11 S pole 0 55 o 5l

S Sogll allie jeme \WAS g s AL S

S 50 595 9 pe20dlS @395y Olhd yyguw 095 il
Il o 5 ol (5,00 44
b ey olRisls wlaSs 09,5 olinl” § cwliaS s o580
oLiS 1 09,5 (55,5l 0uSisls divw ooy olSiils oo
enaderipaykam@yahoo.com

onS
Voer g Fee Yoo maw a0 )5 plxil (59 9 poaedls polis gjes p Dlawd pgw 395 ST 2Ll Hslare 4 asllas ()
90 Gz 9 WSS GgemlisSil 5y, P D g Bl S 4 Dland pgw 065 51 S SelS 50 jhd e S e
955 gl dw a8 3l (LA @l 285 S jge (ammbiaSl 0590 (LL 58 9 oSSl (e 5l 5o, V5l dm 398 pare

(LS lasim el 00l (g9, (SOl sz b g JralS 4 e a5 > o alila paredlS Jold sy 0 (g
Slsl g ol jo pgreols Jols sjm T ailadl, o158l ghls s jeb 4 35 (59, 9 pomedlS cnilendl 5 suS
AW (pguedlS B> 0 il o lo cinn i 5 (Mo,0 O mhaw H0) o Se oy @ wald S 4 Cos ygulisS
oWl L g9y Jols e prals il e o s dallh S 4y Cod aawlisSSl (g0,50 sleisl jo (59, JobS s3>

ool a8l oli8l i lansd e cdale

s 3 S SllE (lawd g i guldS sla o34

doddo
poeedls wiile (S polis 4 (55)5l88 SlaS L (Sogll el (55,5L8 (L3N] 5o (alord Sl3sS gy )8
NP BeoFre G oSS @ aleerd SlasS Cpw g penedlS e 59y SalE Gaals 35800 0 g e 1S3
51t 55 atboond 35S Jlsia 0,55 31 (Adler, 2001) ool 0uds Si,15S o5 5heS 2 p,5 koo +/0-F+ 5 =) - -
(Adriano 1996; Jeng and Singh 1995; Loganathan et al., 1995; Morvedt ol 48,5 |13 cw,p 9,90 Slallas
005,S anlllan lind slaosS Giliseo yolio jpim o 1, g5, 5 powesls Calé ol ,pi5 Lambert etal., (2007) 2005)
somlice Lial3dl ol 55y Sy30 5 Lol ot S parools’ oo Lialsdl cely lind glassS 0,15 a5 wio,S sylsS bl
ol b el ons 158 Sldlls 51 gl 0 liards lo0sS 3,5 gamats 5 S 45 peKiw yolic gezs i
Slllas G,k 5l s gl (SanVl s obj)l sl 4 lierd SoosS ;0 35250 yolis Cdgiyw 330 oy Jb>
5 5 bolid i aleord glasss 5l ol (s jolis (Sogll Joily b)) sl ol i O joblie gais s
SL 0 e polie oz )0 (leend sladgS (i az ST .cwl (659,80 S 50 (S polie il JSAI oS
oS s ol S o g JUl Jlezol Sl ol b eend 425,815 )1 090 oy Slalllae 45 0 o0ls 365 (slo
W8S jge S50 595 9 peeedlS @i Sliwd pgw 3955 S o)l jshaie 4 addllas plceul onds Wlg 4z 5 590

L gy 9 olge
SE o boad 9 (K38 Slooguas (5 o5l



11 S pole 0 55 o 5l

S Sogll allie 5o \YA5 o0 AL S
polic s cdale (Rowell, 1994) 00,8 (6,5l Jsoxe sloibs, by SB olionds 5 (Saped Sloogas
b lind g 055 o550l Colan 5 pH (LU et al., 1999) wb (s o lac T o) s b SIS 5y dasl 5 S j00,1S

odls &l g, lawgs s Gliwd prgas S polic gane > diad g uSejlal hie Ol 4 oS ) ) Cas jl oolaul
A% el Kassir et al., (2012)

O9eslisSl b G los]

o ialesT il e S p,SelS 10 yind o) Lo VFe e g P Yoo o ¥ Slind ygus 355 b S caiged
Sk 5355 s Bk 3l SB Casb) (arlsSl Gae (b o b el g, P Sae a4 IS5 Aw 58 anlisSSl
0,9 JooSS jlam o gl 59, 709 V slagles 5o S 5l )l paiged y3)5 Lad> ely5 Cudil v 50 (gamlisSS
ol oK polie hlia JISE & i jsliie & 5 o3l o (syerken ¥ SISl 5 55 latigad (ypmnlis
L yolie clale 5 plxil Salbu et al., (2001) g, (olol 5 Sl38 guie i s Cany Olylas 5 Swn ) (o yiwd

