Olpl S sgle 5,505 rwaogill

VAN jou e ¥V GO (ol slC030

323U Y guazmo caodus O 9 S Fogll :allio Hy2e
039l (Kol S 5 33 (595 tleands SIS 2555 2 (NZVD) (b )b yio ool 0,350 5230
9991 oo 5 ol (s + s il pl Vol 4
dpng,l ol8Sls «(g),9liS cuSiils S pole 09,5 (g iSs 4.:5,»1;;31; !
o) oK1 55,5l 205l S5 pgle o9, Ll T
Ol il (x5 (55,9LiS (bjgel g Olinios 35 s Lokl T
TS «Sh9kaS oy 5 hisel «linizg lojls (ol 5 S Olisind dmmsge bobial’

oduS

2 JsSE pgar ptalejloagll SIS 50 (555 pleord SladSE n (8L Sao (ol o) Sl g pslateny
N OewlisSSl slapley 5o y55 e yolic x595 9 28,5 aloxil 1T Y 0 (do)0 F g Vo) ) 03550 mhas ¥ L ol Sels o B
byl i T 0,551 0,15 000 8 anloe () By nlS 5 a5l 5 omess e 6ol gy atin A 5 £ Y
S (53500 g 0 (SloannST b sy (5 Jlosine Gl 5 SlayS 5 Jobs lagion yo 5, P <0.05) o jixs als g
25 a5 Sils a8 cdl ol IR Glade oygumligSSl oy g S s 0o 00558l 0,346 suoyd il b .auo S vals S a
G9y S 25 alS A e (S a8 b a8l 0,360 (0938l 45 0,5 (6 LT am i g e ulesye el S Il sla it
Sgd oo 03g)] Sal slaSs o
‘89 «Slee (50 las «(Ir) adl, jals 258 el 1guals Olols’

gl o) Jlo 50 Sz LA @ Gl )3 55 poe (653l (mizren 9 3| Slaand )3 Coio @ S
Lacly SLs 50 (S DIl bl § 0950 42 y2eie (55,5LiS g Slge B a5 Ol 5 OO 5 allyj ity do 5 0 (olas
S5y sl (5335 5 (8ln 05 p0lie 50 oS Ll pra dsgy polie (i lsl 8 51 (S g9, (Ve oA o Sen 5 SINGN) ol o
AL oy @Y (le dadll) (B0 slade (pgal g 3l el (S Sl Slals ase gl Fl wiile (gaie glacdld Jsb 5
el Ol atis () 5l pols Clale (ol (213 lge Sl (g b Ml o0 0ly (o)) 5 ol ool 4 lerd glaosS
L oo laals )5 Glay 09, 5L sl o0 6K 318 (3l 10 aSalfon Conl (Sae a5 Cenl (55, (Sore HlMbe ol 5
Slew 4y (g ket py Oldlae o |)...>| (Mohammadi and Eslami, 2007) sz.s 9y 4 039l c6g, b molae Oobls 4y axgi
lyls e by o i (V) F L SKan  XUY Canl 00l 3518 5 S b jlage 0533 G,k 5l oogl] oS5 sl o
o Sogll 2alS sl fise Jule olsie & il slalo 15 5 weul S lammo b 5o (6,358 S5 S5 5 Lasgs o
ool Sd gL plearB5S5d sla Sy (Vo) - (ol Sen § ZNANG) ol 00y s 2 ST 5 f 5l Xt Sl sloysy 5
] 00 sy Ja e Gl VT a s (40905 50 Ll 5l eoliiul 4y yoie bagy T (gVL SousSlal Slaogas g oud,b a0
o)L g Shafael ogo o S 5 0T 5l ral @ld U g lolos Jogund el 55 ool O3 gl canblize sla S5y
SLas 5 Wages ooliiul S5 50,3536 0o,5 ¥ g+ Connd b UK 5 (83, oy sroedlS B> sl o0d b i al 0,3556 51 (Y41 1)
Sl aals S ay Coms 2ud,b a0 ] 0,356 Jles cod S 0 DTPA L gl seial LB (pofow @l3ls il a5 wols
Latauls plplo wecul 8k jes Q,Qfl 5 e s peeslS GralS g ol il asiyl 4y azgi b clls (5 )lo s
4”7.;;,0MWB&#,@&M.\;WICW.lmgswolfg_&?ilubljul.udujlwolfumlf)o@us
ojlacl L byl a o el &l g8l Losls oLas (Y- - 0) Kumpiene (Li and Zhang, 2007) sgi o S 5o o] cois
2 S5y S il 48 Bl malS we 0 A tin 99 5l e 59 (9] e (nSins I3l 4 009l ST 4 yieg S V- ¢
5 S 0,90 40 Sl Slallas g o3yl slac] ;| O polie Bis> jo 8,6 ja0 Q;J 0,366 YL S5 4 s b el S
a255 2 055 9 ol 9yl g ol il Bue (Sl S o (28 )b she (ol 03516 Lags (S I3l (5l e
By (Sl ool SL- 50 65 (bt sla S

