Journal of Water and Soil
Vol. 33, No. 1, Mar.-Apr. 2019,p. 147-161

&%"Au}:; ;,

(55791 @ibio g pale) S g O @ i
VEV-12Y Lo AVAA Sl dyl— 905958 ) o laud FY ul>

b D 53 p3 S Bl 3 edd b A B ke ol D3 EL 1) 5 sl el

G e =" (G530 O el = Juadl Dla oS S daza
“"QV/'f/\* C_JL‘JJA C"JU

2SS

Ol ) s il Ciles (slaoay VT Bl 3 Yl Culld g jamio olgd (39 s o 4 8] sl Lo (b (8l jho pal o35k

S (8l prdsods ey b (0] Slilgus (b (slol g 5l adlles ol 53 I8 )S )8 ool 3)90 Ol 5 (1 (slalae I 281
559,50 c(iag) (39S 3Sg S (SoolSies bawgs (i)l sho pal Sldgl Slogas S edlital ()b jho el Cldgl
G058 Cans) yorly 55 9 PN sy 9 (onb am yorky S (8B sho pl SI3GL (giluylul Caa b s )3lel5 5 sy 9SS
Sdgl Soolidgpin b g U5 by polie asls 5ok Sl o i (1) sho ol CldgL olk Gliee b odlazl sl b S1G4 ndy
ot p9rS Ll g (b sio pal Sl JUl p i glajles AU i jlato 4 03,8 (e 5Ll olK0d Lauags o o
Sluglio g 04,5 odlis sl ), S5 a5 55518 90 L (Boleas olS )b B 5 V¥ il g8 (sl stalesl ) b sl o 28
5 S Sy pogen J38le b b (1)l jho opal Sldeil JUil (iluand 5 plsl a0 0 Sl e )3 (S5 el Bk 5l (Sl
o> @ldgls cbBle 5 pg) S adgl clale 1L oS b Lt ls ) plxl 58 laggie 3 S S Claly —Ole Saipw Sl
o2l o slagysie )3 gl Jiml @ )3gl el 5 (g )8 (I L rizmen il Gl 5 Gl o bk (A5 pe S sl
bl 3 D Gryide bl ci & (g st s PSS el STl Gids b ()b sho oal Cldgl & g o 5l (Sl @l el
Clale ol (33l L a8 o oLt ond s (28, jho el Cldgl Jisl as) slaioie Sl ol gl idgy J5dsis e 1 p9)S (i
OielS 00 i ok sho 8T S, (C/C0) (gpmd ke jyalie (Y godeo Voo g Ve ) g2 )38 5 (33 3 )5 ¥ 5 ¥ ) gl
O 33 25 a8 Vs o e V (Sr )38 g yid 3 £S5 )l Sldsl Clae )3 a0 i Slydgl JUil ao s (i 9 48l
@l JUl 5 s Cale jpolio (3268 b (i o & Gt gt 9 pBISS el o S1k slatid b (b )b sho pal dsil

Ui 5 ppmolins] Gilisen clacdls 539 Lo b o Cal 2Kt
oy b )3 (Sogll sl oMo Wlgi o (2 S g A
G i s 32,5 ol Sl Slaislas 95
Ciling Glojlo e oo dry g adS WS YIS 0 M| sl el
75 sl oLl 1y () b p3S (9 il o lee
Sl )k a9, S (g (sl b pg)S SW
So plgis 4 Wy (g Cunl S el g 0391 (658 o
Ol 33,5 &8y dde (lygle b g pludl (0I5 paie
Ol Blg e ol by 4w o 4 pg ST b )b b ey (sl
(A g A &) il ani laso j3 yate ol (Sogll JialS )3 oo
po)S Bl g slal g9 1 (V) Ol 5 )] &5 (ladllas b
hedlawl a8 oy lis sl ploul ol sl Jslos I ud)ls i
porS Bl s Cuigity b odd k(28 )b jho (il @l)3gl

ol olaid] ags 4
4;..>) L;l?d.n AFK)IJ ‘C;Jélé ‘)m.L\ :‘5-\*15 dubj‘s
Aodlo

o) bas (i job & Jlusl lacylad 9,8l jg) drwgs

SLoslB)8 ¢ xio sladn] b el o3l )8 o35 o yme |,
g la ol bolyen slowd ladsS jl eolitwl g p3lee calisee
AL,.} )'l Lmo_\;,{YT &l}?l 25 Ay i ¢g)/l..4'>lé u;d b).g)lf o
I35 e J) 5 s igbign S b 53 (et I3

