[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

11 -=98 ) o ylas V Jlew NV ol chino cublogy eudigo dao

algil )5 Sl Fuublide Yl)gias wn jgaoligil 3 (HHL (Sw) »9
L,.gT s Jglxo )l paljw ‘sngy_gT O3 ) o

Yy

Y;,é@&&:awg‘wcwﬂlfw"wd,‘,}Mg\_,@.‘lcjélfj
Q\ﬂi ‘Q\J.g_? cQu.;iz-J r}l.c .A;-U d‘j”" blji oK isls ‘65‘;}'5 Gy Ja.?uemb s Ja.?u sl ej;\
O.Ji“CJS‘).J:”Ji“;ﬁ r}l.c a@\:&\xﬁamlb‘hﬁm\;»ir‘&@.gww U;r

Olnl g S Gl (Ko psle oKl (RCHSE) basms 5 ool ety Slisios 807

WAN/Y/YE 1 b pada &G WAY/E/] :allio il )y &6

(VLN

o 305 D amen 5 o8 Ol CalS S35 Gledes OIS S5 Sl WIS o O s o lie Gla0 sl s 5
Sl 3 0 ad gl S Sl ebolinn 01358 o 5malS 5L Clr LIS s caddllas ol Gs 55 e 510 S gl
A2l o ol lad sl 5l Sl S o s Sl S LIS (Ol s gla0 5l

! 53 e (B 8 Do o n Al lau g edd Wl S Sl bl O35S o pelS SU R I B,
MG/L o3 sitimme 55 Sl S 5 Olo S Gladp chle 5 00-Fos MOIL o 28 53 Sl s 5 LIS sla0 sl chale s,
o)Ll aids +=4s Lle Olaj 5 0-A o3sdoes 53 PH sl o Eass ool gl pize 05 5101 5 odle s Sl 00V on
A s o T8 s Shas et S Salizasn 5 5 St @S] 25

Sl 5 LIS Bl L sl s 4 PHT 0 5 Lol Gl Oleily o g o 31 0L anlllas ol ilaasdly
o 53l (Ral A s YV & OVAT S 5 YATY wAr/ol 5 5y Gl Oleily 2 e S e Yo Gon
PR VAN S IPIN WSS AVALAPIFE AVA - IS S VR % R PR K ‘):,”Jﬂp_fdlcﬁ\m Loy slackle s oly S » 5ol S
o=l Ll b Jalsl sy 4Y WY 51ee=Y MO/L o 3l Ol b LIS 00 Gl s acdl 2alS ds s £4/1
by S slad sl Bl Bledlily Lol Gl JS B 53 (solsbae sl 2 e S8 Sl sy O3l Sl il g
A OF 54N 4 0Y AT 4 071 L 5 a4 &S andly Lol sy, 0= ME/L 5l s il gl s Sl s Sl S
St Jds 5l o Je e A3l on o a0 gl 03 500 Con eSSV Jlle 51 lr T8 s s A
Al Al Gl Ol s (I BI L 5 03 S Con pas a3 4

e 3l e sLa0 sl ks Gl w530 S g eblite 1S 01558 S3lr oS 315 0L anlllan il (g S wom

Al

& e o5 a0 sl «Sliom pndoliin O3 528 a3 0018 5U cdir 1 g S LS

[ DOI: 10.29252/jehe.7.1.94 ]

Ol S Gyl (Sig pole slBails dazme 5 eyl cidlagy Slidie 55 0 - ol iz ,S Gl (i pale olKails culilagy 0aSails dase Cullagy g 09,5 1 ghown 0w g5 ”
SYF- YEFFYAYY :ules el -dr.noorisepehr@gmail.com : Jo,!


mailto:dr.noorisepehr@gmail.com
http://dx.doi.org/10.29252/jehe.7.1.94
https://jehe.abzums.ac.ir/article-1-701-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

[ DOI: 10.29252/jehe.7.1.94 ]