r.hamzenejad@urmia.ac.ir :J s e 5 Juos! *



Olpl S sgle 5,505 rwaogill

VAN jou e ¥V GO (ol slC030

gy 9 dlgo
loorisSasd Sliglegl 5 S i3S

Y S5l g e Sas g ladiges .o (5,18 paiged olosy liwl jo o))eKl ame Jlg> 5l ufiw yolie 4 oagll S
Gee and Bauder, ) s wg,oum (39, 4 SB il alexl olowd g (Sosd Sliogas S p wad ools jge (5 e s
ols,s «(Nelson and Sommers, 1982) L 5 JSly (59,0 JT op)S col 3 S VD gumilbiwgw ,0 EC 9 pH ¢ (1986
Shgy Jd eSS (Rayment and Higginson, 1992) <G, 15 sl b g5k 5 39, 4 (CCE) Jslao punds
«Chapman, 1965) Ju,; <G pgsigel Sliwl 39,0 (CEC) Sosls Jols cus b (Drouineau, 1942) sgsgel VIS
SB o IS oS yolie cdale 4 (Lindsay and Norvell, 1978) DTPA g a S5 j0 o yiws b6 oKiw jolie clbile
Qb s .55l (Soon and Abboud, 1993) wul b was ig,4

L o ol 035l g

£, 5 I0FF Jlake laml a5 Cu i cpa i ooliul (YY) o Ken o RAShMI 59, 51 ool 0,350 5w ol
2 d,0ug e )5 ITYAY Jlais e 0B o o5 O yid Lo £ g Joibl i) Lo YT (g9l Jolxe 0 FECl3.6H20
o @l Y (Bye 5 oplad 12) wd 035 o8 alusey 5 03938l (gl Jslme 4y oylaB o )kb 5 oS o onigs Ol Sl e Vo
YO 5l ooliiwl b LY g oo lax il Lawg oo adgs S5, olow ol &3 Bl dnlsl 4885 Vo e a0 (0502 olew 43 saline
of F il az 0 0 leo (o A= Ll 4 5Ls 900) Ogl 50 o SO Gae 4 diges Colgs ;0 g od ool giiand bl od (o
SEM, ) Jas SEM) ivg; (59,5d] GoSug o ol 31 lyd o3Il cpans sl (Y 1Y o) 5o 3 RAShMI) 58 5 Sis
A ealiwl (AIS-2100, 5.0 KV, Korea

O3meligSSl ko]

g 20,8 wdlal o,k jas el o365l 5las,s F g ¥ ) o polide cad Sas-lgn sl S diged jl patine ke 4
ol oelas S )l )b UF e Cush) )0 ladised Cush) g oad attu, (S Byl )0 beaise (il bl 5l
18) diged Casb, ao)0 (el Do Job o a3 18 ol F Gl a0 YO gles L gibsSTl jo ol Va4 ladiges
wateino Jlade Lo 51 S0 5l eganlisSl jlam atia A g TV 0 lagle; 1o G ol aiils oS5 Sl (S (6 IS5 2ud )b
gy 4o s gl e st s aFolas byl eolisid b (i yolie pliasd sloSh 5 oad Sl SI5
sl oas 00ls Hlad Y Jgaz 50 (1AYR) ()] S o TESSIEN Jlgte (5 a5 Lac

Sb el alS @ses patls (s
o oslitl (IR) 4l 2ol a3e8 (asls ) S 4y oud 035330508 Wism oot (55l oS (5l

I = PENGIRIOW)
o = 2=

- )

6Lm..\....5‘l.:cm..\.:9.:.:w:u\" ‘Lbub;bowmj.u U.,;UT ‘gsloliﬁg)iéq:\)6)¢§°)w 641>ﬂ o)miGT)oJ

