30 1 Vol3Q Na 1

2010 1 A cta Scientiae C rcun stantiae Jan , 2010

s s , . 2010 AsPbZn Cu [ J]. ,30(1): 165- 171
XielJQ LeiM, ChenT B et al 2010. Phyoren ediation of soil co contan natedw ith arsnic lad zinc and copper using Pteris vittata L.: A field
study[ J]. Acta Scientiae C ircun stantiag 30( 1): 165- 171

As Pb Zn Cu

WRT,EHL AR, ok YR X g

L FEMFRMERY SR BEFATHAAEBEE F0, LE 100101
2 TEAFRFR, @ T 530005
3 EEATEMFAREIR, B H 650034

: 2009- 04 (2 : 2009-06- 11 : 2009-10-20
: 2 s AsPb Zn Cu ( ) . N As
Pb R Pb 133 mg kg™ . R As Pb Zn Cu 1455
937 365 101 mg kg . As Pb s 2 , As Pb 155kghm=% a! 85
kg hm™ 3% a L As PbZn R Pb Zn Cu 10913 2511 510 mg kg ',
: 0253-2468(2010) 01- 16507 : X53 : A

Phytoran ediation of soil co-contam inated with arsenic lead zinc and copper
using Pteris vittan L. : A field study

XIE Jinggian"> LEIMei, CHEN Tongbn'® , LIXiaoyan, GU M nghua, LU X nohai

1. Center orEnvironmental Rem ediation, Instiute of Geographic Sciences and Natural Resources ChineseA cadeny of Sciences Beijing 100101
2. College of Agriculture GuangxiUnwersiy, Nanning 530005

3. Yunnan Institute of Environm ental Science Kum ing 650034

Received 2 A pril 2009; received in revised fom 11 June 2009 accepted 20 O ciober 2009

Abstract P eris vitiwia L. 5 a pran 8ing hyperaccumu lator in the phytorem ed ation of arsenic contan nated soil However little & known about its
phytoran ed ation potential Hr multrm etal contan nated soil A wo-year fiell expermentwas carried out to nvestigate the capacity of P. vitlata to
phytoranediate As Pl Zn and Cu fran contan nated soik The resulis showed thatP. vittata hyperaccum ulated both A s and Pb. The concentration of
Pb in shoots was as high as 1303 mg kg™ ', and the biomass of P. vittata reached amaximum when As Ph Zn and Cu concentrations in shootswere
1453 937, 365 and 101mg kg ', respectively P. wvitiata ranoved 15. 5 kg m~2 (As) and 8 5 kg hm~2( Pb) per year (w ith 2 harvests). P.
vitiwia ako had a very strong tolerance ©A's Pb and Zn The bimass of P. vitiaia was not significantly decreased when the heavy metal concentrations
of soilwere as high as 10913mg kg™ '(Pb), 2511mg kg '(Zn) and 510mg kg '(Cu).

