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Abstract

Background and Obijective: Arsenic is one of the heavy metals with a very high health priority. High
concentrations of arsenic in water sources can cause many problems, including gastrointestinal and
cardiovascular problems, and even some cancers in consumer populations. Therefore, this study was
conducted to investigate the methods of removing arsenic from drinking water with emphasis on metal
nanoparticles (titanium dioxide and zinc oxide) and activated carbon.

Material and Methodology: This study was a review that was reviewed to study all articles in domestic
and foreign databases such as IranModex, IranDock, SID and Google Scholar, Direct science, World
Health Organization information base, Pubmed. The keywords heavy metals, arsenic, arsenic removal
method, metal nanoparticles, surface water and groundwater were used to search.

Findings: A review of studies on the removal of arsenic from water sources showed that since the
separation and removal of arsenic from drinking water is very important, various methods such as
coagulation and flocculation, ion exchange, filtration and adsorption to remove arsenic from water have
been used. Due to good efficiency, low cost and ease of use and other management and environmental
considerations, adsorption methods for arsenic removal in water resources have been well introduced.
Which is one of the optimal methods of activated carbon. Among the various adsorption methods,
activated carbon is a good adsorbent for the removal of 5-valent arsenic (As V), and its efficiency
requires pre-oxidation to remove 3-valent arsenic (As Il1), which is best done with some modifications
on activated carbon. For this purpose, nanoparticles have been considered much more for arsenic
removal because they can greatly improve the removal efficiency and eliminate the need for pre-
oxidation in the water treatment process.

Discussion and Conclusion: The results showed that iron nanoparticles alone or in combination with
other metals, titanium in combination with other metals, especially zinc, cerium and zirconium had
significant efficiency.

Keywords: Activated Carbon, Arsenic, Nano-particles, Process modification, water treatment.
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Table 1. Drinking water standards for arsenic
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Table 2. Introduction of arsenic removal methods and their disadvantages and advantages
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Table 3. Nanoparticles used in three-dimensional forms to remove arsenic

@i plime | iz cudyb )
oy . pr9! o bojlase wis) 54 ol g
*As(l11) *As(V)
") - vYo 2SS batch Nano-sized zero-valent iron (NZVI)
(¥Y) 30/0 ARV - - Iron chitosan NPs
) av \Y# 2SS batch Graphene-oxide- MnFe204
D) _ fIAs ) ) TiO; mc_)ntmorlllor_ute (TI(?z/M MT)
without UV irradiation
D) N NIy ) ) TiO; mon_tmonll_onlte -(T-IOZ/M MT)
with UV irradiation
() - val.s RSy Batch Mesoporous alumina
(%) .13y < IA¥ - - Unmodified alumina
(rY) AY YY/f - - Z2r0O;
(YA) ISR NN RSy Batch Fe-Ce mixed oxide

S Lmgs St i i gl 3 Jled oS 2o
2z G50 Sgm 51T aamo oo W) i Jlewn ) JUS
Dol Jbb (5255 (595 2 el (San AS(IH) liis 51 5
P g plnil o554 (5L ) ol 55,5 3 b eass
o &) s> ]y Casgame al el DS (o 5 S s Jl>
Ty i Sl Wil e el ¢ old Ko ol a4 aiS
AVV) 0t ool 3 Jled 158 (sl 1y S )T Sliien 51 onmns
oS S (YY) ol e g HA Lags ool alow! aslllas o
§ S| B (5 5alaenST 6L 3 b oot Mol Jlab
i3y 15 4 S 5 S e dalllas 13,285 13 gy 3590 O
cho colas 5 cals Sl G gl oo SIS
el sla cus ogs 08,5 ol AS(V) Gi> sl cmwlio
i a5 ol olas (Batch-scale) z wlae ,o oud

NI PSP SPVRE WE N [P il WSV CRR GV N
356 b ooy Mol Jlad 12,5 51 eolisiwl b S yT Bus
o2l 9l wlyd

B0 b (@hol g9u) Jbd 5 b ()b a St )] Bi
G AS(H) a5 Sboj jlade ot Lol conl olitws JoB oo
e Al d andl s oV e+ 250> b g Las AS(V)
) Bl pselanst ol AS(V) o As(I)
Srd 4z b Gy ol ol bl (GarlaenS]
Sl SLoS 5 plo b Jlad 05 ol (fnn j Lanme g g0ladl
&35 2 ool Sy 5l ookl (sledbsy (5 Job BB 5l (S o8
A e )l Sy sl ol 3 el Jlad S s
byl Sgage Sl ol (pl a5 a8 sl JW8 25 (9, 2