Jolye olaws K oS jo 5l cdale S 511 i50 (coms oo FI (oilasdl 250 0 g (JToole b oddiaign (idu oF (380 4 oyl
il Sl (N=2) g0 olg b slaluly g ol g Lt N lade Cbal .ol (F B ) o Loges) gomo soae N g (51050 lac
L Jolee) O L ply 55 K oo g ¥ b plp N oo andllas ol j0 09 dalys Jlgie 6 50 lac anls o b il bl L o jad
B o GiolesT (Yo oY (e g HAN) aal s Wil oo V B </ F 51IR Jlade 13 ol a8 5 L5 30 (6 S0 lae ol e olows
LSD (9051 sk 51 0aSilos aalio 5 SAS (sl 381 63 L baosls (gl Julows 5 a3 .23 ,5 plonil S5 ¥ 5o ol Sl b

2,8 g0 EXCEI 1381 0 5 51 oolizil b o logas pus i 9 90 0 Jlasl mhaw o

* Reduced partition index



Oyl S pale o 5 ol

YWAA jou e ¥V B D olaay sBISN

S 0,5 S5 6l p oS polie omey> slp (VAVA) ) Sen § TESSIEr Jlgie 6 nSo,lac (3, aods N Jgo

ok Les ol
(el (ogemds) 7 =
\ Yo (PH=AIB) g0\ posgal Slil yid oo V- Sobs =1
o Yo PH=0) Yoo V mrows Sl yd oo V- ol S b o gy =
o-f a0 PH=Y LY+ Sl ol 59) Ve +/+F NH20H.HCI ) Lo Y- F5e 5 o] GlaanST L sninen =
Y-y AD PH=y LY ) H202 2 Lo+ Yge /Y HNO3 J Lo
¥ AD PH=Y L /¥y H202 2J LY I osle b ooy wign Fa
<10 Yo Y+ Sy dmsl 59) Vg YIY pgsigel ol ) Lo O
- 10 a0 (V1) SG s daml & Sy S0l b e oaileddl iz Fs

PH L (Sal i oy 2l syl aalllas )50 ST oY oz 50 00 @] S gl 5 (So5d SloShs 4 4z b
Pk 1) Sl cdlage plojlos bl ol 2 S o lag ] jlome cale ST 5l 2ty (liee 42 59, 5 & 009l 5 (L8
ous ool Lis CEM) (cdugy 55 i8Il oSang Sen b (1) sho 0] 0)5536 pgai V UK 50 .(WHO, 1984) o, (o 55LS
Dy gl Ve 5l eSOl o5l b e 5 59,5 lyd ghls byl jho el 03656 SEM jgai a4y ax g5 b .ol
allae 590 S sla iy (Fp ¥ Jgox

Hen CCE OM CEC EC h el
ud} [€33) pH Sls usl.a o 5 [S5)
mg kgt / meq 100g™* dS m? /A
f£0 VoYY Yo V/IEA YYN <IYY Y7 S @91 20 Yo \e

Jobes S 2l 5 CCE ¢ JT osle OM ¢ sl5 Jobs oo ls CEC ¢ S, 25l cglan EC

S j0 59y Aliso gy b 0,346 b
AN Jols ~ (IVA) ol < (/YY) 5Ly ,S < (AX0) (gaunST O gy walis [los alizes sloisn ;0 59, auj98
seban bl o pal o) 36l 0, LS ol LSCas |, SLs 50 (g9, Lidu (i GowmS] Gide (Y JS&) 09 (JA) JT<
Ot Salé o,3636 de jo yial38I L ash jgloay wls ralS sals jles b awglis oy glo,S 9 Jols sl (P <0.05) Sl sxe
S stee OV 5l GloyS (ide el 9 U Lo 0 0,55kS 5 0,5 oo YA 00l los )5 0 SokS 2 0,5 (Lo YA 51 (Jols



Olpl S sgle a_,.ﬁ.lf o il

WAA yo2 e ¥V 8 ol slSists

g oo VT (oL iy o il RIS y5mligSil i A Sl oy 1F s 53 0,55k 0,5 oo P 4y ol Jlass 1o 0 550
A b b h o 5al 036 b oads Hlewd S 0 Jols e pals ol ylid el sals jled 4 Cand ao 0 AY Slo S s
GalS 4 i o ool jdgius rimen ailioe LSS 10 (55) wam,y b g i Gl a3 9 ol wenST LSy o

Ded g0 aly,S PG 5l sy ol o ge 4z 10 50,3650 D jgloee yo pH VRV

100%
80%

T 60% " RES

c

[e]

