G2l Blgi (sl 3 S 4 00901 (S s ¥l (sl (D o il
Bl g b

=Y ]
Slod b0 9 (55910 dgrmn
O ye o S oKisls (8 5y9laS 0aSiis il “5..,L;.‘:5L$ C S 4_‘;}‘9,{| d;;jlo !
e a5 OIS ¢(53,5LaS 0uSasls ¢ cwliaST5 09,8 sliul |

mhomaee@modares.ac.ir : Jgime odims g

o ek 5 ot A0S el ol S5 & oo (oS s ¥l el 3 e B AT mled g o9l
A0 () ) soLuﬁy 6)')5L.‘L5 oo

US>

3bj sloan o B0 g odazy (18 SIS B p3line pgus po lrand § (Sued Sl b K I3l 4 00gll Sl S Y
onl 05 o ooliiul g 5 Slga, ol (Sl la Sogdl 3905 sl (LS 51l 10 a5 cunl ug Glagss, 5 s GVl .ol
Syt o GVl (i el oLl T T plal 5 o5y i g 5 esbo iz o ey, 5o b analie 1 Ubs,
G s (2L (gl cimet ol 5l Ban wols il coanl oogll G o pae g ol 1 @S slaan] s cslis
oa ¥l ol Cale Sl ol lgie @y oS ) IS (e Sale g i 3 Shos (20lS @l Sl eslial b pslate oy 05 JS 4y 0351
b S soleiin Joo (39951 s5baie 4 s 8l GEEENSE S1 oas¥T il 5w ¥y ke (9,5 a8l Se «S5 3
Bl L SB g oYl e sbesd Jsbs sl 5 osgdl S L WIS 5,5 0 5l e ol ool US55l silise zolau
0oy by a olS g S sladiges S5 ok cailoy Slej o5l aw o plalS as s Ll e (Lepidum sativum)
ol iz glowdly (6,85 (g p g o3l @z GlrolRiws b g 550 las Voo TG i sl b genlinnST 5 55 gemslagnsS]
A s O,Shas olo las il ol eyl alisle;l slaosls 51 soliiwl b goloinn Jow o)l c s o (5,5 0jlasl Sl
oVl nl i e wS 0 JS S clle a8 L S oo soym (b pef Je Sl e e IS S clle Sl ol e
odls slpiing oold gy SO oVl Ld lade 505 oS Slp aS ples Jow egy ol 51l aalidl oles job 4y ool g
olin M Joe oV ST wone] Gy gl coman cosls s (5 ,S o)l slaosls 5 RP>+1AT) oYL 6,55k o
3 IS e GVl e 0915 50 1) ol abews 4 IS5 Qe jlade pled Jae g o 3 Shes S pé b oS 5l Jol>

Sl oles RP>-/av) s

Pt ) (Silu e (S  Sogll i guls slaojly


mailto:mhomaee@modares.ac.ir
www.SID.ir

M) sobbpg 65,0les ame (\YA+) Slos 5 550l Y

doddo

Cogoma el @il s a ) el g bl ctodl a5 ol soge Jalge 5l eopKiw Sl L S Sogll
(Kaysar et al., 2000) »,l35 o ool)l (i5,) 9 S ol s » Sae 5o bl g wad blS
s SBLS 5 lale (s & ] 5331 weasll (B 53 L slecds, 5l solital pus ik
5 o2l ol 5o e adg Cusgame el 35 digi 4 allie )l foms o 2alS 1y cenS BB ol 4 Ll
(Gracman et al., 2003) s 5 oo (golaidl - cloix] OISin ol

Solaal o T (latd (S i (S 59ttt 5 ppdoel Gozen il (o5 5 shert sl
@ 039l LSl o Sogll xuls ¢y rﬁ,;\ié}cﬁ sl Slo 5l eolaiul g S 80 (55, S 5 g b pS>
] ST 5 ) Lo 4y el 5 055 452305 o a5l ol Ysmms 55 ol o sl (oS 30
Sl 4 wlos S gty K mRss ] Sl 3 A o5 s osas (Aseba Sl gyl 3l il oo
5 09355 sl QLS 5l aslizul (5,5l &) 355 asliul K2VL HlalS 3l iufiw SIils 4 ooslT leSL> YL
McGrath and Zhao., 2003; Cunningham et al., 1995;) o8 f)'.:».w GVl e 5l (Sogl als L
(Kumar et al., 1995; Chaney et al., 1997