Oly5e 9 of yiu (5

1P olo (60 Y'Y o lods (o ) bmo (65909550 g pole NA

& Ol G ) 0925 ol o byl (B 9,5 (o
b dgage Wilgs

S 59y 2 T1O02 356 (Y41 9) o) )5 g LUO S50 &
50,8 oslitl O 5l S )T Bds sl (5098 Jlsd 2,5
acd Lyl 0 BatCh la s ) sslital b 953 aslllas
5 8koe B 590 5 Leggy cale PH ogas o alises (55le
2z a5 g b5l (S @bt (S35 18 (g 3550 D3l
s LB 25 4 ALl PH o AS(V) 5 As(II)
Pseud-second Jos L wis> slo oS cpuiman g
Gl (RZ>0.96) 505 aslee 5 (R?>0.999) order
Orizmes aidl Cdlhe OOl (Sealipoge B8, 4y
AV SIS AS(V) Gis glp oolitul 8,90 wdl> oS 5
Sl 4y Sl Gl cs cals AS(H) & e
25 G WITA s AS(V) (sl o5 2 )5 (Lo ONVA
als olzs XRD (sla cus cuizman 090 AS(I) sl 0,5
A SGLT 56 L0 TIO2 gL @l,d a5

J&é (0,5 Mol (gl oolaiwl 090 Ol 43eib plw

@97 s S Sy Skl ast ol g ) Pt ]
A pi9S 5 9l Ol,S el ool lis St )T Bi (6l
255 e YOPIF U psiss by St )] B Ul
3 B 2ol 51w pladl aS cwl sals 5155 6,8
2 e ol b (FF) sl sas 3155 aBislej] wlide
Bl byl gl 4w (Y419) o Ken 3 ZNA0 aslllas
itdlyis oS aledg plo g (xenb JTolge j92 b St
s plol S sloyl P sl assb ) ogill &0 4
S ab ooliial 6pd b (25 Al e adllas ol o
Log eai (DoOped) Lds o] g5, (co9sS p; )34
Zr based NP ) oslazwl 5,90 w3l (6l i sl SeaS
Yo a ks anls JelS lal a5 sls les (doped ACF
il JalS 4kl 8 )90 Jolxe 1o PH 4z po 500 loj el

Bi> sl ane PH coly 0 5 il nlidl Gas SIS

1- zirconium-based nanoparticle-doped activated
carbon fiber

Pseudo- 4 Langmuier sljoas L 9> 4 AS(V)
soliiul 8,50 oS 5 ogdle 4 .05 s Jlgen SECONA-Order
OLas p8 e S ke VYOV clile o) Qi 2ud)bs 3Sla>
ol SLS casms lis Ble Ollllas b aslie jo a5 ols
(F) on

b pguiled cuS 5 9 denSl pauilin b Jbad on)S 2¥Lol
yole Lo

Jio ol dilize sl Jow 5 (TIO02) pguils oSt 6o
ol 5l Syl Gdz iy 295 sl LI do ceJlls gz
TiO2 ol Sleogas 4 Wlg 0 Vb wdz Sy cpl a5l
Colis i b Sojen Cudil Jold oS 090 by e
S o pgmlanaS] Sl Vb ez 4 gl
At (o a9 )00 slo 05,5 09 Ll 5 (Ul 28
a5 o) 6,58 i BB Sleogas TIO2 b oyl odle
Bl gl slezel BB L3 1) oS 5 cnl 09d (oo el
tleond Sl oS Copons o Sleogas WS Lo St
G o by ()55 s conlis g a3 o5 (g5l 00lal (S 508
Gl lp dlize gloanlp o TIO2 Wl oot el o g
sl o3SE (F1) 05, 5 & il lelams 5 S|
e Jie ilize slo (29, TIO2 oo puilfle Lol
4,98 Joos il (EXAFS) 5 ) sl b oSl as]
cosl &3, 5 4y CD-MUSIC oo 5 «(FT-IR) § s,
W5 oo powilis EXAFS 3l ousl e ulis bl 5 (FY)
S]] (Gone e LS 5 b i 5 05000 (568 sladigy
a8 oS5 Seiy] OMA s MMA) T 5 (0l
CD-MUSIC slos 5 sowl cavss slazdbl 15 odle
S| Gz Jgios TIOHY? shass 09,5 a5 ol olas
5 e @ Wl oo o Sl pslate ran 4 (FT) oo
5 25 obml 1) 68 L3 o SlaS S ple ol 4 oo
OB esletul 050 SLS 5 ple Jlisle 2ol 6l wisren

