[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

IR JJ&&MM chow 5 S 4lqu
Oyl Jamee Cildg ke el
VE B PV lomdn OTAY Olis 33 ol ol 053

#6 5leslizal b ol Jases S b iy S Sl

\‘b;oir-ﬂ d"L.“p}.Sb rdwﬁm}s: ¢Y‘533J}3 4.:;J J@L&J L,b}:lﬁ,:sb
Dr.norozi@yahoo.com ilag: sdSails lden S5 ke NEHR 30 SOL s 4 5 eodsagh dogd OLLS Olded 1 s sl 5

INZARVAL ERVIVR AV/ANNE 13l s

oS>

Gl Ol s S ol 433,85 a7 35 g0yl o DU b 3 o 5 U s 4 oo (sla O adear il g s j
SIS S8 15 Wl o b oiiSTm] fole Ot 0 o b B L 8T 1555 o s a o sl T 5 S Uohtio sla ot VT
ol ol s GU Sl eslézad U ol (sls Lases I 2s,5 (VD S Sl oy o Gioes l ploil 1 Gk 3,87 15 e3lizal 5, 4o il
il o OT 2 e sla el s

Sl sl 0 ks isea 50 SOl S ploms 03535 s 40 MZVID) oo 03 B L pnl S5 iU st s ] 03 ity 0 3
LT ol oo i Jolse il iz 2385 5 addlln 3 50 dien sy s 53 (VI 3,8 Gl 2D 5 S g 8008
3,8 s i eled Olaj ke s NZVI CLilé oS 5] Chilé ¢ Jylos pH ol

il oS el e oS sl CBL L s PH=T 3 5035 U ubide s5 sk 57 103 45 St am o i I ol il 2 Lo aibly
o 0l S Gl (VD) )5 51 1) 0w o adids ¥ ulod Ol 5 pal 3 4l i o p S 010 03500 43l

2D 5 43,5 o PH | s 025ms 3 ST 0000 (2B i 05 sl s sl amyi LG HNZVI CLL (g 8 4zt
Wb Ul s nZVI 48 dadeo O 28Ty ol 38 Olos 5 A T3 oV ot pcv itz 7 6 Gildm LS 305 oS alal, pH UL i~
R .,;,J/'L;LM_J/’,'/N;‘_;J}J;

l faoee (ol D3 U (b A e S sS85,

Oldes S35, pske s (il o AiSls Sl cdae il (gl 55 )

Oltan S35 0 4le o820 (el e Al ass Sl wdige Ll Wlid 8 Y
Olden i p ke o8 Sls weilig oaSisls SLskiul (dams Cuilig (gl S5 -F

Olen b Lo 5 o850 e 088515 slinl ¢ o 51,55 -F


https://journals.tums.ac.ir/ijhe/article-1-173-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

5 @ OS5 0 e 2 5 SN S s«
Aol b G Ol Lot VT s 53 Y ea3l 5 —Uls
Fe vy (VD) oy S Bl 5505 515 o ol s adas
Sl iy 3l il el b sa Sl 3955 S
ol |5 plierd s S S K KOs
S 55 D3 e s S5 S eyl o3Il LA P )l
L ool &3 gla [aSly O ol laodo VT L 2ST5
Rl s (Ko oo 4 o Cl (s jho i b
Oljn 553 i 03 shale mla v 5 208 03 o5l e o
Sl (V05 AL o il 3l 3 sl 6y ST
nZVI jio e LU al Sl 550 50,8 6s, 2 sl
S b e S O Bl o (nano Zero Valent Iron)
Al L 56 F) cl sd ool T gla d home
Slazs BB o al oS Oliee b Jse o Jdo
e STy 4 e D3 U Ayl IS5 das e 2alS
il e o 56 3 GBI s S 55k e glesle |
Op s FE' s al s Fel alus o (VD) g5 S L
s b il 3k 5l el See CrF s’ Cr*
sk Olea Cr¥' 5 Fe¥' oS 5 anS g 0m by 4 Olojan
(8) 35,8 Gl ol o 0313 OLEI Y5\ Laily,y 5 a5
(\ akasly)
CrOf +Fe’ +8H' —Fe’* +Cr’" + 4H,0
(Y akal)
(1-x)Fe’" + (x)Cr’" + 2HO—Fe(;.,) Cr,OOH5) +3H *
S B S S ) 2 Gold (nl plil Sl s
M5 Al Ol g sl esliul b (o sl Lo |