5 Sl )0 (2Tl @S slasnlp calis ol )l olste a deosi VT S (VL sle o
LS 85 o3 5 S S5 eass 5o e il smizad e B Sl 035)T (SlaolSe e
Khodaverdiloo and) wi)ls )lsl 3 cenl 5138 0 o0 51 Ll ialS Cu pow 5 parcens ) 5l aoaYI o905 o
i gl B a0 @03 Glaoe Bigd so el (S g 0,5 alwd 9o 4 dedowe ol (Homaee, 2008
3]y sl sz b Joe (pl 5o diiy dwdin ez oS 03,5 e Lo LS o (g i Sledlbl laoas YT g
Sy ol 0gd o0 48 L5 50 05000 wly Sy ) e (OIS sledte 50 el Sl LT (5l Je
Dushenkov et al., 2002; ) 5,5 iy ,e5 *rae i oo 1) oan¥T 5 2l ol Cis e ol
.(Baker et al., 2000; Verma et al., 2006

5 (1996) Silberbush .ol a3 5 alosl Sl jlews b ivgin S 5 boaVT o (2L 5k Joe o,k
0595 30 IS o o SianilSe 5 (0,75 Alwd 90 4y oL dliwg 4 1) lroasVT Ldx sl Jas (1993) Rengel
@ ol oo dlax o] 51 aS sl 48,5 sl aim sla ey (S oo VT (ijeail § G oy g5l Joe
s Chiy and Phillips (1999) .Logan et al, 1997 «(1994) Barrow , Bramley (sl iass
odds (5 S ol S&l sleosls 5l eolazwl Jdws o Jow opl yiiws S 0,5 o,Lil Tudreanu and Phillips (2004)
55 oo 1,5 oolitl 5590 os w0y asl i o LT lixsl

gy 5o Ll Gajeadl 5 jle 5 s 5 led 5 O WSl bean VT Gia g5l (SeiilSe slaJas o
59975 Syl 4 5 039 ouuzmay o Lagos o Jaa ol (il 05 g0 Ll 5 lalS ogan 5 5 2 0Ll
090> Ty (28,5 i 0 gy ol bawgi e a1 S e (2 gl 5o Sl 5L ok
s ol lals, S 8 Ll S 5 LS 5o ooV (355l s oo (il 58 05500 (53lotend s
Bedbse sl A n S s

1- Vitrification

2- Solidfication
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2- Inductively Coupled Plasma Optical Emission Spectrometry, Varian Vista-PRO
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Phytoremediation macroscopic modeling of Ni-polluted soil based on
linear and non-linear reduction function

Masoud Davari and Mehdi Homaee
Department of Soil Science, Faculty of Agriculture, Tarbiat Modares University, Tehran, Iran.

Abstract

Remediation of heavy metals polluted soils by physical and chemical methods requires large investments
and complicated technologies. Phytoremediation is a relatively new technology that employs plants to
decontaminate soils, water, sediments and atmosphere. This technology, compared to other technological
approaches, is an environmental-friendly, easy to use and inexpensive method. Modeling
Phytoremediation process is needed for further understanding the governing process and also to manage
the contaminated soils. The objective of this study was to present a macroscopic phytoremediation model
for of Ni-Polluted Soil. For this purpose, a new formulation was derived based on soil and plant responses
to Ni pollutants. This approach assumes that relative yield reduction function can resemble the total Ni
concentration in the soil. Combining the related functions of soil and plant responses to soil Ni
concentrations, the phytoremediated amounts of Ni were predicted. In order to verify the proposed
models, large quantities of soil was thoroughly polluted with Ni. After achieving soil and pollutants
equilibrium, the contaminated soils were then carefully packed into pots. Upland Cress (Lepidum
sativum) seeds were germinated in these pots. The Ni of soil samples and plant materials were extracted
by 4M HNO; oxidation and wet oxidation methods, respectively. Ni concentrations in the soil extracts
and plant digestion were measured by Atomic Absorption Spectrometer (Shimadzu, AA 670-G) and
Inductively Coupled Plasma Optical Emission Spectrometry (Varian Vista-PRO). The results indicated
that relative yield reduction function followed a non-linear reduction trend. The results indicated that the
proposed model for quantifying Ni concentration in plant can simulate the experimental data well
(R?>0.93). The results also indicated that combining the non-linear relative yield reduction function and

the proposed power model for Ni concentration in plant, provides a reasonable performance to predict Ni
phytoremediation (R%>0.93).
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