O uOM

= 40%

N mOX
20% m Car
0% mEX

0% 1% 2% 4% 0% 1% 2% 4% 0% 1% 2% 4% 0% 1% 2% 4%
nZVl nZVl nZVl nZVl
1 week 2 week 4 week 8 week

el ilizs slaplej ;5 (b b sko ol 0,55 Gilidie (Slacums b S0 5, abord Gl S5 Y IS5

il Lol (P < 0.05) (g )ls e (ialidl cygmmsbisSl ol g 0,86L o yo (il 3l b 38e ¢ ool (sloanSTL wigw s
9938l .3l il 3l o p FelS a5 Lo 00 @ OAY 5l 15K 5 ol slaannST b wgw Lidu oliee F 47 5o 350w ye
atile (5518 (ool 050 e s aeeST il 8 Lasgs B sel ol (sloaenST oS85 s SB 4y (2,1 Sao (0l 0351
Ciz e L b (e slapKe ;o b3 Sgsgn Jobs Bisb 5 OH ule (laog S mbaws 50 1, 518 555 5 ol slaans]

eeslad oailesdly g JT sli2l 59y 2 6yl sine 13l S5 40,3555 1093380 .(VAAF ()] Sen o NaidU) 0iS o

SB o (IR) Al gl 29395 a3l p 0,390 ilio polio ow)

S0 0L S S o caliie i s Ly 5 calizee oS5 50 318 G Wigu (comd o o5 ol sl IR elyl
Fols g Jslme sl 5o 58 piis 1 j0 a8 cnl wje 5l o6l Sl (Bl 4 ooy polie ) R Gl polie a5 (5 5ba
sl polie .ol 0aslesdl 32 30 38 (YU g 5l (5L () 4 S5 polie) s IR (YL polie a5 Jb> o ailais 5 sl
5 Sosdl g95 o o9l zshws IR Lasli sl ool a9 dulx 51 Gliml dad (ro )0 (s Heb @ 318 &S w55 s
Sl 1) aawlbsSil calizes slagla) ;o oyl jao ol 0,34l caliss slacams Jloel S50 59, IR polie &l s ¥ Jgax
Sl a8 2l Liolidl (P <0.05) 5 )ls sime H5b @ IR Slade (gumlisSl lej 5 ST a5 00 005381 0,350 duo 0 il 381 b .amd oo
Obo; 9 SLo a 00 009381 0,355 ao ) ol 8l Ly el 0,300 as jo ial8I L luly slas s> )0 39250 (g9, clale iolal
Sl i A ey 40 9 S 0,346 s o0 ¥ mbans 10 IR Hlade oy pYL 8l 2ol3381 /0T B </ 5ITR polie ¢ygumbisSl
(Y J5"\>) Cals u..)b_‘)‘ ﬁ‘ﬁ VIYY sl )Loua A Cond 45»)0&; sddline uwl.gi:‘

alesSil Gilis (sloplay 5 b o ol 0,35 Gilihe (sloceas sy (IR) Bl lS 355 a3l ol ¥ Jpor

A azas f aan Y s ) a4

.f.d -/f.d -1f- d -1f- b asls
-/fY C -I$¥ C -IfY C (v b A
.16+ b -1f¢ b -/fo b -/fY a Y.
-/oY a -/f4a -/fAa -/ff a A\

Syl as)e iy Jlaisl maw jo e pixe (ol alinl S5 B, L slael (g o g0



Olpl S sgle 5,505 rwaogill

VAN jou e ¥V GO (ol slC030

S gy S e UK qsinST UKD 45 ol L iy 0y90 ST 0 59, (rboand cilie (sl S axlliae

03,55 Wigmy laisn 10 (59, osme Sl g (Sl g ol slagise 10 6y, o (R cage (Lbib Jho el sl

Sl b cailas eailendl 5 JT slo idu (59, p 5,00 e 13U a5 Il j0 s F sals S a4 Cud 35550 5 o] slaonsTL

ol STl sl o 55 auis Sl 45 il il TR e «oomlisSil e 5 S5 4 o eg38l 0,30l ao o
om0l S 3 s, S LS 4 e ST 4y b5 o ] 35 (g3l 45 5 (6T et ol Sl

&b

Chapman, H. D. 1965. Cation-exchange capacity. Methods of soil analysis. Part 2. Chemical and
microbiological properties, (methodsofsoilanb), Pp. 891-901.

Drouineau, G. 1942. Dosage rapide du calcaire actif du sol: Nouvelles données sur la separation et la nature des
fractions calcaires. Annals of Agronomy, 12, 441-50.

Gee, G. W. and Bauder, J. W. 1986. Particle-size analysis. Methods of soil analysis: Part 1—Physical and
mineralogical methods, (methodsofsoilanl), Pp. 383-411.

Han, F. X., Banin, A., Kingery, W. L., Triplett, G. B., Zhou, L. X. and Zheng, S. J. 2003. New approach to
studies of heavy metal redistribution in soil. Advances in Environmental Research, 8(1), 113-120.

