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2 - Biological Absorption Cofficient (BAC)
3 - Phytoextraction
4 - Metal Extraction



IFAY g poeis — O10 y0 « Foylods (Y8 wlr (S g T4y pis YVY

2 Lol i cwlio flais (g0 )87 s 51 WL wal s oy
2l 53 Wlg oo YU o3g5Cun M5 g o8 o L LS uslie
Ay flis Giegio ool gl (VA 9 1) aisl sol.ls (Yl
36 gl VL slocdals snils aliae 300 ok
Lol s 0 glolusls o 5,Slee jials” e 1) (49,
295 0395 Canrj 3 |y 59y Jawgie laclale aiily Jb
Slaoll byl i > adllas 3y50 flals a5 s ol 51055500
i (Sl 2l (S5 lid Y &) Al g
3 Sals 0y 50l SalS i Jy 435 Al ke bl
“Caugj 36 LS pl &S ooly s ek bylyd > e szl
only glacbld YU o355 opl & abled g5 (oYh o398
o=l S gy e Jlal gy (nl 3l 3908 a2l Gl |y 58 Gl

Ak )8 SB 5l gy 052935 50 Blgnr anb Ll ) LS

3 90 lalS amwg 4u S 5l (59 (BCF) St jlankss

P 89y w3l S g9y (Sl ok ol L

(Zng) ol jlog p calllas 5yg0 LSy 50 (Y Jgio) cuild
Cnolidl g (Vo) ke ke b) (o yiier 9,52l 5 &
(/¥ 0Nlae jlacde L) (odim gyl 9 i (VA (il
('/‘NV u,‘.i.)Lm )lJ._O.A \_)) UJ.M_’>5U))| Zl’l3000 )l_g».s ) ‘L)J)_».Qf
Zngoo sless 2 9 (%S [+ (b jlade L) 483 5 oyt
Cnolidl 5 (+1¥0 (ke ke b) (o yier 9 5El S &
2L Sald Jlogi )3 69y ranjladlss cp pin adlllas 3)90 lalS
2 S9) rumj s p a8y (Vo) (nSlie i b) (g5
Sygmo (N 5o lade L) 48,5 oLS dlewg 4 Znseeo jless
3y90 QLS den (A) OhlSen 5 (o (g s bl .08)5
(s9) Sl bz zoha )3 (g, Sgl bl ) adlas
oS S )8 (ogy lagte (el L LS 09,5 )3 sl e
SHA ccaly SOl pYL i jlalss (wali jles j0) (we sl
ORI 25 slon 4 59y YL el Ul L Slals
.A_wl;u_o )Ja; D90 s u}bYL » blﬁf ))YL» L;:Uy )i:l.g BCF

1 - Moderately Accumulator
2 - High Accumulator

L.A_.w))uu] olﬁf ).) ZI’I]()O() )loo.} ).3 w .))Slo& Jl.> L)" l.:
SO ol el d G (o pd V- F/AY 1 Ske Hlade L)
D9 (P <e1+0) (lol (as 51 Iy me MBI ol a8 oy )l

39T lisee gabiw )3 LS 8ylud e 5 (5, il
SE 3 &9,

il polaw )3 355 oyl sl 5 5l chale bl lals
Jsi2) 828l (P <o/+0) ()l im0 MBI 155385 L (59, (529
15 53 gy bl (g sk clle b (S18) sals jlos (Y
Lot oaysgls g Sl itk LS o)lusls Szs g
SIS ()9 PSS 2 )3 59y PSS Fr B OY 90> 50 gl
-aog @b (gl s poll GlalS Bl og 0 lus
Y o) 69y o5 Seble blid (en )3 obgycgi 5 (ol
09 ly 53 (oyludld S g p)SkS 12 )3 59y p S e ¥
Ay 40 gy clale Znjgop jless pd il 365 o lesls Suis
AV BVE ) Salw oyddalw LS o)lusdls Sid s
S Jb 309 (o)lusld SiS G ) 5hS B 53 (o) PSSk
P Fer 398> 3) ) 58 glacdale g Bl olS
Sl (g a2y 3 (398 ojludls S g p)SkS 2 53 )
Al o ggy clale byl b cpl o s bl 095 oyl L
mariy b B ool g0)) e ol ol 0 lus L S 5
P89 PS80 LYV () 3208 Jlwr obgygi g (odg
9y il Zingonp sless 3 092 (o)lud b SS9 2SS &
9 gy Sk o ol GlalS ojludls SS9 21y 5
229 prS NIV Ve dgis ) i (g2l
548> bl ol Bl ags (o,lud L Sts 59 p,S kS
WO LY () 9y s ombs s gaedals pisgeods
039 4>y )3 (o)ludld Suis g £ 5 LS 2 53 69y p)S e
ozl oS Zngoy jles 5o il a5 o)l dls Siis
Sl VIV (:lee jladie L) (59) 65V jl slaclale
S g aly 3 (o)l ld Sis jg S5 LS 12 53 )
5 0yl il LS &8 Jlo 3 il g oLl
Vo0 L AD: 5945 (69) (s ieS ilpe 4 slacdale Solw
039 Ay )3 (o)ludls Suid g £S5 LS 1 53 69y p S e
Sl 0g5 6l Ll Sis