Keywords heavy metal contan nation soil phytoran ediation; Pteris vitinia L ; removal potential
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( , 2004). m’ ., Smx5m ,
, Pb Zn Cd Cu Im’ , ,
( , 2003 , 2003 An Im’
et al, 2006 X iao et al , 2008). s 5 (0~ 20 an),
) 1 , 100
_ , As Pb 22 b g AT
Zn Cu , - (Sandronietal,
2002), - (USEPA,
) 1996), ( AFS-2202)
2 (M aterials and m ethods) )
As , (Vario 6
21 AR ERR7E AAS Analytic Jena ) Pb Zn
( Cu
), ( : GBW- 07404
103°15 23°23, 1325 m, : GBW - 07603) ,
. 18~ 207C, 30C, .
Q 1cC, 700~ 900 mm, 23 HEALESUHE
2000~ 2300h L SPSS13 0
1 (ANOVA), ,
Table 1 Properties of the test soil 0 I‘lgll’l 80
H /(gkg™") /(mg kg ')
( ) K N P As Pb  Zn Cu 3 (Results)
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Effect of heavy metal concentration i soil on shoot bim ass of P. vittata (a As h Pb, ¢ Zn, d Cu)
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, (p< ( lc). Cu 472~ 563
0.05), . 1, mg kg ' , Cu
As Zn Cu , , 33 8% ( 1d).
Pb . As 1058 ~ 1306
-1
mg kg 5 D ’ ?
33.% ( la). Pb , L
( 1b). Zn 2407~ , As Pb Zn
2511 mg kg ' , Cu 1455 937 365 10l mg kg ',
\ Zn 2511~ 2961 mg kg ' \ ( 2).
2
Table2 Rehtin of shoot heavy metal concentraton and biomass and biomass lm it n P. vitlata
R (x)/ (y) !
(mg kg ') (kg hm™?)
As y= - 0 00983 + 28 60c— 14739 6 0. 9402 1455 6063
Ph y= - 0 Ol18&? + 21 93x - 3995 0 0. 6344 937 6193
n y= - 0 0589 + 43 05¢ - 1831 3 0. 6477 365 6035
Cu y= — 10 7687 + 218 T4x - 4995 2 0. 9820 101 6113
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Fig 2 Effect of heavy metal concentration of soil on that ofP. wvitiwia shoos(a As h Ph ¢ Zn d Cu)
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As ) 26 0%; 33 RONENELBWEIREN
As 1124 mg kg ', 3 As Pb
As ( 2a). Pb As Pb , Zn Cu
, Pb ( 2b). 4 2,
7Zn s Zn As Pb 185
, 27 7% ( 2c). Cu kg #a' 85kehm *a'( 3), Zn
, , Cu Cu 29kem ™ ?a' LOkgm ¢a'
532 mg* kg ', (112 (4, As Pb Zn
me kg ); Cu 532mg kg . Cu . As 1058me kg™, As
Cu ( 2d). (23 4kg hm > a ' ); As
3 b 1124mg kg ', As ; As
Table3 Lead accumulating ability of shoots of P. vitiata 1124 mg kg_ : ,As ( 33.)
-1
P w1 Ph 5660 mg kg ', Pb
(mg ke ) (1L 3ke hm * a '), Pb , Pb
417 0. 05 14 ( 3h). ’
1303 0.23 13 3
s As Pbh
808 0. 10 39 » .
230 0 04 57 1058 mg* kg 5660 mg* kg ,
: BF : TF : n= 36 As Pb
28— a 20 r b.
uE 18
~2nF =16 |-
=20 F Ful
g 181 EnE
=16 F £ 12
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Fig 3 Anmal asenic and lead removal by P. wvittata vs heavy metal concen tration in soil (a A's b. Pb)

4 Zn Cu
Tabk 4 Zmnc and copper ranoval by P. wittata fran land und er reclan ation
/(kg hm~%a )
Zn 36 1. 4 9.2 29 29 L5
Cu 36 0.3 2.6 10 1.0 0.5
. 1, ,As , Pb . ,
4 (Discussion)

As Pb (5. AsPb Zn Cu
41 BNEXNEL BN Soil Quality Criteria B level
(1 5. (SEPA, 2002); As