5 pode 09,5 Hluiih g SB cblis 5 508 (658 omdih cui g =Y o)
)'lyn\ Q\)A% e oKih (S (i
(Email: a.farrokhian@scu.ac.ir (e 03kun 5 —%)

Sloal oyl yen duad oKD pauly (coudd 09,5 Lokl -V
DOI: 10.22067/jsw.v33i1.75059


https://jsw.um.ac.ir/index.php/jsw/user/viewProfile/author/147842
https://jsw.um.ac.ir/index.php/jsw/user/viewProfile/author/147840
https://jsw.um.ac.ir/index.php/jsw/user/viewProfile/author/147840
https://jsw.um.ac.ir/index.php/jsw/user/viewProfile/author/147843
https://jsw.um.ac.ir/index.php/jsw/user/viewProfile/author/147843
mailto:a.farrokhian@scu.ac.ir

WAA Gyl — (32998 ) o)led PVl (S g T a5 VYA

Sk Lagicdg 5l oalatal (V) 9 & ) 935 0 (bl o
(3 gl (392 b S 4 SIS 5 P IS Al jiu
Wl )b 93 slaygn 4 o gl o s i N5l 3 <)
9 SblgSing J§ ISt (S 0548 & Cund Sl qundS
35 gk kol 5 05dle S5 o Wl SV dipsSnns
i & b )3 b cpl sl Gpae 1 8L sla Sagll ool
(V9 ¥) abed (xS 9> (99 pdice 55 G g Cungd Gl
Esl YU Sl dtwgSinng (392 LI Jd> 40 p5)105" (pwizeen
P 3 g 0ad S bl sio pal Sldgl gy Sl el
250 03501 Col 4 30 Sley Ca (555 Ui (325 oo
sbaaisa (ials pogde U agd o cam g9d90 cpl wcanl Sl
200 9 VF) b al3 8l 5 b (gjlushy o]y ¢ S pas
PSS (b yod jl adlae )y 0 1S3 oo 9 SV
2 ) odliil ()b jho el Slidgl il cax 5
FS—t5 el JeuSg)rm (Jole (Loog, S plS IS LSl
g s g 00 (28 5 (ol slagys Lol sl eSS
rslan g ooy 5l S a1 talgs oS o3Il b gl
Slial o yiage (V) 85 o £ySslr b )b sho ol Cldgl
5 a5)ke ol adllaa

(s ile g S o5 JUTl S50 Jolge adlllas g (g )
Jold b (slanygins ,3 o0 i b )b sho ool &l3gl
9V ) Gom OB (i ST Y ) gl adgl clale
oA jiw ik jio ol Sldgls ge g (Vs e Ve
9 3ol SISk #BIsS clasidn b (i)l jho ol ©lbgb)
(Uidsy o by yiuo ol S35k

lagids b il jio ool @l gl Jml jloans =Y
2 s Gk (ol e oal S)dgl g sl Sk )l
5 gl=dl by )3 (dm S i Jio b (5 slagygi
CleSs by

ool Sl JUiml (giludns 48 (la i )y —F
o2l 36U 5 sl o S1L 6155 cloidyy b (2l jho
I Sy ik allls yslito & sy 9 (bl o
- gt > b Ui pgS sl 3 0ad i 8L ho ol
o sl

Ayl ke b o ol Syl adyl clole 45 -
o laggi ) 555 0e sl sl (8B (i pa)S s

odd jiw b yb ho el Gldgl LS aulie -0
5 4ol b SIil B)IsS slagids b (28 )b sho ol cldgl)
Ol p)S s el 3 (g e (b e ol Clidgl
Ob sbosie jl b

