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Abstract

Background: Contamination of soils and aquatic environments with heavy metals is a serious and growing problem.
Some pollutants, such as heavy metals like lead, are persistent, and most of these metals have high toxicity and are a
significant environmental concern. Therefore, the present study aimed to remove lead from aqueous solutions by
layered double hydroxide (LDH) nanocomposite deposited on magnetically activated carbon.

Methods: This experimental laboratory study was conducted on a small scale in a laboratory setting, and the samples
were synthetically prepared. In this study, the effect of pH (4-10), adsorbent concentration (0.1-3 g/l), contact time
(10-120 minutes), and initial concentrations of lead (5-20 mg/l) on the removal of lead ions was investigated. Process
performance was evaluated based on the percentage of lead ion removal responses. Determination of the number of
experiments, statistical analysis of the data, and optimization of lead ion removal were performed using the central
composite design and surface-response method.

Findings: The effect of exploitation indicators on lead removal efficiency according to the analysis of variance
(ANOVA) table showed that, apart from lead concentration, the rest of the indicators were significant, and
respectively, the intensity of the effect and the highest value of F included LDH concentration, contact time, and pH.
Lead removal efficiency was obtained 96.11% in optimal conditions with pH = 6.73, a reaction time of
67.71 minutes, a concentration of LDH nanocomposite adsorbent of 2.10 g/l, and an initial lead concentration of
10.98 mg/l. In these conditions, the model's utility was 100%. Based on the results, the highest correlation of
adsorption kinetics was observed with the quadratic model. This model was selected as the most suitable to describe
the kinetic behavior of LDH adsorbent deposited on magnetically activated carbon in the adsorption of lead ions
from aqueous media.

Conclusion: The LDH adsorbent deposited on magnetically activated carbon is a suitable material for removing lead
ions from aqueous solutions. Moreover, the utilization of a central composite design and surface response
methodology to optimize the key variables in the lead ion removal process through adsorption is commendable.

Keywords: Layered double hydroxides adsorbent; Adsorption; Lead ions; Aqueous solutions

Citation: Dadashi H, Norouzi B, Dadban-Shahamat Y, Mehdinejad MH. Evaluation of Lead lon Removal from Aqueous
Solutions with Nano-Composite of Layered Double Hydroxides Coated on Magnetic Activated Carbon by Central
Composite Design Method. J Health Syst Res 2024; 20(2): 192-202.

1- MSc Student, Department of Civil Engineering, Lamei Gorgani Higher Education Institute, Gorgan, Iran

2- Assisstant Professor, Department of Civil Engineering, Lamei Gorgani Institute of Higher Education, Gorgan, Iran

3- Associate Professor, Department of Environmental Health, School of Health AND Environmental Health Research Centre, Golestan University
of Medical Sciences, Gorgan, Iran

Corresponding Author: Mohamad Hadi Mehdinejad; Associate Professor, Department of Environmental Health, School of Health AND
Environmental Health Research Centre, Golestan University of Medical Sciences, Gorgan, Iran; Email: hmnejad@yahoo.com

VY il /Y o)las Y+l feuolls pllss cliioss Aloea VY

https://hsr.mui.ac.ir

'pao Apladoud si yiom Jeulbuio ayy papinoid ‘wnipaw Aue
u1 uononpoJdas pue ‘uonNLISIP ‘esn Pa1dLISaIUN sHWIRd YdIym ‘3SUadI| patiodun O [e1oJatio)UON-UONNGINY SUOWLWOD) SAITEaI)) 8y JO SWUa) ay) Japun painguisip a|o1e ssaode-uado ue si siy L @



http://dx.doi.org/10.48305/jhsr.v20i2.1545
https://orcid.org/0009-0004-6443-0306
https://orcid.org/0000-0001-6298-7144
https://creativecommons.org/licenses/by-nc/4.0
http://dx.doi.org/10.48305/jhsr.v20i2.1545
https://hsr.mui.ac.ir/article-1-1668-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-02 ]

[ DOI: 10.48305/jhsr.v20i2.1545 |

DOI: 10.48305/jhsr.v20i2.1545 Vesnu Publications

0205 3 oo ol Al 98 AU S g 3 o 9a0lS I 31 0Lkl b (T Jghxo 3 o gw (399 B> (w3
S 30 o5 30 PHb Ligy 4 umblide Jlad

a5 sage (sala sans Seselgd GLisly e ga (539,90 adidiny D' Ldilaly (sula

FETAL)

S ttr pUdls) o aler 51 oK G136 e boduUT 1 5 ol 28l 3 5 it S oK (& 36 L T sladoss 5 S5 55 JT idoio
Log @ Sladgbus Sl i Ddo Doda b p3l s ol Sshp Do ame o) e b K45 s UL e ol I () it
..\.:(.\,P-t_ﬁb\;;uJl,.s¢ﬁ;ﬂa.x.z°.um4;€,;~_u.\:w§ﬂ.\:@¢1;ﬂt§}su

il CBle (10 B F o) PH ST (i (al 55 38 g S Sopo 4 0 4 03T ladisai 5 plonil AREST e 53 g alllas ol 95
ol gy 13 > Shae 23 I3 g 355m 2 O e 53 (R 03 08 a DY) o gl o lale p (ads Voo NY0) ulas Oloj (R s p 8 0 N-T)
P33 ES S ol 6N b Oy Dl il 5 osls LT BT o tle3T s (o 38 b5l e a0y o Loy (slagnly
] Gl gl

3 5b Sus C s s sy s gme b et ad (oo CBlE I 8 4 &S 15 0l ANOVA Jsder b oo e Ol Oledily (5413 0,4 sl e ls 5T ididl
Ol chle s SV 2Ty Oy PH = IV b g Lol 5 55 O O o o3 3 PH 5 el Ol 6 55 U A4S gy Shle o Fojlaas o UL
Ao ps Vor Jie Coppllae Ol el 5 cpl 53 e s 4 4o )3 APV b 53 05 o 10 /0 o sl Sl 2 53 0 Y/ 455 4 S 550 S 5lS 5L
ok 0Ly 4753 4l S g pkn 3l (St ) (o 5 g g5 274 Ol 4 e 0l 5 b odalin g3 53 Joke b olor oS Clan Ol oo p 2 2
3 8 bl T la s 1 g Oy e 53 gublin JUb 5

S S o b rimen il T o 51 O gy ol (51 (ool 3l bt Jlab 18y ook 0ilis 415 4l S s s O3lr 106 S Ao
Al e cnlin (b S ) & e O O U018 55 e ey il sl el b B 5