A3l o OF 2 fge sl it

8 S
Gib 3l Ao b B Ly oAl s U s ol s
S1y s 0 13 B Sho el 4 a8 b ] L)
o (NaBH ;) il s 5550 LG 3 )5 IS ol

s o MV aaly) 55 st

FA

e il B (b )b il 09,8 Bl

4o e
Lol 3 s aS ol ogn o Sl 51 G ps S
L;ijb)'\r))J.JJ_iL;aeJLé;_..u\QT)'\g_.U;&uQU_:J}S}
Sl o el (T o S 5 sla AL
i 3 e sl Ol iy e 1 3w 5 S
sl bt g b sles 5 (V)35 e 5505
ol ST g3 s 505 o by Jams 55 30
sl e S asd e L D ey s 5 (VD gy 8
o 5 0 e o sl 5 s S > e 5
215 (6 RS oo (B a0 S S b 52 0L
Coadl S Jaoms 5 OLl Cadls o5 S 00 @ 4 5
A 5 Sl Gla il )3 ps S meas V)34l ool
Lol p3,S (M35 ,5 o Dl bliee 55 o il 0
Sl Olslo o3 o4y 5 adS S IS 0 P sl
Sl 0Ll 53 1y 2 b ik s S 0 15 0l e bty
Sl 3 ps S 6l p el 4oy Sloms S (ol s S
Ol s Slids 5 5l el ds 3o Jae 5 Sl
22 sl o Slais (O)ASL o 1) 5o e S e t/0)
058t er s ol a3 S )50 (VDes 5 (5l o) 5
poS Sl g Ll sba ) s p ool ladlas
O W IV S OR S JOIS 5 N O bl Jb s
Slealiaal b gy S ol Ol iy Lgioke 51l il
e gl b e 5l pledo (S5 gl b
ot 3 G 250 s iS5 e s San sel e
el o8 sl p W sloayn cle w S a5 5l 3
SAL LGS 5, b s GV LSl e 5 s
S o3 g ol y fse Ay b e S Sl
23 s ollr 53 (1S (6L e 3lge Sl esliul s«
Aol 3 pdomn a3 RVl 3 Shee L1 5l g0 J S g
oS Sl e 5 me P S gl sl LA
wole s dialS Jalge 51 iy opl 53 Ail e b b i
om0 (V& asd e eslizul o b s H S¢ Fe?*¢ Fe'

(Zero Valent Iron) ZVI ,_io <3 b L ool Sl ol

9 o
VPAY glisso /gl 6395 / 93 6 lass

Ulpl bazo Cublsgy ole ol Glidg fu ol solibad


https://journals.tums.ac.ir/ijhe/article-1-173-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

Ol Re 9 (559,90 43,

W"\'j°'>">)_ﬁ?pj‘“ﬂ))§’.‘:°./“\‘ &L;&J:l.:ﬁ)‘uiev\_d
zoo dsb b (s e g Sl oo s 4 05 S I
+3141 (3500-Cr D. Colorimetric Method) ,z 45U 0¥+
5166 3 o3Il 03 a0 e i gl (V)W S (6,8
ok S5 c b SEM L 0 xS0 Jlasl o S5 S
53 s S eslan Wl XL30 Jus 5 ks 5525 51 (Philips)
6> 3l r);;il:sukgl_ag,kbg;}l_wkglj o35 )
)).]ﬂ.\.a 4 (9)J_lbj§ a.)u.'(_w\ (chr204) v—:—hﬂl;—i C)L&j;
Pl LSS Lt oo L tolesT S s 51 Ola!
L.» JU“JJ§ osla ol sl L;J.:fa)‘.a\.s‘ ﬂbua gf3'<"l'3~'° )‘ 9 S
D3 Sl A g J3 edd Clls  Gla 4 e SDlasilin 4 4 i
oo 5 a2 caalllas 550 B gy 5 e 3 B 5
Q}A)T Bl SPSS )|J’9‘ tf )‘ ealaze! L a.LJ Cowd @ CJLP)UQ‘
3590 6o e o (g5l LDl One-Way Anova (g b!
oLl wjf )lS “ Q),kiti (s‘;libjb Ju“.:; osle_l Excel

sl 0 0313 QLS Y IS 55 Gads ol o

(Falal )
2FeCl, + 6NaBH , +18H ,0 '

