Yol
SB g ol chlis gla yidgsy g pmid
IYAY cuiiond 0 ylowss v 9 Comnsy >

http://jwsc.gau.ac.ir
DOI: 10.22069/jwsc.2018.15308.3054

59 W92 2 PenigoT g el it (poalS Sy 5alS' i1
S ki g Jlrosle it SBT S 1 gatuad 4

Yoo ste . ® Y . . \ 1 P
Olilie Lidjyusaa 9 ) gagpeun Lid yale o jlasl (S
5 5 oS (SI ple on 8 slial’ 35 0 oKl (S psle oS il )8 a sl 2315
35 e o8l (St ple oy 8 lstead

AVVAY 5y gl s AV 1dl s

oS

el S 3 sy eslinal CB 5 S i sbeed GnTB e Ol S ol iBae 5 Al
Slabodons 51 ole Ol ) sl L J5e LS 5 (g5, Cdo p LlS e Jsloes 53 W05 ) 50
Sl Jalome 55 1) e chle 5ol b Ol e i dal, Cde glabedes 353 e ealial ol
53 e LS 505518 n Sage 3l pasisel 5 el ol oeeedS (SO0 SIS S 0 s 55 ol Glos o
Sl (Sl S 500 2y 52 G 2l 2 sl 5 el s S G0 1 s aallas
A el (ol 5 deesler

S S = 3 5 andllas 3550 LS 3 sl gbabeden v kgt By, 5 3l
530 LSS s Sl e ) S Y ladised bl s |l sl SLS 2 b IG5 il il
Vo 00 (Yo glackle sl ZnSOy Jslos 51 1) oo Yoo s 5wy 1) e 00 S Sl (gladl )
s KNO3 NaNO; Ca(NO3), slbacslas aw) sladsl=s 55 a5 (g5, 2 o Dihflﬁ,, Yoo 5000 Ao
oiws b sl YE Clon bigas 5 6lol L)) & 54 odd atle (Ve e 00 clale L) NHANO;
(Jsles b 5) aoslae 3 ) hale 5ol I sy Sl Jgoms 0T 51 e il 213 OIS 5 5 0 tias S
chle ol 5l eaiods g bl daesls duicv_ 3 A e el i ol ) eslizad L

A eb\b U’:)\J" Lﬁeb\b B u]a;- E) @JJ\JJJA ‘J—ij"&y LSLQA.SJL&A B el &)M*: (le}:}) Lﬁ'il'e") 4.,‘.5‘5\

M))Aé} DL S BEEEES) u.l;— )\Jiu L;JL:.? J}LDLA BLl 6})@&1&&‘}‘[445:\5 QL:..: c:l:.: Lﬁd\i

ol s g 4,36 (SE) :))Tﬁ syluksl glax o 508 R?) OV SRS G PR P PN @

motaghian.h@yahoo.com :4315s J ytne *

1y



ITAY (1) olowd (Y0) s S g O Chlis W idgis 4 pai

530) il S 5 (e OV ablas b) (555 lr b b ST S 5l 0L S0ls alie s s (555
el ol SR 5t p sl 5 el S et 0538 S5l e 3 e (s 5 dola
M;yi ey Sladsbme 53 S (e SY MBO) (5 3L lnS sSlas 5 (5o SV K) L 6551 L
Sl slad s 53 S 5 (@Il A KD w55 e St 3 L A (S edS 5
1 Rled 765 5 St A eSS e i 00 S5 Il 2 eedS 5 p st sel el e

ls dalr 56 3 (Sl 3

b LS s sy S il LS ple 5 Gl e 8 5 0L fasg ol mls i S A

Aas rals

u.l;- LSLQUM Lﬁjﬂ&‘y LGJ.L:)JB LG))S ;,.1).‘,9 Lv._l_.z\m ‘;J:Jf ‘;Léaj/j

LS s o) iy B 5 Cls doddo

sloe 5150 Gl Jold age ol 5 e e 5 LSl o e (Zn) s,
oLl (S O3 ahe sy dar a3 St Sl SIabe Gl 8 e pl ool Sl
5 sy 5 St Uyl 4 S Syl b 5> sam WOL e ) AS e Wl LS
53 s 36 G Olgea 6 slls IS 0as - SEiads b byl 5l ke Olatla
O S ol ek o (81) 5l 13 S V)l SVpdepind 5 Sty Gl
Sl 2 (655 absay ool e (S5, 2 S S el S A e Gl gl
2 hele ey S e il Sl g sl be ol 3 63 el e JUEL el 3 el
T N R (97 Eose Dot 5 2002 257 Ll ()12
LS Sl s Sl Gl sla S5y () 558 e g olS e Ly Cgr i ol IS