GT 6lhd)l>m b O é@;b.w uJ\> S‘\Jl?}: A;_U A:J))A:.A u>l> "5\-\.51{ 6'.%03'5

WU a5 juad S jamelSail 1 odliianl b (o Jolome 1 Cpw (g1 B (owysd o3le dasme dPsine wingy Cuoled bold didh (5599 «ooln by 1gla !
VY=Y ¥ () Yo OF-Y Coollas pllas i dlons 535 0 08 yo (b (g, &1 omablite Jlad (32,5 1 o 05LSS 43590

VRPN IOl b VYA Wi B VEY/V/Y s dllie 3L s

Cdlige glojlas (V) 4dlioe (s & oy 3909 (2)lse dlox 511358 douds
3 il e, S AN ol 1 G e o ) ;
25 2 f’)—gu—l:“’ ))_‘&S)Ul}{awd =) )“’u)““’dLP I s s St 5 oS il b T slalass 5 SK Sl
ol 03,8 SIS 5 38 g gl g3 p 59 )See N 4y (o 039l e (b L e ms s e ol das ) ae
i . c 1o v sanalsl O el il ol an . =1y oBilee cpyidn 48 ol (656 Jlaz 5 (K oy (V) cul b S
il 2 05 ke o0 (Gaelil Sl sl ol ol 00 e oyl Lo ocs ), plio 3 o S sy sl zalls
_ _ . _ X . ¢ “«S5) ) & POy g R g «*
ool p,55LS 13 )8 oo O (bl gl olS 5 g jlome e yiSlas (V) 5L s 55 sy So3s S sl s s b s
. . < < " Pl e (8l b ¢ )9 (89t oS X3
> )lA__u J._wL\u.o P)S}L.( » fw)fL;L.o Yoo Gy o.\,.” oL.S 00 Sy u')“’ o ) _ Lss | . " o .
|kio 45 o] 5ol _ IURRE Lj . locs ‘@PW‘f?U‘J}‘KM B J .J}_.u.'u._,o ool 9 ‘)‘Sb).u.é
) Gl o )1 1) )3 2,8 oo B (LS o)kl Car o ps L ] T ] o o
MJLbId‘)}.JU_w)L 5&@(4.&154;%&‘ ‘UP‘_;)L..&)J

(¥ ) Msb o i g3 p)S ke V ol pd 5kl ,
. . _ o ) d)LB)uUUQ‘Qd)SJbU)Mw&‘S‘U‘J)A 5)5)Ll)‘)w4)wu\‘uua.c
4 Gl e aol pd S @l ld Bis s axe sla gy ales |

Ol 855 (B85 (2ol (olit] i duwho (ol yos wdize 09,5 iyl (qwlisd)lS ozl —)
Oyl (85 (SBS (moll (oli] e duwho o (wdige 05,5 )bkl =V
Oyl 8,8 o lindS (S5 pole oSl e cudligy Cliiss S pe g Cubligy 0aSily daes Cudiligs (cwiges 095 ¢ yluisly -V

Oyl B s (S pole olRily oo cudligs liiss 35 50 o Cublige 048l dayre Cubliny (wline 05,5 ¢luiily 0155 gage (g0l dasxe 1 J9Gumo 0 g3
Email: hmnejad@yahoo.com

14y V¥ sl /Y oplads 1Y+ Jlo /collis pllas ligios aloxo

https://hsr.mui.ac.ir


http://dx.doi.org/10.48305/jhsr.v20i2.1545
https://orcid.org/0009-0004-6443-0306
https://orcid.org/0000-0001-6298-7144
http://dx.doi.org/10.48305/jhsr.v20i2.1545
https://hsr.mui.ac.ir/article-1-1668-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-02 ]

[ DOI: 10.48305/jhsr.v20i2.1545 |

S 055 5 5 o3linel b T sloms 51 e ol

L oykad oyl & yao 4y JUge ¥ dpnS g)ids wuiw i oo 0+ LDH ol
48 Jobo pid oo 00 ool I S ol 5k 4 uiblise (35 o
1S pginagl S AT 5l aliSa S maite p5 V1ED (gl
4 il S 8L g ublite b 08 5 ) g ShialiSa
led > el YF o 4y 5 15 ite slSgl 350 & sl g0 e
A5 ye gy el V¥ CbdS 5l a0 03l 5 oyl 13 01,5 le 4o )3 VA
a0 Fe sles Qsi 2 colyd pdad ooy gt yuady )b g oL
Wb Siid g cd)S I8 celw YF e 4 08 ol

Glasuio Gl Copy (o jaolSoil | Sfa o600 il _iastiio
aalllas 5 00 Fiw CojoralS el gl o in olge & MgAI-LDH
Mo Ll dug)y 9yl oSy Ko ol (cLap Tl ¢l
4 (FE-SEM |, Field emission scanning electron microscopy)
S35 (25w Sl I FE-SEM (s (555)9890 (alolis pslate
(EDS L, Energy dispersive X-ray spectroscopy) ;,—!
A ool (S (g )gpe> oS sl JESCAN 3mira Jus)
Ui (gl g e Colue 385 (5,5ejlul cas BET ).JLI TR ON Y
oS5 5 ()5 BEL S,-5) BELSORP mini Il olius j| Jsdss
0+ clod b pgsS'y o a3l sl BEL PREP VAC I bj;8
e (XRD) X-Ray Diffraction _zlejl .1,3)3 eslizul ol 5 sl 45 )
8 13) (PWL730) g5y oSl olSiuos dloung 4] Ji 8 sl (ololis
Fourier Transform Infrared Spectroscopy 4 [(+sl» PHILIPS
i ) oalal b eyl Lol claog,S olobis jskaie 4 (FTIR)
5 plol FT-IR,6300 Japan olKwss 1 ealiiwl b jo,8 oygole