SolSan 5 ol 1585

Alesls 15 e 350 1) e dd S5 sl ge 51 25 5
Sl g slaadlas 5o OLLSGs 5 (ol e sl g d e
Sl o 31Ol S 5 A0S (o s coendS ol
s s S oss S Olse 4 ohsl gy b s
ol ol (I sane Y= s Sl O3l S Olge
VA omedS o 2y a8 il 50 0 Ol 5 (b
Loy (Ae,380) Ol S o5 (o3 AA) IS (s
odd ol 5 Jsene (3L N s 5w el ae
b (o p3Y) e O 2l i 5 !
WS 5 Bolo Vs Jol 5 pb O 51 Jsens o s
— ol bliie O3 50 CpulS LS ey
S b i e S Gl L O35S p s S
4S sls QLS i ol gl o sl ) gla o
SEL i PH 53 a5 S oK 5B Gl Ol VL
Ol 5o O posdle Ml 0350 Ao ;5 44,0Y L Usles (s3e
S5 s 53 aS 5 S o Lal LK 5 s e andllas o
GBI 3 el eblie 5 Ol3sS SLLS ) p a
4S5l Ol b 5 detls =l slad sl 31 ol
Somen ol Jsdoee b olad 31 o abliie 50 013 28
o e it b e Dl 4 B i
sl clle s ) s p SN WL pH s ol i
L Jslre g3de S el s 4 1) s @fdu VWY sl
oo I ol L el sds 55158 A3 A0
53 0358 Jodly (6 S o3Il aa 3 Ol (gla 205
05l Gl s Sllas (T e 5 JT laeaVT Gl
50 o=l 35 a3 plasil (e Sy ol Sl
O3S S8 51U o gD () Gl (pl s
3 el bl Gl s el gl S Sl wblins

0 @\ o lad aiia Jlo A FAA Guls cdaias Sadligs odige dlas

LVRY-7

Sl el 5 0Ll Gl sl ol e S
e (J»J:ws):j(.)u‘glfjl.&a) C}T‘L.bdwj';w.i_}eﬁﬁ
O350, sa3l L Ll cul (659,25 0l gLl ans
aladl § Cxivs 3 ol (sbu\ LSL"‘“;JM 5 Ol Coma
Sl 3iS 53 o sa Sealil ool ST (il aals
Loyl 1) (=T slaod VT 5l s otes sy J 5
iy Ol e La0T 5 0ge adar 51 oS ims o JSCES
bl LS\_J'.’ .JJS o Ll C)LJJSQ.:} C)L.’JS gJ_l‘JLS ¢uij
Godae sla kg, u—’T slal s s V}‘H L;Laoxﬂ
= aas 93 s Pl (65 esT b iy L bl el sleldy
cb_w 3 S S el ol Jedss s 4 gL glaoil
o=l ol S 18 Gliies ST a5 5 50 wed 28 Jlad
Ol wlbul s Shee VU &2 s 4 st slaoils o,
Ts g dial g

el 1 OlsS Ol 38 1 5L ladlr e
cu)gjbéyowwsgwbéaﬁ
3 S s 2B ks slacil Ll (o
wles OF Ol Cdor el o 0 4L (03,) Cad

| Yt

);ual}lj_édl_ac,ﬁfgﬁ}l{wl&:ﬁu D o

Gla i, sl eslimal U ol (g3luliz o lal 5,50 bl
ol 155 Sl S w2 [k Losas S5k e 5 Osend 2l
sl ul (65308 cwblae anen Olge 4 50 6,3 K 3l ce
ol SLbl gl Gl S e w0 OGRS 5 2
Oles S ey &0 Bl (g3l 5 AS 0 bl | azes
Pl e adde |y ot eblise
Gl Al b s eslitwl 5550 L3l g5 oD Ll
sz PH (les Oles i (6 555 e sla) s dbaon VT
Oldlas 3 Oliioes oS den IS 50 55 L) e


http://dx.doi.org/10.29252/jehe.7.1.94
https://jehe.abzums.ac.ir/article-1-701-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

[ DOI: 10.29252/jehe.7.1.94 ]

& sladslas 3l aalie slag sal s Hu sat d 318 Sulliem penbline 515 58 0 50lS 5l da @IS (s

o, dabo ol oy o w |y SWigel e A els 3
L A OT Sl i Tss (S G a0 B 035381 B3 g8 shome
03 Lgd i SKe BB S B esls 13 K (o)
o3ls pine s Jgle b ag e an ol 0040 O3 als eyl
s 3 LA s J ke 2 L 00l ol 5 5 el
g el eng il Ao s b Sial el 5 O35S Jglows @
e 3"V S 5 S ) el e e
Jls 4 S s 4 1 O3S SiKe 5L s bny
s R LSS 5 SIS B e S o5 o Jsbee
s g5y Cele Y8 Sode 0 Ao T S0 8 Jsloes ol jan
L o [ d 58 Cela Y8 51 e A3 osls 15 S5
Nsgds an Wes S g, Seslul Ly of pH 5 e lade Ol
Celuw Y Sde 4y AlCs J e 55 5Ll 5 A p VI
CTL e o ol 3 5 L esls 13 S )
L eSS oy )3 5 o 63ls g i ke

