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Table 1. Selected physico-chemical properties of the experimental soil.

)‘.,\j.a J}b L;ﬁj
Value Unit Parameter
Lal e
38 (%) ¢- b
Saturation moisture
16.4 (%) o
Clay
55 (%) o
Sand
Sl
28.6 (%) -
Silt
8 - pH
Ll 8 o,las EC
0.49 (dSm™) gl JS o)
EC of saturation paste
7o
0.33 (%) S oS
Organic carbon
[e9 =l
13.45 (%) Jles oS Dy S
Calcium carbonate equivalent
d LG ST clale
n.d (mg kg']) o b =
concentration of available As
Syl ks
n.d (mg kg™ S

concentration of total As

n.d: not detectable
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24.39° (012), 33.45° (104), 36.02°
(110), 41.15° (113), 49.80° (024),
54.36° (116), 57.33° (122), 62.70°
(214), 64.37° (300).
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Figure 1. XRD pattern of hematite nanoparticles (a-Fe,05).
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Figure 3. TEM image of hematite nanoparticles.
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Figure 2. SEM image of hematite nanoparticles.
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Table 2. Properties of the experimental acrylic polymers.

Lol S ST =0 sl =4l Sl

Maleic anhydride- styrene-

Lol S ST =0 sl =4l Sl

Maleic anhydride- styrene-

dewel S ST -l |y S ks ol

Acrylamid-Acrylic acid Polymer name

acrylic acid copolymer acrylic acid
Last] cwdle
C B A S
Symbol
St Ao St Ao St Ao S,
Milky white Milky white Milky white Color
SnrF S5 S5l Ly
Noionic Cationic Anionic Type of charge
S5 055

50000-55000

50000-55000

50000-55000

Molecular weight (g.mol™)

60 63
0 0
35 8
5 19
7 6-7
1.02 1.04
25 25

%0 Aol S ST
Acrylic acid (mol%)
Al |
20 el S
Acrylamid (mol%)
0 Al Sl
Maleic anhydride (mol%)
S
0 o
Styrene (mol %)
23 el
(oS
1.04 S
Dencity (g.cm™)
30 ) St 5

Viscosity (cp)
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Figure 4. Chemical structures of monomers forming acrylic polymers.
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Table 3. The results of analysis of variance data indicating the effects of adsorbents application dosages, levels
of soil total As and the interactive effects of these factors on concentrations of soil available As, specifically

sorbed As and sum of them.

Sl e (1 Sle
Mean of squares

oddide 5 gl '&w....“‘ i saeo . .- LT &wﬂ,‘ i -
) 7 S Doty ol S| ’ ) &3l a= s S ol
S bl s Sk s ol St el Degree of = C .
il g S f variat
Sum of soil available and Soil specifically sorbed As Soil freedom ources ol variation
specifically sorbed As P y available As
ol lide 5
192.77** 34,88%* 64.398%* 15 =S e 5 6y
Types and dosages of adsorbents
S 8 Syl clale
26456.758%* 12423.7** 2626.61** 5 S
Levels of soil total As
I ST ke x il e 5 gy
46.83** 8.58* 16.568** 75 Types and dosages of adsorbents*
levels of soil total As
bl gl
0.77 0.733 0.188 192 IS
Error
1) o s ;
4.05 5.74 6.35 - () s s

CV(%)

* Significant in 0.01% probability level.
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1- Extended x-ray absorption fine structure
2- Fourier transform infrared spectroscopy
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Figure 5. The effects of types and dosages of adsorbents on concentration of soil available As.
BL: Blank, B, A and C: Acrylic polymers, HN: Hematite nanoparticles.
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Table 4. The interactive effects of types and dosages of adsorbents and levels of soil total As on concentrations
of soil available As, specifically sorbed As and sum of them.