&l odlawl 5y 0 L_S)LAT Uig) S RSM Jus Zbuw[o}/’&é.b
staie Al g olerd cla STy il 5 bolojl Sk
il Lagisles] (b Jols Lol dboye ez sl sy ol 5o
CCD (jisls anlllas > .l €aigo byl sy 9 o (olojl sl < Je
adle RSM (2, 55 Lapialojl (2l (sl sbg, o yiseede S (S &8
G5 ) (VF) 8,5 )8 eslizwl 3,90 LDH L oy Bl gilusaite sl
7 lagiilejl aigei Ve o gy )3 5556 Jog 4 a5 b 3l
cbale (4B Vo=V ) ubes o (FV+) Jsbro adsl PH 3,5 sy
o (e 3 o) NY) 3ls clale g (1) )3 )5 e OV ) o 4l
Gis a3jLs 4 Jlsys 185 )15 dlaslle 5y90 Jituwe (slapiie lgic
Hie (slopiito lade o 485 a3 5 (Fusly) dianly oiite Glyis 4 oy
Ol ) gdn )3 5 b e gy )50 2 ol Slieis 0900
ol 025 1Y Jods 13 Gy 0l 5l CCD L e .ol 00 03l

gl il (o Cda (G P ol Cgw) abond (gl inns]
{5 ¥) 5,8 o)Ll gilwasisd g JUs zlyseil ¢ b j Bl ¢ weSxs jawl
ujp e shb (ol s pilas Ul glosl, Ly 4 odaw Gis b,
e Aaly (o 3l S a4 e 6 i Sl (S ol 3 oS
L, Layered double hydroxides) (lasl 459> (clasms g iun 259 oo
i gy OlaS 5 0lgls i &8 WS o Jos b K s 4 (LDH
4 g Cuol Candligyid ‘Laoi Odme Riww oy iodes g (i)l diiwd b g
LDH 555 0 i 35 aile Candligyd LS 5 baylid b (ol & ¢ > cpos
Slacyjorels sl aull il alex Sl oy S L o0l slacals 4l
sl e glad ‘O?ﬁj Dol Joles daasll o o )b (JBs (ope (olossd
() sstbin o 85 )5 plSin s il 5 vy

Sl oslazul 48 sly olis oS o TOrres-Dorante  agh wls
Sl S Olyis BU el 5 lsie 4 (pgsises)] ~p23010) LDH
Jodore 1 @lyzs il g csS bl cov olis pbals g S gals
& laolos 5l jand s > posiuegll —nysie LDH oS 59y o 51 Sl
(=g «_:._\_‘> )LB) ;u\)K‘m 9 Zhao d.:.a.’?u 2 (\Y) J)‘J Lf? )L.m; @1)\5
39 baeee by )3 ©ly> a9 Seogn dlge 2y slapig (S
038 Jlgduel o3l 5 MQ2AI-LDH o5 5ly o)lis ol 9 6,5 )13 )y
(V) 352 o (sladglone 5 (3L w2 Sl lmoai Ul (3lsli (sl

L Response surface methodology) gl —ga s wlid jog,
S | el padld S5 jludinge o8 Glaby J) LS ke (RSM
S epsle gl 5 ileiige S5l ity (PItalejl Slge 5 oo SU1
yo-kate 4 (CCD |, Central composite design) ;8,0 Sy Sk
2 (2312 53 9 PH (oles ploj eyl cale) a5 sl it (gjlotinge
5 ool T oo 5l oy s il

Lagag,
L isloj] pLorl 51 uy Lmodls 51 oalSitylof] — 1,56 g5 5 aalllas (3
85 8 (s 390
)Q_Ja,..a" 4 __,Mb" Lo JLAUJ)_{)_J o otiliy LDH sl uﬁ;)

(CCD) Central composite design s suui suléies! (Xi) Jiiuws sLa jaiis ds b g3 yo £ glacs 9 diola .\ Jgua

+alpha -alpha

Ve ¢ Y- Ao~
Y A \/eo Y/YA
Y. 0 \Y/e ARYALS
\Y- AR To/- - ay/o-

< /AY
AIVo
YV/o-

A pH
B (O 59 2 8) ils wlile
c (3] oo p S k) e cale
D (4880) QuSls ole)

VY ULLM.:[; Al 0lods AR Jw [caollao ol Slaass aloe

\aF

https://hsr.mui.ac.ir


http://dx.doi.org/10.48305/jhsr.v20i2.1545
https://hsr.mui.ac.ir/article-1-1668-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-02 ]

[ DOI: 10.48305/jhsr.v20i2.1545 |

OLSn 5 alsls gola

Syl e e sLagiule 3T aladl sl s (CCD) Central composite design ¥ J gua

=X

\7aN \YV/o AIYA VAINE AVAN
AIYA VoY/A AR Ao/AY V/YE
A=A I YAy 4¢/Y4 JCE
v/ag YA Y/oV aY/Vo Aty
V/AY ARS Vo/ao AN/ Y/-4
V/AA Vav/a \\7A} AV/- - A7AN
AIYe AN eV 4-/01 \/eY
Aeg YA AYAN% AR Y/IYY
V/EN ALEVAY AIEY Va/ey VA~
VIAN VE-/A /v ay/-1 VA
VIVY ARR Y/en SRV /A
V/av Yaa Y/oA ay/- - <N
VIA¢ Vao/A ARYAA AV/YY Y/ve
V/av Vo V/A VA/AE 40/A1 A
V/ot YV /ey Ad/Ao Ve
v/ea Ya- /e AV/AE VY'Y
VAN Y-A AVAS AY/- - Y/\Y
V/IAE YA \7A8" /s \/Ye
V/aY oY /v V-Y/o AY/- - Y/Ye
VIV YYY AVAN AY/AA A

YV/e AVo ~/AYo o/o \
YV/o AVo </AYo Ao Y
YV/o AVo Y/YVo oo Y
YV/o AVo Y/YVo Ao ¢
YV/o /Yo ~[AYo o/o 0
YV/e \/Yo +/AYo Ao B
YV/e \1/Yo Y/YVo o/o Y,
YV/o VYo Y/YVo Ao A
aY/e AIVo </AYo o/o q
aY/o AIVo +[AYo Ao AN
ay/o AIVo Y/YVe o/o )
aY/e AYe Y/YVo Ao \Y
aY/e \1/Yo <[AYo o/o Y
aY/e \/Yo +/AYo Ao Ve
aY/e VYo Y/YVo oo Vo
aY/e VYo Y/YVo Ao M
o \Y/o \/eo ¢ WV
o \Y/o- \/eo- Ve A
o \Y/e- ARE \4 V4
e \Y/e- Y/ \ Y

LDH: Layered double hydroxides; TDS: Total dissolved solids

J5dla 3 5 oslil b ilisce Jelss (glyy 005 siarbes sWgily deuslo
slosly .55 Lo g 4355 RSM 39, 4 V) aseus Design-Expert
dwlme ANOVA 505 5l oslatl b Jao o) slogls 5l otel cowd 4
oo B 3 (Y) @y Bis plasily sl gy glojite 16 20
bl Jie gloyie | (nlS ©jg0 4 (V dbasly) labor i gm0 )5
lae 5l 2 e Bo g 1 Sy il it Y ] 2 485 08
o Xi 9 Y 5l oasel cowd dy jlie jl o dwliee (gaw )5y oy Bi
g 4 XIV 5 XIX] (sl i bl o s (glapaito ) oA 5 lISSS
sl (5093 423 9 Jlite Sl S en bulgs ol