Sl sl cbale (o (gl oS ol o)Ll w pY
L e il sl s Sl e 5 LIS 5 ol 5
535 3 (HACH-DR5000) j il 3 §Y+ =5 oy b
5Ol S Chle (o, Seilul ke 4 omen 5 (5 e sl
T eslital O gl 25 S, 5l Sl S o

O sl sba g, ol sdeel s 4 glaesls JUT sl
e Y ek sl 1SS slda i 4 S 0, Laseie g bl
Cj_}j)ké)wllmélﬁj:ﬁ(emh;w:@@u )
e Sad 5 s b s eSO lap ) Sl ol T
5 dslams s (S Jauls, 5107 esdhe A eslinad
Sl s ol ST St aulws S pg0 a0
Saelosgo 5 laily) Sl calises lales s Cblr )l anlllas

.Mw;aﬁ

-

sy 9 Slge

G50 Sl ged e dpnlms g, 56 anlllas o
S sl b e OF 3 4 a3 Olaj 43 586 S
Clale (0-A) PH (51,8 5l amys £0 5 ¥ Y0) Los
‘(CLw Veagds +=44) Wl Ol (V-0 mg/L) o3l
Clale (mla 0 00=100 MY/L) Sl S s VT bl
s VT o lale (o 0 00=100 MO/L) by S o stV
Al S sl VT ke (s 0 00T MG/L) il
MM) Sallte gla0 s lle 5 (daw 0 00T+ mg/L)
A E 5 s 50 5B 92 534S ()

G gy Bl b e sl 30 53 anlllas ool Gits
Lol 0350 LIS 5 Sl g (Sl S ol S (sla0 55
3035 Sl D50 & 0kl g Sladi sl 4SSl 4
Ol yo 58l G sy Slas @ ged o dsnles )
juﬁj_z;ﬁbﬂ;;‘&im@@\m‘mg@
039k we g J)iij) e lAde 55 s pate 4k
sds VT Gl Oledsly 5 el anils 5 el (Ol i
DS 5 e iie Ko sl S Dl 5 ads S dilos
sl o

03 ke gla prie sl g Bl b e 51
By LIS 5 Sl (Dl S o ol S sla0 T
e L8 o Sl pblisn 01558 oy 5l 50 ol
Lad sl opl ool Jslas abais 5w oled Oloj liglesl
S a0y 2l 6 imen 0 8 et
il b S0 Lol i anl s Sles
o (e Ll 53) Sl pebline O3 S Cu s 5pelS 5L
W3S 3 ey s andlae 5,5

sl bt 31,5 U1 528 Sy pelS 5L e Cogr
e ¥ S IS el dgloes 2 e ) Tl e
Y50 ¥ SCou IS el Jsls 2 L 8 LI FeCla (s 51>
ebliae O5er S5y 5 4z, 1 G s FeCls (g5l

o lach @38 Jls « VWAA jasly dosne Cullags uoaige dlae @ 47


http://dx.doi.org/10.29252/jehe.7.1.94
https://jehe.abzums.ac.ir/article-1-701-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

[ DOI: 10.29252/jehe.7.1.94 ]

Ol 5 ellp s 155

ot bl 01558 S eSS0 i 05 el
(Y JS8) sl Sk
—ebliie Ol 528 o3 smelS U 5 015 S FTIR SIUT
sabilen sl ol Y IS 3 50 Sl o ol
Sl 4 by ) YEW CM glacSsy 558 0 otalie &S
«(N-H L) Yo+ ) «(C=0 kL) VYV (N-H 5 O-H _zzis
53 (0-H 45L) 1447 5 (C-N L) YTV «(C-H L) Yavy
OF resdle 5 o0 sdalie LB oy 5550 e3le 53 2 mb
g L blasas as § e ove Cm? s i S
sFes0s Sl3 U el dse e L 5 035 Fe-O
2l ol Sl S el Ol S el s OF o
cislae XRD _islasl 5l edial Cows 4y slassls L Sals