Sl 5 ol ST g pame
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Sl s 5 g5

. . o . . Sk alp Syl S 5 Sl clale
S elatl oo ki s e e Soil available As  Levels of soil total As ;pres and
Sum of soil available As and Soil specifically sorbed As (mgkg) (mg/ kg) osages of
specifically sorbed As (mg/kg) (mg/kg) adsorbents
nd§ ndu ndn 0 Blank
545f 3.167t 2.283 yzuQowo 6
10.81 z 7.175s 3.64 uv 12
21.442 s 14.542 n 6.908 nopq 24
41425k 26.742 h 14.683 i 48
75.133 a 47.833 a 273 a 96
nd§ ndu ndn 0 B 0.05%
5.2251© 3.033 ¢ 2.192 yzuQoo# 6
10.375 zu 6.950s 3.425 vw 12
20.492 st 13.642 no 6.850 opq 24
38.858 1 25.750 hi 13.108 48
70.992 b 46.483 a 24.508 b 96
nd§ ndu ndn 0 B0.1%
5.151© 3.008 t 2.142 yzuQoo# 6
10.125 zp 6.90 s 3.225 vwx 12
19.867 stu 13.158 nop 6.708 pq 24
37.042 m 24.908 ij 12.133k 48
65.608 d 44.100 b 21.508 d 96
nd§ ndu ndn 0 B 0.2%
5.05 n© 2975t 2.075 zpQoo# 6
9.825 zupoo 6.675s 3.150 vwx 12
19.108 tuv 12.633 opq 6.475 qr 24
34.892n 24.583 ij 10.308 1 48
60.908 ¢ 42.666 b 18242 ¢ 96
nd§ ndu ndn 0 A 0.05%
5.067 n© 2975t 2.150 yzuQoo# 6
9.992 zuQ 6.892s 3.1 vwx 12
19.692 tu 13.60 no 6.091 qrs 24
36.80 m 25.150 ij 11.650 k 48
67.175¢ 43.758 b 23416¢ 96
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Continue Table 4.
Sl 5 ol S Cr—’” Sy gty sddoder S| S sl Kl S S Kl il Sl i s g5
e i St ol Soil available As  Levels of soil total As ;pres and
Sum of soil available As and Soil specifically sorbed As (mg/kg) (mg/ kg) osages of
specifically sorbed As (mg/kg) (mg/kg) adsorbents
nd§ ndu ndn 0 A0.1%
4.883 1© 2.850t 2.033 zuQoo# 6
9.517 zpQoo 6.558 s 2.958 vwxy 12
18.625 uv 13.450 no 5.175t 24
33.908 n 24.417 ij 9.492 m 48
60.983 ¢ 40.358 ¢ 20.625 ¢ 96
nd§ ndu ndn 0 A0.2%
4.725 1© 2.808 t 1.917 zuQoo#® 6
9.108 puQoo# 6.375s 2.733 wxyz 12
17.675 vw 13.367 no 4308 u 24
314750 23.875] 7.6 no 48
55.733 f 38242 ¢ 17.492 h 96
nd§ ndu ndn 0 C0.05%
4.542 1© 2758t 1.808 pQoo#® 6
9.192 zpQoo# 6.575 s 2.617 wxyzp 12
18.308 uv 12.883 opq 5.425 st 24
34.208 n 24.008 j 10.20 Im 48
62433 ¢ 434250 19.008 f 96
nd§ ndu ndn 0 C0.1%
4.275 © 2.708 t 1.567 o0£® 6
8.408 Qoo£® 6.183 s 2.225 yzuQoot 12
16.617 wx 12.183 opq 4433 u 24
30.017 p 22333k 7.683 n 48
53.567 g 40.083 cd 13.483 96
nd§ ndu ndn 0 C0.2%
3.992 1© 2.608 t 1.383 #® 6
7.833 £#® 5.817 2.017 zuQoo# 12
15.242 xy 11.5qr 3.742 uv 24
26.95q 20.650 Im 6.30 qr 48
46.5171 36.292 f 10.225 Im 96
nd§ ndu ndn 0 HN 0.05%
4.761 1© 2917t 1.759 pQoot® 6
9.225 zpQoo# 6.70 s 2.525 xyzpQ 12
18.267 uv 12.925 nopq 5.342 st 24
34.166 n 24.100j 10.067 Im 48
61.133 ¢ 42.75b 18.383 fg 96
nd§ ndu ndn 0 HN 0.1%
4.292 1© 2733t 1.533 o0£® 6
8.242 c0#® 6.117 s 2.125 yzu Qoo 12
15.992 x 11.733 pqr 4.258u 24
29.350 p 21.958 ki 7.392 nop 48
51.942 h 38.972 de 13.150j 96
nd§ ndu ndn 0 HN 0.2%
3717¢g 2.575t 1.142 ® 6
7.300 ® 5.633s 1.667 Qoo#® 12
13.883y 10.50 r 3.383 vw 24
25.667r 19.442 m 5.825 rst 48
43.350j 33.883 ¢ 9.467 m 96

B, A and C: Acrylic polymers, HN: Hematite nanoparticles , n.d: not detectable.
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Figure 7. The effects of types and dosages of adsorbents on concentration of soil specifically sorbed As.
BL: Blank, B, A and C: Acrylic polymers, HN: Hematite nanoparticles.
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Figure 9. The effects of types and dosages of adsorbents on concentration of sum of soil available and

specifically sorbed As.