] b 3 O W=l bl sl DL
S s ol pleed glaulp o n Sees Sl 03 01 250aS Il bl kil 2,
Lo S edd 318 s gislas sl
)\ u‘il S J}';"S (L) ol o J)M u;',.hls
52 LS e ole glassas Q""J:C’"L:
e oS Jil;‘ clea UG u-i'“T slas=
wamw\dswbajﬁsq;\jw\
&L..NL&LSB- &J’i‘ )b eéu.'i.w\d.ité 6}) VS - |4 ' &L,
S L s alesd 555 S 35 odea (Y1)

03 oS e Jale SGauT S pl e leda
S s gy Kle S S =5y eslanale LB
Clr S 2 Shs der 5T WL
(ol Oley e (JTesle PH @ Ol 5 o olis
sl dacls S e end glass (S sl
Rl 5 S o LS R s sl ol

oslal (BV) a0 4ol8 y \Y) [de Le
> P s 2 , § ol .
Ll 55 0 0358l SUr w3508 885 Sl S

ol S el Ao 0 5 WK Ol el
Sl u.(.:J s sl e b edasplis ¢35

(Y0) cul g, sl

Aol e sy ol

A



ol g )Ll (8 5

L G588 Bl RS 5 dS Sl S ks
on S S s ol e Sge Jelse
el 5 e OGS A (Y1) 0L
o R ol b s gy ol
MasSls (g 3l Shich o Ol mls Gl s S
53530 3k O Clale (I L gy ol s
33 6o (5 doles b) Ll e b Sl
O S R P
Sre M L wde ssam g lx
LS s b, ui-'\“;’% 03 ke 3 b paie
s S5 e cilsee glass s S S
5 ST V) Wl Sslize wder oUlg sl
23 Guy wde &S LS ES (Y1 0) ol
S i sl S gl S 4 odde St
5 5 oAl GladeSt e 5 S Slu S T
V) ol azal
O1 56l 5 oS 5 St 55 65, 3508 4 x5 L
23 «$HusS SV pame CuiS 5 5 Shes a8
rae gl Gs gl S Sae Gl gladle
Sy Ssb= slas S LS Ol ol il 5 xe
28 e B S s Sl sy sbess
G Sy sy Ol cilse gble glasls
ey S dadnST g5 5 S dla IS ¢ 50) o lics
S ol elge pl &S (V) s (T ole
(P35 e Sy pde w plites [ sles L S5
CLSE 53 Gs) erlp i Julse 51 BT
Lol s, oS b OF Gl 5 il
03 e GOsS ppam s B, 4 ey
pae Loyl St e il s
Slosy Cueal I il e ol s g
23 S Saeal 4 a8 Ll pls Ll Sls,

Lis, 5 06 e Sl SR OLLS s,

By

e i daly b Ode slalesen
L e cBle 5 Ol e el pla Dl
(V) &S o caeo s ol glos s Jolad Jgloee 3
Sy s b O slses S degas
L) cdr oS ey S Cl b))
ko) ol sl Jases Slesle S o b (Codrls
Wil 3l oD ol Glap i L (S
PH 5 s 53 1y ol 56 4 (VG 5 balsss,
(Y 5¥) &S o oo 35
3G om UESes p A auS S sboles
SIS 5t oT Gl Wil e plde obe L
Gl S s gay ode 8 das e 0La Slalas
Cilies lal 4518 5 pam dax 5l g3daze Lalse |
S(Yeee) dila 5 Ky BV 5 Yo DA cl
Skt a5 L e 5 el ‘p:;,ﬂ o ssls
bl adhawe s Sal Sl 5 e
sls olas Lol s 3 ey 3550 Sl
whle Ly ety on 2o g0 S
Shaaasls oy ol ool I sy VL
2 S P (AR e 2 0T o
b ol s oS g e b s S gl
53 cde el s s 5 e b B
e ol S Sl ey s Ol LS
sLeds S s Cl e s S S ke
5 D (V) s Sl passel 5 el g5l
oty (s S A0S 1 (TT) (skon!
Sal Gl & 53 ssy o 1 paisel
oLas Wl 2l isls 13 asdllas 550 Olkes Ol
e 0558 sl 5 S e S e oS 2l
5t pelS 5 il ey e O )
by e Hpl>= 3 Sy 0k ol e (VA)