5 (el S1i) iy 58y sloyoddy (55,15 =5

otal38 L Ul 3o ) 08 o slaglone ) 1)k 1
psS adsl chals gals 5 (28l jho ool Cldgl gl clale
Ao WAL L (i)l i pg)S slal plol) b )b i
gk (b (F) OhlSen 5 Jadl plags (1) <l il
g ol glagdone Sl (bl (i pgyS Bl 2 sy,
s il (slmjardy L oad sl (28l jio ol &35l
S 2d )b jhio ool Gldgl adsl clale (581 L oS aizdly o
sl gloasly byl (b po)S (2 adgl clale (il g 0
200kae) 5 (1) Siaxd Ol 9 smplaey 8l SRl e
bl g B> 50 belos g9y » oS (b (V1) hSen
ool gl el (lEl L o aml s 2k S pg S s
b peyS Ggm Ayl clale ialS g ol Ll (8)k o
Bl Jali8l b slagygiw Sl pg S Ll el (o8 sls
(Gt ©AB g b )b ho pal gl clale (hI oren
Sygo & logos @l 3gl oy (il b slaygin ;o 1) Ll Jlis!
o3Vl e L5 Lol alols 5 oud 525 SB a4 (gpmilioges
O35 S35 pslite et &l yio laod Sl g 3L Ygems
e )3 39390 Jlue o5 ol 5| (S 039l adlaie 4 34l
JUizl b Jolss (¥ 9 0) col (o ol p85 glusy
oo 4 olse dox o 51 &S s IS 56 SB 3 cl3gl
Sloguad «l)d Cgwy g (6y9lon ()5 3y50 sa ¥ bale
S5 e toins glaol gl Gad e o] lesd
g Cbale 3Bl jedn pas b jphs (e lasee Job (S
oy (A5 V) 3,5 o)Ll (281 siao al Cldgl sy, g5
simo ool gl abauly o 5P 5 reins sl Gl oL
e o g Juil Ghli8lan U5 (e of o 4 (280
yio ol Sl cdale maliEl ol b )b e oal el
AV 50) 33,5 e @S (ml Cgmy Gl @ ot (1350
Ob slagygie > gl JUisl oS S slap sl o ok
(S e Seelidg i Ll e )5 4 GlsS e
£55 5 0l eJgbe sl Sy (S b b b jiiSen s
o oyl gl ] g o0 Lialshl g 5,8 o,lsl @byl
loaslp > b ol ahls Gl o Jlss a5 8 )b
b3 slagity L) Lyl gas b dmosia VT (2L
2903 gl caslie Sde g (S S8 5 5 IS 500 ¢ poly
Lz 05d puin 353 (ol a0 5wl )8 slapidy clale
Al JEsl cols 5o g oad dbgrye lydgl ol iol38) caw &S
13 w35l s ool s ogde (VY 5 £) ol tnles ials T,
4 5515 il S8l bl 031051 b 3905 B b i xBge
5 gl (D gaime cogu) Lilo (6310 33,55 a2 g5 dllue ()
opl Sl 3,8 leassly alS o @lydgil k3l aly



YFQ o (g 40 g, Bio 10 i Hlasly (Sudyb yuo oyl Wlydgil ()5 g JUis! andlla

9y S9N ©5Sg Sue loolKiws | ey 4 )b Hho
=9y LS g Sue o (Hitachi S 4160 model, Japan)
syl @l 035 ol (LEO-906E, 200 KV) (¢yss
sl ol os 1 bl ji o ol gl gk
51,8 eolawl (Brookhaven Instruments Corporation)
i 5 (5 ko) b5 Jpulty olis (5,503l b ol cl o
gl o)hnl bpasls plyis 4 o (fopl) (Sselidgin
O S 6l (e g o g (B yio o]
(Ve 9% F) i
Ao Al &l 3 g3l JLEI g a 9,5 Sia slagiule )]
B

51 oas oolel oy (glmasls Ly o (gl ygiw a5
Oy Jl @S el pelte 4y b sk e (bgy 4 S8 o]y
02l wwl Lo ygiaw By b 93 )3 pideds slalic jl eyl sladily
03> oyl 1y oalaswl Dyg0 oy (sl ygiw Sluogas Y Jod> .3,5
(b slagygie > b by g gldl balyd sbnl jelate 4 ol
oy by ()b i 298 Jole I sdiie x> plp Ve
5 P ol ) Sl o 035 Sloy g 4y Sl
mojhul e a9 Sl Sl (295 slagbre i o
al>po )3 (gyglann ool byl b pg)S lie (55
ooy g 13l jio ol GdL 305 A Cud Ay
el p5U5 o)l slate 4 abeye cpl 53 03,85 Pl Sl
3 pgrS Bis ploasly j pgyS g (HEL yio ol Syl
1) (b ptales] & 93 (o slaggi