BL: Blank, B, A and C: Acrylic polymers, HN: Hematite nanoparticles.

L’*u&b‘ awslis (7 Jod) 55 Lo gae Aoy
St S Kol cale 5Bl L« sl ol
sbadr Syl 5 pal b S g geme il
Solsgme sba S s Lolatl O sen

O 52 Saly Sl

0

goome Sl S S San)l chl U
Sopeh eddoir Syl p-“‘f; |
Lesls uibyly w2 8 S s elas
chle S 8 Senl clls s sl ol
sicde Sl 5 ali Sl g e
S bl mlaw 53 St s polantl & s



1190 (1) )l dTF) dls S 5 f clis gla g}y s puls

= 70 -
L8
iagg 60 -
Ny
fgﬁ%iz %0 -
2 hEy 407
Q}‘.A'EB 30 -
Y2 -
R f
Laoed 10
".33'5 0
‘?\r_) 8_
o 0

e
I
6

a
b
C
d I
12 24 48 96

S 8 Koyl chale
Levels of Soil total As (mg/kg)

S s polasl O gon sl s._;.,,i,v.n; @M,itﬂuwﬁsuy@j sckl by s

Figure 10. The effects of soil total As levels on concentration of sum of soil available and specifically sorbed As.

YAV C Sk S
VWAL B Sk S| s 5 YOAL A L S ks
Sk tA Sl s OF talS Olpe 5 s
Aoys /Y lie 5 Sk eSS LS Sy

LV/\/ g_M}'JJAJ °>JJ(;LJ &Lhuzb- Ja..w); quL>-

5 (85 4

38 oS sl Ol s cpl 5l ol

—del b ST e S csles 3l glassl-
—otsl S glaed S5 (A) del Sk S
Sewyl Clale B 5 C) el S ST =0 il
bt O sy sdi ol Sl Llle (al b
Sl 5 el Sl Froms ZBlE 5 S s
ssba ) S olal Gjson sdiods
Sdoss /Y ldde s lS  osls EalS i
St Syl izl opl chle 2als s aossls
5 Sl Sl GLIS umes e 555
Laoslr ple 3l 5 ke St Saw,l clile ials
2 Se B A C (SLS sl 5 o5

a1

Syl Bl 5 O3l lie 5 s Jlie S
jrﬁljé&,uﬂtwg%ﬁsSB-JS
S s ol O gk b S|
Jlae f1as sl OLaS aesls bl 4t mls
ﬁ55J5&§:&~JTwJ95L?J‘MJCJ3
sldodor Sl 5 oal 3 Sl ppeme lale
Sl c]a.~ 2 Sy pelasl O sea
Ladlr jalis aan 5o (7 Jodr) 55 s e Ao
Ol S 8 Sl glaclle omes s
Syl g game Sl 28l 53 Eoslan 350
2 golastl O o sliode Sl 5 al b
Sedy 5 o0 Lo sl Sl 555 S
SR s Sl s S B 5 AL S S
2,8 Slie a1l Lol gl aes 5o a8
clle S 8 Sl clls ials 5 il
il Sl 5 ealy Sl g e
Jader) Sl mals Sl s olast| o) poe
eSS p Sl S ke A IS chle s (8
Chle Al Ol wodlr doss /Y ke 5 Sl
N R e

slacslr Osg5l L St s olastl o sea



Ol 9 (5 ypaie 0,2l

Lz &MMIJT )‘ "J’- &)’i‘ rnj-:m‘d LL\:)‘ J:jbm 9 LSL&QKA (O -’)}“ 6[7- DL Lﬁﬁ.‘li}g;.:sm
S 3 03 el sl 58 OF ol oo s Ul el oal 3 byl Gl gl gl
MJJAS\)@\J‘P J).: LS[?-)J L;«élaﬂ-:}\ CJ)}»PM °h/\-\2u-1\> &M.A)T

&l

1.Albu, A.M., Mocioi, M., Doina Mateescu, C., and losif, A. 2010. Maleic anhydride
copolymers with ability to bind metal ions. 1. polydentate amine derivatives for Cr (III) ions’
removal. J. Appl. Poly. Sci. 121: 1867-1874.

