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Recent researches have proven the effect of salinity of water and soil resources on the
bioavailability of cadmium.In this study, the effect of different sources of salinity including
sodium chloride, sodium sulfate and calcium chloride on cadmium transport in two different
soils was investigated.Soil columns with a height and inner diameter of 50 and 10 cm,
respectively, were subjected to leaching of cadmium solution at a concentration of 100 mg/L
along with various salts of sodium chloride, sodium sulfate and calcium chloride at a
concentration of 100 me/L for 10 days. The drained solutions were analyzed at three depths of
3, 7.and 50 cm. The simulation of cadmium chemical species in the soil solution was performed
using Visual MINTEQ 3.The presence of salinity along with cadmium solution caused more
transport and drain of cadmium than the control soil. The highest cadmium concentration
drained from the columns was belonged to the soils which received calcium chloride with the
mean of 19.6 mg/L whereas the lowest was determined in soil received sodium sulfate with
the mean of 6.1 mg/L. Due to the formation of chloro-cadmium complexes, treatments
containing chloride had a more obvious effect on the transport of cadmium in the soil columns.
The simulation of cadmium speciation in solution containing chloride showed that CdCI+ and
CdClI2(aq) account for more than 80% of the cadmium species, while in those containing
sodium sulfate, this dominant mainly included two species of Cd(SO4)2- 2 and Cd(SO4)(aq).
Generally, salinity conditions affected by chloride ions in cadmium polluted lands can increase
the potential of this toxic metal entering water sources and food chain.

Cite this article: Maleknia, S., Khanmirzaei, A., Mazhari, M., Rezaei, Sh., & Soltani, M. (2023). The Effect of the Different lonic
Composition of Saline Water on Cadmium Transport in Two Soils with Different Calcium Carbonate, Iranian Journal
of Soil and Water Research, 53 (11), 2583-2595. https://doi.org/10.22059/ijswr.2022.350368.669383

© The Author(s).
DOI: https://doi.org/10.22059/ijswr.2022.350368.669383

Publisher: University of Tehran Press.



https://ijswr.ut.ac.ir/issue_10582_11076.html
mailto:saman.maleknia@kiau.ac.ir
mailto:ali.khanmirzaei@kiau.ac.ir
mailto:mahboobeh.mazhari@kiau.ac.ir
mailto:sh.rezaee@kiau.ac.ir
mailto:msoltani@eng.ikiu.ac.ir
https://doi.org/10.22059/ijswr.2022.350368.669383
https://doi.org/10.22059/ijswr.2022.350368.669383
https://orcid.org/0000-0002-2831-9414
https://orcid.org/0000-0003-1439-1375
https://orcid.org/0000-0002-8164-6270
https://orcid.org/0000-0001-6094-2428
https://orcid.org/0000-0001-6762-457X
https://creativecommons.org/licenses/by-nc/4.0/

varr—rerra 1) o lod QY 0,590 (ol W1 SB g 0T Wi Alono

Homepage: http://ijswr.ut.ac.ir
Crgliio puadS Ol yS b S1E 95 45 pgaodls JWST 45 joud Of Blisee Jg9 luS y 51

? ko dgmums | £ 53U ) 8985 | "5 i argeoma | P ol peils ke | Lo ylols
saman.maleknia@kiau.ac.ir :aebll, .yl S ¢ oMol ol oKl iz,8 sl ¢ iS5 09,5 .
ali.khanmirzaei@Kiau.ac.ir :asbbl, .|yl iz S ¢ oMol 3131 ol8tils (2,8 lg  wliiS15 09,5 ¥

mahboobeh.mazhari@Kiau.ac.ir :asbl, .yl S (oMol 551 olEtils iz ,S" doly ( wliiSs 09,5 ¥
sh.rezaee@Kiau.ac.ir :asbLl; .yl z,8 oMol 3131 oKl 8 soly ¢ iS5 09,5 ¥
msoltani@eng.iKiu.ac.ir :4sbbl, . )yl (958 (o) swed plol (adlipm oKy  anbs wlio g (65,9liS oSl «l wdiae g pole 09,5 O

(X Ao ONb!
B gk ol 3 sl 03l 5 1y psodls” gt ol 2 SB g ol pilie (698 1L e (sla g, ings Alio :llio goi

Jsbme pdal € jg) Ve Do 5 o Bl Ve (Gg)0 jlad 5 00 gyl S clagigio CES B orn gy rcdl o b
(RPN SPIPURWECHT W W.\w.»)JS uLm S-S olyon 4y i) 3 p )5 Lo Voo clale b poredls’ VEANYN - 108,553 b
gV & Gos dw )0 yaiw jlodel gy Oloj j0 pawedls clale . )5 )18 il o cllaST Lo Ve e cdale VeV 2oy g,
Lz.»y Jﬁb‘" F?ﬁoal{ u‘w LSL’”439§ 3| LW L"5)§ )l)'9 G )8e C’L"’ 9 L5k5°}|3‘5‘ )‘AU”L" 0. VEV/VV :)m‘ a)‘s
Tor> 9 yudny S0 el paradlss Jolowo olyen 4 Sad 395 .83 plodil Visual MINTEQ 380 o5
VWE ke b madSap 157 slos cc5y90 slajlond (o 3 03,5 ald SB &) G pgeadlS iy p3lie

L 2o powedls ol (S il )3 S e PNV b s Sllges Jlos 5 i jd 0 25T (IS sbaojly
O 3 posedlS Zo55 53 55k b posedlS— IS (cla puSliaS” St sas ST gyl (slaylos il “Sps
CACI2(ag) 5 +CACH (clasisS & 313 oL IS (ayls (slolag )3 Jslors pysodls’ (o5l izls S1s ipsedlS
o) mrtesclilgns GLls slagi )3 45 ygo )3 Bl e S |y Glbj 5 Sse (slodisS Loy Ae I L e
2 S s 31 e 695 Ll LIS olods 35 CA(SOA)(a) 5 CA(SOA)2-2 4658 93 i) 1> e b iz slases

0 G5y i 055 5 Ol glie dy gams 38 ol 2939 Jiuiliy S50 popedls 4 03]
S5 93 55 pgwadls JUl 45 5o Ol ciliseo  Sg bS5 51 (VF)) dgamme o Sllal g g8 ¢ Sl fagumo ¢ padao £ e ool el £ lobs LiSLo : ralisesl
https://doi.org/10.22059/ijswr.2022.350368.669383 .YOAY-YAAA (M) &Y ¢ y/p/ SE 5 o clidon dlxo agliso muadS @lisyS' b

vy © Oyt ol Sl Ll Ao 180
BY NC

DOI: https://doi.org/10.22059/ijswr.2022.350368.669383



mailto:saman.maleknia@kiau.ac.ir
mailto:ali.khanmirzaei@kiau.ac.ir
mailto:mahboobeh.mazhari@kiau.ac.ir
mailto:sh.rezaee@kiau.ac.ir
mailto:msoltani@eng.ikiu.ac.ir
https://doi.org/10.22059/ijswr.2022.350368.669383
https://doi.org/10.22059/ijswr.2022.350368.669383
https://creativecommons.org/licenses/by-nc/4.0/