Cu
,As Pb Zn Cu 30 18 5 ( ) (ME, 1991).
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5
Table5 Concentrations of heavy metak i rechmation land and national standard mg kg !
As Pb /n Cu
737~ 1529 4325~ 13254 1687~ 3329 321~ 691
1184 8772 2665 532
40 500 500 400 , 1995
30 150 500 100 VROM, 1983
15 80 350 100 SEPA, 2002
15 - - 125 ME, 1991
As 2.3 , 2003 An et al , 2006)
mg kg ' ( , 1996), As , Zn \ Zn
25 Tmg kg ' ( , 1996), 2511 mg kg '
As As s Cu
As . ( , 2002) , Cu 626 me kg,
, As 23400 mg* kg ' (4362 kg hm™ %, 1d);
1500 mg kg 'As Cu 10l mg kg ',
As (2. , 300mg kg ' Cu
: As (1360mer kg ') ; 150~ 200 mg* kg '
4, 1 Cu ( , 1995);
4139 ke hm > ( 1a), (2003) , Cu
As 1455 mg kg ', . Cu 20~
100mg kg ' ( , 1992),
, As ( 2).
s Pb Pb s Cu R Cu
5660~ 10913 mg kg ' 510mg kg ', Cu
( 1b), Ph 932 42 BUNENEALBWE RS
mg kg |, ( 2). As 1412
Pb 30~ 300mg kg ' ( mg kg ' ( 2a), As
, 1992). (2005) , As . Zn Cu
Pb 29702mg kg ' , i (2
o . (2003) 2d). Pbh Pbh
, Pb , 0~ 2000 1000 mge kg ' ( , 2001),
mg kg 'Pb ) Pb . Pb
: Ph 1C 3.
Pb ,
, Zn , Pb Pb 14
Zn 2511 mg kg ', ( 3). Pb
, 140~ 310 mg kg ' , Pb
( 4 3 BRINEXE SR IEREN
, 1995). , Zn 365 Pb
mg kg ', ( 2), Zn , ( , 2007),
100 mg kg ' ( , , Pb
1992). ( , 2005) , Pbh (3,
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Pb s As As Pb ,
( 1. Zn Cu (4.
Pb . Pb Zn  Cu , , , 7/n
, Pb 844 Cu . ZIn
mg 2059 (T. caerulescens) (7
3576 , Armhad (2008) , Zn H anmer
3 Pb 9 13 28 (2003) 7n
( 6). , Pb , Pb
6 Pb
Tabk 6 Canparion of Pb phybra ediation m akrils
Pb H(mg 1)
(Pteris vittata 1. ) 844
(Thlaspi mtund folim 1. ) 0 41 Reeves et al, 1983
(Sedum affrediiH ance) 024 H ecet al, 2002
(Pelargoniun apitatum L A tar of Roses) 97 A wshad et al, 2008
(P elarg onivm dam esticum 1 Clorinda) 64 Ashad et al, 2008
(Pelargonian awpitatum 1. A im ic Snow flake) 31 Ashad et al, 2008
7 Zn
Table 7 Canparison of Zn phyoranediation m aterials
Zn
/(mg kg ') /( kg hm~?)
(P teris vittata L. ) 2741 92
(Thlaspt caerulescens L. ) 444 30 1 Bakeretal, 1994
1158 20 0 Hanmer et al, 2003
38010 30 2 Robmnsonet al , 1998
R Cu R (As Pb
(Elholizia haichiv ensis  E. plendens) ) .
(Jiang et al , 2004 W ang et al , 2007), 2) , As
Cu . , 1058 mg kg ', Pb 5660mg kg ', Zn 2511
( 180d) Cu 500 m¢g kg ' Cu 510mg kg_l , As Pb
ghm ’( 4, 170d , As Pb .
Cu 550 ~ 720 ¢ hm™’ ( Jiang et al,
2004) , Jiang  (2004) Cu
Cu 5 7 CPREIR (1963—), B, SR R L &£ SR,
o TENFRBLEXERE LEXRBGEFRFUHIE ML
Cu (280mg kg ) Cu TRFE.
Cu 30

B

ke hm™* (Wang et al , 2007).

5 (Conc lusons)

As
As Pb
As Pb 7n

Ph ,

(References):

s . 2003
[J]. , 23(112): 25%4—2598
AnZ7Z ChenTRB LeiM, etal 2003 Tolrance ofP weris vittata L. to
Ph, CuandZn [ J]. ActaEcobgicaSmica 23(12): 2594— 2598
( in Chinese)
An 7Z 7 Huang Z C LeiM, et al 2006 Zinc blerance and



As Pb Zn Cu 171

accanubtion n Pteis wvitmia L. and its potental for

phytoranediation of Zmr and Ascontanmated soil [ J].
Chemospherg, 62( 5): 796—802
Chen T B WeiC Y. 2000 A senic hyperaccumulator in sme plant
species n south Chma[ C|. Proceedings of Intemational Conference
of SoilR emediaton Hangzhou 194—195
, s , . 2002
[J]. , 47(3): 207—210
Chen T B, Wei C Y, Huang Z C et al 2002 Amsenic
hyperaccumu htorP teris vitiata L. and its arsenic accumultion [ J].

Chiese Science Bulletin, 47(3): 207—210 ( in Chinese)
1995 GB15618-1995 [ S].

195. GB 15618 1995

State Environmenial Protection Adm instraton
Enviomental quality standard for soils [ S]. Beijing Standards
Press of China ( in Chinese)

HeB Yang X E, NiW Z et al 2002 Sedun alfredic A nev lead-
accumuliting ecotype [ J]. Acta Botanica Smica 44 ( 11):
1365— 1370

Jiang L Y, Yang X E He Z L 2004 Grwth response and
phytoextraction of copper at diferent levek n soils by E kholizia
splendens [ J]. Cheamosphere 55(9): 1179— 1187

ME ( Japanese M mistry of the Environment). 1991 Environmental
Quality Standards for Soil Polluton [OL]. 1991- 08 23 http //
www. env. ga Jp/en Avater/soil/sp. him |

s s , . 1996
[]]. , 18(3): 58—6l1

Kang L ] LiX D Liu JH, et al 1996 Effect of asenic on growth
developm ent of rice and residual rules i the ban paddy soil[ J].
Joumal of Jiln Agriculural University 18 ( 3): 58—61 ( m
Chese)

Kartal S N.  2003. Removal of copper chmm um, and arsnic fran
CCA-C treatedwood by EDTA extraction [ J]. W asteM anagem ent
23( 6): 537— 546
R R , . 2005.