eSS 2 pS e Voo 9y sy 590l Sl olie
S Ve o g p)Se kS ) S (e Ve e pgnedls
2lS slaasiss sl Sy (7) Cunl 00d (3155 S olS
Ny (25 glacdl o s chle 4 s gl gl
e (1Y) ol ditasly 55 5ludld 0395 Adg5 4 el )l
516 51 ool palie 5,30 5ol 4t lblS &S cpl b ol L L



VAY S (S bawgi g9y 7 @l g olS ()b

il (casls (P <o/+0) gyl me ialS o] 3 ME lade (<o,
duslio 0 aS (gya b a (Y Jgio) cuily (P <+/+0) gyl gne
Sy e oy (SB3 (g5) Al polaw )3 (LS (1
Oelee Jladio L) (g3l obS 55 Zingooo les 53 59y 318 JS

25 Sy (S5 TS 1 gy 5 e VIS

2L

390 OLALS Ay du SB 5l (55, 1 Cudldp U5 jlade

axdlze

S35l o Lol L &S 48,5 clittal &) adllao 350 LS

(P<e/s0 —LSD) S1& ;3 (g9, Wit Zokaw 15 (Widg3 3590 (LS ;3 dnlllae 3550 Clhwo (e £ ,lze Bl youil) Jlado -Y Joua

ObLS S 0l 43 (g9, adllae 350 Oloo

o5 839331 (59 ke

] LS oU
ME BCF Conc. RY% (mg kg') SB
JeYEe/o-YDe  /¥dE-/-YA,f Y-SYEVVYD, £ \--4V/sd AB*, a* Zn,®
JVVE/N Ce JVVEABLd YWEARENN Cd V-FAER/SVALa Zn1000 }
./¥o£-/-YB, ¢ J\EE/ACoe BWWAYEYYAYB,c R0/AE)VVYBC,a Zns000 S o)
ISt/ Y AL d NG, A ARJAYEL A A D VA C,a Znono
ofevE[NC, c «/NENY A D ON/0Y £ £/5AD, b Voo £YY/FY A, a Zn,
\/++£./\¥ B, b JVYE-AB,a  VS-[-0EAVADC,a AYFVESIY A a Zn1000 )
VVAE-/ £ B, b JYEEYCoa VYSLAESUS\Boa ANYSEY\VA, b Zn3000 el
VWAEYY A b [YYE[YCb ASEYSYEVANAA b A/-AESV- ALb Zne000
deateloNCod  <VAE /- Abc  ¥O/FY £ Y/\Y D, be Vo£V/SY A, a Zn,
AIVS£+/ £ B, c VAE/YAa ADAVEYYESCoa A-MEVAY A, ab Zn1000 -
AYEAY A, b ./¥ot+/-\ B, a V-A) £ ¥ANNY B, a VA/SFELY/YA B, ¢ Zns000
VoY AA e ¥YEYCoe AT EYSYS A, e VS/AFEA/) B, be Zngono
«[\¥£+/-¥ D, a VeVEe[-AA,a OAYA £ ¥/¥¥ D, a VeoE£F/OA A, a Zny
VYAE-NY C, a AJOVE/-YB,b  S-ASYEFEYCb  AVESEV/-AB,ab Zn1000 o
VAVE\E B, a J¥sEYCoa We\VAED./SYBa YYYTRYY- C.d Zns000 ot el
Y/¥ate/-5 AL a JYOEYCoa YAV £ O¥AYA,a SAFOEY/00 C, Znono
£/ .YBC,b  -oVESAe  YYAAEYMCe V-2V A, a Zn,
JPEENEB,d /Ye£/-YC,d  YWIYARVAEB,d  VY/SALY-/¥OB.b Zn1000 o
VAFE- /YA A, a JYVESYBia WYYATEVSYEA,a 00YOEY/-V B, e Zns000 >3 03
- - - - Zngooo
ofs0E[-VC, cd <[EYEL[-Q A, de Y£/¥Y £ a/YY B, de Ve oEVA/AA a Zn,
JSYENY A, ¢ Yot/ S Boe FVE/Se£030 Ac ANSEVVAY AL b Zn1000 -
-J¥a++/\Y B, ¢ YEYCe YAAAEAYS Alc ASIYYRVOV A, b Zn3000 e
- - - - Zngooo
J[-f£./--YB,de  -/V¥E/FAcd  ¥Y/adEYNAC, cd Vo eESIVY A, a Zn,
JEeteaAd  VESBbe  OFVSYEUVAB,be  AUVYEASE A, ab Z01000 -
JFYE-bAc VEEYCb VANV ESVA- AL SAVFRVYEB,d Zisoo e
- - - - Zngooo