RN .J)‘J

yaisl
S ST a9 s

Sbs U Ol sxS 4 b e SEM LT 4 a5
ot odd blie 015528 CjgealS S 5 al LS
Ol siS G pelS S S 5,8 edallie Ol 5 o Sbie
5058 b olrla sl ke ot bline
-l 5 il (s IS5 @ 5 es g ol ST 13 L
OF G oydd (il 8l o ol e S 0l L5 (8
. J.{.::) Gl 0l

G5 esls a4 by o XRD sl aylie S5 S b
TN ey lysns L bl Yo ¥° Sy e s
5ol STl b bline TY,0° 5 0F,E° £YY o,0°

" e s SIS e e T L Bl 00,YA% S

st mabliin O3 28 (¢ 5 oAl 4wST (G 013528 (Ll SEM 50T Jsudo

WY @) olad aiia Jl A¥AA Guly cdasne Cudilags osige alas


http://dx.doi.org/10.29252/jehe.7.1.94
https://jehe.abzums.ac.ir/article-1-701-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

[ DOI: 10.29252/jehe.7.1.94 ]

=l s slae 3l anlie slagsnl Bia 5o sad f 518 Kllie- ponbalize G5 A8 cu) € S0 L a5

Intensity (counds/sec)

MSC-GLU

)
Fe 304 A ”
10 20 30 40 3

28 (dea)

Y0°C (sles 3 CU KoL il 5l oslizad L YO= 0UAL® w513 03 gies 53 ol pblins 013528 5 013528 (5l WSOl axcl 5l sV SOl

Transmittance

MCS-GLU

3600 3200 2800 2400 2000 1600 1200 800
Wavenumber (cm™)

s 5550 ss 503 FTIR SIUT ¥ JSulo

Sl Lo b 5 AT S 55 1y g LA PH O s
ol b s OF Ll Sl st
Lo ;S SSE Wsbme 53 35 50 3y O selii g 4
el R N e e AR P
Sy o odalie 0 IS5 55 o) cpmes Sl 5 2505 J gl ens
b 2alS LastoNT Gl oledsl, pH il 5l U oS
5 LS as Whesls ol Sldlae s G b 1 VY el
el 5 gl GlapH s Laedo VT Gl Ol ol 58l
Sl S e b i 4t PH el 55 4 0155 0 |
Mosls s (PKA) (il 4 525 ol 5 (PHPZC)

TEM Jup,ﬁ@uuz S s Ll s

L Sbe o odd bl O35S oS 5L 4 by e
R o TxPs Ol so das o OLAS
man 3,5 odalie [ el Ay JIe b3 Lokl jma
ol 5 ol o 5o Sl o LB SIS s
sdoas LS5 D3 U oS Sl dhoold 5 S O3l
Sl SLLE S 15 s g sdge cpl 45 Sl O

S ol uJ\;- Ol5ee
o332 35 Ty8 jupH sl

Vo lach aiia Jlos  VFAA jasly cdains Cudilags ousigo alas @ 4A


http://dx.doi.org/10.29252/jehe.7.1.94
https://jehe.abzums.ac.ir/article-1-701-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

[ DOI: 10.29252/jehe.7.1.94 ]

Ol 5 ellp s 155

\"KEVJJ (TEM) g_)}g.»}),ifa JJ:M}MQ‘JJL:SLS‘;) ol s LES Fe3o4 6}3 ;J\)}_}JL)JK.\;'}D)\JJ‘ :ZdS.w

A3 G b 1S e sl e L L glal s ol g

Ll o b sladame 3 olje sla0 sl Bl 1alS

Glaog 5 Lot slads Sb 5 ool plad alis 51 3L

DA eyl o Lol ol a5 A4S ssdn

19

¢

T e pH s Ol op i sl aallle

Sl el b L PH el L5 a8 S o) e (Sdl)
2388 L3l w5 53 HE O Gl s @) (ke
gl S 1z Al e Sl sl e B (sl Sla s
il b g0l d Ol HY gy by bl