2Fe, +6B(OH ), +21H, + 6NaCl

g 4 o b b b Al Dlyd o6 STyl 5l A
3 ol O Lgin s &y Sl K ol 3
cu.ﬂ«%:;)wwe,m@}.;;\,U%\;C@QG
S GRS s 1 Al 2alS il sy 2S5 5 o aie
S5 SU 5 53 0 diS Lo esle Ol e ay arall 5l mesd
o)yéj.&m&:\Jailﬁ):&\fdﬁlm..)i.sjfesu;_,ﬂ\
S R N T e GICRCH P gt FR B 5 R PPRRC 3y
a s sl s S 513 s 390 ol Sl las )
Oles (Ve 5V ) PH sl 550 a5 b 5w sl o5
1Y) s S adsl clale (aiSs Y 510 A 0 ale
RUANIVAPRUIPLIPEEHICASI N GERISEY S g WA K
uu,;u&_uﬂw.aﬁa,y(r;;,;{,rfu
oy ol o ool 2 o YOO o 4 ) 53 4yl
Mo i 5 0 5ok 5l O sl s S2STs JaSS 5

Batch Reactol
250ml

Geiow 53 ok 4B 8 LIS 4 Ssbl sl ) S

Ao b B b al D55 B3Il s 5l Jeol
b 6 S o3I pshie w4 s Slhes al> e sl 5o
YUK s S eslinal iy S s Son Sl g 5
A Ol T el gt Gls 4ges 31 ol sl
SIS e s DI (godaze el g D)3 S0 g s
G5 Ao 5 M s D3 SNl s, » Ll Jelse

O3 SEM slad aas o5 LLasl anils s o3l a

(e
%ﬁ J 1WAV Glioj /U3l 6395 / 095 6 jlouits

Ul buzo Cublsgs ole ol Gladg fu ole soliliad

b asl
(5 Y A Cr chale Ol i 56 51 Jol> s
o) gl cble s s 5 NZVI a4 G- LIS
W00 s gle Oley 5o 2 pp SN 500 /Y0
jalf\.x?&lfjsé\~jv X slapH ;s 5aadsye
FUY Gl s a5 13 s 3550 4t sl s 5

.Cﬂw‘oﬁobjji\dj.b.-j

£4


https://journals.tums.ac.ir/ijhe/article-1-173-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

AteY #Spot Milgn. Dab WD

20 0 L0, 50000 SE 116 Noro,1 IR " (R gt

e ol Bae 1 (sl Gt 09,8 S

SAceY Spot Magn  Det ‘WD
'{-mnw 1.0 60000k SE 116 Norozl 28
SRR

ks Fow ol olyd 56 51 SEM gl oY K3

Y o Ve \O Y
(asdo)ibe o)

g5 Sl 28 e o)s 5l clals Ol ks 360 Y IS
pH=v T=v0’C.C_=Y+mg L (VD)

Cr-ys mg L s pH=V (VD) )5 Gl 1,8

gr/l) cals

o A7 NN |
aeI¥ ARy Wy >4 Y
oY av/y >4 >qq )
00 AR >4 >4q \
vy >4q >4 >4q 1
ba/A >4q >4 >4 v

adsl Chle b as el OF 5 Sl s ol ol

st ¥ S el il e JalS 0T Gl LTS ey S

CJ\)Ja)\.,b‘ASb}JJAaJﬁJQ‘)JJk}dﬁfo)‘JJ)&J?‘j
VS s e Olpe 4 b e S0 elde 3 ) 5
Y4 .,\.3‘0.,\.«:ubuh)a\fﬂpdam&;ojud‘o);\jb#