ol s b e Clor slaelSilr s o, L 0T oS



ITAY (1) olowd (Y0) s S g O Chlis W idgis 4 pai

Loodile BL sl Ol 25 5 Jbo b ) OIS 5 s
S 5 (YY) b5 +/0 deS 55 i J glos
(Cation Exchange Capacity; CEC) ;58 Jsls
E8) Y ol PH Jly ) il s 51 ssliza L
5 OXl s oy 4 I esle Aoy a6 S5l
Slos S Opml s 5 Sleg S by L
Sie s s (M) S 5 M;yb;pmuv;p
DTPA-TEA iy, 3l esliul U eslizal LG s,
AY) Ny b S0 Al b S g5, 5 (VE)
Al (6 Seslas

ol Sl s gs) wdar @Sl ¢l
Do L LSS ¥ s Sk a5l e S Y lakipe
Vo e 3 a5 G A e 0 Saet Sle ladl ]
Yo slackle g5l ZnSOs e 5 1) e
S Sy 5 ¢)§§L¢ Yoo 5000 Nev Vo 00
NaNO; Ca(NO3); laSad wusy slad sles 3
(Ve ke 00 Ll L) NH,NO; 5 KNO;
Sdedy a gos Adaslol Laddy) & 5p sld ala
oKiws L ol sl a5 YO£Y (glos 55 csla Y
oK b 0T e 5 L 0303 OGS 3 o keas 0SS
e S Gl alBs o 50 T L s il
Jsbos £ ol eily o A2 5 eslizad
03) Weslas o3 gy il 5ol i o) Clo
Jhe) asl ol oaus Sl eslizad b (sles =
S el (AYY (o o

il (5, ke daesls 6y Tme 3
L end (Do) ol s ol chle o sl 5l
oSV ladsles o o G (s (EV)
o)) ot dslas 5 (Y alaly) s ) )

SigmaPlot 12.0 SRl b eslizad L Leesls

Al

Ve

SO hass ol 5o LS (S35 5
2 Sa Plr ppsdsel 5 eelt (e (endS
5 dowsler Okl Sal bS5l gslaws

I g O NPT SY PRTS

g, 9 dlge
Ol (LS s 5l g ls ki sas
Wl dsb essde) ol 5 Jbeesle
als 53 Ui (5o 5 e SAATY L £074EY
aibie vﬂb\ A <=l>.,_;\ (e YAWAMA L Yoovayy
5 Xeric) G5 usk) wis bl 5 Sisaes
Sl ad sad . Conl (Mesic) S ol > 52
DS a3 ahi o3 5l Gre e +=Y0) mbaw
bl a5 il (20 S e 53)
) e 3 0ok sS (St L) LSl s Jize
Gl e BAE el s Stk 55 S
peedS SOl S (VY) e By 4 LS
5 (V1) elbledl tewd Ol 25 Shssas dolee
SSeslas 5l eslimal Loeslinad LB g5, Sl
Lol obe 31 .43 g, Seslul (f+) DTPA-TEA
DS Aoss oy deous Bl S S ased =y
Dl olital LB 55 e 5 Joles oS
A Ol gy ol addllas (gl ckzils (gl
S s sdi Sl et sl Shs
b ol 1505 O gl gor 3 PH dile anllas 5 40
OGS el 33 5l s S w Ol Y 0 Y e
Ky S Jae apH oKavs dewsas (£0) O3l
olas s BO) S0 culis ol oYY
Loy (F) S ol ) Y e Lsasdils
Ad 8ol CC-510 ke piy s oK
Calcium Carbonate ) dsles Sl S wdS” I