@ @
[= [=
2 R%)
2 <
/ -~
et C| ——hCc03 —4— 504 co3| T e €| === (03 =504 co3
0 20 40 60 80 100 0 20 40 60 80 100
AXxis Title AXxis Title
60
pH=v
50
'A—‘—.&\
® 40 ——
i =
o £ 30 -
é é 20 - 7
' 10 - F—'A
4' e | === hC03 =504 co3| i e C| === hC03 =504 co3!
0 & , , , , , 0 K : : : , ,
0 20 40 60 80 100 0 20 40 60 80 100
Axis Title Axis Title
Sle ok oblite 03528 CusslS 5U a5 wlie sla0 sl Gl 0Lkl  PH e b0 Joods
Vo lad aida Jlos A YFAA Gl cdaias cudilags cdige ddas



http://dx.doi.org/10.29252/jehe.7.1.94
https://jehe.abzums.ac.ir/article-1-701-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

[ DOI: 10.29252/jehe.7.1.94 ]

=l s slae 3l anlie slag ol Bia s sad 4 518 Klie- pondalite G558 cu)sal€ 56 Cia LS s

60 -
50 -
40

70 g/L) zg lg/iL ¥ |

30 -

Axis Title

Axis Title

20 +

nN
o
iy
b

T T T T

20 40 60 80
Axis Title

100
% |g/L ¥

Axis Title

10 ¢
J[/’ | e ¢| 03 4= hC03 so4| 10 '4' | —m— 03 —4— hco3 so4
DXS
0

0 20 40 60 80 100
Axis Title

100

Axis Title

Axis Title

100

20 40 60 80 100 0

(S

e
10 4| === (| =03 —#—hco3 so4| 10 Bl —4—c| =03 —#+—hco3 so4
' 20

40 60 80 100
Axis Title

Axis Title

10 4| ——cl
& ,

0F

il 03 === hC03 so4

0 20 40 60 80 100

Axis Title

o sl Gl DLl Sk g 0l b lite 0535 S5l 5L O3l il iz 36 1P JSuby

Sl (§ 5y 2l sy 5 om0 e 5 Jd e
S 20k 4t .cmsls 0 aoVT slad gy o 2eed o
¥l Ol adsl s Ll LeaNT Gl Aoy il 5l
rj_fr)l.x_s.a@w\dﬂag,uﬁﬁuﬁgﬁpfol:

A bl ag SR Olge 4 O RS 2

NIPKY EQENE VW
Gla0 sl Gl Obelsly o ol s b1 e
= o erblie DS i jslS SU b 0l e
Uil 33 8 o aamMa 4S5 b0kes das e 0L 1 Sk
Ol (Rl o ) e S 0 ) Sl 3l 2l

ol o500 Ol e 15 OF s oS o 0 VT ol

Vojlack aida Jlu  VFAA july dasse Cudilags gt dlas @ Voo


http://dx.doi.org/10.29252/jehe.7.1.94
https://jehe.abzums.ac.ir/article-1-701-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

[ DOI: 10.29252/jehe.7.1.94 ]

Ol 5 ellp s 155

Axis Title

Axis Title

Axis Title

AXxis Title

el )+ cllf—) o\ c— v Yoo

Axis Title

0 20 40 60 80 100

Axis Title

| —— 0 i) cmp— A+«

VYO oo \ O o |

Axis Title

——— 0+ el V) e Y 4 YV i VO

0 20 40 60 80 100
Axis Title

|—o—a. ) b c—— )+

Yoo —).(—Y‘..|

e Sl T Gl Dleily 5 Sl o bl O35S CassnlS SU OBl as iz 0V Yo

K alalse slaygs sl
Lo olis 5 ol ,xs Sdslie gbaog LbA IS8 s
SU b olie sladpsl Gl 5 Ve Joe V.0 clile
ol o3ly OLES Sbe o o pblins 13528 Sy 5elS
SLals Sljen i 335 o dlimde &5 5 5b0kes .
0l e B sl s 4 Slid 5 Sl Sl
5l S ol S WIS ol slal sl 5 S sle
S w655 SLa0 IS b sy bl 6l W 5
Dladily 28l (5 5 edd ol 5 Al

s dal g ol5a (sla0 gl i

VL @) o ladd aiia Jl AYAA aaly cdasas Cudlags sdige ddas

033 VT wlblé i3l
Lalssl sl bl i 36 s Ol5 eV U2
CselS 5L il by LaedNT Gl Obekil,
ISz S sdalie |y Sl ol pibliie 013 528
353 SRk aS 5 S damNe Ul o s 4 Ll ) e
‘_’;ﬁllejJ_:nJﬁ(:j?dk:ﬂ\m Lov jlols s syl s
A_rcj_:.gjj.)rjjdk:ﬂv" Gor sl 5 ol chale
e slatab S 0a8 Jldl 5 2l o6, s
3 oo Sl 4l 2l e ol a0 sl Sl