8y o 5l 59y o 3l 3 0l A
S pSolS a9y p S e Fere g ¥ere Nere ho (3938 b b yless o yi 4 :Zngooo 9 Zmzo0 Zmigoo <Zng O
iy g9y S e ME €Y ahslas) (55, s jladss BCF §mg 7, kg™ plant DM) olS 5 (g9, cdals Cone. () doles) obS (s Shos 10)3 RY%
(¥ oleo) (M@ 70 Kool ) S 0,90 S o )3 ol alsusg 4 005
SN g a0ls jlos b ST @ 0B 039381 (g9, clisie plio ) (Shg (P S0/00) baidne SHE] Silo i & (g 32 )3 g3 9 Jol S ptie el B9y o

ol S 4 00 03938 (g9, 5l pastie gdaw > LS s )0 (P <e/40) s gxe



IPAY 5o e — 08y« Yo,lods « V8 alsr (S g o apis VY

9 woan YT 53935 53 1)l uwiliy plgie 4 Sl po ¢zl il
095 Shedies Jds an bl 2,5 )18 da55 5550 (511 Lo
o o slajls JLanl y s ol (sl (w93l slawiss

b (ol (olio o) sadd

S5 Aol

o3l oS ) (So9l il gl )3 S s
(b9 03] Bl QLS il 93 3900) 0355 032y
) (Solows g 0p5aalow aliio Ly i g obg g i geodigy @b >
o S BE 4 ol ()00 Gyl iz 2 5 A
2 89y brls 5 (hjeil a8 2L Ll g )
SlalS B s Lyl 55 ol s 355 51 ol el luslis
2 89 el > YL QIS (wgy el g Sl o jacls
L as dblie o lals ol cuis 1V jmslh 0 03¢5 Cau
U pls g ay L] Jloio| G 5 dizin dlgo (595 39005
“zb ol bl s |y (plAE 0,555 10 (g9) d9ueS Wlgi o (s>
) 5L slayless 13 1, MEzng 5 BCFzng e 5l yogys
5 (MEzag000 53 +/\F s BCFz50 15 V) 5:85les Jliiio by iy
Ol Jlde L 5 ) S p)SolS 2 (s9) oS (e £e e
G S e in e 5l (MEzug000 Y/¥0 9 BCF 10000 /Y0
My cle a (b lpd 3 Salo g 0 gaaks (o9 32l Glals
5 (45g anly jo Sis 0dle p)5 25+ B VA o) YU o355
sl Sye S ) gy 02935 2 i Yiein] lawgio Ll
> s 9Bl sladiss (1395 Shd s i 4 e
e R plieyed; sadd a4 (e slajls Jlil s
b

