72 ¢ 7.19 a 0. 06
Cu

A 3.66+1.91 a 58.77+17. 74 a 0.61b 0. 06
B 4.74+1.42 a 58.154:9.51 a 1.14 b 0. 08
C 4.97£1.97a 30.4843.93 b 3.05 ab 0.16
D 7.98+1.62a 28.214+3.14 b 7.20 a 0. 28

#*A  B¥ Tailings,B JE# +NPK JE Tailings + NPK fertlllzer C R + 1% Tailings + domestic refuse,D RBF +NPK B+ k%
Tailings + NPK fertilizer + domestic refuse; [f]— ﬂﬁ‘ﬁ?ﬁﬁ/ﬁﬁ?&fa‘&tﬂlﬁ]%ﬁi% (P<C0. 05) Values with different lowercases in the

same row are of significant different (P<C0.05)

3.3 E2REASHYMELBRKMNXR

ESRMAFARSRIEPESRNIHNEESE UIRAMTRESBRMASHAERNFEER ", FERIE
EREASREFIR AEVHSFBENESAE AYAEES L EINELBESEMRENELRERNERER
RETHESKENEERR  ARAARENAVEANSRHEASTF 4P M Zn BABEENBBER EMLEXANE
BEVZHESEYHEAADOREESE AERASEANEE. AR 2TLUES , BSREF MM NPK EH L, BF +
HE&R Zn 1 Pb BB HIMA T 32.40%H 13. 65% (AT X ZS Zn F1 Pb HWEA T 39. 94 % 82.57% , W] W & 1 NPK JE
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TAJE BT 25875 Pb 1 Zn Wi, SEMEZE AR AT Pb Al Zn & B/ — B0 X AT S5 B30 NPK JE 805 S A X . 35 1
P AT LR % A B0 + 3% ¥ Pb (Zn) #4624 & HAR K89 P/Pb (Zn)B 95, A KK £ P O RAREEHR. 5 Pb
MIn ARME BRKETEEELH L Cu MARHE Co, BRFME R NPK L5, BF H B Co MRS Cu FER
Ft. FeEt, 5 Pb fl Zn Mt ,Cu B F 5ENPAEE (E D, /85 Cu 5 T S8R P A RS RS HE LS IR
RS R Y RA XD, AT, B R STEHELZHEREEEANER, P& RA S K RAHX LR
Mo R E SR AL T E B3R A NPK EX AR & RERRESHERHERTR.

FRRARA WPEAMNPK ERGEEATUEBEREERECHERTHER BT RAILSFARNET R REMR.
B NPK EX T PELBESERREN FSUEENEANESR S, B, 53R NPK IE# A X TR %
RETHESRIBABEDRE. £58 20 AHXRS . FRED RS TFETRZR 1111 42 ¢/’ FH, FREFRNE
SRIENHERE. AHRFPHESRESHE N ESRATBHNBAERMK, B, XHEYS TEFHEGERS
BREX.
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