Sl 1,8 pNZVIE cbile O ks 5l fol el
VD) p5 8

Ol ets s S sl NZVI CLle ¥ 5l andlas ol s
Vi pH 53 (VD o8 i o1 nZVI chle
@B BT Sl adol e ST mg L™ e Ll
NZVI cLle (il bl sdd esls LAY IS s
J&.@;dd,yQ.Jgg&u:g}s\p;_;bdbs
spS 0 VL la cdale 535y 5 e sdale Yo la s
Ll 3l e 7944/88 (VL o5 S Gd lS NZVIT =)
BNALZAR VIS VSR RN S SAIRYS (VA RSP
S ool gl ) lad s 5 8 e s (VD gy 8
e3,S Bl LIS kb 0oy sNZVI chle ol 15 36
Ay w0l =) mg LY clle pH=V 55 (VD)
paS Al chld Ol i ) ol s
pH=v,>oh_s.x}&UsﬁN;%u;m;um;sgt
o3l QL F IS 55 053 U /YO gr/L s o bls

9 @
TPAV gliwoj /gl 0495 / 9> 8 jlods

Ul bazo Cudlsgy pole ool g o sole soliliad


https://journals.tums.ac.ir/ijhe/article-1-173-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

OlyRe 9 (559,90 43,

\ ——pHxr g pHv _, pHa
| ./_./_.———n/'
\Y]
NEA R —t—
k)
4 fo
Ty
Y 0 \» \0 Yo

(aids)ilo pbo

SU 5l eslial L (VD) p5 8 Gl a8 5 pPH Ol i 13617 JS3
C,=/Y0gL" T=0"C C_=Y mgL":cudg ;al i3

S amS g Cou
S ol gl g as b b L el Ols gla STy
o 5 S o3 o3l e by sls (S e
w\ﬁ\C)b)w"dﬁ.&w«sljd‘ﬁﬁJHMa))éﬂb
Sl 3l 05 NZVI 51 ey cpl by L s
C)G.E.ACh.w‘\;.r.:ﬁ)z_gL&QTULU\‘@.?J;\)J)JJ)‘J@.?J
SRS s sl b Ll o el T (5l ST
)%J&&yﬁ)%whh@beﬁ@b\ycwﬁ
‘jx.:w_gebjwjbjs\j.bfidaabw_w\nZVI}Zw)b
Gl pH 3 Gl S8 oz 508 5 &y 50 pH
O3 b S5 LA ghewl Tl 5315 el s 4
s ,—Fe (OH), o5 s o pH=) " 5 oS- s
)\ybcbbauf@‘waxhw&AS&Sb
o2l sl Glseen 01K 5 Shao-Feng Niu g.iss
SpH S Las ws 3 e e nZVIs 8L asdlas
Sldllas (Pl oo 2ol 31 (VD s S Sl ST L
pH a5 L 4 51s 0Lz Huijing Qian L 55 sl
(VD 55 Gd> ,5nZVI LSl a8 ol 5l e
Olaily s iy e 3 Al o (gl lamd (sla ST )

Gl oS o xi oS sl ol 5o Shao-feng Niu

(e
%ﬁ J 1WAV Glioj /gl 6395 / 095 6 jlouits

Ul buzo Cublsgs ole ozl Gladg fu ole solilad

\Al

A eSS e Sles S cBle Il S s S
ol sl 2l A s VIV Y e il Gl Tl
S opl o3 a8 g gl ST 4 s e g
sla 5815 Ll Oloy 4 0l JL clale 13 pes Ls 2oles]
sJ«&l;—j;_,QJﬁJ@Q—_,JQ«SJ%:JfVMJ}QJaM‘:l;J

—e—Vmg/l —a—Tmg/l —a—T-mgl

;*f/__.—-—ﬁ/—‘
A
‘_,!\ /
—‘5 Foo
b
& £
R

Y 0 K \O Yo
(a80) wilo yloj

Lol Bl 1,08 5 09 S e Sl ks 51 Jools ol ¥ Y3
pH=v T =YoC. C_ =+/¥0 g L":5a) 5 nZVI ;f eslizsl

C (mg/l)

T T

AS 0 e A Y.
(aisBs )il o

Co=Vr mg L™ im0l 4 chale Hls gai 0 S
C.=+/vogL”