e o yiaS (485 gl ) adllas 3550 (lalS d0n 5
taw ySls D ME jlade cuily oy yiin o ol jle ;o ME
2 s gaisy o o0 3 4B o 3l ol 3 olS &S (S
e 2 gzl «Selw 0 ol cCMﬁt.gtLé] Znz00 e
2 89y 8 cilyy p s 488 olS o b sdalie (Znggo
e s 3ys0 lals s S awslis ;5 59 Zngep Hloss
S 255k 2 9y p)She YIFO I a8 ol 40 s ME
don 3 ) ME jlade oy yidin (9,32l oL iz 29
2 oLS o paal)l§ plaie an alg e 11 el (g5, (slalows
ol Ul sl addllas 3y50 akS > S 5l goy cutls
il b hj900) ¢ Lo L > Amaranthaceae odlgl s a s
YY) ol o Wl ), Sig s 5l (golawd dliws 4 (S (slajld
(Yo 4
P &gy o SLacble ply 53 & ol b Gy 8] oS
adllaodyge LS plo 4 cuws o] 3 ME i g jboy S
g LS iy sl i 53 5y 20 Jlasl 11 3g: el
g ool 3 48 sl 4l Sl oYU (lacand 4 ¢ bl
cbile oS b ol 5l Ll sl ClelS (V) jow cats 20l3 1 Wlg
39— o=l 3 Olsebl b Glgioed 25 (65 ojlail olS Ay > 56
L Gyl a8 59,0 o Jloin] et 25 (6 S menss
palie JUasl L g ol gy ) (1) oLzl oyal, 5l eslicl
L (Y 5 YY) S (5ol 395 VL (slosise 4 385 3L
598 6l Kl 1 oslil Ly Yiazs! asdllae 590 LS
oL ooyl cpl 55 o Ja Iy (535 o 5 Yl sl il
oo Sl 5 o ST ¢ gdne e < 15 SN
10l 135 (V0) LS 5 0ljg puita ¥+ 9 VF) ol © Jolus
ot g lom g Of Ll 4 Coglie sy g Sl olS &
Sl o 1 il o a5 1 JLl B is Ul

&bo

ey o8l Sllil pes Cla . JelS (£S5 b S dag § St gblie clo SB cidols AYAY 5 los 5 .zp SsSle —)

alie 5 (£5)9UiS 58 5 pote dome 0uedlS 5 oy 4y 039l (CLSB jus 2Vl (Gilo e MYAS o Slon 52 Pgdpslis Y

FAV-FYS (CFY) )Y ks

3- Alloway B. 1995. Heavy metals in soils, Edmundsbury press, Lodon, p: 368.

1 - Exclude

2 - Chelation

3 - Compartmentalization

4 - Biotransformation

5 - Cellular repair mechanisms



VAO  BlS (S bwsi g9y 7 @ g olS ()l

4- Ambler J.E., Brown J.C., and Gauch H.G. 1970. Effect of zinc on translocation iron in soybean plants, Plants
Physiol, 45: 320-323.

5- Atici O., Agar G., and Battal P. 2005. Changes in phytohormone contents in chickpea seeds geminating under lead
or zinc stress, Biologia plantarum, 49 (2): 215-222.

6- Baker A.J.M., and Brooks R.R. 1989. Terrestrial higher plants which hyperaccumulate metallic elements —A review
of their distribution, ecology, and phytochemistry, Biorecovery, 1: 81-126.

7- Berti W.R., and Cunningham S.D. 2000. Phytostabilization of metals. pp: 71-88. In: Phytoremediation of toxic
metals - using plants to clean-up the environment. (Raskin, I., Ensley, B.D. ed.). John Wiley & Sons. Inc., New
York.

8- Bini C., Gentili L., Maleci-Bini L., and Vaselli O. 1995. Trace elements in plants and soils of urban parks. Annexed
to contaminated soil prost. INRA. Paris.

9- Blaylock M.J., and Huang J.W. 2000. Phytoextraction of metals. pp: 53-69. In: phytoremediation of toxic metals:
Using plants to clean up the environment. (Raskin, 1., Ensley, B.D. eds.), John Wiley & Sons. Inc., New York.

10- Cariny T. 1995. The reuse of contaminated land, John Wiley & Sons Ltd, Publisher, p: 219.

11- FAO/ISRIC/ISSS. 2006. World Reference Base (WRB) for soil resources, World Soil Resources Report, No. 103.
(FAO: Rome).