RCCRY Ut PN UK A LGRS

20 59y 9 pomedls yolie JS cbile og S m?yan oS calan b g (Y1) (gowl PH slyls clawsd jygu 058
O P A pleerd SlaogS paedls 5 (g5, yolie Clale gaials o9y 0,5 LS 0,5 e YOPY 5 VAT ol e 08
5 poredlS Jlaae sasels Lambert et al. (2007) (Adler, 2001) cewl oals 5,155 #,56LS 5 o5 Lo A=V e g O--F- -
polie stz s WS IS oSS oS e VYYD + 5 ¥IF YTY i ]y Sland slassS 55,
OV Jgaz) w0 e Dlansd g 055 godiladl 32 10 (65, 5 oS 32 ;0 poredls a5 wao oo lid K
5O 35250 pgmadlS g (59, polie Jols s3> aS ols lus Kassir et al., (2012) bug Slawd slessS sansi> mls
5 poeodlS oSt s3> Jlade g oo, 0 VT g YWV iy SloyS sz g ae,0 TV g P4/ s iy Jlawd sloogS
S92 g0 GdunS | g Slo,S « Jols poresls jlaae Benredjem et al., (2012) .auil co auoyo YYIF o YV/- b5 4 (g9,
30,5 G55 e 3 VY- g Ve £ID g a ]y Slawd o6 o

(MG KG™) ©lind yy9m 355 53, 9 pamosls cilises sl 532 —) Jgu

YV OY/D Ay If pgmeols
\ARA VOAID YIv VA S9)

o (y bl (LSS 55 (595 9 pogmodlS (guus 3>
pomodls (gusus 3=



11 S pole 0 55 o 5l

S Sogll allie jeme \WAS g s AL S

ol @l Jols < (JT < a1 < Slo S < oailosdly <52 il oo pj g0 4 dals SIS 50 pgueslS @
5 oSt Glas > ioldl 4 e a5 Jl> jo alila pgweslS Jols sim (63 Dland g 055 0938w o
- oo oanline (6355 Folaw plod ;o Jlul sbas i aulidl ax STV Joux) ol ouds (y5mligSil 0,90 (slel ;o onilandly
ounlice 0,55 15 0,5 oo 15+ s 9 ool 5 sopmsST o s (sloesz Gialidl e W Sl el b 5
(Xie and Mackenzie 1988) was oo jisl38l 1) poagll o ol lraST lawg pgrodlS us i i aud ab
s et el Sl Sland ekl K5 SET s 4y gk 055 o33l a5 wis,S 5,3 Cao et al. (2003)
clle als (Xie and Mackenzie, 1988; Cotter-Howells, 1996) 5o co 0dilondl s3> 4 o 5 oy ¢S89, (JolS
eSS ke Al i) Slawd o YL clile jeha> )3 garST g onilendl iz RIBIL lejes (ol psesls
polie Sl 5 ol e GHIE (V1) gayme 3 Bl 3,8 ols Chen et al., (2006) bwsi 5o (o 55kS
@l WS (3)l3S Sland pssigal6s 5 50 sladslne spam 50 1) o (Job 23z (1alS 5 e 5 S w53 cpseeslS
aals S g bjles Jols s3> paesls jlade cpo BT S ols lis STy el 5l oolaznl b baosls ke anglis
g 2als S o paeslS 500 slasi> )0 ool sdalive Ol sy a5 Jbo 10 . abl g0l o sme (aumlisSil 09,0 slel jo
(¥ J9a2) adlion jlo stne 30,0 O (g ol mhaws ;5 055 L oads oS

Fo gV oloj 93 50 oud Hloui g aals S 40 (MY KG?D) (g9, ciliso <3l uKileo dumlio Y Jgus>

s )= - . - . .
: | dow S| Ly L5
05 Las bl PSS G s> LS e e IS mg
kg
7 \ da L 7 N da L 7 \ da L 7 N da L 7 \ da L 24 S

Y LR IR VIL IR VAL NI §1 R YIS Sy yge Lghe - INR SN b <pa Yo

AR ypye Vot y/A8 v yyd VEC ojaP <.paopyb $ o Sp*

Vel Al VoS v/t vjad b Vb R <.pa o opyb R

Slid g 095 # taiil sod 0 dme duo s O glaws 0 5SSl (pSibie dslin fygel wlel 1 Cygiw 2 50 Alie gy b polie