2.Arai, Y., and Sparks, D.L. 2002. Residence time effects on arsenate surface speciation at the
aluminium oxide-water interface. Soil Science. 167: 303-314.

3.Babaakbari, M., Farahbakhsh, M., Savaghebi, Gh.R., and Najafi, N. 2013. Investigation of
arsenic concentration in some of the calcareous soils of ghorveh and arsenic uptake by
maize, wheat and rapeseed in a natural contaminated soil. Water and Soil Science. 23: 1-17.

4.Bagherifam, S., Lakzian, A., Fotovat, A., Khorasani, R., and Komarneni, S. 2014. In situ
stabilization of As and Sb with naturally occurring Mn, Al and Fe oxides in a calcareous soil:
Bioaccessibility, bioavailability and speciation studies. J. Hazard. Mater. 273: 247-252.

5.Cornforth, I.S. 1968. The effect of size of soil aggregates on nutrient supply. J. Agric. Sci.
70: 83-85.

6.Das, D., Samanta, G., Mandal, B.K., Chowdhury, T.R., Chanda, C.R., Chowdhury, P.R.,
Basu, G.K., and Chakraborti, D. 1996. Arsenic in ground water in six districts of West
Bengal, India. Environ. Geochema and Health. 18: 5-15.

7.Day, R. 1965. Particle fractionation and particle size analysis, P 545-566. In: Black, C.A.
(Ed.), Methods of Soil Analysis. Part 1. Ser. No. 9. ASA, Madison, WI.

8.Gimenez, J., Martinez, M., Pablo, J., Rovira, M., and Duro, L. 2007. Arsenic sorption onto
natural hematite, magnetite, and goethite. J. Hazard. Mater. 141: 575-580.

9.Guiwei, Q., Varennes, A.D., and Cunha-Queda, C. 2008. Remediation of a mine soil with
insoluble polyacrylate polymers enhances soil quality and plant growth. Soil Use and
Management. 24: 350-365.

10.Guiwei, Q., and Varennes, A.D. 2009. Use of hydrophilic insoluble polymers in the
restoration of metal-contaminated soils. Applied and Enviromental Soil Science. 2009: 1-8.

11.Hafez, H., and yousef, H. 2012. A study on the use of nano/micro structured goethite and
hematite as adsorbents for the removal of Cr(IlI), Co(II), Cu(Il), Ni(II) and Zn(II) metal ions
from aqueous solutions. Inter. J. Engin. Sci. Technol. 4: 3018-3028.

12.Hartley, W., Edwards, R., and Lepp, N.W. 2004. Arsenic and heavy metal mobility in iron
oxide-amended contaminated soils as evaluated by short- and long-term leaching tests.
Environmental Pollution. 131: 495-504.

13.Hudson Edwards, K.A., Houghton, S.L., and Osborn, A. 2004. Extraction and analysis of
arsenic in soils and sediments. Trends in Analytical Chemistry. 23: 745-752.

14.Larson, R.J., Bookland, E.A., Williams, R.T., Yocom, K.M., Saucy, D.A., Freeman, M.B.,
and Swift, G. 1997. Biodegradation of acrylic acid polymers and oligomers by mixed
microbial communities in activated sludge. J. Environ. Poly. Deg. 5: 41-48.

15.Lentz, R.D., Shainberg, 1., Sojka, R.E., and Carter, D.L. 1992. Preventing irrigation furrow
erosion with small application of polymers. Soil Sci. Soc. Amer. J. 56: 1926-1932.

16.Lo, M.C.L., Hu, J., and Chen, G. 2009. Iron-based magnetic nanoparticles for removal of
heavy metals from electroplating and metal-finishing wastewater, P 213-264. In: Zhang,
C.T., Surampali, Y.R., Lai, K.CK., Hu, Z., Tyagi, R.D. and Lo, M.C.I. (Eds.).
Nanotechnologies for Water Environment Applications American Society of Civil
Engineers, Virginia.

v



1190 (1) )l dTF) dls S 5 f clis gla g}y s puls

17.Madden, A.S., and Hochella, J.R.M.F. 2005. A test of geochemical reactivity as a function of
mineral size: Manganese oxidation promoted by hematite nanoparticles. Geochimica et
Cosmochimica Acta. 69: 389-398.