12- Gee G.H., and Bauder J.W. 1986. Particle size analysis. 9: 383-41. In: klute, A. (ed), Methods of soil Analysis.
Physical Properties. SSSA, Madison, WI.

13- Gupta P.K. 2000. Soil, plant, water and fertilizer analysis, Agrobios, New Delhi, India. p: 438.

14- Hammer D., and Keller C. 2002. Changes in rhizosphere of metal-accumulating plants evidenced by chemical
extractants, J. Environ. Qual, 31: 1561— 1569.

15- Hewitt E.J. 1966. Sand and water culture methods used in the study of plant nutrition. Commonwealth Agric Bur
Technical Communication 2" Edition. No. 22.

16-Jalili A., and Jamzad Z. 1999. Red Data Book of Iran, RIFR, Tehran, Iran.

17- Kabata-Pendias A., and Pendias H. 2001. Trace elements in soils and plants, 3t (ed), CRC Press, Boca Raton, USA,
p: 145.

18- Lindsay W.L. 1979. Chemical equilibria in soils, John Wiley and Sons, New York.

19-Lu L.L.,, Tian S.K., Yang X., Wang X. C., Brown P., and li Z. 2008. Enhanced root to shoot translocation of
cadmium in the hyperaccumulating ecotype of Sedum alfredii, J. Exp. Bot, 59(11): 3203-3213.

20- Marschner H. 1995. Mineral nutrition of higher plants. Academic Press, London, UK, p: 889.

21- Mathe-Gaspar G., and Anton A. 2005. Phytoremediation study: factors influencing heavy metal uptake of plants,

Proceeding of the 8th Hungarian congress on plant physiology and the 6™ Hungarian congress on photosynthesis,
Acta Biologica Szegediensis, 49(1-2): 69-70.

22-McGrath S.P., Zhao F.J., and Lombi E. 2001. Plant and rhizosphere processes involved in phytoremediation of
metal-contaminated soils, Plant Soil, 232: 207-214.

23-McLean E.O. 1982. Soil pH and lime requirement. pp:199-224. In: Page, A.L. (ed): Methods of soil analysis. Part
2. Chemical and microbiologilcal properties. Publisher Madison, Wisconsin, USA.

24-Miller J.J., and Curtin D. 2006. Electrical Conductivity and Soluble Ions. pp:161-171. In: Soil sampling and
methods of analysis. (Carter M.R. and Gregorich, E.G. Eds.). 2" ed. CRC Press. Boca Raton, FL.

25- Moteshare-Zadeh B., Savaghebi-Firozabadi G.R., Mirseyed Hosseini H., and Alikhani H.A. 2010. Study of the
Enhanced phytoextraction of cadmium in a calcareous soil, Int. J. Environ. Res, 4(3): 525-532.

26-Nelson R.E., and Sommers L.E. 1982. Total carbon, Organic Carbon and Organic matter. p: 539-579. In: Page,
A.L., et al. (ed). Methods of Soil analysis. Part 2. 2", Agron. Monogr. 9. ASA and SSSA, Madison. WI.

27-Ozturk L., Karanlik S., Ozkutlu F., Cakmak I., and Kochian L.V. 2003. Shoot biomass and zinc/cadmium uptake
for hyperaccumulator and non-accumulator Thlaspi species in response to growth on a zinc-deficient calcareous
soil. Plant Sci. 164:1095-101.

28-Rhoados J.D. 1982. Cation exchange capacity. pp: 149-158. In A. L. Page et al. (ed): Methods of soil analysis. Part
2.2". Agron. Monogr. 9. ASA and SSSA, Madison, WI.

29- Sahmurova A., Celik M., and Allahverdiyev S. 2010. Determination of the accumulator plants in Kucukcekmece
Lake (Istanbul), Aft. J. Biotechnol, pp: 6545-6551.

30- Salt D.E., Smith R.D., and Raskin I. 1998. Phytoremediation, Annu. Rev, Plant Physiol. Plant Mol. Biol, 49: 643—



1FAY g poes — S10 y0 « Foylos V8wl (S g T4 is VVE

68.

31-Sharma R.K., Agrawal M., and Marshall F.M. 2007. Heavy metals contamination of soil and vegetables in
suburban areas of Varanasi, India, Ecotoxicol. Environ. Saf, 66: 258-266.