A Cand 39, 70 g Y aulioSTl ey 90 50 Dland g 955 L oud Jles sl S pameslS Calizes sles i ol s
sl jo Jols sjo WSl Gland jyguw slojlows ;o 0l cw) o Slawd o 05 it ol jga> ,0 dald S
i lms8 o538 (¥ Jyar) bl soi I3 sime (sl 5 5] olog b3S L g s sime oy O s 53 (s
Sgdise polie pal Bl IS5 SRl 4 e Gl 000 Sl 3 PH o (ly Jeds 0 039555 5 pemelS s3>
S8 a5 ol Gl G 5 PH (20l ol (5elisSSl il po (T (2al8 5 Izl o (ol =52 (a8l
20,8 odalin by las o yloj ceidS L onilandl  (JI (gannST Slo S 5o malidlall o S (6,80

J ol bcaol asly gals 59, ¢ 5l o Slawd g boads jlad slSE jo Jold peesls cdale IS job 4
PH < plgise | altase onl ¥ Jga2) ablge 500 mhaw 50 5l jieS 5aud 0 55LS 10 08 Lo Voo Lo o als
00t 5mnisSil oSS 5 45 Ws,S b5 Hong et al., (2008) ol s Gilie slociili b oad o slacSls
3ot 055 slade Sl b oS Jlo o asdly (tals S PH cland jow 0,50l o )8 oo vl 2eS clile L
o welaisl Giz) Sland s 5 (henSgye sloog S G ST ol Jods 4 PH o Sl 5 05 e ¥
lae il (Olins



11 S pole 0 55 o 5l

S Sogll allie jeme \WAS g s AL S

S99 S

ik s 095 - Il € 5lnyS < 1S 0081 < ool s il ) 550 & a0l B s oy, i
Vb el 00 gl gSSl 0590 (gLl 10 eailendl 5 (T cgounST slae i ial38l g (55, (Jols sj> ralS 4 e
S Gl e i 5 asalie Slid i 355 0,5k )3 5 e 15+ s oailendl e Rl o
Olsin 1y smmlisSil o)90 (sleail jo (Jols e3> hals ol osalie 0 )55lS 1 o S oo #ov (6055 mhaw jpa> y0 I
Slawd 055 10 5 alal b g9, Jols s3> (ials uxes (Cao et al., 2009) ols coed S sl S laws i 4
SIS S pshaw bawgs (55 yaie 03> b Haed 5y, SeS JSAT @ Gl e )

$e gV oloj 95 33 o Lo 9 sl S15 50 (MY KG™) (595 cilisin <l321 (uSilso dumglio =¥ Jguzr

odiledly == Sl G 25> SloyS sy Sols sy mg
o5
1
3 v wls F Y owls $ Vo owls $ Yo owls f v sz kg
N2 Y 7VA LI (7L LY. R VAL IR SYPCINNE SYPLENRY Y/ CRNN) CHEY) SRR 1 CIY| LYY I'L I SO
VA-/-C AYLN© £..0 0 quc £..4 .0 vy qpnb S¥oepb §..  SpP*

1.4 yaand ypac yy/ad VYYD yagb vivb qyed ALY \$. o

Sland g 395 # LaLdl cod H0 e 3o yd O ghaws ;o SOl Sl dslin fyge3T el 1 g 2 10 alie By, b polie

“kee Voo Dlesd ez 4 Olad s 355 L oad jled GSE g sall S (65, (oS i ke (e SN
5 ot DS J3iz) 35 s ssnlin oL e 2 5 2l e s stan onlisS S 55 0SS 1 08
2 O9emligSSl Loy 50 30 Bland g 355 L oo (5uwbsSSl S 5 vals S sailedl 5 JT gansT  Slo S
5 &S| s3> 38l e 09 oo cvalin (6355 Zokaw ples ;o syl ol g Wil e o gme o0 O mhaw
Sl e 2V Bl e 5o a3 51 sy Slid g 355 i 0,55 2,5 o Vo et 5 cailesdl
4335 oanlin 0 S5LS 05 e P e o Sl

30y 30 aS 5gd oo oddlin ¥ Joux illas el adl o8l colawd jyew cdale o8l L gg, Jol s> rals

Loy logime o0 0 mhaw jo alss S L (6055 iz mohaw [0 oailendl sjo jlade o BN e.nligSTl ol

Por e 55 55y 6enST 5 LS i e i e il ealandly sz, S 4 055 ke il
05 oalive Dland o p,SelS oS s

Sodll sl skt 3y 5 paeedlS yolic axgi LB Jlade fog )Is ofpde Dlawd g 055 pol> adlllae wlul p
Lol oo go oailondl 5 (sounS] slasj> 0 Bass Slawd slassS 5l (635,9 yolie a5 > o)l cuejp) wloos]

)13 3525 0)lgen jolie Ganaie jots Il are Ll 8 pois Sl b

&bw

Adler L. S., Karban R., and Strauss S. Y. 2001. Direct and indirect effects of alkaloids on plant fitness via
herbivory and pollination. Ecology, 82: 2032-2044.