Ol bl 5l sl ¢ sl & g0 4 ST ogdle 4.0 1,5

el pglisacnST Sb aw ol 51 G :anatase phase -\
Sedopa 0y 6l 054 slo b S & jg0 4y oS




N4

BPIRVC 1 g PR RUP P ) (51 PE SEOWS 6k CpIE S Py

s 08 5.5
aly panss G155 al ol 5l g adlas

Jles oyl 5 oy oDl ol3T ol&iils oy daumro ewdige

(0 oy Banze (owdigen 09,5 - (20 (98 5 psle caSadls

sl

References
1. Salimi L, Hajiali A, Amiri RING.
Evaluation and Comparison of Depth
and Season Effects on Heavy Metals
and Contaminants Concentrations in an
Aguatic Region.5:4.

2. Hashemi M, Ghanbari Sagharlo
NJJOAIEHR. Optimization and
evaluation of the efficiency of sono-
Fenton and photo-Fenton processes in
the removal of 2, 4, 6 trinitrotoluene
(TNT) from aqueous solutions.
2020;8(1):38-45.

3. Salimi L, Hajiali AJIJoSE, Science.
Determination of heavy metals
concentrations in different depths in
Persian gulf (bandar abbas region) in
warm and cold seasons. 2018;2(2):12-
4,

4. Almasi A, Dargahi A, Ahagh M,
Janjani H, Mohammadi M, Tabandeh
L. Efficiency of a constructed wetland
in controlling organic pollutants,
nitrogen, and heavy metals from
sewage. Journal  of  chemical
pharmaceutical sciences. 2016; 9(4):
2924-8.

5. Annadurai G, Juang R-S, Lee D.
Adsorption of heavy metals from water
using banana and orange peels. Water
science and technology. 2003,
47(1):185-90.

6. Ahmad M, Islam S, Rahman S, Haque
M, Islam M. Heavy metals in water,

sl ools a4 by o Sledbl puizman el s 4 ¥ S|
20 8 a9 dolae a5 ols lis alKisle;]
s Caled o o)l sy 98 addlas 5550 D3> pgas
0 o sl 4 ST o5 s VIV B> b b5 ST
3 wed) Gln Sl epas )0 el Cess 4 Gl
2l BB S5 wliels g Slavd 5 09 13U o SloyS
o alisdle LB b 4 Sl g ooyl b azils
> aS 05 Laseie XPS U1 o Cis palf coge
O S o (ST o b sl aba>dle BB ek 4 Sl

S il S O @ Ol ahar o Jlb (S 08
uA.> Uo}‘” ) Lol el o0 Aoyl )L...M.: 6.)[..44_9‘ 9 JA])[S
Jud 58 Bl Gl Caglsl ean¥T Sy plsie 4 S
ol el (sl (ilisee sleedsy 5y0n! )b b A St
Slodsy 5l (Ko 0,5 ol Ty ail B sy aS 59 e 5 4 0]
Slp ol gl Glizes slo 0,8 51 oolannl laas ax>g5 9,90
alizes aludl g elgl ol S )] Bi> o Jlad )5 Lol
sl g oo sou,me SluS 5 el Gl 5 Jie ald ol
9 p3lid W ed SlS 5 pauili OlaS 5 i Jro D38
Olye |y bl ol yam Sl 5 (izman 5 p50S 05 5 psa s e
& Jleb o Sl oDlol sl wslhe S5 e 4
el wlS 5 ol o Bds Jaw 0, pb S| Bi> jglaie
J& o0l b .S e cuns Pseudo-second-order Jos ;)
S 5SS ol glp Slidsd Gliomes s (o0 Hl5 4
mobe ol) jo (e B ogds plosl syl (o2dly uliio gl cuslin
Sl 0l odle 0,5 ooliiwl dlga cpl 5 oyl g 5lasl Ol
39 oo o lias 93 45705 18 4> g5 0590 Wb 090 O
3o aldgl gilulas sla gy 4 yidn dzgh iy oyl
Slnbial § bogern; 65130 (izmen 5 iz wnl B JooSS

oW g])b ul)oyl.: )L'xa Sgd> ‘_g‘ﬁ ‘_;aﬂ)lf GL"’




Oly5e 9 of yiu (5

VP olo (60 Y'Y o lods (o ) Lo (65909550 g pgle \Y.

14.

15.

16.

17.

18.

19.

20.