03,5 S L1 5 PH Sl is 5 Jool> s
Lf&?é}&zrjﬁdi}@T)SéMg&dL_‘;;Jg
L5 S pasiie sl opl elel 5 b e GRISIPH als
Yoo adS 5l Ve 5V pH s ey 5 LS s

TP N WSS AANT R VWA EERF PRI PV T


https://journals.tums.ac.ir/ijhe/article-1-173-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

OLEs ol jrw ol &l3 U 5l eslil L Acid Black
Uil Gds LS el ol3 b cdale (a5l LS sl
53SPSS 0551 51 ol E e s L (00)al .
3503 395 (Gl —me Ml Glebl s ;5 44 5 A
S s o 0L ST 6658 Oley 5 Al VL s
wosdl sla gl 5o Y il s nZVI
g omb aua s 4 NZVT 3l esli ol .,k_,ib.uap;
jﬂls).) uo%‘yiwwdﬂﬁb_gu@]
ﬂML@jﬁLﬁeMYTJ L;‘o)jl_wg 03 9o el
@w}w@ﬁbw,;at)sj;ujmu;_,ﬂu)_,;&w

JﬁJ\ﬁ Q)}&

@L'.a

1.Kaul S.N, Lidia S, Kumar A. Waste Water Treatment

Technologies and Environment. Daya Publishing
House2004;Vol 2, PP:423-424.

2. J. Suwannee, S.Weerapong. Removal of Hexavalant
Chromium Aqueous Solutions by Scrap Iron Fillings.
Kmitl. J. Tech. Sci. 2006; 6 (1):1-12. Available from:
http://www.kmitl.ac.th/ejkmitl/voléno1/P1-12.pdf .

3. Guidelines for Drinking-Water Quality.Second
Edition 2006 Volumel, Recommendations, WHO,
pp: 208

4. Guidelines for Drinking-water Quality.Chromium in
Drinking-water, 1996; Vol. 2,WHO,PP:5-6.

5. ISIRI. Quality standards of drinking wate,. Institute
of Standards and Industrial Research of Iran,
1997;(1053). http://www.isiri.org/std/1053.htm

6. Niu.Shao- Feng,Y.Liu, Xu.Xin-hua, et.al. Removal of
Hexavalant Chromium Aqueous Solutions by ironnano
particles. Zhejiang. J. Univ. Sci B. 2005; 6(10): 1022—
1027. Available from: http://www.pubmedcentral.nih.
gov/articlerender.fcgi?artid=1390446

7. P.Tanapon, S.Navid, S. Kevin, et.al. Aggregation and
Sedimentation of Aqueous Nanoscale Zerovalent Iron
Dispersions.J. Environ.Tech . Sci. 2007; 41:284-290.
Available from: http://pubs.acs.org/doi/abs/10.1021/
es061349a.

\Al

e ot Be 1 (sl it 09,8 S

3305 o S b bl S3 b Sl eslinad L (VD) o5
Shiao- &5 gl asllas ;5 .(5) cul oslsl Glisl J sl aids
ol 5l S = sls plil O, aa 5 Shing Chen
035 Ul i35 0 3 5, S Gl LIS o i oS
48 313 QLIS Gods ol ) ol il e (1)
2l Ko el OF 4yl clale L (V) p3S Sl =S
oLKes 5 Shao-feng Niu Lo 5 o plosl Solalllas
sl clile L (VD a8 Gl LT o sl ol
RIS A3 S et ren (P 0 S 5 S
LB PWTRCITR DO S PRI JCH S S G A
5 X120-qING Law 5 o plowil Slallas 543 o Sl
Cos ool s gbchle [l b oS sl olas ol Kes
ol plonil Slalllas (VF)LL o ol (S5 Slal
V5T K, el s 0l Kes s Hung-Yee Shu L.

8.SungHJ, FrancisI. Nanotechnology for Environmental
Remediation. Published by Birkhduser, 2006;PP:
5-25.

9. M.Tina, Z.Wei-Xian. Environmental technology at
the nanoscale.J. Environ. Tech. Sci. 2003;2:103-104.
Available from: http://www.nano.gov/html/res/GC _
ENV_PaperZhang 03-0304.pdf.