YOAS .o JU! ;3 90 o ciliio sigg Sl 5 51 23] 02 5 LieSho (g — sole)

-

LY R

4,5 a5 5> el G bamo g Gl Codls (sl (sl S0305 gt 0)lgen SB g O bt & (ks jlé 595 2381
9 whiobw e (0 (SYsb (B0l loj ¢ e Ol Sl ciom dbx] Jdoay polie opl (Machender et al., 2011) 5o o0
ol g,k il (S jls (Fajana et al., 2020) ) 0 jloss & pho oz Cuwj JShie S laisds o090 il 30
poredlS” (Habib et al., 2022; Afonne, and Ifediba, 2020) x4 o0 3]y Slgsge (238 0po0; 4 LS § (bl buwe
3es > ST el 8 (I b Cuogonne 5 3900 Jlodts S (1K polie (g ytare Jligom 5 Sygpopé pais S lpea
(Pouillot et al., wudS b s pi0l 3okl olesanl Se (Barregard et al., 2022) yossgllio b Son Sl aals
&le 3l S (Mallongi et al., 2020) 595 0 YU (95 )Lid 590 9 g2y ©YMNB] (Deng, 2020) uas piwww 31 2022)
9 CutS ol 38l jolaiody paeodlS (gl)ld  Slawd (cladsS (sdiwan 3y ¢(65,sliS S & pal sla Jlo > pgeedls D99 odas
(Park et al., 2021) cosl (55,5liS” &Y guaze CunS

Jobwel GluS 3 Cjae 4 el S (92 9 SB g oW s el Sal (S 4 (6349 poredlS 51 S5 LiSu
2 oaludl Pb 4 leinJB 9 f’?"""”?ﬂ 9 L)""’] LSL"’"\:*.-*JI 01)@ JLQJSJB ‘La;c,at.g)f a]).o_m dL&:J&Q O (S ) Uo.ml)s u»).«.of L
Jsl 5 S5 K4 39, 00 el g, oyl 51 .(Beygi and Jalali, 2019; Valipour et al., 2016) ool suis anislsl by, losbo
d)b..g‘i} 9 Candd 5 d).'i\/l.g u...»buf Sk PRSTY 4\;}‘9» ©3S L gd.\&ul 9 65&1).& SsSB4 cus cu_imi L;Lm_fl& 5 P%.ablf
gy (50)byd (gaiedgw SleMbl dols 1 )0V Slewd (sludsS (sl yss, 4> ST .(Rezaei et al., 2021) ail awsly 16 )
O b Sge ci Olgiedr Jolowe 5B ,lB) 3,90 )3 i3 ) )54 (sl pSolac £o3 sty Lol S o ool )3 ST 53 0 s I
oot Sl S oy 5,5 i b il Jslone sk plaasd (535S S o5 1)1y > CleMb] ) lybliko Jpusly
(Ramteke et al., 2021) x5gs 0 cdl S 13 e 795 9 b wSlheS Sygoa b g 303l e g0t juin S1B Jgle 25 5
e e posedlS Bl (slaiyg s 5yl 3529 5L slo PH 13 &S poradls’ 0ud 3gyam (sladisS ol Jbb >
.(Loganathan et al., 2012) ,l> si> sla Ko sy

SIS ool pdilioe (6)58 9 Sad Culil (Siddogs 5 Suid gblie (65)5liS S K )L sl Sk J S
sl yiags (FAO, 2016) sl o (sy9 jl );L.o (S aaleo YAV) Lis ‘_,’.J $x0liS” slaye; pdaw 3l duop> VA/D Y g6
(Yang etal., 2023; Zahedifar and b o yiol38] poaredls” onlyd Cunsj o S o0 « S (655 L33l b as wilools Lis gL
IS5 55 9 powadlS b Jolome (sla yaslS colB,y yioljal & i (als8l opl > .Moosavi, 2020; McLaughlin et al., 1996)
(Sruthi et al., cool ous o3l s Sl S g JumS g )dud s IS Oldlgus slo s Lo Sdze LTS b posedls (sl pwuSLiaS
ol bl 53 o1 58 dusy o i 4y poradls” gmed (Kinw 1B s )3 508 (Sl SlaSE (Yl (oS 2924 | 2017)
(Zahedifar >, salgs slol ol wle 9 (55y9liS SV gamme (Sagll 13 slogdll cudbo g 039 iglie Jglomo (slacSas clale
oS 9S8 SK )3 poedls S vy bl w3l g Gilisee  Se LS 5 (oybps Lo wleMbl s ol L .and Moosavi, 2020)
poodlS (alowd (aaisS pgradls Cla slaloded (owyp Bia b Giegh (ol sl pin sagiagh 4 ks e ol 3 g 035
99 3 il S LS 5 L jed Jslome b osd (gylel ST st )3 predls” Jil 35 5 Oglite g S8 b e Gl pgls
A plosl cglize Kal polis L S

R 3 A
Conts S 4y (6399 (i o3 51 (550 s o amd o (Ui it (Sol 1ty o )88 GlbSE ) iy slatagl
Beygi and lLawgs a5 g > .(Khanmirzaei et al., 2013; Rajaie et al., 2006) <ol oais awls’ sl S50 5l 5 o
L;LanSw'B 5 @‘9])5 ey bies S )0 990 f%palf cuﬁ)f rnb;jl OIM Ou‘"] ‘_55.0:1 sk )’1 X9 R Jalali (2019)

y Chemical fractionation
y Food and agriculture organization



(‘:w.?cg)a—u.oj&)\i’\ W‘\\ b)Louw oY 8,9 “’,‘).3“ Jlégui Oldss YoAT

65> a3 il 5 ol g Jolowe JS s 5 T olge L olpem corilendly (iSto 5 (pal (slotanST L olpon ¢S
(2wl s ;Yoo Juo WY+ 5 madwds S Voo duo YA+ 9 VYo & ya0) (g0 prdaw O 5 ), b Khoshgoftar et al (2014)
poradlS ()bl O (69 zobaw iul33l b a8 15,5 samliie o8 bl )3 pgaedls 4y 039l S S5y o cutS paS  (gylol
poredlS (g5 iy Lluljil el SB (50 (Y1) Wang etal., (glo )y (bl .l (gySmr (il alom pluil g ay
2 (P B YE/D) puiS adyy pawedls clale 5 (0V/F 7 5 YY/+) DTPAY b (6,50 bac bl powedls (FUVY b YF/Y) Jsloro
355 ey 390 SIS