18.Manning, B.A., Hunt, M., Amrhein, C., and Yarmoff, J. 2002. Arsenic (III) and arsenic (V)
reactions with zerovalent iron corrosion products. Environmental Science and Technology.
36: 54-61.

19.Masscheleyn, P.H., Delaune, R.D., and Patrick, W.H. 1991. Effect of redox potential and pH
on arsenic speciation and solubuility in a contaminated soil. Environmental Science and
Technology. 25: 1414-1418.

20.Nicholson, F.A., Smith, S.R., Alloway, B.J., Carlton-Smith, C., and Chambers, B.J. 2003.
An inventory of heavy metals inputs to agricultural soils in England and Wales. Science of
the Total Environment. 311: 205-219.

21.Nelson, R.E. 1982. Carbonate and gypsum, P 181-196. In: Page, A.L. (Ed.). Methods of Soil
Analysis. Part 2. 2™ ed. Chemical and microbiological properties. Agron. Monogr. 9. SSSA
and ASA, Madison, WI.

22.Page, A.L., Miller, R.H., and Keeney, D.R. 1982. Methods of Soil Analysis, Part 2,
Chemical microbiological properties. American Society of Agronomy, Inc, Soil Science of
America, Inc. Madison, Wisconsin, USA.

23.Pethrick, R.A., Ballada, A., and Zaikov, G.E. 2007. Handbook of Polymer Research:
Monomers, Oligomers, Polymers and Composites. Nova Science Publishers, Inc, New York.
459p.

24 Sherman, D.M., and Randall, S.R. 2003. Surface complexation of arsenie (V) to iron(III)
(hydr)oxides: Structural mechanism from ab initio molecular geometries and EXAFS
spectroscopy. Geochim Cosmochim Acta. 67: 4223-4230.

25.Shipley, H.J., Yean, S., Kan, A.T., and Tomson, M.B. 2009. Effect of solid concentration,
pH, IS, and Temperature on arsenic adsorption. Environmental Eoxicology and Chemistry.
28:509-515.

26.Sojka, R.E., Bjorneberg, D.L., Entry, J.A., Lentz, R.D., and Orts, W.J. 2007. Polyacrylamide
in agriculture and environmental land management. Advance in Agronomy. 92: 75-162.

27.Sun, X.H., and Doner, H.E. 1996. An investigation of arsenate and arsenite bonding structure
on goethite by FTIR. Soil Science. 161: 865-872.

28.Varennes, A.D., Goss, M.J., and Mourato, M. 2006. Remediation of a sandy soil
contaminated with cadmium, nickel, and zinc using an insoluble polyacrylate polymer.
Communications in Soil Science and Plant Analysis. 37: 1639-1649.

29.Varennes, A.D., Queda, C., and Ramos, A.R. 2009. Polyacrylate polymers as immobilizing
agents to aid phytostablization of two mine soils. Soil Use and Management. 25: 133-140.

30.Varennes, A.D., and Torres, M.O. 1999. Remediation of a long-term copper contaminated
soil using a polyacrylate polymer. Soil Use and Management. 15: 230-232.

31.Wall, F.T., and Gill, S.J. 1954. Interaction of cupric ions with polyacrylic acid. J. Physic.
Chem. 58: 1128-1130.

32.Wenzel, W.W., Kirchbaumer, N., Prohaska, T., Stingeder, G., Lombi, E., and Adriano, D.C.
2001. Arsenic fractionation in soils using an improved sequential extraction procedure.
Analytica Chimica Acta. 436: 309-323.

33.Yang, L., Donahoe, R.J., and Redwine, J.C. 2007. In situ chemical fixation of arsenic
contaminated soils: An experimental study. Science of the Total Environment. 387: 28-41.

34.Yean, S., Cong, L., Yavuz, C.T., Mayo, J.T., Yu, W.W., Kan, A.T., Calvin, V.L., and
Tomson, M.B. 2005. Effect of magnetite particle size on adsorption and desorption of
arsenite and arsenate. J. Mater. Res. 20: 12. 3255-3264.

35.Yuan, C., and Lien, H.L. 2006. Removal of arsenate from aqueous solution using nanoscale
iron particles. Water Qual. Res. J. Can. 41: 210-215.

36. Zhang, M., Pan, G., Zhao, D., and He, G. 2011. XAFS study of starch-stabilized magnetite
nanoparticles and surface speciation of arsenate. Environmental Pollution. 159: 3509-3514.

