W9 liae oF o )lets A ol S 50,15 Slisios

S g ol yo Sow,l (ST Mol sla sy,

OYANNY b pd )b VWAVINN/ Y sedl o 7o ,b)

ouS
Bags Sy Je3 B ol i glaclale s S5 ol @l j3 ol 92y a5 cenl plb s Jule o St )]
i Ll GYL S o8 g ol e S Sla IS Cuas 53,10 92 (Some 5 T sl S8 4 cnyj laiore o
Sloe 4 g ol sloanS s oum ST ohga S b3 b 4 saiods JSE 4 Yoo SB 0 Sl el
oldy sloiyg 9929 g EN PH o3 51 ae Lol i 20 lmQT S 25 g 6l aS ol 8e2s S s Sl Sy
:u).mp,S A:ﬁ.u:‘so M w) 9 ‘:L.M ‘Gi;).s 69.1 dw S 9 uT )‘ s_i.u....u)—‘ ‘Ss‘b) Coouw Lsng}"’ﬁ) w‘ oS
IS )‘Jf)..ul) Jolse 5l QL.,T w2 oldes 5 &:.;...;j GaudisS ¢ soms Ll adgi pas Cansjlae Jlaigs (0g
oo i Vb e b 6lls 5 o 0oV 1é b Slsld o b Lide b s0lge 5l sl b o] (g5ke 5 yoeiali

AF-52 iamin ¥ ojled Al S 50,5 Sliiss S5 g ol o ST (Fogll oMol slo iy, A¥AR gp 136 0 o]y

aeg,) oE2I1S (55,5LaS aSils (S pole 09,5 (555 (gemmiils -)
(005 43lSe) gl oSl (53,5LES 0aSLtsls (S5 psle 09 F Sl =Y

e.sepehr@urmia.ac.ir : i xSl e #

£



VWAQ e oF ojleds A ol

S 60,5 wladss

2 0l Comms Gl el EN g PH | ng aels
5 ol Llyh 5o 05800 Sl jo it Ll
455 55k 5 ST Lulyd o g ST 45 Lo
PH 51 o aisls jo .ol I Joloes o Slw,]
Lilis 0 o)l jpax enis SS& S8 4 Cas)]
Sarkar ) sg.i co adgs (ASH3) (yumw,| 55 0ol 5L
i e f] 4 S| cdalé (& Paul, 2016
clale el ol o a8 e foV B oofe ) oyl
Sl yeS Ygene azl e ©f jo Sl lawgie
lacadlad 5| gl slaazl )3 5 5 il laailssy,
VB o8 5 /00 /) a4 5,5 o g Coio yulas
Smedley &) oswyo 5 0 p5 L
Voors bs T ,o Koo T clalé (Kinniburgh, 2002
(Hassan, 2018) yoJ 0 0,5 lo /e AL /o0 s
A e Sk 00 BN lL Sy slagl >
5 ol g5 (Sarkar & Paul, 2016) <ol e
slacl 5 lazl o daailsog, O jo Skl sgime
@bl Sl ) (SBU Gl sl )0 (eein)
<l bl eolail . (Sarkar & Paul, 2016) il
clale g5,9laS Y gamme adg glp S, | a5 00l
@ ol JES Jlade g ols Srolidl S 0 1) S|
a> .(Haydarpoor et al., 2016) &S oo wyais |y olS
Y kel Gilae oy o s ST ke Sl
yhisl (Singh et al., 2015) cwl ud o 6,5 s
2 Syl 358 e 5l Sl )T g (Sealinoge
by ol conn)l 4 oliw)l e Cond il oo O
e 4y Coadly joaS bl Y 4 VPO A Ll pH
Gy VA Ve B /) (Soseden cdled
WolS” sl ST (Mandal & Suzuki, 2002)
i) Seol Jsare sl PH o S 4y Jglice
oSl g ol Ll o (Soline sla)lid; g o)l
Poeedse p9yS pseils) Lysl (T b &y S
Sarkar & Paul, ) oo oo lis 355 31 (1] g
WS o5 Sy a4y polie gliard JIS3I adllas (2016
S eSS o] Cens 5 el Bl CollE
g ) Sl piie dliwgds Sei)l (sanaisS
oz e S Glp kSN 5 el o et S
oS 5 aliBre (sl pinwsST (o Q—I lortion