£dCO3 CAHCO3+ CdCl+ LCd2+ sljl poedls’ slhews slaasgs Tahervand and Jalali (2016) aslas
oS sl 0 55 28,5 B Ly Dy5e Shed liel S I Sy 0 i sladisS lgicay CAOH+ 5 Cd(CO3)22-
P AL Jslome 555 plgied g ord i peredls bk glauSlieS S5 (ol ol bled b ) S g clale (l3El L
.(Khoshgoftar et al., 20014; Ghallab and Usman, 2007) cul 0155,5 #las jous slaS

g3 by y

VO U joo Gos jl S diged 90 «SB 0 powedls JWsl g ds cudyls 0 Joleo puadS” slacliy)S polie bl o)y jslaieay
LUl Slaske 4 7,8 aly oMl 25T o8l (¢5)9liS 0aKiily bjgel dcyio 5l YU Joleo puaddS lin)S (clyls yo Lo
37°08'58"N Slaiseo 4 Y )3 &bly sl #5130 1 o5 Jolao el Sl yS (sl S piman §35°43/50"N 50°49'42"E
Y S5l g oangS «Siis g Il (gjlwodke] oo > S5 (cladiges 5us (6)5 paiges g bl VWA Jlo 4> 49°5718"E
8l Jols sl Sy (B wiwd)S Jie sliislejl & (oherd 5 (Sujd Sl Shy (on o 9 WD 03 5 (e ke
pH « (Nelson and Sommers, 1996) 5 gewlinS| o9y 40 JI op,S (Gee and Bauder, 1986) (¢ yiogyiun gy 4 Sk
Ol is (hey 41 slee puels @l ,S (RhoAdeES, 1996) £lusl oyl y3 S Sl Cylan culils 4 (Thomas, 1996) slusl S 5
(Lindsay and Norvell, 1978) 59, 4 DTPA L (5,50,lac LB psredls « (Loeppert and Suarez, 1996) sl b iS5
b s pSojlul (Blake and Hartge, 1986) s> 9 5,0l J&s

ol slodd (sl
Slo sl sl e T+ iy 6 o 00 st Sl sladl) 9,01y S o 1.8 53 e o o 235 a8l
CrilsaSs ol (ol b 4Ll sl 4y pawedls” ol geo 3l 0 ey Ao Ve g VO B FO N DY ) kil b poesls
SlSe jen 0 Gl ¥ de 4 diged 15130)5 dns Vge +/+0 pudS Sl by Joloro 10 YU (sla Joloro ¢ gy ya8 oy
2325 ¥V edly (Blo A1 Bl Jglono g Goud il B> )3 )93 Foo v us iy b alidd Ve Doy s 9 005 03D (5 (154)
PeSde o [+F jasis as LPG-990 Juo ol Glo ol dlads o5y bawgs o gl el Jolowe 3 paredls” clale i 00l
@l b 485 )l 5> S dbogdy o Gl predlS plgisds (2l Joloxe g gl Jolore )3 pate e G GgldS g (e 1
23,5 e dbogspe Colpd g b 031> b3l (¥ dsles) pge SOV g () dsles) zdiigyd (claalslee b ool Cunday
1
X =kCn () ek
KbC (V ksl
(1+KC)
2 S ko) Jols Jsbxo 13 paredls” ol cdale C (S p,56kS 13 )5 ao) 0id Ll paedls” Jlade X dadlsleo oyl 5o
A ol (Fg¥ dolee) Ll ot clls 5l ladlslee 55l (glp diiun porodls Gl colps b gn Kk g (1)

X =

logX =logk + %Iogc (v alal,
c_ 1.1
x " t()C (F s

y Diethylenetriaminepentaacetic acid



YOAY .. JWS! 45 youd o cilideo (g9 luS 55 311,02 5 Licsdo (i3 — (sole)

SB ygia 4 JUES!
ol 22 1S op oy IS Lol S 5 o caallan 3,0 S 93 5l poradlS ol 2 o)l ol gt (laSas ;3T adlllas yslaons
E )5 5 oolial 3yge i 13 S e Ver e | pgadlS S 3 (1) 15 CoVIST e Ve r) s clalé b mtocslilgus g
sladg) 5l SB slaggin (b (gly oAb 48,5 Hla5 55 Sad (99938] (g 9 S )3 pgradls p)S oo Ver Djg0a dald s
e blo dagygio Sl )3 03,5 edlitul (o])) (b ddyy Gos (gilwannd (gl ytolo Vo (Sg)d lab o 0+ gyl 4 Bl L
20095 Cuwd Cpgar S ool jiag (iS5 sy 0 At foy Siw e 9 SB g9)3 | 55l Gl s i ]
gl (19,5 SB35 @St oy (V Joio) (ornb ST (0l (ogiaie 1)y 4 oS A ploxl ol 455 4 (18 @S1te 9 03
Sy dges (gl (gyio Bl Br g YO N g Bas lnl bl Gl b Gos dod > SB (S5 oS €88 O )0 (glaisS @
sV 4 e juil & maoval D98 5D gee (295 peredls SN ey 4y yio 5l Ve Bas Sl 4SSl e Jg )5 Sl
b9y Gillao opg 041 5 cird | 4l 350 Blsl ) ond LiSmj sl cuilyy g spslaen Sl jolaiods 138 el O
o b s S Aluwgds ligy Cpgns 5 gand (s sl 33 B oypods mgys Jsloe 43,5 eolizl Feng et al., (1996)
28,5 )18 5 350 slosi b gl S gy Ve e 4y bawgie yobo 4y gt o () JSS) 43,5 (gl (sl VO (2955
b pgrodls Cle g Jolomo o g 9 bl Bos du Sl (295 Jslmo lian g2 cuS 5 5 pgredlS b gl 5o, Ve (b

0,5
laygiaw J315 slociows
—
=7 S5
) (
= B g g@ To o :‘!ua ——
B B :!a i
2B DD
/) ¥ ¥ r
il dilobuwr g by g Silowd (glod =) JSW
s lound (GiydigS

SBSE bajloas 0)5 Vrv sladiges ciliin (slacSos jlog Jlos! jl s Jolowo cj3 )3 powodls sliowd bdisS oy Caa
50 gLl JS 53,80l Sy CubS oy 02,8 e O L gl S g5 4 pladl g ossS S Igm gl 51 (g oy
oliws alad (g b gl o)lac Jolone ponedls’ polate (ol 4 b (6 S0jlul e (sl gl 9 ool 505 9 pgnesls clale 4
oKiwd dluwgs paolly § wodws (SUArez, 1996)EDTA L yomwl yis dluwgy Joloee wojuie g pudS PG-990 Jao o3l Gls
(Frankerberg Jr et s ,a5 <l b gl i dwss Jolowe LIS (Helmke and Sparks, 1996)Sherwood450 Juio yiegideald

503l sl S 9l L (pgml S oy Jolone S 9 EDTA L (sl i 5 o)bia )5 b Jglone lilges l., 1996)
(Rhoades, 1996) 145

(8l 3907 5 (g5l )s0
dw g9y » gl o Vo g shio o 53 )3 s Slilgs g S I8 s )1 Lol gl Jslome o adlllas oyl o