Y=g +iejx,- +iﬁﬁ X +iz&_ BiXiX;
i—o =0 e} =0 v

e,

ool Cwd 4 ol ookl b ool dix Jdo ddlne 5l S
U edS 3 oLyl 5,90 (Adjusted- R?) ouis Jolie R? 4300 ¢ R2
3 ewlio (g e g laie 4 P </00 g sdomin Jie Cawlis

LB

N38le 5 | gas (ly o drilna g ailef] Sk jolite 4

ol b edlil (DOE |, Design of experiments) s 2L}l >l )b
s ) g w WS g asiiie pusie yb diseS g dlidi Hlde ¢y,
Jolds alllao (glyiiio slasi d dngi b 9o iy Jljdle 3 (sl -
Wigas Yo o Jodoe adsl PH g yoles loj LDH cdalé ooy adgl clale
Lo iolojl aloss ¢ gy ool 53 (oylsl gyl S8 b a1y3,5 iy il

Loygs Jolite 319 pgd 42> om)S) Jdeo culys 4S9 b oo S
tlis Vb ) o ilej] 3155 b il 1300 A5 Aiblso 35l LlE

Bl (635 po b Slus N0 g yuie Slass T el )3 a5 (10) 090
Run= 2+ 2f + no Y dlayl,

5 (= 3 pyS ) oy adgl cbile i 4 Crg Co el e X
bl (i )3 p)S es) G2y Gloj > o clale

X =%% 5 100 Y b,
Co

140

V¥ sl /Y oplads 1Y+ Jlo /collis pllas ligios aloxo

https://hsr.mui.ac.ir


http://dx.doi.org/10.48305/jhsr.v20i2.1545
https://hsr.mui.ac.ir/article-1-1668-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-02 ]

[ DOI: 10.48305/jhsr.v20i2.1545 ]

S o558 56 ealizal b T Jslous 51 oy (ol

ol 0 030y LS Y S 50 alisen Cuond 93 50 ol g b edlil

) o

Fourier Transform Infrared Spectroscopy «iub .\ Jsub
(LDH) Layered double hydroxides cf,3 g3t 31 (FTIR)
sousboliie JLad ([ yS 3 ouddi ouiliih

Imagel ygas (o3, Hl58le s 5l ol ojlul ¥ S ssllao

b wgio 45 395 o oanlive (Cuwl 00 asuiie yolal (g9 5 (xS0l

e XRD (ygejl sl so yiog,Sue YAY £ V/Y )b ol b oLl

ol il oS g 0 slital (sl Cojopels Sl S kS Lo )
Lol o )l ¥ S

&l slacsn ages ol do bope il o801 > F S8 Billas

JCPDS 2,0 85 L LDH bl dasein slacsy (VW OA) alie Ul
b5 b 4> 15-0087

~WD: 5,999 mm
Det: InBeam 10 pm
Date(midy): 09/28/20

L oy s> (o Jgdoe LDH L o il (sl iplejl ploeil
i S e Voo oo diged aRiinlel dyd b g lyis I ool
A8 00,5 A 4l 3y90 (cladiges 0590 O ookl b s b A
PH oabats (clyr 9 8,5 plosl 1o Voo diged o 1 Gl lainlo]]
i) epH el g Loy S aS g0 5 Sopslgn sl | cdiges
gory PH walats 51 o W iolojl plos! sl s oolizal (K, 5ol HACH
eblise (ion (55 5 23,5 SLII Jgbora diged & 5 )jg Al ol lide
Vo ewlad ol ae L 5l a0 edld j1)8 ddds > 593 Voo Casyu b
L Syl olSiusd )3 g Ad i) (g 1O (1956 g )3 Liges I g
oy Gl s 3 0313 )8 ABED Ao ke dy 4B BD (D Yed Yov e Sy
L e slomslly il oS dlwg 4 () JUj le 0 39290
Inductively coupled plasma atomic emission spectroscopy)
Gl b g oy Bl o o] Jls 4 5 toss (ICP-AES
23,5 Al

Ladasls

MOAI-LDH cilascio fyus | Jools golis wodl pow clastio el
Lol cgn FE-SEM 3JUT 5 oslisal b Jleb ()8 (9 52 o i
55 5 o Colun (5So5l0l i & BET 50U (s (535)5 5
liog,S ol cgs FTIR 5 Jliwy 8 lsls slulis I, XRD
sloadib I ol mls ) JSb 5 .cwloas 4l MGAI-LDH Ll
oy L ¥ee=¥evr CM-1 o3gae 3 LDH @byl & by FTIR

Lol 05

SEM (g0l 5l oads 52t aiges )3 oLl g (53glghy00 (g2 pelaio &

WD: 6,047 mm
Det: inSeam 10 pm
Date(m/dAy): 09/28/20

https://hsr.mui.ac.ir


http://dx.doi.org/10.48305/jhsr.v20i2.1545
https://hsr.mui.ac.ir/article-1-1668-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-02 ]

[ DOI: 10.48305/jhsr.v20i2.1545 |

OLSn 5 alsls gola

oy B> (sl oud Bl Jao b3 yslate 4 ANOVA (gl gl

O XV U I PRES

—e— ADS DES
150 +
% 100 1
o
'_
<2
5
= 50 +
” W’”’
0 — J
0 0.5 1
p/po

ila 0539 el 4 g1 o BET (9030 gulias ¥ Jsis

L oad (gt @l Jl ool b opw Blo 4y bgyye (5 dolas
cewlD gC B Al (b (Y) dianly puisio a5 20l cawd & Jo 5l o3lizl
Jlize il D 5 C B A) Jol ar > cl il el sae S (9,5 2o b g
i) (D7 5 AT BY CY) pg> x5 il 4 (AD 4 CD AB AC BC)
@l 43 sl ANOVA (seil 3l (2555 Ghomis pshaie & 42,5
3P polhe g oais plool JJUT 4 dogi b g cal 0sd 4l 5 Joso 3 )
syt (3% i 4 oy clil g Jsle PH (25815 loj LDH
i Jie 3ub p oy Bls dblre uw AiSl 0 Gy Bl )D
£ daly) 15,5 duslre poed 4> p> (slales

5 ala,
Removal Efficiency (%) = -\A/ASS+ (Vo/V -0 x pH) + (Y4/aY x
LDH) + (Y/vY¥ox Po)+(-/y-Y x time)
- (v/+aA x pH x LDH) - (+/+a¥Y x Pb x LDH) +(+/-Y¥ x pH x
time) - (-/63¥ x LDH x Pb) - (-/-#¥xLDH x time)+
x (+/++2Y Ph x time)-(-/YAY x pH")- (*/303xLDH ¥)-(-/- &¥ x
PDY)-(+/- - Y¥x time")