sl 5 py S Joloxo 31 52 53 pyS ko Vel ol )
sio ol S slaggrilusge Sl 52 ) p )5 Y oY O o
F S ol podaio an S 5,5 b laggiw 4 U85k
36U Gop Jole 4l b jao ol Sl gslis]
IS 58U o g aoled o Bl S Bk S S i
9 O e S 9l yolate &) (piomen b pll (g i
(50 Sy sl ol 5| 28 yio ol 35 (5 glen
A5 oolasl KH,DSA100-SK2)

OB pe)S Jobre il 3 p)S e Ar g Fe e lackale Y
b o ool gL a0 p S Y b clile g 28l
Ob gt & Sl oy by allin b 4y 0l s
FerSode ca Ol LS o adope ol 3 a3 )5 55
ISl e Sl gl plas 5 g o ulius]
sl oS o glacbile (5yS0jlul caa 28, IS il (s pslen
A3l JmiBeed (i SOy b Sl g b slagygie ) 0B

FexSode L pials jolate o (pB)155) (oo 9 s el
—ebale Gpae jl 5L) S g O Jaotecin sla Sagll 5o
(e 58 Canjps sk jio oal Cldgl (YL b

g, 93150
oad jlusly (b )b s (Al ol 53 5L i

Slilg Joloe | ()l sho ool Sl3gl 5 pglaie 4
5 td e Vo vy baie iy b edlitiel (FESO4.7H0) 4]
Aoy /0 Jodoe yid oo Voo 4 4Bl al Gldgw gl
AABI Y Gde 4y Ly g 48Ll A5 )15 5 el oS L (ol yeuls
5 oslit sl claccle | Sy 1 010l yy publize 500 bawgs
9039 pd o5 Cuj yodk cnl 45 390 ol el b ST oy
b e iy walgss  asre G sgw il aai] )
Lian o g 0ol sla Sy 092 o b a8 ol (6paly sl 51
(9= Comghl (Jge 2 p)SokS B0 ) Vb (JoSUge (59 Jod 5l
4 L5 a8 (NH2) ael Jole (cloog,S g0 s g o290 (i
ol g )b io ol @ldgl bl sleslieS slx|
5 eolatnl cde bl o ol Bl Hlus cunl pg )3 bt ol
Cunj g (ot b yody S P15 45 590 (] P15 ey
Oyl Ll u_la..mw) u).’x.o )LT A8l oS 0dg )?.J“’““i)";
Sloogad (92 L L & cunl (oo jodly dloa 1 )15 ey
WSty (Jo—o ymr p)S9kS Voo o) Yo (J9-SUge (59 2l
09 Ol (Jagb syeddy 0 (o (25 VL Sl
O3 2929 4 Cumd (ISl pie ¢ Jslone (Sgr (a5 & Cons
2l sladglore )3 5539 4 4w juie g elS Aiile (851 95 (sla
Jale lmogy S (192 [l g oo 2Bl ol gshaw L 4
oS Spolied AtaogSy (992 L 5 (992 Cungl ¢Sy 0m
P9 bl losily 5 010,8 YU (ylub b (S13gb sl 4 i
sla Sl oS LSis 5l a2 dales il 1y sl i
Jobee Jl e Ve LSS 5 (ool g el STk 5 0
9 3L glod 0 wiiiS slal flgis 4 jYae Ve 0 e g yukig )
b sy Jols bl (g9) 1 opkad o)lad (359,55 5 586 cos
o 9 030 L 2l sl I 558 slypel Ko bawg dbgiye
2 0980 G dlng 4 g 0B dd (ygisl g jlaiie Ol L agye ¥
(A 55) 13,8 Sits M