A



i

ciences and Natural Resources

J. of Water and Soil Conservation, Vol. 23(6), 2017
http://jwsc.gau.ac.ir

Reduction of arsenic mobilization in soil by application
of hematite nanoparticles and acrylic polymers

*T. Mansouril, A. Golchinz, M. Babaakbari Sari’ and Sh. Ahmadi*
'PhD. Student, Dept. of Soil Science, University of Zanjan, *Professor, Dept. of Soil Science, University of Zanjan,
3 Assistant Prof, Dept. of Soil Science, University of Zanjan, “Scientific Staff of Iran Polymer and Petrochemical Institute
Received: 12/13/2015; Accepted: 12/31/2016

Abstract

Background and Objectives: Arsenic (As) is one of heavy metals that contamination of groundwater and
soil by it, is common and disturbing. Because of As toxicity and carcinogenicity, attention to the
environmental remediation of this element is growing. Associations of As with various soil solid phases
rather than soil total As concentration determines its mobility, bioavailability and toxicity to the biosphere.
Chemical stabilization technique is based on reduction the mobility and availability of toxic metals by
different additives (adsorbents). This study was conducted to evaluate and compare the effects of hematite
nanoparticles and acrylic polymers on As immobilization in soils contaminated with different levels of As.
Materials and Methods: For this purpose a Factorial experiment was conducted using a completely
randomized design and three replications. The experimental factors were types and dosages of adsorbents (Four
types of adsorbents including hematite nanoparticles, acrylamide - acrylic acid copolymer (A), maleic
anhydride- styrene - acrylic acid copolymers (B and C) in four levels including 0, 0.05, 0.1 and 0.2%) and the
levels of soil total As (0, 6, 12, 24, 48 and 96 mg kg™). Hematite nanoparticles (a-Fe,05) were synthesized
from iron nitrate (IIT) and their properties were investigated using XRD, SEM and TEM techniques. Polymers
were prepared from Iran polymer institute. Soil samples were incubated for five months, then adsorbents were
added to the soils and after one month the concentrations of soil available As and specifically sorbed As were
measured using 0.05 M of ammonium sulfate and 0.05 M of ammonium phosphate respectively. The
concentrations of sum of soil available and specifically sorbed As were calculated. The effectiveness of
adsorbents in reduction the concentrations of soil As fractions were discussed.

Results: SEM and TEM images showed that the average diameter of hematite nanoparticles was 32.69 nm
and the morphology was spherical. The results showed that the effects of types and dosages of adsorbents,
levels of soil total As and the interactive effects of these factors on soil available As, specifically sorbed As
and sum of soil available As and specifically sorbed As concentrations were significant. The concentrations
of soil available, specifically sorbed and sum of soil available As and specifically sorbed As concentrations
increased as the levels of soil total As increased. Application of adsorbents decreased the concentrations of
soil available, specifically sorbed and sum of soil available As and specifically sorbed As and with
increasing the application dosage of adsorbents, the rate of reduction of concentrations of soil available,
specifically sorbed and sum of them increased. The lowest concentrations of As fractions obtained from the
application of 0.2% of adsorbents. The application of hematite nanoparticles decreased the concentrations of
soil As fractions more than other adsorbents, and C, A and B acrylic copolymers stand in next places
respectively. At all levels of soil total As, the minimum and maximum concentrations of soil sorbed As were
related to the soil treated with 0.2% of hematite nanoparticles and control treatment (not treated with
adsorbent) respectively. The rates of reduction of soil available As concentrations by application of 0.2% of
hematite nanoparticles, C, A and B acrylic copolymers were 60.80%, 56.82%, 37.87%, 26.57% respectively.
At the same types and dosages of adsorbents, the rates of reduction of soil specifically sorbed As
concentrations were 27.56%, 22.72%, 14.88% and 10%. Finally the rate of reduction of soil total sorbed As
concentrations, at the same types and dosages of adsorbent, were 39.39%, 34.84%, 23.05%, 15.88%
respectively. The number of metal chelating ligands determined polymers adsorption capacity. At higher
levels of soil total As, adsorbents had more effect on reducing the concentrations of soil As. Also their effect
on reducing the concentration of soil available As was higher than the soil specifically sorbed As.
Conclusion: Hematite nanoparticles and C, A and B acrylic copolymers, especially hematite
nanoparticles, can be used as effective adsorbents in reducing the concentrations of soil available As and
specifically sorbed As.
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