21.

water remediation: A comprehensive
review. 2019;126:60-97.

Salimi L, Sezavar S, Agah H.
Assessment of Cd, Ca, Zn, Cr, Al
concentrations in water, sediment and
tissues of mangrove forest, Avicennia
marina from Qeshm Island, Persian
Gulf. 2019.

Asere TG, Stevens CV, Du Laing
GJSotte. Use of (modified) natural
adsorbents for arsenic remediation: a
review. 2019;676:706-20.

Tyrovola K, Nikolaidis NP, Veranis N,
Kallithrakas-Kontos N, Koulouridakis
PE. Arsenic removal from geothermal
waters with zero-valent iron—effect of
temperature, phosphate and nitrate.
Water Research. 2006;40(12):2375-86.

Ozdemir O, Turan M, Turan AZ, Faki
A, Engin AB. Feasibility analysis of
color removal from textile dyeing
wastewater in a fixed-bed column
system by surfactant-modified zeolite
(SMz).  Journal of  Hazardous
Materials. 2009;166(2-3):647-54.

Shevade S, Ford RG. Use of synthetic
zeolites for arsenate removal from
pollutant water. Water Research. 2004;
38(14-15):3197-204.

Hossain MFJA, ecosystems,
environment. Arsenic contamination in
Bangladesh—an  overview.  2006;
113(1-4):1-16.

Matschullat JIJSotTE. Arsenic in the
geosphere—a review. 2000; 249(1-3):
297-312.

Chapman DV. Water quality
assessments: a guide to the use of biota,
sediments and water in environmental
monitoring: CRC Press; 1996.

10.

11.

12.

13.

sediment and some fishes of Buriganga
River, Bangladesh. 2010.

Cheng S. Heavy metal pollution in
China: origin, pattern and control.
Environmental science and pollution
research. 2003;10(3):192-8.

Ali MM, Ali ML, Islam MS, Rahman
MZ Preliminary assessment of heavy

metals in water and sediment of
Karnaphuli River, Bangladesh.
Environmental Nanotechnology,
Monitoring & Management. 2016;
5:27-35.

Tang W-W, Zeng G-M, Gong J-L,
Liang J, Xu P, Zhang C, et al. Impact of
humic/fulvic acid on the removal of
heavy metals from aqueous solutions
using nanomaterials: a review. Science
of the total environment. 2014;
468:1014-27.

Liu J-F, Zhao Z-s, Jiang G-b. Coating
Fe304 magnetic nanoparticles with
humic acid for high efficient removal of
heavy metals in water. Environmental
science &  technology.  2008;
42(18):6949-54.

Qu X, Alvarez PJ, Li Q. Applications of
nanotechnology in  water and
wastewater treatment. Water research.
2013;47(12):3931-46.

Dargahi A, Golestanifar H, Darvishi P,
Karam A. An investigation and
comparison of removing heavy metals
(lead and chromium) from aqueous
solutions using magnesium oxide
nanoparticles. Pol J Environ Stud.
2016; 25(2):557-62.

Siddiqui SI, Naushad M, Chaudhry
SAJPS, Protection E. Promising
prospects of nanomaterials for arsenic




AR}

BPIRVC 1 g PR RUP P ) (51 PE SEOWS 6k CpIE S Py

30.

31.

32.

33.

34.

35.

36.

implications in the environment. 2015;
287:64-78.

Chekli L, Zhao Y, Tijing L, Phuntsho
S, Donner E, Lombi E, et al
Aggregation behaviour of engineered
nanoparticles in  natural  waters:
characterising aggregate structure using
on-line laser light scattering. 2015;
284:190-200.

Simeonidis K, Mourdikoudis S,
Kaprara E, Mitrakas M, Polavarapu
LJESWR  ,Technology. Inorganic

engineered nanoparticles in drinking
water treatment: a critical review. 2016;
2(1):43-70.

Li S, Wang W, Liang F, Zhang W-
xJJohm. Heavy metal removal using
nanoscale zero-valent iron (nZVI):
theory and application. 2017; 322:163-
7.

Gupta A, Yunus M,
Sankararamakrishnan NJC. Zerovalent
iron encapsulated chitosan
nanospheres—A novel adsorbent for the
removal of total inorganic Arsenic from
aqgueous systems. 2012; 86(2):150-5.

Kumar S, Nair RR, Pillai PB, Gupta
SN, lyengar M ,Sood AKJAam, et al.

Graphene oxide-MnFe204 magnetic
nanohybrids for efficient removal of
lead and arsenic from water. 2014;
6(20):17426-36.