11 S pole 0 55 o 5l

S Sogll allie jeme \WAS g s AL S

Adriano DC. 1986. Trace elements in the terrestrial environment. Springer-Verlag, New York.

Benredjem Z. Delimi R. and Khelalfa A. 2012. Phosphate ore washing by Na2EDTA for cadmium removal:
Optimization of the operating conditions. Polish Journal of Chemical Technology. 14: 15-20.

Cao R. X., Ma L. Q., Chen M., Singh S. P., and Harris W. G. 2003. Phosphate-induced metal immobilization in
a contaminated site. Environmental Pollution. 122: 19-28.

Chen G., He Z., Stoffelia P., Yang X., Yu S., and Calvert D. 2006.Use of dolomite phosphate rock (DPR)
fertilizers to reduce phosphorus leaching from sandy soil. Environmental Pollution. 139: 176-182.

Cotter-Howells J., and Caporn S. 1996. Remediation of contaminated land by formation of heavy metal
phosphates. Applied Geochemistry. 11: 335-342.

Hong C. O., Lee D. K., and Kim P. J., 2008. Feasibility of phosphate fertilizer to immobilize cadmium in a field.
Chemosphere. 70: 2009-2015.

Jalai M., and Moharami S. 2010. Redistribution of cadmium, copper, lead, nickel, and zinc among soil fractions
in a contaminated calcareous soil after application of nitrogen fertilizers. Journal of Plant Nutrition and Soil
Science. 173: 237-244.

Jeng A. S., and Singh B. R. 1995. Cadmium status of soils and plants from a long-term fertility experiment in
southeast Norway. Plant Soil. 175: 67-74.

Kassir L. N., Darwidh T., Shaban A., Oliver G., and Ouaini N. 2012. Mobility and bioavailability of selected
trace elements in Mediterranean red soil amended with phosphate fertilizers: Experimental study. Geoderma.
189: 357-368.

Lambert R., Grant C., and Sauve S. 2007. Cadmium and zinc in soil solution extracts following the application
of phosphate fertilizers. Science of the Total Environment. 378: 293-305.

Loganathan P., Mackay A., Lee J., and Hedley M. 1995. Cadmium distribution in hill pastures as influenced by
20 years of phosphate fertilizer application and sheep grazing. Soil Research. 33: 859-871.

Lu R. K. 1999. Analytical methods for soils and agricultural chemistry. Agricultural Science and Technology
Press, Beijing China.

Morvedt J. J. 2005. Heavy metals in fertilizers: their effects on soil and plant health. Proceedings No 575 The
International Fertilizer Society York UK.

Rowell DL. 1994. Soil science: methods and applications. Longman Scientific & Technical, Harlow.

Salbu B., and Krekling T. 1998. Characterization of radioactive particles in the environment. Analyst. 123: 843—
849.

Xie R., and Mackenzie A. 1988. The pH effect on adsorption-desorption and fractions of zinc in phosphate
treated soils. Communications in Soil Science and Plant Analysis. 19: 873-886.

The effect of superphosphate on cadmium and zinc distribution in soil
E, Naderi Peikam?, and Mohsen Jalali?

Department of Soil Science, College of Agriculture, Bu-Ali Sina University, Hamadan, Iran

Abstract

This study evaluates the effect of superphosphate on the soil metal fractionation. Soil was incubated with three
level of superphosphates (200, 600 and 1600 mg P kg) for 60 days. Results showed that cadmium (Cd) and
zinc (Zn) concentrations were higher in fertilized soils than that of the control soil. Cadmium in exchangeable
fraction did not change significantly, while a significant decrease was observed in exchangeable fraction of Zn
in all treatments. The carbonate, oxide and residual fractions of Cd and Zn increased significantly. There was
not significant difference in exchangeable fraction of Cd between control and fertilized soils at the beginning of
incubation while it decreased significantly at the end of incubation. Exchangeable fraction of Zn decreased
significantly at the beginning and end of incubation. Higher decrease in Zn and Cd exchangeable fractions was
observed with increasing superphosphate content.

Keywords: Fractionation, Heavy metal, Superphosphate