(‘:w.?c’)-’—‘:olc)\i’\ ook V) b)Lo.w ©F 8,95 ¢yl ! Jbgui Oldss YoAA

3930 Joloes 6 53 paredls’ Cilisee liards (clodisS (5lodns can Vistal MINTEQ aslys (6355 olsicts SB gluil oylac
Sy ot g 4355 590 EXCEl g SAS (g)lol (slan)l33lp 5 Lawsgs ool cows 4 zols [(Allison et al., 1991) cé,5 |5 oslacwl
A5 oli] 2o y3 O Jleis! pdaw 45 4SSl g0l 5l b Sl duglio cgs ¢ 8,5

g sladl

ol pdS SlyS Jan Gl 28 S ol 313 &Y Jpir 55 adllan 390 S 93 pliond 5 Stjd sl Ss S
YIVY ke b oleaY S JI )8 lgime Jas 5l blie )3 g (1uo)d VA) ey S 4 Cand (6 i (o )d VO/Y)
45 6 5bods 039 dgpcie S STy )3 lacglis pl g doyd +/VY Sk b 2,8 S s (g yidin JI o2)S s 2o
OnSoas s3ls 4 Canns S 90 gliio Jldy el Wlgs 0 395 &S 03 )S (6,5l VIY 9 MY sy Y 5 25 S pH
WWdgr iy pol 8l gyl 5 lie Bl Has 5l S gy o AL (6095

andllao 3590 S 93 (loww 9 (S B S (S0 -) Jgo

S . ne . palSOL,s N .
EC(e) pH(s) i Sl J&s Chw () Jolen Sl onss ':)9;‘; N SB
dS.m-1 g.cm-3 2.100g-1 mg.kg-1
Yai A Y/5) \/Ys £ e /Y .Iyy - I8\ &S
- I5A Iy Y/EY VY f. YA VA Iy iy ObxaY

Lol calpe g o ool bl adlllas 3)90 ST 93 2 poradls’ (sl (54 9o Y g gllig b (aw ol lap 3]

Lz,S SB dKF polie loas ooy Hlis ¥ Joda o ¥ USG5 50 cud iy dbgype culpd g gdiioyd Jod Juo .35 2l sl
b oL & )5 dlone p S 32 V418 5ol b sl ST 5o o ke ) i 255k 52 TV 5o
P Sk V bl clle 3 e Cla e il gliisys Jae KF e .caul 035 popedls Cls 5 i )3 2,8 S 5V
S SB35V Jao jl edlitwl b o duwle pawedls Cla cudyls oSlas (Karimian and Cox, 1978) wib o p,55ls
3909 Pl J (Syi e & 3y (LS @bt cpl 35 )Tk 3 )T e YAB: (lxdY S 53 5 )SokST 53 )5 e YYAY
2 o &Y S e (Shy onl Sy 5 4 S Jitie Simb sBes 4 5 0ad Ol Gl adgl glaaY o SB 4,
(955 b byl pgzmen Sl ala Shg 455 sla gy 53 A8l el SlyS 003 )3 gl Sglis rizmen 9 SB g
D5 Jloss ! oy g« M sl jlag05 (Maftoun et al., 2004) losls L KF b oYL (Siwsen PH g Joleo muadSlis S
Jis! 2,8 SB > &yeo ol 4o & (Cavallaro and McBride 1978) wles S cawsgs (CACO3) Vo obl S5 350 43 1,

Freundlich
6

B 5 o0

o o ©®

T 4 o 8
_g 2 ® Karaj
x Lahijan
(@]
= o0

0 2 4 6

(Mg.1) oo et 2

axdllao )90 S 93 o 00w 831 (i3l gdigyd slodpd (S ylaged —F UG

y Otavite



YOA ... JUWSI 45 youd o Ciliseo gy luS 55 511,02 9 LicSdo (i3 — (sole)

2 gl e Vee Jolao iliseo g Slacdale olpon yud 3 p)S (e Ve Clale b pgadls Joloe ¥ Joi> bt il

el 00 g VY Bas dw | (295 Cloj 5 03,5 S (2 5,5 madnclilgs g paendS IS ooy S S e s 51 2
2 gl GV Gl b )b ey ¢y 2)90 GLSB Sl Jlaich o sl 0sd (650310l (295 poredls’ Calé g (ggleer
S g3 )0 oy SYb 2> b (6503l 08 jlwr (6399 ClE b duslin 3 018 (59l ger ol ) (2g)5 clale aSlS
(Sl yaua> el Al Hlewd 3 wyp 350 S 50 dunlie Bl awyp dj90 S g3 o YL cud )b cpl Jleis! LYl wles o
3 S e 18 5 o I¥e AISY uSila 5 rgys pdlie bl e posedls S o5 g gyl a5l S g5 ayud B ) Sl
ol Ll oleaY S5 55 2 3 a8 e +JFA 5 YIYA AFNY 4 )8 S5 g yte Bl B0 5V ¥ Glasl 3 gty 2
oles il g 01,5 (6 ySejluil wds (6y) o oy Ve e 3 oS (298 Sloj pe Sl eud (4ol glackale (1 Sike a0
S @595 curl @ e ) paeedls )RS5 5 e 3 )5 S it QUlE Al poredls Jolre 9 SK- LL3)I SYb
Ol )5 dslxe S p,55LS 1 g AF/YD loraY S g YV/Ve 25 SB  Kd (o s a5 j0bas ol Cows g5 S
Sses Gl sbalosi 3 SN cpl il 25 SBPH 5 Joleo @S oluS plise (39 5V I (U Sl oo 295 plis
obraY S alie sl 4 Cud ilisee Glocl )3 1) poeedls’ (3208 p3lie )5 S o)lgan 5 9 odaliie LB j ilie

Cawl 6900 C)B d9>

axdllao 5 )90 S 90 40 00 0315 (i3l (Sedaw i slodpd OY3leo ol ps -Y Joua

g3 S6
R? KF nF ailaio
AR AARTAN AR s
AR Y- l8 -/I$y by
rypY

R? KL bL Kd

AN o[ 5 FYAY YV S
[AA o[+ VAQ A¥/¥0 ol

329055 Qs Cud b Lmg-1 59055 Qs Coli KL «O¥alre cpnnd o puo R dLkg-1 gl ig y8 Cds Coli KF (grdig y8 Culi g o nF
L.kg-1 292035 2365 i o Kd amg.kg-1

o3l el il (g DS 5l Pl 693 j9i 45 3 oLt il S slaslone )3 (295 paredls i (SiLe

Chle b Ko g poredls sla 42 bgye (29)5 il (ko (oS 4 6 y5body sl 0213)5 SIS (gl )3 pgradls S o5
poeadlS’ (nyidir oS Sl pandS )l S 9> )3 poeedls Jglore Jloss (il 53 8 (s oIl i 53 S e VPR (SULe
Sos glolos y3 pgeadls” JWl Kb ygis U035 51 )3 2 (e VUF (550ke b S (g iz (gl gos 51 Jgloxe

S SB35 paredlS clale 1 Sle 4S5 j0bay 00,5 sdaline S Gl)d buwgy pawedlS dag B (o )la S (SB ol g
£S5 e VAR N /A0 SY/AY lraY S j5 g id 13 5,5 Lo Y/oF 5 0/Ve OVEY ials Ojaods wyp 350 Bos duo |
4 G IS gl ke b o sl Jglme )3 43l (Lt gl b (S il (6t Bl B0 5V ¥ (slages ) iy i) )
2 oUly et oS (g2 qmat 21 g pedS I Jle 93 (o 9 031 &) poredlS 93 9 S 25 it a1 g Joloxe

ol 03903 W] poradls Sy > iy (i85 (ol poeedls” (g5Lwalsl
(Chi etal., 2022; Ghallab and wlesges AST S g Ol (65905 y9in )3 1y poredls s j sonlyd iul33l (o3b Clalllas
ool O ol o a4y aaduons IS ciliseo clacdale (Ghallab and Usman 2010) .Usman 2010; Khoshgoftar et al., 2004)
clale Gl 5l (S gl ol 8 sy 0500 )5S )3 25 e V1 e 4 pssedls 4 eagll ST 5 b cuis L,
(Filipovi¢ et al., Limgs gols 1o (63,lse ;0 392 (6Ll Ol oy IS 3l Lol L @) sl lop plul g ady ) pasedls
oy 395 31 (51> oot IS o I Vgoihon Vo D0 g 9 3 5 posadlS pySokS 3 o5 ko Vo 58 il 551, 2018)