10. X. Zhong, Z. Dongye, p. Gang.Rapid and
complete destruction of perchlorate in water
andion-exchange brine using stabilized zero-zalent
ironnanoparticles.J.wat. res. 2007; 41: 3497 — 3505.

11. Eaton AD, Clesceri LA, Greenberg E. Standard
methods for the examination of water and wastewater.
20" ed. New York: APHA, AWWA, WEF, 1998.

12. H.Qian, WU.Yanjun, LIU. Yong, et.al. Kinetics
of hexavalent chromium reduction by iron metal.
China. J. Environ . Engin. Sci. 2008;2(1): 51-56.
Available  from:  http://www.springerlink.com/
content/9j110g637u080n25/fulltext.pdf.

13.Ch.Shiao-Shing, Yu.Chih-Cheng,Li.Chi-Wang.
Reduction of chromate from electroplating

wastewater from pH 1 to 2 using fluidized zero valent

iron process. J. Hazard. Mate.2007; 142: 362-367.

Available from: http://www.find-health-articles.com/

rec_pub_16987595.

9 o
VPAY glisso /gl 6395 / 93 6 lass

Ulpl bazo Cublsgy ole ol Gidg fu ol solibad


https://journals.tums.ac.ir/ijhe/article-1-173-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

OlyRe 9 (559,90 43,

14. Q. Xiao, L.Li, G. Derick. et.al. Stabilization
of biosolids with nanoscale zero-valent iron
(nZVI). J. Nanoparticle. Res. 2007; 9:233-243.
Available  from:  http://www.springerlink.com/
content/5g01131hr3626685.

15. Sh. Hung-Yee, Ch.Ming-Chin, Yu. Hsing-Hung,
et.al. Reduction of an azo dye Acid Black 24 solution
using synthesized nanoscale zerovalent iron particles.
J. Colloid .Interface Sci. 2007; 314: 89-97.

(e
%ﬁ J 1WAV Glioj /U3l 6395 / 095 6 jlouits

Ul buzo Cublsgs ole ol Gladg fu ole soliliad

\Al


https://journals.tums.ac.ir/ijhe/article-1-173-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

Iran. J. Health & Environ., 2009, Vol. 1, NO. 2

Hexavalent Chromium Removal from Aqueous Solution
by Produced Iron Nanoparticles

Rahmani AR.!,*Norozi R.?,Samadi MT. 3,Afkhami A.*
"Department of Environmental Health Engineering, School of Public Health, Hamadan University of Medical Sciences
2 Department of Environmental Health Engineering Department. Hamadan University of Medical Sciences
3 Department of Environmental Health Engineering. Hamadan University of Medical Sciences
4Department of Chemistry, Bu-Ali Sina University, Hamadan

Received 6 December 2008; Accepted 14 January 2009

ABSTRACT

Background and Objectives: Groundwater treatment by nano particles has received increasing
interest in recent years. Chromium is a commonly identified contaminant in soils and groundwater.
Zero-valent iron, as a natural reduction agent can be used in controlling of contaminated sites. The
aim of this research is investigation of hexavalent chromium removal from aqueous solutions by
using of iron nano particles the effective parameters.

Materials and Methods: In this research the synthesized of the iron nano particles has performed
by addition of NaBH, to FeCl,-6H,0O solution and Cr(VI) reduction efficiency in Batch system
was studied. Also the impact of the important field parameters including pH, initial chromium
concentration, nano zero valent iron concentration and retention time were investigated.

Results: The results of this research showed that synthesized particles were in nano scale. In pH=3,
chromium inlet concentration of 10 mg L', nano zero valent iron concentration 0.5 g L' and 2
minute retention time, 100% of Cr(VI) was removed.

Conclusion: The concentration of nano zero valent iron had significant effect on the reduction of
Cr(VI).The reaction occurred in a wide range of pH value and the reaction efficiency increased
significantly with decreasing initial pH. The significant removal efficiency, high rate of process and
short reaction time were showed that iron nano particles have significant potential in removal of
Cr(VI) from contaminated water.

Key words: Hexavalent chromium, Iron nano particles, aqueous solution
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