J3e 93 6l R Ssrod ulyps ljse 095 0 otnlie 4 oS Lo
Al G &y g sz sl AN g VOB 5 4 pgd 0 g gl
(xSiie JalLs 52 S5l Jace i s 4 85 5ol sl pmls
Gl claodh Cundg oniad lis &S st s o b g jlze Cilyxdl
S =S ol CB onidd (LS o yd VAY Ol (g pud bl o guoly (glp
b e s 4 colle e calio €83 ol b yiolojl o liedol ol 4

2000

= LDH

@

1800 —
1600

1400

Intensity (counts)

400

10 20 30 40 50 60 70 80
20 (degree)
4 b s 5o (XRD) X-Ray Diffraction (s ¢4 ¥ Jsuis

n
=1
=1

ouddi Fiie O gals

4y (F alaly) Bragg ale)l) bows dises ol 3 (++F) Glxio alols

oSol axil gge Jobo 4 o)l 53 4 05,5 dnwlixe yiegil +/YA 5 dol Cowd
A3l e Olxbo o dlols O g (5109l VY byl 53) eolil 3y50

A= 2d sin(0) ¥ o,

YN XDIF XY Ulgs 53 00 ol slacSe (il oS ol
AL oo Hlidle dnsuio sy e ) 43 SY/A 5 OV/0 YA
o=l Sy 0jla) dnle caa .cd )3 i > JCPDS 019-0629 s 4o
o)l > 4 (0 ataly) 45,3 o3kl Debye Scherrer ala, i sl
Lol ) eslaial 5y50 X anil zgo Jsb 4 (/A L ply) S5 ,e51B K
Sy 983 dgly Jlate chuai B ¢ iyl cams 1 Sy sligg B ([ rog3b V/OF
ool o ccaife sl gl el o3Il Hlude wlaly oyl Gollae b o
Dy yiogl F0 (S o S

D = KMBcosb 0 dal,

Olyts pow gooome g Olyds ol lawgio jlade 0y pdaw Colune
sl 3 N2 Cialy 5 Cin (slap gl bawgs (o 390 905 & gy
ol odd oylS Y Jod 9 ¥ UK 3 Jeols zuls g del s 4 opglS VY

Ly sye s (/PO) (6 )Ltd (elaias ;5 ails 5y 3535 F JS5 silae
2 o5y coliwe jladio (¥) Al Cujorels JBlo )3 wgngie Sl &
el Cad 4 25 5D @y yie WYIFD ool oyl

(2F1) 15505 55 o slo e (gnyy 5] Jolo ol L3 e
Cge Jie o pite LSl e baie 4y a6 o (Quadratic) pgo 4y
ol 02 WLl ¥ Jgde )3 aoyw Bl gl b jiolojl ol b

e mobe oz J4o onsite R e oot b pgd 4250 Jue
055 oolazul laosly JJUT cas Jre ol 5l el pl b dlodig © g B>

R 990 Gy aolS da Do g po O i aaa £ gaas 9 O ha ylal Jay e lale 03 9 el Calss yaulle ¥ Jgua

(S 08 rrosie) 029 Cabas | (e galy) Ol A ylad Jacugio (a5 H9 aSe yioGiilu) Ol s aaa £ gane

Magnetic LDH@carbon \YY/$0

VAR -/\Ao

DQI: Diet quality index; BMI: Body mass index; LDL: Low-density lipoprotein

\4y

V¥ sl /Y oplads 1Y+ Jlo /collis pllas ligios aloxo

https://hsr.mui.ac.ir


http://dx.doi.org/10.48305/jhsr.v20i2.1545
https://hsr.mui.ac.ir/article-1-1668-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-02 ]

[ DOI: 10.48305/jhsr.v20i2.1545 ]

S S35l 5 5 oozl b ST Jsloms S o -

oy S3a s ,s (CCD) Central composite design js sudi gy 3 sLaJss cias gl ¥ Jgua

oudi Jauas R2

sad ulgidny </YYYAY /Yoo
S[EEATA +[oY oA

+/V+aTA4 < [AAA

AN

P ‘)L\ia g..u.ul.'ﬁ pus ~r||3:u P Jl\.\id

<[+ EYYY ks

ofs o EEN

o[+~ AVA o[-0-V-9 BX IR}
AR Vos xy-° pos s
- [YVYaay <[+ yYaoY se

2 0dd odalidie oy Bl Lo B D ol 0ud wgbline Jled
Jae 69y 5) o0 amlee Ly i doyd Jlie 3 CCD (sla yilej]
Bl Sy sl jobo 4 CCD Jus .l 00 puuw 3 (0 dolee) CCD
5 el Csd 4 (glaguly blis don g sl 03505 3y50 5 |y 0 saliie oy
oy @95 odimd oyl oS Cawl a3 )5 )18 canly bd &y S5 sl islejl

il e balls

abliie Jlad 53 S s o suilis (LDH) Layered double hydroxides e gsels 930 b o pes S3a ANOVA 9o 31 ealis & Jgaa

(Squared-R) s ool odloiiny Joo S b))l cas

5 Ol po degasmo 4y 0l o il Glasye Egeome o g (pl )5 oolatl
sae an o Olie a2 m 5 bliee it N U sho o ol 308 ke 5 o
Jde ol (oolpidn Jio jlael g UL saiey Hlis wdl B S

Jie UL sl saiad L 9 +/A¥FF p ol ddllas )3y oo
005 038 03l LDH 00l 5l alwg & 0 p Bl e oloiiy

ilas o (pSibss o)l aa Glas o ¢ gane e
FEIM X VT \4/--YEq o/\V-4 \¢ VA/YAYY Jas
Bfeeiyeo YV/AA- Y A+IYEYA \ A+ IYEYA pH A
FQLA X YoV Y/s00Y VAV/oVYY \ VAV/oVYY LDH sble :B
NASRAAN \/V-AYNY o/- oYV \ o/-oYY oo clile C
FEINY x -0 YY/YYaay 40/0\V \ q0/0V oy D
AV X Y0 YA/NAYYA AY/Y -4t \ AY/Y -4 AB
L/YYYANY 1/0¥AY $/08Vs \ $/08Vs AC
- YEYVY TUYVEE \A/oEY- \ \AJOSV- AD
AR Y VLYY -0 £V /YVY \ £V/VVIV BC
o[- ANRY /Yo YY YU/VYA \ Y1/AVVA BD
VA et} §/A0E1AY \E/Yo- s \ \E/Yort CcD
Bl YVIYAY ¥ A /AYVY \ A+ [ATVY A?
IR YA Yo/YIaYy VE/443 - \ VE/aay - B?
“/ovvy o/§10V¢ V1/Aey \ V1/yey o
/YA x \- Y- /AAV- £ 41/04V- \ 41 /04V- D?
£4/YYaV Yo £5/vray suile 3L
o[ YVYA RARARE £1/-444 \- £1/-444 L IPRYS
A 0 T/YYAA e @ii
¥4 AY VYYA suk manial ol sdae §sane
VY- e g
Ad/oV- - 5Sikie
V/AY - CH U L UVRVS- SN V-SN)
</ag\t R2
SJAAA sad Jsaa3 R2
AN sad i R?
VE/AYEY SIS eds