(‘:w.ég)a—go)&) V€4 W‘\\ b)w oY 8,9 ‘&b.:‘ Jlégui Oldsd Yol

ol (0158l Jetuwe Jlain] puslSe aw (Khoshgoftar et al., 2004) 5g 2LS Clo g S clale (ponedls clale o Jas
(7 5 pgredls =5 (slopShieS” S5 (Y SB pdr sloglSe s 2 p3adlS (555 o) (V) (6y90 bl b )3 pwadls’ (s

S5 1 il SIS | p3godlS sl S8 S5 IS5l day o 5 4y S ol S Jpbra i 028 il

BB jguan 13 9900315 1K) 33 0,5 dao Voo Jghomo jlow Codd S8 g B s Gas 1 (2955 050005 ChUSE (1255Le -Y Jgan

(5o 4> ¥y (ST o Vo +) Ciliseo
il (5 13 05 (o) (29,5 pomedls Cdilé (1Slio LS Ges
ot ) gt POV RN 4 PURVRVIN (a2Ls) yasio (o slw)
Ol s oLy &S obmaY gs  obwaY (2
\Y/va YV/VA /00 Ya/A Y¥/5N YV/ISY V+/YA \EI\Y \IEY dw
MN-+Yb Y/¥¥ Ve Yo/YY \Y/VE VV/AY ¥IVY Y/va AR Can
Y/ysc < /¥ A /Ay L «/ay Nias 2N AL bbu
ANdoda Y/5Yb Y./Yoa \O/dYb AIARY:! O/Y-b £IVya +/5Yb
s1vec \a/s-a a/¥ob Y/5ad Sk

5 T8l ms o s |y Cilis (elacSiad ) o B (sl ygtas sl oylias (slnypsilS g sl clale gl ¥ Jas
P Jobre (laSal joas 136 Sl wald fgiw 4 Cawd Sad ) bjlag S gludl ojlas 3 Joloe pgpedls” abasMo
3 Jgacdue /XY 5l Joloxo paradls 7,8 S 13 il o S fygiw > o] Syos il g SBlyd @ pgredls Cls ialS
SB slaygiw 0 s pas (Lildlple VO o ¥ 8 Jolee) i) 33 Jgo Juo /oYY g «/NAA /WY & sals g >y
20,5 sdalie ey Sy wde polie b Wg) e Db lis il58] piwldlgw 5 eSS (ot IS saiiS Bl )
ol38l Jolee 8" cuisly )38l ;Yo dio +/YVYg +/YYE 4 Voo Juo +/+AA | dald st el 90 jlesd 4y G &S (5 y5boas
S o ShieS S5 3B @ g b g SIS oot IS 0aiS il > S (lagygie 13 b splp VIO 5 VIV
048 Bl pd Hlowd jd 0 odrliie paredlS eS polie 0,5 sdalive Cldgw jeuds 13 Mgy pl paeedls M i3Sl 1 paredls
ol (IS (ela S 51 o Clalg a1 g Jglme poredls cullad ialS g Sgr pa8 ialisl e Yleas! oodu ldgus

Gl 0d 03y5l & Jodo j3 2l 5 pbxl MINTEQ 3.1 Juo odlitwl b SB Jolo powedls’ olowss Jolei (g3l Jse
s CdCI2(agq) CdCl+ Cd2+ Cd(S04)22- Jolis Laes asllas 3)50 S 93 ja Jobro 0 powedlS S (sladisS
Jgog,Sse OY/VA o YYIY lackale L (CA2+)3jl 445 & ygods bsas Joko pomedls sl S5 g ) 290 CA(SO4)(aq)
2y 3 Ja0gySue +/YY g o[+ 0 b cuip & jo CA(SO4)22- g 4365 il 5939 a4 2,8 S Cuipga yul o
ol trgs M5 ot ol 5 bt IS slacKed gt cadls 20 S Jgona 31y Al 2 ol 5 £ S g
YV ol it et JS sy 9 25 S gbro 35 pgusdlS— 5 (5la K LS5 5 e (cisS o o
2lie oyl ey S 45 5039 Jobre pasedlS a0ome Lo yd YW L ly a5 55 CACI2(a0) 9 CACHH i) 5 Jgeg,Seo YO/Y
SB Jglxe pgradls’ jl s )d AV plp a5 1035 aunle CACI2(aq) 9 CACIH 1) > 905,50 VYYD o YY/Y Jold ol 5y
ORI 3 5 g g 0l satnolis g 42l (g aleb SLilef b b e (Sinsan b5 () {F il JS5) Al e
et 3 Jolowe p3ndlS St GIR St 55 onelS IS 5 it dlS e 53 Aumls anl S 3 3 pgls S 0
2S5 ol B3l o5 S ] Wlelis 5 55 I8 S jois gl Abl o SIS Jles 0 IS L 00 S8
Hlow 3 51 30 Ja09ySue AWV ¢ s s IS jlass ;3 VV/Y 5 CACH Sgs 565 cldale oS g0y il poredls’ S o5 ilsél
ol 515 Jlo )3 1) 55 JgegySae YO/T+ & madusy IS Jlogs 52 )5 Jgeg,Se YO/T+ 51 CACI2(a0) 4555 el g ppundSy S
S SB Ol saiS'edl » SB ygiw i saaiss Cd(SO4)(aq) 5 Cd(SO4)2-2 465 45 .ol adly yiulisl 2,8 S
(e ¥ US) wloaly JSis e 9 2,8 S 1y paredls sladisd Cuiidy do ) VY 4 50 oS ¢ ysbay



YO .o JES )3 yous O ilises gy OS5 511051, Kod g Lo

(ig3s — sole)

Ol iliee (LS jonan 3 (i 13 0,5 o Y+ +) 09003l L oud o gnbial (sl ygiw SB glil o lac polic Clalé uSile £ Joua
90 S 93 3 () 53 CllgsST (yo Vo e) aaguie]

mmol.L-1 gLl o )las Jolowo polic clils ol aly Jaloxo
Ol S e gaw g pow| ) (o S (o2, 30 oS’ Pgaedls (me.L-1)Y + +
s Se