Aol b g5l e Jisya (Equivalent; CCE



ol g )Ll (8 5

oy g b
Sl Sis andlas 540 S 6"“;;‘..9 2
03,50V Jader 5 edis Se3lhl S & yal &
Lol Lol oS sl 0l mls ol ol
Log VA 5 SKke 5 VA B VY wals s pH
YY/0 anly s LSl Jails Jels S
YUY o Ske 5 (B S YL B (Y S
VY wsls s Jlesle p SLS 5 Ll e sle
Aoy VA G Sle 5 (0 S Y B S
(7 S vE anls s S colis e LB
YA ke 5 (00 5 Y glasE) XY G
wals s oslaxal BB (go5 o5 2 e e
Nt ke 5 (8 S YV B (F S /AN
(¢ ST L S) YVE asls 53 S 6
ol s p S 0 e Sk VT S0ke
by adlle 5,50 glaSE L oanslis 3 LS
5 oo Lo shls (YY) sl 5 D
& S (A Los 55 S dobas pedS Sl S
el BB 555 (555 ol bS5 b
L doles oS by S i Bl 5 IS 555 5
shls ) S il addllas 5540 oS 0 s
Jols [uleS Pla= 5 I esle Sltde op 5
Y S g andlas 3)50 oS u s S5
RS N S S e s el Bl gl

Ll Sesls ol b8

\A|

keb
= M
1 1+ ke
q=Kgxc" (¥)
ge=Bxc )

Ois s L3 sddder sy JMEe q a0l 55 &S
2 s e ey (SAS e S e S
oles 53 dtes () p S hee) Jols J gl
A A L 65 L el Sl K S
R pS k) Sl s b sl b (S e
oyl Mg dush dolee s ol (pSkS
2D @i s K s ol G55 L el
(b o2) B (s ablae 5 ol (pS5ks
Sre (T el Bl 5L eSS
clr Cho g SUIS Gbl bl i
5505 3 R el b SR RS (S
35 (SE) 5,51 5 5 lulesl glas
|l skl Sl 2 b o) son anlllas oyl
s LS s LSS A e sl s
Shom) bl s 3l s e g Sk
(sl Sl b B s Sl e p
wals L Sy bSOle anolis s eslizal
Ot el Ao 3 0 lazm] mha s (SOl
Sladde o (0 Oy (Soees 2
A5,S en S gl Sy 5 cde il
N pdle s 3l eslizal U Laesls Gl Lo 5 52

Al plsil Statistica



ITAY (1) olowd (Y0) s S g O Chlis W idgis 4 pai

e 350 S gla S5y S p ) dsdx

Table 1. Some properties of studied soils.

Fosn el b s OM  CCE ‘ oo e e
ToalZn  Available Zn CEC EC oy U gand sl Clay S
(cmol- kg™)  (dSm™) Texture Soil number
(mgkg™) (%) da o (%) 4
43.8 1.57 23.5 0.27 73 2.0 22 CL 21 43 36 1
43.6 0.96 25.1 0.32 7.9 1.6 16 CL 25 45 30 2
36.4 0.86 24.9 0.24 7.9 1.1 12 SC 18 47 35 3
69.3 2.27 29.4 0.28 7.8 1.7 6 SC 19 42 39 4
38.3 1.54 28.3 0.32 7.9 1.7 16 C 27 32 41 5
Sl
46.3 1.44 26.3 0.28 7.8 1.6 14 22 42 36 o
Mean
29 39 10 13 3 21 41 18 14 12 CV (%)

JI ol ‘OM ¢(Calcium Carbonate Equivalent) Jslxs pedS 2l S CCE ¢ e ) SC twy € ¢y o) CL
s (Cation exchange capacity) ;55 Jsls S :CEC «(Electrical conductivity) S Il colda < u :EC «(Organic matter)
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Figure 1. The amount of adsorbed Zn against the equilibrium concentration in the presence of various cations

in the studied soils.
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Table 2. Coefficient of determination (Rz) and standard error of estimation (SE) of Langmuir, Freundlich and
linear equations in the description of adsorption of Zn in the presence of different cations.