Sl i B As Al ol i gl Glus gad b

oOdy

ool ©lgb ojlil g JSb 4 byye Sluogad byl sl



WAA Coligs )l = (2859,8 A o)lod FY o S g T @y i VO

5 0eke Slulie (85118 oalatul 3)90 1SS Y g (Yool
D o > Sl (yg03] Lags dnislol 51 plaS (sl wlSTas
A plsl ds

el vty D abaily I pg,S Bls do )y
pgsS i hoy = (1- C/Co)*100 *)

i S edilagdly g 4yl clale 55 4 C 5 Co ol o &S
gl Juasl cope el Jolome 53 (1) 3 2,5 o) (285l
P ST YA Glacble (b claggis 4 3k o ool
L s @31 5L8 s o o i ()b sho ool ldsl 2
310 ) g slacyts b oo 5 Swgulydl plos 5l alizl
Sl ogMn i o)l S5 b )l g s Y5 ke Ve
ey okl L g by dw B)k S )b Sl e (590
e Ot skl )35 35 ob lapgie 4 Sl
2 odlisel (St Bgoks 3l 29 Jsloxe 5)glaer yskate
laclo) (ol Jolacs Jpas o g oloj <5 1 ey el
o jorly Blo polato a V5o ¥ Su8)18 el L odd (g pglen
oenl ccdale o3l Olis ol 5l edlitul b g ot jle g3 g0
JUE! (gjlodud jolate 4 (W g W e Q) 03,5 (s (295
o3lisl (gdm Sy gy )ljBle 5 5l d ) Sho ol gl
—ods Siipw SYolxe ogiad pl 0 (608 &VYolee W0
JUisl piolejl Sless jobo 4V S5 g Sl S5 Ol
Cawl 03l L5 s s (3 1) )3l

Syl g alos f f
Ultasonic bath

35 JpaS
N;gas

Peristalic pump

(HACH DR- jiagisy iSel olSius 4 (7196 A-USEPA)
Ll sl isloj] b odlitl yiogil OF+ zgo Jobo > 5000)

lagisi p odd i ()b jho ool Sl Jsl g pg)S
ST g g8 93 LYY G8las el iolejl ¥ gy b
s > Silse Slunlio g 15 plol L33k WolS oo G
93 pgyS sl yibojl 15 0005 aloml oy SOl 05l 2o p> O
L Jgl ptalool Jols 55518 95 Ly a6 alol
bbb jho ool Sligh Jals gy ¥) Sligh 5 oyt
b o ol Sl g sl b SIS sl iy
(i 22 P T g V) Jald o ¥) ldgib clale (idgy 9
Jols g5 ¥) gl g9 slaygSl b pgs alejl 9,5 Y
= 5 3ol b ST P8 slatin b 8 )b jho pal ol
s ¥) g8 lale (i g 8L s ool Syl
23S (2Ll LSS g (3 p S e Ar g 5 Fe Juld
s Gl 55 35 b o o) gl sl ]
¥) ol £g5 slaysiSs b Jgl Lialogl Jals ,giS16 43 b lslus
“h LSS slaide b ik jho (el Sligl Jols g
Cbale Jidsy gia bk yio ool Sl g sl o]
oiloil 9 S ¥ 5 (32 3 S ¥ 5 Y ) ol gaus ¥) 350
sio ol S3gU Jols g5 ) i3l g9 sloysSté L pod
o 5] Sl s sl b Sl S N5S cla i b
Ver g Ve ) Jold e ) (g a8 S g (656

oy g &g )y59il (54537

Injection of nanoparticles in to the column

N
L

diged §50] ponr By

Sample collector

O g gD Sl b o ol Oy3gil JWHI g 3,5 Silowd — Y JSS
Figure 1- Shematic of injection and transportation of ZVIN in sand column
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Table 1- Sand grain and column properties
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Figure 2- SEM images of ZVIN: a- Bare, stabilized with b- Guar gum (GG), c- polyacrylamide (PAM)
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Figure 3- TEM images of ZVIN: a- Bare, stabilized with b- Guar gum (GG), c- Polyacrylamide (PAM)
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Table 2- Zeta potential values as an index of stability
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Introduction: Nowadays pollution of sand columns and water resources with hexavalent chromium is
enhancing due to the increase of industrial and agricultural activities. In recent years nanoscale zerovalent iron
particles (nZVIP) have been used according to special properties comprising of high surface area, high reaction
sites, non-toxic, non-expensive and high potential for removal of pollutants such as hexavalent chromium from
sand columns and water. The size range of Zerovalent iron nanoparticles is less than 100 nm. So they could