A% -IVA AR i dY Y/M VoY oY (i ) anls

YI¥A /00 YAV AR Ve /¥ AN OAJ<A <Y PURWRVN

YIYo ¥/vs \0/1\ - DIAY ANO DA [\ LAV

AR FAAY AW AN M/A Y/AA WY oYY PURWIGHT W

obwaY s

¥ITY Y/AY Vo/FY -V VI ¥/vA AT oJ-M (oo 1) 1l

¥/ AV 4 AARVEYN AN VEAIY O WS WAIYY NAdrd PURWRVINS

Y/-A A/EA AAN <Ay ANY AN AP/ <IYNY POV (S

of+ay WYY ANTRIN Q2N \WYelo¥ a/ay \Y/-a o/+ay o2 le) g

A 655 paradlS =S sl uSlaS S Joboro jo IS g clale (ilal L oS wsl o (Weggler-Beaton et al., 2003)

CACHH &5 cullad b 65V  Siusod olS lon (slaplil pguodls’ clale o8 15,8 sunlive (yizmon byl gy dinlgs Jgloro
bl s S Jgloee CACI2-N WSS (slaaisS oS wisls Lis (Smolders et al., 1997) .cusls powedls 3131 g 40 o
Vo dy 039l SB j> Jgloxe pgrodls oliowd (sladigS adlllae L (Ghallab and Usman 2010) s oylalS (gl oYb )
I cbale 5l b oS cunl CASO40 uShaS g 3l oo JSib 4 bisas Jglomo pgradls a5 155,S osalive p)S5kS 13 p,5 Lo
298 o 33 Jio lpied S o &l iS5 s paeadlS IS (uSeaS (slaigS o Sl S S 53 59 O s ]
o dulee duoyd @S s 3 0,8 Ly ials oy YUA & JS 2o)d VVY j paradlS ST g aadwds IS Vo Luo SA/F
bl yialS dsys YAIY & VA/F 51 CdCI22-n

98 93 (5 3 05 o Vo 0) @9uodl L ol (gudul (S S Ll 0)las 0900318 orlhonnd (SadisS CLE (1iSiko —0 g

0t 3y90 S 93 33 (i g CllgsST o Y+ ) gl O ilies SloSd

pmol L-1 - 09,035 (o lonsd (gladigS a4l Jolowo
pre
Cd(SO4)(aq) CdC12(aq) CdCI+ Cd2+ Cd(S04)22- (me.L-1)) + +
s s

-IASY -/yay Wy e ofee0 (lade f) Al
-I¥oY vo/y- YA/ \a/y oley- s 3y,JS
N Yo/¥- WY VA A S 3518
YVIV- o[oyY v/00 YYIY Ye/5- s Sl gus

oY S

VIS -Ivy- yo/ay OY/YA -IVY. (shaie Of) sals
\AAR F51A VEY/D Yy -1\o- e oIS
\ARY AN Yoo/t ov/ay ol+A- oS’ 18
I8 A FIVY- VAIAY YE/AA o Sl gus




(oo — oole) VE+ Y cyore V) 8)louds OF 8,93 eyl ol SB- 9 O Clidioss YOAY

100% —
9
3“ 80% m Cd(S04)(aq)
. 70%
35 60% m CdClI2(aq)
‘33\ 50% CdCl+
40%
: m Cd2+
j, 30%
Y 20% = Cd(S04)2-2
m B
0%
Control NaCl CaCl2 Na2S04
poeasls olyer Sg DS 5
100%
, 80%
3" 70% m Cd(SO4)(aq)
1 60% ® CdClI2(aq)
ij 50 CdCl+
\"3\ (]
3 0% m Cd2+
3 2o  Cd(S04)2-2
s (1]
Y 20%
s ]

Control NaCl CaCl2 Na2S04

‘o%.aolf o‘).o.m ‘5’5.' QL&AS)S

(<) R C Y SB g (W) TS SB 5ygm Bliseo sbdylon 40 Jolomo 094008 ot bvownd (AT o o yd Y JSUS

S 5 A5

YU el s gl MolS” cglaze wlosd 5 (38 sl Sha b braY g 7,8 SB g0 3 powedls aw Gls L8, il
VL bl 1 L5 (1S5S 53 o oo YT +1) plomaaY S s 33 (p S5k > 2.5 ke TR 5 S KF s
93 PH 5 Jolro puundS” Sl S p0lie o OS] pl il ey SB a4 Cand parodls 755 5l Cailon 5 ()03 0 7,8 SB
)18 g eSS S S 5 lsless 4 bgape SB (sla g S (2955 ponedls ke (i Sl 04335 uSate S
O &Sy Caably cpl VU (oo 3l )3 1) YIS —pgradls’ uSlieS” (ladisS jga> ob p9redlS Sgr ok 3l (gjlwdnd 2g
YU pH 5 I osle g pandS lacsli S ygomad 0aiiS ot bS5 (YL polie yois 3 S )3 posedls Syos yiuljsl o IS
s Sl Bpas cusliol Cy e Sl )3 508 LB (0S5 )b A5) 4 ) gy S ol b diled o 206 sl 5 5 S
i) Sz 4 ol 9)9 s g S 1B ol S e aliand SlaaisS Sl Juwilty Sl o «SB 3 poredls ges S 3 5
Crdo Sledbl 95k plosl asy b 5 aLS claaisS I oolitnl b g &0 pdaw y> ailgs oo oais] (cla gy ams Liol33l 1,
Soles SLISB ()98 bylyd 5 paredls 16,18, 5l



YOAY ... JESI 3 9 o ilisee Fgs LS5 51,0 o Wil (2931 - ole)

"3l 392y G Mg (e g8l 2l S

REFERENCES

Afonne, O. J., & Ifediba, E. C. (2020). Heavy metals risks in plant foods—need to step up precautionary
measures. Current Opinion in Toxicology, 22, 1-6. https://doi.org/10.1016/j.cotox.2019.12.006

Allison J.D., Brown, D.S., & Novo-Gradac, K.J. (1991). MINTEQA2/ PRODEFA2, A geochemical
assessment model for environmental systems: Ver. 3.0 .User’s manual. Environ. Res. Lab., USEPA,
Athens, GE.

Barregard, L., Sallsten, G., Lundh, T., & Mélne, J. (2022). Low-level exposure to lead, cadmium and mercury,
and histopathological findings in kidney biopsies. Environmental Research, 211, 1131109.
https://doi.org/10.1016/j.envres.2022.113119

Beygi, M., & Jalali, M. (2019). Assessment of trace elements (Cd, Cu, Ni, Zn) fractionation and bioavailability
in  vineyard soils from the  Hamedan, Iran.  Geoderma, 337,  1009-1020.
https://doi.org/10.1016/j.geoderma.2018.11.009

Blake, G.R., & Hartge K. H. (1986). Bulk density. In: Klute, A. (ed.) Methods of soil analysis. Part 1 — Physical
and mineralogical methods. Agronomy Monograph, vol. 9. American Society Agronomy and Soil
Science Society of America, Madison, Wisconsin, pp 363-382.