doddo
20 9750 paie (et (AS) Sl Jlgl3 s
@Vl Coom Hb> 4 59, 4 59, 9 Sl (oo i
Ma ) 85 o0 00938l 1 et ) Sau¥l coenl
bole S e 4 Sowe Sl (et al., 2014
Mohamadi, ) ol oo By ludl gl Tls
Slwl 4 e wlg oo S| poie (Sogll (2019
s WS (g Gl ol oles, Lo
Sobort lS s 3 Sbos P s 15T
(Hassan, 2018) sgs J>ls slap)lb o 5 B9 ,e 8
Jain &) oy Fo) 1 @b 5l S
Sy oled « Sols] oI «(Chandramani, 2018
s,lg (Tanda et al., 2019) ls» 4 (Susan et al., 2019)
LN Gare St JoB B w055 o0 Ll 0y
Clsly g e 0w 0js pSekS 2 eSSk
(WHO, 2011) caul yid ;5 6,5 Lo /0 Somalis]
slaglys s,k slge (Fojlge aile anl slaan] 2
Niazi et al., )) Lo 5 0pe) slocl adss 5 Slad sl
ol slacJled 4 (2018; Ravenscroft et al., 2009
5 65,5t brosliiul (l3ls Cd 5 (6,5 e e
Akter et al., 2005; Gupta & ) o> bla> oy
sl & S| (s5Llwol3] C>ge (Chatterjee, 2017
Syl s 038)1 e 05 glacl Wisd oo S 5 O
Slgzge 5518 B )3 @l e S
(Arslan et al., 2016) cul Sow,l 4 o
o2l slons zals Pl b oleeeslSe
Sl 5 oy paelanS| (L izl
i sl 4 St gilulil el Jlo g
Sw,!  .(Ravenscroft et al., 2009) o548 o
Y g aY ) Sswlas| Glise slacdlel
calizee SluS 5 obw! el (Mirzaei et al., 2014)
Sl yo el S )T ol b eolo |y (oud¥lgoS
Hassan, ) aes oo Ygo JoSid 0,565 5 ST b
Lyl g PH 4 ey S )] LS 5 2ol (2018
(Singh et al., 2015) wiS o, Lo g
5 bl lulpd o Jglite sla)bd; Wil oo St
s 053 5l eyl (1 ple & G (s
2 Syl g Slis)l Gogr Jsle Sle 4y 5 000

1.Geothermal



VWAQ e oF ojleds A ol

S 60,5 wladss

(Singh et al., 2015) el i o) Sase

cslie bty (Ll sl el 2l 5 sl
Mahimairaja et al., ) col pgo o e 51 o] i
s JTUSE 9 4 o cladams o Kot ,T (2005

(Bowell et al., 2014) b )] a5 coli g o7 btz 3o Syl Soze 9 JT I adigl ) Jguz
Table 1. The dominant organic and inorganic arsenic species and pKs in the aqueous environments (Bowell

etal., 2014)

Arsenic aqueous species Dissolution reaction pK
) ; H3ASO4 = H2ASO4_ + H+ pKa]_ = 225
Arsenic acid H,AsO; = HAsOZ™ + H* PKzz = 6.98
HAs02~ = As03~ + H* PKqs = 11.58
Arsenous acid HyAsO; = H,AsOF + H* pKa = 9.24
Monomethylarsonic acid CH3;AsO(OH), = CH;As(OH)0O; + H* pKa = 4.19
CH,As(OH)0; = CH3As02™ + H* PKaz = 8.77
Dimethylarsinic acid (CHy),AsO(OH) = (CH3),AsO5 + H* pKa = 6.14
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4.Coagulation-precipitation and filtration
5. flocculants
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1. Phytoremediation
2. Biological filtration
3. Biosorption
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3. Column
4. Lundelius’ rule
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1.. Adsorption
2. Batch
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2. Layered Double Hydroxides
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1. Alumina
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3. Membrane
4. Donnan exclusion
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1. lon exchange
2. Polymeric ligand exchanger
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Table 2. Carbon-based and other materials used as adsorbents to remove arsenic from aqueous solutions