Sl

LDH: Layered double hydroxides

W o¥ bl /Y ojlad ¥+ Jlu fcaslles pllss cligioes dloma \aA

https://hsr.mui.ac.ir


http://dx.doi.org/10.48305/jhsr.v20i2.1545
https://hsr.mui.ac.ir/article-1-1668-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-02 ]

[ DOI: 10.48305/jhsr.v20i2.1545 ]

O 1> ools

LDH Lwgi o/ oo j o Gis 0 Cils Clsle (36 pser
03930 )3 iy Bis loasly  LDH clale 31V S5 55 2 cwblico
Loy opdo ol odd (asede s byl s cos il 3 p,5 o /N-Y
25U ) 3 a5 Y dgas U Gy dis leasly LDH clale i3l
F e b LDH cdale ANOVA U1 sl (olol p bl 5Ll eulle
Oleasly ol pliy oily Gy Gl lodily b gl (s S 506 UL
il Ll LDH cdale Qilil b oy Gis

100 —| Wi=rning! Factor inwoleed in multipl=intersction=

25—

a0

a5 |

rereal eff, [%

|0 4

TE

T T T T T T
0Ees 1115 1.405 195 1935 X5

B LO*H conc {g/Ly
» (LDH) Layered double hydroxides cdate a0 v s

Lo yaiio b (538 po Lol dasl el 5 0oy B (Lo
[PH =V (2 55 0.8 hw) o= 1¥/0 (4ids) Dle3 =50 (2 55 ¢ §) LDH = V/00]

LDH Lwg | o/ Jotoxo jI 5T s 10 oo ddy) Clale 5 pses

0390 50 ;3 i Bl ledily Gy adgl clale SIA S )0 o wnblizo

L a5 33,5 o0 odaliio g ad () 0 LSy Ly cod il )3 p S V-0
8l Gl oy Bl Glodlly o adgl clale 138l

100 Waming | Factor inwolbesd in multipl eintersctions

a5

a0 _|

a5

remava | eff, [%)

an

75

T T T T T T
475 10.25 1175 1225 1575 1525

= Poboonc {mafl)
29 G Bia loaily y1 0y dal gl calale 15 A <

Lo yaiio b (535 po ol Lo 5o
[PH =V« 55 0 8 (k) o= VYD i) 0lo3= 0 «(2d 53 0 ) LDH = v/00]

Predicted vs. Actual

100 |
95 _| =
B s
(=]
5 == -
o @
- 90 _| s &
D =]
S
B
F— =
=]
=
[=]
-
80 _| -
-
75 _|
T T T T T T
75 80 85 20 95 100

Actual
ofag e b O yeu Sa ouudi (55380 Hludl lulls duwlio O JSu
(CCD) Central composite design Jues 3l suliics b ()T o

Jits (gl yiiio (3B i s lokily o o )borgs (slopsiio p5b
Loyt plow (65550 bLE polio ) 5 gl aw (gm 93 5818 )3 0y
2 e Bl gloadly gl daw glajlged 3, b il 00135 3
iz ang LS (ot olySiee 1) lpadls wilise ol
LDH Uils ccbale P yyalie g oas pbool WUl 4 4555 L g ANOVA
e S jeie (325350 i & @y il g Jolone PH STy o
ey Sl glasily PH GBI L plul cpl 2235 (gwyp ol Ll
S Oygo selle o

100 —
a5 4
F
— 90
3=
&
E a5 |
@
an 4
T T T T T T
=i [ a7 73 .9 asc
AopH
S35 y0 U Jasl yli 0 0 peu Bia louily s PH sl # Ysa
L ja2is jublew

[PH =V« 5 0 8 (ko) o= VWO i) 0lo3 =0 «(2d 53 0 5) LDH = v/00]

144

VEY il 1Y ol 17+ Jlo fualls plss liios aloco

https://hsr.mui.ac.ir


http://dx.doi.org/10.48305/jhsr.v20i2.1545
https://hsr.mui.ac.ir/article-1-1668-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-02 ]

[ DOI: 10.48305/jhsr.v20i2.1545 ]

S S35l 5 5 oozl b ST Jsloms S o -

5 o oS e TV- 5 OY 0305w 5 ] (TDS) Total dissolved solids

A0S e i Qo Cdil el dige blS 0 ot

uﬁe
55 od odnlitie gy Sy Fer—Feer CMT odga 0 ;5 LDH wl gl

)L>L»: P d9->g0 J.A_mfg).\.\.m dl_b09)§ A_)\_wlsj)‘ 4 109_>)A Y¥YS Cm-l
S e 3L e (gg) 00 i Ol o JsSUse 5 LDH
auSt pis sl Jogae SEECMT g ¥FA CMT )3 o oanlive
(WY O4) cwsl Al-O § Mg-O ;36

Aol Cwd 4 yieg,See YAY E VY @l ojlil ¥ S mls sollao
2929 e jgpols IS L (2 3 XRD 0l ol sullas
Cpjgpels selcrisn i 0aiiS L oo s LDH Jlslo lojon
o=l g eads ()55 (F) oy Ken g WaNg g & cusl Lald LDH
Ak anil Ol Loles p olien el Ky e ohrg Colus Ll