(5,00l sles) SE (mg/kg) (s o 2) R
Skt oyleds
NH, K Na* Ca** NH, K Na* Ca** )
LT Lo- Soil number
psl el e S pisl el e S

(Langmuir) ; 5o SN

169.5 133.9 130.6 181.4 0.94 0.96 0.97 0.92 1
155.2 149.4 124.0 243.1 0.95 0.95 0.97 0.86 2
131.6 126.1 109.6 193.0 0.96 0.97 0.98 0.91 3
122.8 191.6 114.7 216.4 0.97 0.93 0.97 0.89 4
103.4 131.4 171.0 175.5 0.98 0.97 0.94 0.92 5

oSk
144.8 146.5 130.0 201.9 0.96 0.96 0.97 0.90

Mean

(Freundlich) J. 5 5

98.7 46.4 57.7 86.0 0.98 0.99 0.99 0.98 1
51.3 25.5 56.1 160.2 0.99 0.99 0.99 0.94 2
64.0 68.4 57.5 90.4 0.99 0.99 0.99 0.98 3
75.1 374 73.0 135.6 0.99 0.99 0.99 0.96 4
102.8 76.5 117.7 63.6 0.98 0.98 0.97 0.99 5
72.3 50.8 76.0 107.2 0.99 0.99 0.99 0.97 oS
Mean
(Linear) P
443.1 459.8 385.6 290.9 0.48 0.46 0.63 0.74 1
501.0 476.2 3924 293.9 0.33 0.42 0.62 0.74 2
446.0 429.8 3732 309.5 0.49 0.53 0.66 0.70 3
504.7 449.8 3574 379.0 0.35 0.48 0.69 0.58 4
588.0 446.0 437.2 3414 0.04 0.50 0.52 0.64 5
473.7 4523 389.1 3229 0.41 0.48 0.62 0.68 ke
Mean

s s Hls pmn Loy ) Cla”“ﬁ @Jw\;}}}ﬁ}ﬁ&\? sbdsles o ol o
The coefficients of determination of Langmuir and Ferundlich were significant at 1% level.
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Table 3. The mean Freundlich equation coefficients used to describe zinc adsorption in the presence of

different cations in studied soils.

C az+

Sl NH4+_ K Na' Sk o jled
Mean p355! e i pelS Soil number
ke(I/kg)

739.2°¢ 796.8 892.2 B 875.6 * 3922 ¢ 1
7475 € 810.9 < 902 B 892.4 B 384.6% 2
772.6 8 850.6 B¢ 866.4 Bt 962.7 % 410.8 8 3
839.94 940.8 A 9237 ABib 94924 54594 4
773458 798.8 < 904.1 B 959.54 4332™ 5

. /‘L.»

839.6° 897.7° 927.9*° 433.3¢ o
Mean
n

0.442 "8 0.382 AB® 0.404 AB° 0.490 “* 0.490 4 1
0.430 “® 0.355 Bee 0.379 AB® 0.480 5 0.487 % 2
0.450 0.409 *° 0.424 " 0.504 0.464 AB° 3
0.423 P 0.379 B¢ 0.384 B 0.5224 0.408 4
0.409 ° 0.331 ¢ 0.415 AB® 0.435 0.454 B 5

. /‘L.»

0.371¢ 0.405 ¢ 0.486° 0.460° ok
Mean

A3 S g el SO ulz,\;aoijuﬁ.u);o Cla”“ﬁ LSt p ke dglie s las0lis O 2 53 S5 iy >
Spie G S Pl sy ool (Sls aiels Lo Ogesl ool a0 Cl:.wﬁ e s S e 5 Sle anslie sdasOlis s,

RGIW VPR PN TGV I WS T Ck”d); PPy bl ol 3 g skasOlis

The upper case letters in each column indicate a mean comparsion between the soils at the 5% level based on the Duncan's
multiple range test. The lowercase letters in each row indicate a mean comparsion between the electrolytes at the 5% level
based on Duncan's multiple range test. The presense of at least one same letter indicates nonsignificant difference at 5%

level. n is without unit.
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Table 4. The mean of coefficients of Langmuir equation used to describe Zn adsorption in the presence of
different cations in the studied soils.