potentially be transported into the subsurface and finally be mixed with the target pollutants. Chromium is one of
the steely-grey, lustrous and toxic heavy metals with high toxicity potential. Upon chromium (VI) toxicity this
element is classified as a primary contaminant. Chromium (I11) compounds is not toxic and hazardous and are
grouped as one of the beneficial elements for human and other animals, while the toxicity and carcinogenic
properties of hexavalent chromium have been realized for a long time in all over the world. Application of
polymers as nZVIP stabilizers diminishes flocculation and sedimentation of nanoparticles. So usage of such
polymers may lead to decreasing of particle size, enhancing reactivity and increasing particle transport in column
and continuous medium studies. The objectives of this study were: (1) synthesis and characterization of different
surface modified nZVIP with some polymers including Polyacrylamide (PAM) and Guar gum (GG), (2) the
removal of hexavalent chromium ions from sand columns by application of different stabilized nZVIP, (3)
investigation the impacts of different experimental situations on hexavalent chromium removal from sand
columns including primary nZVIP dosages and primary hexavalent chromium dosages, and (4) evaluation
nZVIP transportation in sand columns.

Material and Methods: In this research, nZVIP were synthesized using chemical reduction of ferrous
sulfate by sodium borohydride. Guar gum (GG) as a green and environmentally friendly coating and
polyacrylamide (PAM) as an anionic and biodegradable polymer were applied for stabilizing of nanoparticles.
Zeta potential values were determined by a ZetaPlus zeta-potential analyzer from Brookhaven Instruments
Corporation and the measured values were gathered from a suspension containing 5 mg zero valent iron
nanoparticles in 100 mL of 1 mM NaCl solution, at room temperature. The hydrodynamic diameter of
nanoparticles was determined using a ZetaPlus zeta potential analyzer and the Brownian movement of particles
was related to nanoscale zerovalent iron particles hydrodynamic diameter. The morphology of zerovalent iron
nanoparticles was determined by scanning electron microscope (SEM). Furthermore, the size of the synthesized
nanoparticles was considered using a transmission electron microscope (TEM) via image measuring software.

Results and Discussions: The results showed by increasing of nanoparticle and hexavalent chromium
dosage the removal efficiency of chromium increased and decreased from sand columns, respectively. Increasing
of hexavalent chromium dosage from 40 to 80 mg/L in sand columns lead to more excessive chromium ions at
sand columns and diminishing of hexavalent chromium removal efficient from sand particles. When the dosage
of nanoscale zerovalent iron particles raised from 1 to 3 g/L and while the concentration of Cr (VI) was on a
constant value of 100 mg/L, the effective reaction sites for hexavalent chromium removal would increase and so
the removal performance would enhance according to the nanoparticle dosages. The findings of the current study
also revealed when ionic strength and nZVIP dosage enhanced, the transportation of nZVIP decreased in sand
columns. By enhancing the concentration of nZVIP, the surface reaction sites of nZVIP increased and hence the
efficiency of chromium removal raised from sand columns.
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Zeta potential is a good parameter for evaluating the colloidal stability. This parameter is an index of
stability that reflects the electrostatic repulsion forces between charged particles. By shifting the zeta potential
values to the higher records (more negative) the magnitude of repulsion forces among the particles will increase
and the stability of them will enhance as a result. In this research the achieved zeta potential records for
synthesized nZVIP showed that PAM-stabilized nZVIP and non-stabilized nZVIP had the most and the least
stability values respectively.

Conclusion: The final results of this study revealed that increasing dosages of synthesized zerovalent iron
nanoparticles enhanced the removal efficiency of nitrate and hexavalent chromium from sand columns. When
dosages of Cr (VI) increased the removal efficiency of current pollutants decreased. TEM results showed the
order of particle sizes were upon to the following trend: PAM-nZVIP < GG- nZVIP < Bare- nZVIP. So PAM
stabilized zerovalent iron nanoparticles and the bare nanoparticles were the smallest and largest sizes of all. The
efficiency of hexavalent chromium removal and nanoparticle transormation were according to the following
trend: polyacrylamide (PAM)- nZVIP> Guar gum (GG)- nZVIP> Bare- nZVIP
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