Kumpiene, J. 2005. Assessment of Trace Element Stabilization in Soil. PhD thesis, Division of Waste Science
and Technology, Luled University of Technology, Sweden.

Li, X.Q. and Zhang, W.X. 2007. Sequestration of metal cations with zerovalent iron nanoparticles a study with
high resolution X-ray photoelectron spectroscopy (HR-XPS). The Journal of Physical Chemistry, 111(19),
6939-6946.

Lindsay, W. L. and Norvell, W. A. 1978. Development of DTPA soil test for zinc, iron, manganese, and copper.
Soil Science Society of America Journal, 42, 421-428.

Mohammadi, H. and Eslami, A. 2007. Quantity and quality of special wastes in Zanjan province. Research
report, Zanjan Department of the Environment, (1), 51-56.

Naidu, R., Bolan, N. S., Kookana, R. S. and Tiller, K. G. 1994. lonic-strength and pH effects on the sorption of
cadmium and the surface charge of soils. European Journal of Soil Science, 45(4), 419-429.

Nelson, D. W. and Sommers, L. 1982. Total carbon, organic carbon, and organic matter. Methods of soil
analysis. Part 2. Chemical and microbiological properties. (methodsofsoilan2), Pp. 539-579.

Rashmi, S. H., Madhub, G. M., Kittura, A. A. and Sureshc, R. 2013. Synthesis, characterization and application
of zero valent iron nanoparticles for the removal of toxic metal hexavalent chromium [Cr(V1)] from aqueous
solution. International Journal of Current Engineering and Technology, 2013 (1), 37-42.

Rayment, G. E. and Higginson, F. R. 1992. Australian laboratory handbook of soil and water chemical methods.
Inkata Press, Melbourne.

Shafaei, Sh., Fotovat, A. and Khorassani, R. 2011. Evaluation of the efficiency of nanoscale zero-valent iron
(nZVI) to stabilize heavy metals in a calcareous soil. In: Proceedings of 11th international conference on the
biogeochemistry at trace elemants. Florence, Italy-Guly.

Singh, S., Barick, K. C. and Bahadur, D. 2008. Surface engineered magnetic nanoparticles for removal of toxic
metal ions and bacterial pathogens. Journal of Hazardous Materials, 192, 1539-1547.

Soon, Y. K. and Abboud, S. 1993. Cadmium, chromium, lead and nickel. Soil sampling and method of analysis.
Lewis puplishers, Pp. 103 — 107.

Tessier, A., Campbell, P. G. C. and Bisson, M. 1979. Sequential extraction procedure for the speciation of
particulate trace-metals. Analytical Chemistry, 51,844-851.

World Health Organization, WHO. 1984. The role of food safety in health and development.

Zhang Z., Li M., Chen W., Zhu S., Liu N. and Zhu L., 2010. Immobilization of lead and cadmium from aqueous
solution and contaminated sediment using nano-hydroxyapatite. Environmental Pollution, 158(2), 514-519.



16™ Iranian Soil Science Congress

University of Zanjan, Iran, August 27-29, 2019

Topic for submission: Soil and Water Pollution and Crop Health

Effect of nano zero valent iron (nZVI) on distribution of chemical fractions of zinc in a calcareous
contaminated soil
Hamzenejad'*, R., Sepehr?, E., Taheri®, M. Davoudi, M.H
1 PhD Graduated, Department of Soil Science, Urmia University, Urmia
2 Associate Prof., Department of Soil Science, Urmia University, Urmia
3 Assistant Prof., Research Center for Agriculture and Natural Resources, Zanjan
4 Assistant Prof., Soil & Water Research Institute, Agricultural and Natural Resources Research Center, Karaj

Abstract

In order to study the effect of nano zero valent iron (nZVI) on chemical fraction of zinc (Zn) in soil, a factorial
experiment was conducted as a completely randomized design in three replications with 4 levels of nZV1 (0, 1, 2
and 4 %). Chemical distribution of Zn in the soil was determined using Tessier sequential extraction method
during 1, 2, 4 and 8 weeks’ incubation time and the reduced partition index (Ir) of Zn were calculated.
Application of nzZVI significantly (p<0.05) decreased the exchangeable and carbonate fractions of Zn and
increased iron and manganese oxide bounded fraction in comparison to the control treatment. The Iz values
increased with increasing in nZVI level and incubation time, demonstrating Zn redistribution in more stable

fractions of soil. It was concluded that addition of nZVI in soil lead to decrease the mobility of Zn in calcareous
contaminated soil.

Keywords: Reduced partition index (Ir), Sequential extraction, Zinc.
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