Cavallaro, N., & McBride, M.B. (1978) Copper and cadmium adsorption characteristics of selected acid and
calcareous soils. Soil Science Society American Journal, 42, 550-556.
https://doi.org/10.2136/sssaj1978.03615995004200040003x

Chi, W., Yang, Y., Liu, T., Sun, Y., Du, Y., Qin, H., & Li, X. (2022). Effects of water salinity on cadmium
availability at soil-water interface: implication for salt water intrusion. Environmental Science and
Pollution Research, 1-12. https://doi.org/10.1007/s11356-022-20606-2

Deng, P., Ma, Q., Xi, Y., Yang, L., Lin, M., Yu, Z., & Zhou, Z. (2020). Transcriptomic insight into cadmium-
induced neurotoxicity in embryonic neural stem/progenitor cells. Toxicology in Vitro, 62, 104686.
https://doi.org/10.1016/j.tiv.2019.104686

Fajana, H. O., Jegede, O. O., James, K., Hogan, N. S., & Siciliano, S. D. (2020). Uptake, toxicity, and maternal
transfer of cadmium in the oribatid soil mite, Oppia nitens: Implication in the risk assessment of cadmium
to soil invertebrates. Environmental Pollution, 259, 113912.
https://doi.org/10.1016/j.envpol.2020.113912

FAO (2016). Salt-affected soil. http://www.fao.org/soils-portal/soil-management/management-of-some-
problem-soils/salt-affected-soils/more-information-on-salt-affected-soils/en/ August, 2016).

Feng, S.Y., Zhang, Y.F. & Shen, R.K. (1995). Experimental study and numerical modeling of N-fertilizer
transformation and transportation in saturated soil under the condition of drainage. Journal of Hydraulic
Engineering, 95, 16-22. https://doi.org/10.1016/S1002-0160(12)60014-9

Filipovi¢, L., Romi¢, M., Romié, D., Filipovi¢, V., & Ondrasek, G. (2018). Organic matter and salinity modify
cadmium soil (phyto) availability. Ecotoxicology and Environmental Safety, 147, 824-831.
https://doi.org/10.1016/j.ecoenv.2017.09.041

Frankenberger Jr., W. T., Tabatabai, M. A., Adriano, D. C., & Doner, H. E. (1996). Bromine, Chlorine, &
Fluorine. In: Sparks, D.L., (Eds.), Methods of soil analysis, Part 3- Chemical Methods. Agronomy
Monograph, vol. 9. American Society Agronomy and Soil Science Society of America, Madison,
Wisconsin, pp 833-867.

Gee, G. W., & Bauder, J. W. (1986). Particle-size analysis. Methods of soil analysis :In: Klute A. (ed.) Methods
of Soil Analysis: Part 1-Physical and mineralogy methods. Agron. Monogr. 9. 2nd ed. American Society
Agronomy and Soil Science Society of America, Madison, Wisconsin. pp. 383-412.

Ghallab, A., & Usman, A. R. A. (2007). Effect of sodium chloride-induced salinity on phyto-availability and
speciation of Cd in soil solution. Water, Air, and Soil Pollution, 185(1), 43-51.
https://doi.org/10.1007/s11270-007-9424-y

Habib, M. R., Hoque, M. M., Kabir, J., Akhter, S., Rahman, M. S., Moore, J., & Jolly, Y. N. (2022). A
comparative study of heavy metal exposure risk from the consumption of some common species of
cultured and captured fishes of Bangladesh. Journal of Food Composition and Analysis, 108, 104455.
https://doi.org/10.1016/j.jfca.2022.104455

Helmke, P.A., & D.L. Sparks. (1996). Lithium, sodium, potassium, rubidium, and cesium. In: Sparks, D.L.
(Eds.), Methods of soil analysis. Part 3. Chemical methods. Agronomy Monograph, vol. 5. American
Society Agronomy and Soil Science Society of America, Madison, Wisconsin, pp 551-574.


https://doi.org/10.1016/j.cotox.2019.12.006
https://doi.org/10.1016/j.envres.2022.113119
https://doi.org/10.1016/j.geoderma.2018.11.009
https://doi.org/10.2136/sssaj1978.03615995004200040003x
https://doi.org/10.1016/j.tiv.2019.104686
https://doi.org/10.1016/j.envpol.2020.113912
http://www.fao.org/soils-portal/soil-management/management-of-some-problem-soils/salt-affected-soils/more-information-on-salt-affected-soils/en/
http://www.fao.org/soils-portal/soil-management/management-of-some-problem-soils/salt-affected-soils/more-information-on-salt-affected-soils/en/
https://doi.org/10.1016/S1002-0160(12)60014-9
https://doi.org/10.1016/j.ecoenv.2017.09.041
https://acsess.onlinelibrary.wiley.com/doi/10.2136/sssabookser5.3.c31
https://acsess.onlinelibrary.wiley.com/doi/10.2136/sssabookser5.3.c31
https://doi.org/10.1016/j.jfca.2022.104455

(‘:w.ég)a—uo)&) V€4 W‘\\ b)Lo.w oY 8,9 ‘&b.:‘ Jlégui Oludsy Yo4g

Karimian, N., & Cox, F. R. (1978). Adsorption and extractability of molybdenum in relation to some chemical
properties of soil. Soil Science Society of America Journal, 42(5), 757-761.
https://doi.org/10.2136/ss52j1978.03615995004200050021x

Khanmirzaei, A., Bazargan, K., Amir Moezzi, A., Richards, B. K., & Shahbazi, K. (2013). Single and
sequential extraction of cadmium in some highly calcareous soils of southwestern Iran. Journal of Soil
Science and Plant Nutrition, 13(1), 153-164. https://doi.org/10.4067/S0718-95162013005000014

Khoshgoftar, A. H., Shariatmadari, H., Karimian, N., Kalbasi, M., Van der Zee, S. E. A. T. M., & Parker, D.
R. (2004). Salinity and zinc application effects on phytoavailability of cadmium and zinc. Soil Science
Society of America Journal, 68(6), 1885-1889. https://doi.org/10.2136/sssaj2004.1885

Li, Z., Liang, Y., Hu, H., Shaheen, S. M., Zhong, H., Tack, F. M., ... & Zhao, J. (2021). Speciation,
transportation, and pathways of cadmium in soil-rice systems: A review on the environmental
implications and remediation approaches for food safety. Environment International, 156, 106749.
https://doi.org/10.1016/j.envint.2021.106749

Lindsay, W. L., & Norvell, W. A. (1978) Development of a DTPA soil test for Zn, Fe, Mn, and Cu. Soil
Science Society American Journal, 42: 421-428.
https://doi.org/10.2136/ss5aj1978.03615995004200030009x

Loeppert, R. H., & Suarez, D. L. (1996). Carbonate and gypsum In: Sparks D.L. (ed.) Chemical Methods of
Soil Analysis. Soil Science Society of America. Madison pp. 437-447.