.mgw\%jpg\p@gﬁr;&m cble


http://dx.doi.org/10.29252/jehe.7.1.94
https://jehe.abzums.ac.ir/article-1-701-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

[ DOI: 10.29252/jehe.7.1.94 ]

=l s slae 3l anlie slagsnl Bia 5o sad f 518 Kllie- ponbalize G5 A8 cu) € S0 L a5

60

50

40 /

30 ,7/L .

(1) slel,

20 /s

10 5

co3 hco3

so4 |

0 4| —o—cl
0 ZU

4U

(a233) 0L

oU [51Y) TOU

Sle o 0 bl 013528 Sy alS 5L Lo 5 o150 Gl sl Gl Ll Salstle sladg 5 sam 36 A S

(PKa) (ol 4 25 <l 5 (PHPZC) bl S s 5
MVals G

534S el ol el o tege 3l S i dlaiii pH
0Lz pHPZC 5,8 o )l 5 eslitul 3, 50 ol gladul b
o e 3 el Clad 3356 01 53 a8 ol (glakeis oas
a5l ls O3l mhaw T 51 5V sla pH s 5 s
A3l g e b lols 23l e OT 31 5 b 3 503
mCalw Sl gsbs slaad W3l 53 O3l e 4 abedi pH
Tl Ol e (g e 5L s e L L e
0Pl xS 53 e 8 23 PpHPZC Sluds ooman
2l ar s b ol aadlas 5.l Ol el
PH= 55 ol o g o plonil Sl LT 51 eal ot
2 8 g (shenl)

Js a9 b Ol sl LS pH el L
Slalow 3 a8 il w5, o HY 05 5
A bl Js b el (] e BLET (el
05 el anlllae 3590 0 pi Ol 5 O3 Sl Sl

35 Aals Al sl g sl 3l b o lad s

£ = .|

pH ).ui.:
il s bl B S o ) ege A8 PH O s
O g 33 4053 bl mbaes b 655 OF L 51 50
235 sn Jule Slres § SSE Wsbme 53 357 50 015
“ e PHL sl s a3 e 5 b SO
o 51 T 25 S slpe B 3 1 33 36 5
J5S35m Oz Ol PH cplply bled Wl o sl
Gl 4 baplSY L s 4o 53 S o e | oSV
s aS aS ghailea JS s ol Fae O g,
o=l s el ST 5L PH s anly ol 4 Ol s
b s o e ) e b (Sl
Jsdoes pH el ol 5 Ol slge 5 LBl 4 (<l
Al o e JUT 5 S e ens | W EIUT 35 g0 Cond
Oleily Jsbme PH by gt i J S50 03 03 L
o303 DL Slalllae S o s |y St LT 2 e
Gla pH 3 L sa VT G 0leily ol sl 5 halS &S ol

L v abipH bl 340 OS5 0|y oUWS 5 gl

Vooplack a3da Jlu « VFAA Juls ddoass Cudiligs cudigo dlas @ VY


http://dx.doi.org/10.29252/jehe.7.1.94
https://jehe.abzums.ac.ir/article-1-701-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

[ DOI: 10.29252/jehe.7.1.94 ]

SolSan 5 ol 1585

Sy = de s slamcola slass (O3l 33 58l
3,8 513 0N (gm0 g o mes 3 Ll e 45 bl
u,i‘,;“lj'_él ui BE o..l.l.:YT u..l_>— d\ﬂ p‘ﬁ C)a_w eSmad
o biledl otV clale 2alS el wodls 53 il 5l .ol
dwlw\%dlﬂgmﬁs&b AN NP
SIB 5 il Dpd eled e (O3l e 1L
3l et Ol st VT 51 (g s Ol e 5 a8l
53 Ml dal e a5l s G Olely ol by azils |
Ot 3 Ol L s S O Bl Ao s S5l anlllas
Sl s ol bl 21531 74Y & /Y 5l g/l 5-1
e s adllas 3,5 glg sl ol gl ol s JS
Sl sl Gl Dledlly 48 (o) sb 4t salie (LI
Shdlr e Gl Gl s s 5 Sl S ol S
a0 s i as as anils a8l W, g/l 5 4/l ]
e e Siaen 3 JAY 4 0Y 574 & 0YY QY.
53 il s by e g e L el Gl 5 O3l s
L JLx.ﬁ LSLA_'QLNJL.:.:J OJ‘}J ;}“'J;“’"J 0> ubb— CE.A
ol adyl chale G ol CJ.: Slabs sl Ol