Li Y, LiuJR, Jia SY, Guo JW, Zhuo J,

Na PJCej. TiO2 pillared
montmorillonite as a photoactive
adsorbent of arsenic under UV

irradiation. 2012;191:66-74.

Han C, Pu H, Li H, Deng L, Huang S,
He S, et al. The optimization of As (V)
removal over mesoporous alumina by
using response surface methodology

22.

23.

24,

25.

26.

27.

28.

29.

Morris  GL, Fan J. Reservoir
sedimentation handbook: design and
management of dams, reservoirs, and

watersheds for  sustainable use:
McGraw Hill Professional; 1998.
Kapaj S ,Peterson H, Liber K,

Bhattacharya P. Human health effects
from chronic arsenic poisoning-a
review. Journal of Environmental
Science and Health, Part A. 2006;
41(10):2399-428.

Siddiqui SI, Ravi R, Chaudhry SA.
Removal of arsenic from water using
graphene oxide nano-hybrids. A new
generation material graphene:
Applications in water technology:
Springer; 2019. p. 221-37.

Derakhshi P, Ghafourian H, Khosravi
M, Rabani MJWASJ. Optimization of
molybdenum adsorption from aqueous
solution using granular activated
carbon. 2009;7(2):230-8.

Chang Q, Lin W, Ying W-cJJoHM.
Preparation  of  iron-impregnated
granular activated carbon for arsenic
removal from drinking water. 2010;
184(1-3):515-22.

Asadullah M, Jahan I, Ahmed MB,
Adawiyah P, Malek NH, Rahman
MSJJol, et al. Preparation of
microporous activated carbon and its
modification for arsenic removal from
water. 2014; 20(3):887-96.

Prabhakar R, Samadder SJJoML. Low
cost and easy synthesis of aluminium
oxide nanoparticles for arsenite
removal from groundwater: a complete
batch study. 2018;250:192-201.

Dwivedi AD, Dubey SP, Sillanpdd M,
Kwon Y-N, Lee C, Varma RSIJCCR.
Fate of engineered nanoparticles:




Ol 9 of yiu (5 53

VEY olo 63 MY 0 yloh comt 3 Lo (55809555 3 pale "Wy

41,

42,

43.

44,

45.

Saravanan R, Karthikeyan N, Gupta V,
Thirumal E, Thangadurai P, Narayanan
V, et al. ZnO/Ag nanocomposite: an
efficient catalyst for degradation
studies of textile effluents under visible
light. 2013;33(4):223.f -5

Pena M, Meng X, Korfiatis GP, Jing
CJES, Technology. Adsorption
mechanism of arsenic on
nanocrystalline titanium dioxide. 2006;
40(4):1257-62.

Jing C, Meng X, Calvache E, Jiang
GJEP. Remediation of organic and
inorganic  arsenic contaminated
groundwater using a nanocrystalline
TiO2-based adsorbent. 2009;157(8-9):
2514-9.

Ma Y, Zheng Y-M, Chen JPJJoc,
science i. A zirconium based
nanoparticle for significantly enhanced
adsorption of arsenate: synthesis,
characterization and performance.
2011.aY-YAD(Y)YOF;

Zhao D, Yu'Y, Chen JPJRa. Fabrication
and testing of zirconium-based
nanoparticle-doped activated carbon
fiber for enhanced arsenic removal in
water. 2016; 6(32):27020-30.

37.

38.

39.

40.

and adsorption mechanism.

2013;254:301-9.

Cui H, Li Q, Gao S, Shang JKJJol,
Chemistry E. Strong adsorption of
arsenic  species by  amorphous
zirconium oxide nanoparticles. 2012;
18(4):1418-27.

Basu T, Nandi D, Sen P, Ghosh
UCJCej. Equilibrium modeling of As
(n, V) sorption in the
absence/presence of some groundwater
occurring ions by iron (I11)—cerium (1V)
oxide nanoparticle agglomerates: A
mechanistic approach of surface
interaction. 2013;228:665-78.

Goldberg S, Johnston CT. Mechanisms
of Arsenic Adsorption on Amorphous
Oxides Evaluated Using Macroscopic
Measurements, Vibrational
Spectroscopy, and Surface
Complexation Modeling. Journal of
Colloid and Interface Science. 2001;
234(1):204-16.

Ha HT, Phong PT, Minh TDJJoAMIC.
Synthesis of Iron Oxide Nanoparticle
Functionalized Activated Carbon and
Its Applications in Arsenic Adsorption.
2021; 2021.