Loganathan, P., Vigneswaran, S., Kandasamy, J., & Naidu, R. (2012). Cadmium sorption and desorption in
soils: a review. Critical Reviews in Environmental Science and Technology, 42(5), 489-533.
https://doi.org/10.1080/10643389.2010.520234

Machender, G., Dhakate, R., Prasanna, L. & Govi, P.K. (2011) Assessment of heavy metal contamination in
soils around Balanagar industrial area, Hyderabad, India. Environmental Earth Sciences, 63(5), 945-953.
https://doi.org/10.1007/s12665-010-0763-4

Maftoun, M., Rassooli, F., Ali Nejad, Z., & Karimian, N. (2004). Cadmium sorption behavior in some highly
calcareous soils of Iran. Communications in Soil Science and Plant Analysis, 35(9-10), 1271-1282.
https://doi.org/10.1081/CSS-120037545

Mallongi, A., Birawida, A. B., Astuti, R. D. P., & Saleh, M. (2020). Effect of lead and cadmium to blood
pressure on communities along coastal areas of Makassar, Indonesia. Enfermeria Clinica, 30, 313-317.
https://doi.org/10.1016/j.enfcli.2020.03.001

McLaughlin, M.J., Tiller, K.G., Naidu, R. & Stevens, D.P. (1996). Review: the behavior and environmental
impact of contaminants in fertilizers. Australian Journal of Soil Research 34, 1-54.
https://doi.org/10.1071/SR9960001

Nelson, D. W., & Sommers, L. E. (1996). Carbon, organic carbon, and organic matter. In: Sparks D.L. (ed)
Methods of Soil Analysis. Soil Science Society of America, Madison. pp. 961-1010.

Park, H. J., Kim, S. U., Jung, K. Y, Lee, S., Choi, Y. D., Owens, V. N., & Hong, C. O. (2021). Cadmium
phytoavailability from 1976 through 2016: Changes in soil amended with phosphate fertilizer and
compost. Science of The Total Environment, 762, 143132.
https://doi.org/10.1016/j.scitotenv.2020.143132

Pouillot, R., Farakos, S. S., & Van Doren, J. M. (2022). Modeling the risk of low bone mass and osteoporosis
as a function of urinary cadmium in US adults aged 50-79 years. Environmental Research, 212, 113315.
https://doi.org/10.1016/j.envres.2022.113315

Rajaie, M., Karimian, N., Maftoun, M., Yasrebi, J., & Assad, M. T. (2006). Chemical forms of cadmium in
two calcareous soil textural classes as affected by application of cadmium-enriched compost and
incubation time. Geoderma, 136(3-4), 533-541. https://doi.org/10.1016/j.geoderma.2006.04.007

Ramteke, D., Chakraborty, P., Chennuri, K., & Sarkar, A. (2021). Geochemical fractionation study in
combination with equilibrium based chemical speciation modelling of Cd in finer sediments provide a
better description of Cd bioavailability in tropical estuarine systems. Science of The Total Environment,
764, 143798. https://doi.org/10.1016/j.scitotenv.2020.143798

Rezaei, M. J., Farahbakhsh, M., Shahbazi, K., & Marzi, M. (2021). Study of cadmium distribution coefficient
in acidic and calcareous soils of Iran: comparison between low and high concentrations. Environmental
Technology & Innovation, 22, 101516. https://doi.org/10.1016/j.eti.2021.101516

Rhoades, J. D. (1996). Salinity: Electrical conductivity and total dissolved solids. In: Sparks, D.L., (Eds.),
Methods of soil analysis, Part 3- Chemical Methods. Agronomy Monograph, vol. 9. American Society
Agronomy and Soil Science Society of America, Madison, Wisconsin, pp 417-435.

Smolders, E., Lambrechts, R.M., McLaughlin, M.J., & Tiller K.G. (1997). Effect of soil solution chloride on


https://doi.org/10.2136/sssaj1978.03615995004200050021x
https://doi.org/10.4067/S0718-95162013005000014
https://doi.org/10.2136/sssaj2004.1885
https://doi.org/10.1016/j.envint.2021.106749
https://doi.org/10.2136/sssaj1978.03615995004200030009x
https://doi.org/10.1080/10643389.2010.520234
https://doi.org/10.1081/CSS-120037545
https://doi.org/10.1016/j.enfcli.2020.03.001
https://doi.org/10.1016/j.scitotenv.2020.143132
https://doi.org/10.1016/j.envres.2022.113315
https://doi.org/10.1016/j.geoderma.2006.04.007
https://doi.org/10.1016/j.scitotenv.2020.143798
https://doi.org/10.1016/j.eti.2021.101516

Y00 .. JUH 5 yeub Of i bgs LS 5 110, Ko o LicSlo (2932 — (ole)

Cd availability to Swiss chard. Journal of Environmental Quality, 27:426-431.
https://doi.org/10.2134/jeq1998.00472425002700020025x

Sruthi, P., Shackira, A. M., & Puthur, J. T. (2017). Heavy metal detoxification mechanisms in halophytes: an
overview. Wetlands Ecology and Management, 25(2), 129-148. https://doi.org/10.1007/s11273-016-
9513-z

Suarez, D. L. (1996). Beryllium, Magnesium, Calcium, Strontium, and Barium. In: Sparks, D.L., (Eds.),
Methods of soil analysis, Part 3- Chemical Methods. Agronomy Monograph, vol. 9. American Society
Agronomy and Soil Science Society of America, Madison, Wisconsin, pp 575-601.

Tahervand, S., & Jalali, M. (2016). Sorption, desorption, and speciation of Cd, Ni, and Fe by four calcareous
soils as affected by pH. Environmental Monitoring and Assessment, 188(6), 1-12.
https://doi.org/10.1007/s10661-016-5313-4

Thomas, G.W. (1996). Soil pH and soil activity. In. Sparks, D.L., (Eds), Methods of soil analysis, Part 3-
Chemical Methods. Agronomy Monograph, vol. 9. American Society Agronomy and Soil Science
Society of America, Madison, Wisconsin, pp 475-490.

Valipour, M., Shahbazi, K., & Khanmirzaei, A. (2016). Chemical immobilization of lead, cadmium, copper,
and nickel in contaminated soils by phosphate amendments. CLEAN-Soil, Air, Water, 44(5), 572-578.
https://doi.org/10.1002/clen.201300827

Wang, M., Chen, S., Chen, L., & Wang, D. (2019). Responses of soil microbial communities and their network
interactions to saline-alkaline stress in Cd-contaminated soils. Environmental Pollution, 252, 1609-1621.
https://doi.org/10.1016/j.envpol.2019.06.082

Weggler-Beaton, K., McLaughlin, M. J., & Graham, R. D. (2000). Salinity increases cadmium uptake by wheat
and Swiss chard from soil amended with biosolids. Soil Research, 38(1), 37-46.
https://doi.org/10.1071/SR99028

Yang, X., Li, J., Zheng, Y., Li, H., & Qiu, R. (2023). Salinity elevates Cd bioaccumulation of sea rice cultured
under co-exposure of cadmium and salt. Journal of Environmental Sciences, 126, 602-611.
https://doi.org/10.1016/j.jes.2022.05.053

Zahedifar, M., & Moosavi, A. A. (2020). Assessing cadmium availability of contaminated saline-sodic soils
as influenced by biochar using the adsorption isotherm models. Archives of Agronomy and Soil Science,
66(12), 1735-1752. https://doi.org/10.1080/03650340.2019.1694145


https://doi.org/10.2134/jeq1998.00472425002700020025x
https://acsess.onlinelibrary.wiley.com/doi/10.2136/sssabookser5.3.c20
https://doi.org/10.1002/clen.201300827
https://doi.org/10.1016/j.envpol.2019.06.082
https://doi.org/10.1016/j.jes.2022.05.053
https://doi.org/10.1080/03650340.2019.1694145