Mg e

03 VT wddle i3
A Sl et 3t S o YT ) e
MAST o oalh el 56 5 AT 6 g JUES! e lie
aumg/L 50 ;| 5,5 . ble Julsl L ol adlas s
SalS YAYY 4 JAs 0 51 Gl oleasl, amg/L 300
3y s e 555 Slessl b gl sy opl 23l
Sl s gl i glglale )3 48 (555 b 4 canils
= 5 Ol S o gas 3.3l 2aS YV L OV AYY.
o Gl bkl /L 150-50 (sla clake 55 o5 ol S

VF @) o ladh aiia Jl AYAA ualy cdasas Cudligs sdige ddas

055 ol Sladamme 53 Wiasl sl w53 K5 30
Ods b Sleslawl L Cdor 5008 0 A58 e Jils
Slab e ;3.3 8 dalt o AlsT 5 i slaes S
D3l e 53 Al glaes SHE 05 sl 53 5 (s
sl S o foas (HH) O5ssdm 51055, 8,5 L
05 Gl el el onl & A sl (Al p s S
P mha G s o el s e e
T b g el Jaes PH ST Sloj TS il g
Tl 5 0t 2 sSr Ok HY Glad sy Lo 5 O3
T3l e e Sl e 5L LI (a0 d sl
23 e o S ol ) g s s ol e Ses S
Slaes, S 5 axils w4 Gao aki pH 31 YL s lapH
PH o5 Jolie 53 s e — PN ES C]a“j‘ e ale
i Eel s il it )b i i pH L S s
2 plye la 0l Bl 1S B b Sl g e O
Db el st bl 5l A0 L5 e LB Gladaes
ol a4t 3 5 deSs5ker S0 5 5 sl Slao

AL O3l ey Ol s

LY EEENEI PR 1
Aoy gl s S0 6Ol 5 Rl L adlas opl 5o
O LY 3l Gl doys Rl il il s saNT Gl
);QwosﬂésLa\w@;;ﬁjﬁugﬁfﬁ
Ol a0 iS A e ST Ol o 3r 2 53 e S s
35 S 5 sl Lo e ais Ol ang liie
oalial b o gl glows Sl b Gl (g5 s anlllas
L oS Ly 4 (pl 4 55 e bodd 300 el S
OLE 1y (658 ol James 53 0 VT (3l Ol Sl
ol sl a8l seil Gty 8l G Ol g 3l
ol il a5« Slaie (il 59l LotV
Lo aiS a5 pphailen Mo s o 5o e 5 Jlb e


http://dx.doi.org/10.29252/jehe.7.1.94
https://jehe.abzums.ac.ir/article-1-701-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

[ DOI: 10.29252/jehe.7.1.94 ]

& sladslas 3l aalie slag sal s Hu sat d 318 Sulliem penbline 515 58 0 50lS 5l da @IS (s

s ol cole 5y A3 050l (gl bl il 5
el Slid 5 Sl x5 el sl sl 5w Jsees 5 AL s
o 5 058 L Dlind 5 Ol sl sl Lay s o
am Jsdoms G 5 L 50 Ol 0l s 4 5 o3l
3oy e 3 SLAEl Gl (o B s O3l S
Sl 5 Sl gle oasl Ol S Ol ol o csl
DaAS s Sl Sl S ol S et sl
53 JalS el 50l e o Y S o Gl