32-Shen Z.G., Li X.D., Wang C.C., Chen H.M., and Chua H. 2002. Lead phytoextraction from contaminated soil with
high-biomass plant species. J. Environ. Qual. 31: 1893—-1900.

33-Singh A., Sharma R.K., and Agrawal S.B. 2008. Effects of fly ashincorporation on heavy metal accumulation,
growth and yield responses of Beta vulgaris plants. Bioresour, Technol, 99: 7200-7207.

34-Singh R.P., and Agrawal M. 2007. Effect of sewage sludge amendment on heavy metal accumulation and
consequent responses of Beta vulgaris plants, Chemosphere, 67 (11): 2229-2240.

35-Tanhan P.M K., Pokethitiyook P., and Chaiyarat R. 2007. Uptake and accumulation of cadmium lead and zinc by
Siam weed [Chromolaena odorata (L.) King & Robinson], Chemosphere, 68: 323—-329.

36- VanAssche F., Ceulemans R., and Clijsters H. 1990. Zinc mediated effects on leaf CO, diffusion conductances and
net photosynthesis in Phaseolus vulgaris L. Photosynth. Res, 1: 171-180.

37- Whiting S.N., Souza M.P., and Terry N. 2001. Rhizosphere bacteria mobilize Zn for hyperaccumulation by Thlaspi
caerulescens. Environ. Sci Technol. 35: 3144-3150.

38- WHO. 2001. Zinc Environmental Health Criteria. Report of the World Health Organization. WHO Library
Cataloguing-in-Publication Data. Geneva. p: 221.

39-Yanqun Z., Yuan L., Schvartz C., Langlade L., and Fan L. 2004. Accumulation of Pb, Cd, Cu and Zn in plants and
hyperaccumulator choice in Lanping lead—zinc mine area, China. Environ Int. 30: 567— 576.

40-Ye Z.H., Baker A.JM., Wong M.H., and Wills A.J. 1997. Zinc, Lead and Cadmium Tolerance, Uptake and
Accumulation by the Common Reed, Phragmites australis (Cav.) Trin. ex Steudel, Ann Bot, 80: 363-370.

41-Zhao F.J., and McGrath S.P. 2003. Assessing the potential for zinc and cadmium phytoremediation with hyper
accumulator Thlaspi careulescenc, Plant Soil, 249: 37-43.



Journal of Water and Soil (32915 @livw g psle) S g OF @ i
- o A
Vol. 26, No. 3, Jul-Aug 2012, p. 708-717 Gy VeA-VAY Lo AYAY g5 s — 818 yo (¥ o lous FF uls

Plant Tolerance and Metal Uptake of Some Weed Plants in a Zinc
Contaminated Soil

A. Rashid Shomali'- H. Khodaverdiloo*'- A. Samadi’
Received: 30-4-2011
Accepted: 30-1-2012

Abstract

However some of heavy metals such as Zn, are essential for plant growth, their elevated concentrations have
toxic effects and may inhibit plant growth. In this study, plant tolerance and Zn uptake and accumulation
potential of some weed plant species from Western Azerbaijan region were studied in a soil spiked with 0, 1000,
3000 and 6000 mgz, kgwi'. Seed of heliotrope (Heliotropium europaeum), Lambsquarter (Chenopodium
album), Orach (Atriplex sp.), Amaranth (Amaranthus retroflexus), Millet (Pennisetum glaucum), Alfalfa
(Medicago sativa) and purslane (Portulaca oleracea) were grown in pots containing the Zn contaminated soil.
At the end of growing season, plants relative yield (RY%), plants shoot metal concentration, metal
bioconcentration factor (BCF,) and plants metal extraction (MEz,) from soil were measured. Results showed
that with an exception for Lambsquarter and purslane, plants biomass decreased significantly (P< 0.05) with
increasing Zn concentration in soil, especially, in higher soil Zn contaminations. Compared with other plants
studied, Amaranth had the highest BCF,, and ME, in blank and 6000 mgyz, kgsoil'l treatments. Amaranth,
Lambsquarter and Orach with a relatively high biomass (750 to 960g dry matter bush™ in native condithios) and
middle rate of Zn uptake might be effective in remediation of Zn from contaminated soils.
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