[J]. , 25(5): 1146— 1151

LeiM, YueQ L, ChenT B, etal 2005. Heavy metal concentrations in
soils and plnts around Shizhuyuan m ning area of Hunan Province
[J]. ActaEcobgica Snica 25(5): 1146—1151( i Chinese)

. 2004

[T , 24 (3):

’ ’ s

455— 462
Liao XY, Chen T B, Xie H, et al 2004 Effect of application of P
fertilizer on efficiency of As ranoval fran A's contam mated s ilusing
phytoranedntion Field sudy [ J]. A cta Scientiae C ircum stantiane
24( 3): 455— 462 ( in Chinese)
s s , . 1992 B
, 11(2): 51—56
QingC L MouSS BoFY, etal 1992 D iscussion on critical ndex of

heavy metal oxicity in soil [ J]. Agro-enviom ental P oection, 11

(2): 51—56 ( n Chmese)

Reeves R D, Broks R R. 193, European species of Thlapi L.
(Cruciferae) as ndicabrs of nickel and znc [ J]. Joumal of
Geochan ical E xporation 18(3): 275— 283

SandroniV, Snih CM M. 2002 M ikcrovave digestion of sludge soil
and sedment smpls br mewl analyss by nductively coupled
phsnaatanic en ssion spectimetry [ J]. Analytica Chimica A cta
468 (2): 335— 344

SEPA (Swedish Environm ental P olection Agency). 2002 Swed shEPA
Report 4918
Sies Swedish Guidelne Valies for Levek in Polluted Soils [ S].

Envionmental Quality Criera for Contan inated

Stockhol:  Swed ish E nvironm ental Protection A gency
USEPA. 1996. Test methods SW- 846 Acid digestion of sedinents
shidge and soils [OL]. 1998 09-19. EPA 3050B. http //www.
epa gov/ wv-846/pdfs/3050h pdf
VROM. 1983 Leidrand bod en sinering- the il clean-up act ( interin )
[Z]. TheHague N etherhnds N etherlndsM inistry of H ousing
Planning and Envionment Soil Water and Chaen ical
Substances D eparim ent
Wang FY, LnX G Ymn R 2007. Role of micrwobil noculaton and
chitosan n phytoex traction of Cu, Zn Pb and Cd by Elsholizia
splkndensa field case [ J]. Enviommental Pollution, 147
248—255
, . 2007. [J]-
, (5): 6—-10
WangY H, Wu N D. 2007. Recovery the il polluted by plm bum
apply ng phytoranediation echnobgy [ J]. Soil and Fentilizer
Sciences n Ching (5): 6—10 ( in Chinese)
R . 2001
[J]. , 21(7): 1196—1203
WeiCY, ChenT B. 2001. Hyperaccumulators and phytoram ediation of
heavy metal contan maled soil A review of studies in China and
abroad [ J]. 1196—1203 ( i
Chinese)
XnoXY, Chen TR AnZ7Z etal 2008. Potentil ofP teris vittaia L.

A cta Ecologica Sinica 21 (7):

br phyoranediaton of sies co-contamnated with cadm im and
asenic The tokrance and accumuhtion [ J]. Joumal of
E nvironm ental Sciences 20( 1): 62— 67
R R . 1996
[J] , 28(2): 85—189
XuJL, Yang JR JngH W. 1996 Crops effect and its factors i
asenic contan nated soil [ J]. Soil 28(2): 85—89 (in Chinese)
1995 [M]. : , 44—102
Yang JH. 1993 Soil Polluton and Control [M ]. Beijing Scince
Press 44—102 (in Chinese)
ZuY Q Yuang I, SchvanzC, etal 2004. A ccumulaton of Ph Cd,
Cu and Zn in plants and hyperaccun ulator choice in Lanping lead

zinc mine area China [ J]. Enviionment Inemational 30( 4):

56/—576