Adsorbent As species  (mg g') Adsorption capacity Reference
ZV1*-biochar complexes Arsenate 15.58 (Bakshi et al., 2018)
Iron-impregnated biochar Arsenate 6.8 (He et al., 2018)
Fe-impregnated biochar (hydrolysis) Arsenate 2.16 Hu et al., 2015)

Fe - coated rice husk Arsenate 25 (Pehlivan et al., 2013)
Japanese oak wood biochar Arsenate 3.89 (Niazi et al., 2018)
Japanese oak wood biochar Arsenite 3.16 (Niazi et al., 2018)
Biochar supported ZVI Arsenate 1245 (Wang et al., 2017)
Fe-rich fly ash Arsenate 19.46 (Li etal., 2009)
citric acid modified WMR™ Arsenite 4.72 (Shakoor et al., 2018)
Fe-Mn modified biochar Arsenite 8.25 Linetal., 2017)
Chitosan - Cu(OH)2 Arsenate 39 (Elwakeel et al., 2015)
Chitosan - CuO Arsenate 28.1 Elwakeel et al., 2015)
Solid wastes biochar - KOH Arsenate 30.98 dinetal., 2014)

Fe - coated biochar Arsenate 16.9 Samsuri et al., 2013)
Fe oxide coated diatomite Arsenate 6.2 Panetal., 2010)
ZnClz-activated biochar Arsenite 27.67 Xiaetal., 2016)
Cu/Mg/Fe-LDH Arsenate 15.6 Guo et al., 2013)
Al-Zn-LDH Arsenate 40.37 (Meng et al., 2016)
Bamboo biochar Arsenate 49 (Alchouron et al., 2019)
Bamboo biochar/nano FesO4 Arsenate 90 (Alchouron et al., 2019)
Magnetic Fe3Ou/ biochar Arsenite 5.49 (Navarathna et al., 2019)
Fe-Zr Binary Oxide Arsenate 46.1 Renetal., 2011)
Fe-Zr Binary Oxide Arsenite 120 Ren et al., 2011)
Montmorillonite/nano ZVI1 Arsenite 59.9 (Bhowmick et al., 2014)
Montmorillonite/nano ZVI Arsenate 455 Bhowmick et al., 2014)
Fe-Zr Binary Oxide-Coated Sand Arsenate 45.05 (Chaudhry et al., 2017)
FesOs-Halloysite nanocomposite Arsenite 126.74 Song et al., 2019)
FesOs-Halloysite nanocomposite Arsenate 121.29 (Song et al., 2019
trimethylammonium chloride/ Arsenate 25.49 Najib & )

Cellulose Nanofibrils

(Christodoulatos. 2019
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2. Sargassum glaucescens
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1. Hydroponic
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8 . Bioenergy

9 . Phytoextraction/Phytoaccumulation
10. Prosopis spp

11. Pteris vittata

12 . Phytostabilization

13. Off-site

14. Vadose zone
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1. Electromigration

2 . Electroosmotic flow

3. Electrophoresis

4. Metal-accumulating

5. Phytostabilization and Phytoimmobilization
6. Phytomining
7. Land restoration
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Abstract

Arsenic is a carcinogenic agent, which is found in water and soil resources at concentrations
above the acceptable level and considered as an environmental threat. Soil and water
contamination by arsenic is the most important route of its entry into the human food chain.
Arsenic has been detected in both inorganic and organic forms in the environment which
compared to organic forms, inorganic compounds of arsenic (arsenate and arsenite) are more
toxic due to their higher solubility and mobility. Soil solid particles, especially iron
(oxy)hydroxides and minerals considered as the main sinks of arsenic in soil, which its
stability and mobility depend on environmental conditions such as pH, Eh and the presence
of competing ions. Arsenic detoxification techniques are categorized into three physical,
chemical and biological types. The low cost, environment-friendly, lack of toxic residue
production, arsenic speciation and easy operation are the important factors that influence the
choice of decontamination method. In this paper, the factors that affect the concentration and
speciation of arsenic in soil and water are reviewed. In the following, the methods of arsenic
decontamination of soil and water with emphasis on its adsorption and immobilization
methods using natural, non-polluting, abundant and high adsorption capacitance materials
are reviewed.
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