Sl NH4 K Na' Ca™ S o led
Mean toe5 e e = Soil number
b (mg/kg)
223054 1969.9 ¢ 2120.6 2491.9 A0 2339.6 ABb 1
224444 1924.8 4° 2085.84° 24433 A 252354 2
223384 2093.1 A 2098.9 A 2569.6 A 217345 3
214404 2032.14° 2074.6 4° 2657.4 4 18119 4
2082.6 4 1919.8 4 2134.4 4 2120.6 < 2155.6 B¢ 5
. /‘L.»
1987.9° 21029 2456.6° 2200.8° ok
Mean
k (/mg)
0.598 ¢ 0.797 B 0.874 0.588 B° 0.134 B 1
0.644 € 0.872 5 0.934 % 0.634 B° 0.135 B 2
0.629 € 0.821 5 0.871 % 0.674 B° 0.148 B 3
0.791 4 1.165 4 0.964 ** 0.617 B 0.4204 4
0.725 8 0.797 B 0.839 4 1.108 4 0.158 B 5
. /‘L.»
0.890* 0.907° 0.724° 0.199° ok
Mean
MBC (I/kg)
1297.6° 1568.7 °P* 1854.9 A 1466.1 > 300.7 B¢ 1
1366.7 € 1677.3 B 1948.9 4 1549.3 €P* 291.2 B 2
1399.0 € 1716.7 % 1830.2 BeP 1731.8 % 317.25 3
1688.24 2366.9 A 1987.8 4 1638.1 B¢ 759.9 A 4
15302 B 1529.1 P 1903.9 4 23483 339.7 8¢ 5
. /‘L.»
1771.7° 1905.2* 1746.7° 401.8°¢ ok
Mean

A S S Do el (S0 s A 0031 sl A3 0 gl > LS S0l aglie ozl O o )3 S5 s >
S i G S Bl ssmy el (Sl aials i Osa3] el dsys 0 gl 53 Ly S o ks el ias0lis iy,

sl Aoy 0 ck,.ﬂ BEBIPY) bl ol 3 50 okasOLLs
The upper case letters in each column indicate a mean comparsion between the soils at the 5% level based on the Duncan's

multiple range test. The lowercase letters in each row indicate a mean comparsion between the electrolytes at the 5% level based
on Duncan's multiple range test. The presense of at least one same letter indicates nonsignificant difference at 5% level.
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Abstract

Background and Objectives: The adsorption is one of the most important chemical processes
affecting the mobility and availability of Zinc (Zn) in the soils. Moreover, the presence of cations in
the solution may affect Zn adsorption. Adsorption isotherms were used to determine the
characteristics of Zn adsorption. The adsorption isotherms describe relation between adsorbed metal
on sorbent and its concentration in equilibrated solution at a constant temperature. The calcium,
sodium, potassium and ammonium are the important cations in soil. In this study, the effect of the
calcium, sodium, potassium and ammonium on the Zn adsorption in 5 calcareous soils in
Chaharmahal va- Bakhtiari was investigated.

Materials and Methods: An experiment was performed using completely randomized design to
determine the characteristics of adsorption isotherms of Zn in the studied soils and in the presence of
different electrolytes. At first, 2 grams of each soil (in 3 replicates) placed into centrifuge tubes, then
20 ml of solution ZnSO4 contains 25, 50, 75, 100, 150 and 200 mg / 1 of Zn in Ca(NOs),, NaNO;,
KNO; and NH4NO; electrolytes (at a concentration of 50 mM) were added to the tubes and the
samples were shaken with electric shaking apparatus for 24 hours and then were centrifuged (3000
rpm). The soil solution was separated and concentration of Zn in all extractants (in equilibrium) was
determined using atomic absorption spectrophotometer (GBC model, 932). In the following, the
concentration of adsorbed Zn was determined from the difference between initial and final
concentration (equilibrium concentration). Then the Langmuir, Freundlich and Linear equations
were fitted to the data.

Results: The results showed that concentration of adsorbed Zn in the all soils and all electrolytes
increased by increasing Zn concentrations in the equilibrium solution. Amount of adsorbed Zn in the
presence of Ca®” was lower than the presence of Na*, NH;" and K*. The Freundlich and Langmuir
equations have the highest determination coefficient (R*) and the lowest standard error of estimate
(SE). Therefore, these equations were able to describe the characteristics of Zn adsorption. The
result of mean comparison showed that the maximum adsorption capacity (b in Langmuir equation)
and adsorption intensity (n in Freundlich equation) were highest in the solution contains sodium,
calcium, potassium and ammonium, respectively. The coefficient related to the binding energy (k in
Langmuir equation) and maximum buffering capacity (MBC in Langmuir equation) were highest n
the solution containing potassium, ammonium, sodium and calcium, respectively. The highest
distribution coefficient was in solutions containing sodium, potassium, ammonium and calcium,
respectively. Therefore, the highest and lowest affinity of Zn to adsorb onto soil solid phase was in
the presence of sodium and calcium, respectively.

Conclusion: The results of this study illustrated that sodium can decrease mobility of Zn in the
calcareous soils more than the other cations.
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