Jie oyl oy s sl 4248 350 oo 5 (sl e
S sk a8 ey e Bl e b o Quadratic
iy agl cbale (s clale ol it 3l ANOVA Jous illas
b IS g e Sl plel) 3 wled Gloj 5 PH

e Bl loly PH Gl b i s a0 0 4yl PH il
ot L oy is PH a3 3L ol 5l g il obj bV 290
I3 i L basys sloatl J,i8 )3 PH 51088 &0 ol
o=l (V) cwl w3 )18 K1 3y90 5 i)l3S alisee ldioee bawgs (S
i Al g5 s o Sl Jnme ol e ) (S2 5L
L RSN LS.Lnl)lf )‘ 9 .59_wu_n u.)l_> JL:S oLi{l} dl)_) Sy g H*
5 Aa o caeliae 4l cuelbes PH o5 polie 1o (pimen Lol o
ooy oS yorio 5 1o il lalislle B o 4 o Joxe

o 158 (s oo adsl cale ANOVA yp0]] guls Lobl
Clale GBIl g Bl pleaily G gl clale Sl ply 00 F
2,5 g phals” adsl
LDH J/ osléz] L (] Jptoxo jl oy s > diphyd 5Laj il
VeIV e odgdmme pd i leasily p wled loj 518 US> 5 pwbliso
ol Gloj Gl L bl el 2 338 oy LSy Ll cos 4B
Lol am g el pSein pils aids SV dgas b Gy Bls o],

100 _| Wizrning! Factor inw ofved inomwitipls inter sctions.

a5

90 _}

as _J

ternava | eff, (%

ad

T T T T T T
e L35 Las5 TO5 aLs 925

Cr time {rning
Bl Jasl i ya 0 yes Bl loadly s olad ey, 4 sid
Lo addie plus 535 50
[PH =V (2 55 0.8 ow) o= VV/0 (aids) lo3 =90 (2 53 ¢ 5)LDH = v/00]

Slam UL F jlade sl ol oo ANOVA 09@;‘1 b bl
bl il e

iy gl psio (g5l jl Lol Bun i s digy Lo/
Oleasly upy byl b cood aS Wil o 0 mblize Jlad (p)S o
Al Cawd 4y 2o yd VY Gy Bl

iy Ol plobly S 4 gyl o oll p lale]] dinge Lty
£ Jsdn 2048 0S e Cda Cud )b dldi g o cunlie 039050 3 PH
9 510-NB 039a5x0 1> pd o PH a3ga5t0 b a5 olo ] 51wl oas 4]yl

(9S y3 oadi swslis (LDH) Layered double hydroxides cu ) gsels g3l dlac g da o pos S3a g diags doal pudi £ J gaa

oudd ceablids Jlad
Oy Bl
(3 59 p S slse)
ARYAR /A ARVAYA ATARE /vy \

VIA- Vo N/A- YAIAY a0/Y-Y A+ /YY \VUYE +[/AYo AR Y

v/va VeV/\a Y- /oY 4V /A4 VY/Yo VYo < JAY - V/Y- Y
LDH: Layered double hydroxides; TDS: Total dissolved solids
VoY liaol /Y ojlads /Y Jlo /el plas Slisiss dloxe Voo

https://hsr.mui.ac.ir


http://dx.doi.org/10.48305/jhsr.v20i2.1545
https://hsr.mui.ac.ir/article-1-1668-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-02 ]

[ DOI: 10.48305/jhsr.v20i2.1545 ]

O 1> ools

Oilidl Cygo > Bls e 3 el )y o (6 a4 ] i (5ol
{7) €85 i > Jobro 3 3250 538 gy oS5 e

Gl el (wled glej Lial3dl b i s 0 up s loj il
oobed ol Glidl L s £ejla g cudly (6 St ol o
9 Slg adllae glis 355 0 g (omrlle cand b 0 Sl 138
pLosl dlauly 4y G ol o olod o al3ol b a8 3l oLt o) San
(08) Lbeo I3l 0T L O3l (g9, Jlub (slacobu STy

e

SYIVY = LtiSls ooy PH = SIVY atgy byl 5 s g i oty
g clle o n) 3 5y S Y- = LDH oSl Cils clale wids
sl oyl 5 el o 4 2o yd ANV (1 3 25 e VAN = Cop
Cilban lie o e @S bl 2 g dop> Voo Jue Cangllan e
Wged (e Olgis & S cl 9 A odalie pod dx > Juo L e St
JLsb 0y s i 0 LDH 3l St )8, Giaogs Cagr
LDH Cils 5,8 ol Ll elabao 1 oo (g ol )3 (smabolie
295 28 & pasie gla Shy o 4 (ublie Jlb (S p 0rd oailis
Sleogy S (39 L g 05 (g SOl b )b (ol a4l a4l s Lo e
o g Bl (i (elie O3l 095 slaal >SSy un
ilwaige s RSM (29, 5 CCD ¢y ioman 1l oo (ol sloglxe
sl sl (rlaw Qo gy & Gy g Bl ]33 e sla e

a8 g ySds
9 W e ojlacd Ly adl (olid)S” glaie aclip)bly 5l a5y pols Simgsy
S pole oSl Cigas JR.GOUMS.REC.1400.069 3lis] 15
Fr ol slacoles 5 o) S 5l By dowy (s bl o s
gl Jos & 10,8 5 S

References

i lacal sl POZ 5 HT Gy By gl PH Gl
Uil g Josb 5 39800 OOl aw (ke )b Jliil el 5 Mo S
b tal38 PO sl o (o (site b L) O3l (o Sl S
L ghlSan 5 5 ylpw adllae guls b oo Rl 568 gl 5 W50
GBlo > SypSl dpul b osd Sl (281 jio ool Sl o)l Bam
PH (aal3-811L a5 0l (L sl s Gy &0 (ol sladglone 3l oy
orae PH =V 5 b Galidl Gl laglons 5l oo i (Lo
S 13,8 sis olSan 5 edlide (1) Lbl e oy Bl Sl gl PH
i el g aian e )b L adaw JeuSg)am 09,5 5l SUL slapH
{¥) 298000 agyssls

Sloaily «3ls e (I3l bt s A0/ 0 il el Wl
Ju elo o Lialsél el LDH cdale Jlisl el Jilpl wis 1),
Ol g Q3 g g o i 395 0 (el g Gl odaw kST
e Bl plakily @il 3 9 358 0 2pw G2 Sl o > slaplSe
ORI L Aol (i )l 5 (gl Ba5 gl (Ve) Mbioe Rl
il T elaslox 51 o Gl o], (AAS-ZVIN) il cdalé
eble Jlidlas g o ) (Sl S0 Simgh ol (1) 1be
g i Gl g o o pin i1y Gl G el ol
(V4] 290 oy Bl londly G T Sl

oy gl il I s o ))5 Gl g 4] CLE I
Zhang sl ;5 ol ol U 1 S e lS s i et
Ll Uy elaclalé 5 a8 il o dtadls bl 39ie (gla e Jiss
ko 33 @i (V) Wi alS polis Bis ao)> won )3 9 Nigd oo
3 3P g jio ol @3l | PP Bl LIS aulio podsa b
V7)o LS i ol oo alé il L o8 3l s NifFe
slasS 90 Buio diwgy 003l et B b &S ) Kan § dwey Libgh zoli
s plol S Jolse (siluwdige 9 CCD (ol slaJgloes Sl oy Bl 5
oS Bl (e o3l slagym gl clale Gl ) Galil L o Sl lis
Loy pSlas oid 3 £y S o 00 1 pia8” (slaclale ) (ials cpl by o0

1.

Rezvani M, Ghorbanian AA, Nojavan M, Sahaba M. Evaluation of heavy metal contamination (cadmium, cobalt,
lead, zinc and manganese) in Eshtehard aquifer. Environmental Science and Bioengineering 2013; 6(0): 13-21.
[In Persian].

Amodio-Cocchieri R, Fiore P. Lead and cadmium concentrations in livestock bred in Campania, Italy. Bull
Environ Contam Toxicol 1987; 39(3): 460-4.

Alizadeh M, Fathi Saghezchi F, Torabian A. A survey of heavy metals accumulation in foraging plants irrigated
by sewage in south of Tehran (Case study: Maize and Alfalfa). Journal of Environmental Studies 2009; 34(48):
137-48. [In Persian].

Wang W, Zhang N, Ye Z, Hong Z, Zhi M. Synthesis of 3D hierarchical porous Ni-Co layered double
hydroxide/n-doped reduced graphene oxide composites for supercapacitor electrodes. Inorg Chem Front 2018;
6(2): 407-16.

Dadban Shahamat Y, Sangbari N, Zafarzadeh A, Beirami S. Heavy metal contamination in the effluent and Sludges
of wastewater treatment plant in Gorgan, Iran. J Mazandaran Univ Med Sci 2017; 27(150): 158-69. [In Persian].
Marzal P, Seco A, Gabald+\n C, Ferrer J. Cadmium and zinc adsorption onto activated carbon: Influence of
temperature, pH and metal/carbon ratio. J Chem Technol Biotechnol 1996; 66(3): 279-85.

Mohan D, Singh KP, Singh VK. Trivalent chromium removal from wastewater using low cost activated carbon

Yoy V.Y uLqu/Y o)mf:/"’ JLA/WLL» plls Slagiss alore

https://hsr.mui.ac.ir


http://dx.doi.org/10.48305/jhsr.v20i2.1545
https://hsr.mui.ac.ir/article-1-1668-en.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-02 ]

[ DOI: 10.48305/jhsr.v20i2.1545 ]

S S35l 5 5 oozl b ST Jsloms S o -

derived from agricultural waste material and activated carbon fabric cloth. J Hazard Mater 2006; 135(1-3): 280-95.

8. FuF, Wang Q. Removal of heavy metal ions from wastewaters: A review. J Environ Manage 2011; 92(3): 407-18.

9. Wang X, Guo Y, Yang L, Han M, Zhao J, Cheng X. Nanomaterials as sorbents to remove heavy metal ions in
wastewater treatment. J Environ Anal Toxicol 2012; 2: 154.

10. Shan Rr, Yan Lg, Yang K, Yu Sj, Hao Yf, Yu Hq, et al. Magnetic Fe304/MgAI-LDH composite for effective
removal of three red dyes from aqueous solution. Chem Eng J 2014; 252: 38-46.

11. Torres-Dorante LO, Lammel J, Kuhlmann H. Use of a layered double hydroxide (LDH) to buffer nitrate in soil:
Long-term nitrate exchange properties under cropping and fallow conditions. Plant Soil 2009; 315(1): 257-72.

12. Azimzadeh Y, Najafi N, Reyhanitabar A, Oustan S. Efficiency of Mg-Al layered double hydroxide for
phosphorous removal from aqueous solution. Iran J Health Environ 2017; 10(1): 125-38. [In Persian].

13. Zhao D, Sheng G, Hu J, Chen C, Wang X. The adsorption of Pb(l) on Mg2Al layered double hydroxide. Chem
Eng J2011; 171(1): 167-74.

14. Rodriguez M, Montgomery D, Borror C. Generating experimental designs involving control and noise variables
using genetic algorithms. Quality and Reliability Eng Int 2009; 25(8): 1045-65.

15. Kasiri MB, Khataee AR. Removal of organic dyes by UV/H202 process: modelling and optimization. Environ
Technol 2012; 33(10-12): 1417-25.

16. Myers R, Montgomery D, Anderson-Cook C. Response surface methodology: Process and product optimization
using designed experiments. Hoboken, NJ: John Wiley & Sons; 20009.

17. Taty-Costodes VC, Fauduet H, Porte C, Delacroix A. Removal of Cd(Il) and Pb(ll) ions, from aqueous solutions,
by adsorption onto sawdust of Pinus sylvestris. J Hazard Mater 2003; 105(1-3): 121-42.

18.Uziim C, Shahwan T, Ero-[/lu AE, Hallam KR, Scott TB, Lieberwirth I. Synthesis and characterization of
kaolinite-supported zero-valent iron nanoparticles and their application for the removal of aqueous Cu2+ and
Co2+ ions. Applied Clay Science 2009; 43(2): 172-81.

19. Savasari M, Emadi SM, Bahmanyar M, Biparva P. Assessment of Pb (Il) removal from aqueous solutions by
ascorbic acid-stabilized Zero-valent iron nanoparticles using response surface methodology (RSM). Journal of
Water and Wastewater 2017; 28(3): 46-54. [In Persian].

20. Esfahani AR, Firouzi AF, Sayyad G, Kiasat A, Alidokht L, Khataee AR. Pb(Il) removal from agueous solution
by polyacrylic acid stabilized zero-valent iron nanoparticles: process optimization using response surface
methodology. Res Chem Intermed 2014; 40(1): 431-45.

21. Zhang Wx. Nanoscale iron particles for environmental remediation: An overview. J Nanoparticle Res 2003; 5(3):
323-32.

22. Saberi A. Comparison of Pb2+ Removal efficiency by zero valent iron nanoparticles and Ni/Fe bimetallic
nanoparticles. J Energy Environ 2012; 3(2): 189-96.

23.Yousefi Z, Mohammadpour-Tahamtan RA, Mashayekh-Salehi A. The efficiency of bivalve mollusk shell in
removal of lead [Pb (11)] from aqueous solutions by central composite design model (CCD) and optimization of
effective parameters. J Mazandaran Univ Med Sci 2013; 23(108): 54-67. [In Persian].

VoY liaol /Y ojlads /Y Jlo /el plas Slisiss dloxe Yoy

https://hsr.mui.ac.ir


http://dx.doi.org/10.48305/jhsr.v20i2.1545
https://hsr.mui.ac.ir/article-1-1668-en.html
http://www.tcpdf.org