S 39 5
ol et b o S8t 586 65395
e e 5 D3l e Sl e (S5 s 00
S3lmasog 53 ol oy Gl B AS o s S ) i
o D3l S b Ol e 5 23 S S e
sl &5l slayls gad llas sl oS RARUE ot s
ool Qe S5 it 85 Lol pasia Vv 5SS 5
e o sl et 53 e S5 ) s 4 SN

o Glaptee (Fb 3 e bl odr St

v_x_SULSLAuA:.EAJJLs)laﬂeﬁlailfig&:jlélﬂjwﬁ
Sla0 sl Sl St o alllan i AL e p3Y
S5 s Sk ebliae 1S OU S S 2 ol
edd Sl glasls sal llas Lol sl esls LIS VY 5 V)
AolS e sl gl Sl aT A 55 S e sl
£33 a3 and (St Jo 5l DWW g 5 Sl Sl S

oAl A s VAT S AV A N0 5
s ol s edal Cty 2 4 e s bl .2il
il Ul s mg/L 50 o sue L 5l age ke
3o e Jlad gm0 slaas VT o) e
o TN LT e ialS Gds S 5 s =
Oladsily (Rl b sl b 035 OLSy a5 L cpln
3,5 a5 Oyse pdk Olsm o | clale A0 Ll s
e slamll b amchle sl s ayl a4 i oS
slnckle ;s Gl sl ol ol cil- o 0L LS
SLaT s i i oS jshilen g Al 2iy o 5eS
Lo Co s apadyl Dl 5o O3 mhw g5 ol
i e ol S s e 55T e Jldl ea YT
Cb o 55,87 0 S po 3l dilie J=s s ANl
allas 53 LS 5 ol e LT e alS 50 Cds
G 0Ll el sla PH 3 45 dsls ol 555
Ce 5L Rl s 4 S L e el (o5l gl salS
e e R e P G
o JRalS e o 3 S s (o Rl il
odss S o VT 5 Ol Ols S sy B35 5 sleas
2L o p aalllae 3 0L 5 glslas Vel
¢ O3Sl 5 S 25 bl bl D3 S Sy selS
ouwiéu@uj\ﬁ}&;p;q;\}%
U 0 p,S Sl Qleily o b Jas PH 215 L o 015

M e il 784 Ol e

KAl sbygs )5t
S35 3L LU Sl 5 ol ms Olojan gl
i Jgloe 53 Dlind 5 Ol il e sl sl B
5D BU s S e Jes ol T3 0 )

\ ojlack alla Jlus  \WAA juily dains Cudlags uudige dlae @ \oF


http://dx.doi.org/10.29252/jehe.7.1.94
https://jehe.abzums.ac.ir/article-1-701-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

[ DOI: 10.29252/jehe.7.1.94 ]

OlKan 5 el s 1585

4.5
-~
4 -
3.5 -
3 4
32.5— y = FaIx+ ), vva
g 2 R2= +,39AA
| Y= YAV H 1, YAS
15 R2=+,av44
11 Y= e YRVXH ), 744
0.5 - R2=.,4Vo¥
0 T T T T 1
0 20 40 60 80 100
Ce
5] <
45 -
4
3.5
® 3. Y= TV H 1,840
S 95 - R2=+,38%Y
© 2. Y= e VYAX 4 TLYY R
15 - R2=+,4%Yd
1 Y= WX Y,0FFS
0.5 - R2=+,4¥A
0 T T . )
0 50 100 150 200
Ce

4 .
Al
3.5
3 4
® 2.5 y= AR ANE IR ALY
g 2 Rz=.,477Y
O 15 | y:.,.Y‘b?x+.,éM\°
' R2=.,9007
1 4
y= AR ANE R AARY
0.5 R2=+,4YA)
0 . . . : )
0 20 40 60 80 100
Ce
| B
<
5 4
4 Y= o YTEXH L FVAA
o R2=+,44Y
@ 3
O y:-,-V\‘?x+-,\‘ViA
2 | 2= .,9A9F
= 0, YFX 4 0, 0FAF
1 2= .,9A4
0 : : ‘ ‘ ‘
0 50 100 150 200 250
Ce

Sl g o rblie 015528 3lr a5 Sl (& 1S (0 el 8 (0 el S (Gl sl sl Sl 25080 ¢ 552114 S0

3.40
3.20
3.00
2.80
2.60

In ge

2.40
2.20
2.00

2.00

4.00
3.80
3.60
3.40
3.20
3.00
2.80
2.60
2.40
2.20
2.00

Inge

XK

2.00

2.50

3.00

3.00

In Ce

4.00
In Ce

y =0.2874x + 1.9657
R?=0.9587

y =0.274x + 1.959
R2=0.9256
y =0.2913x + 1.8423
R2=0.9026

3.50 4.00 4.50

|

y =0.3779x + 1.8615
R?=0.881

y =0.3988x + 1.7341
R?=0.8666

y =0.3984x + 1.7055
R?=0.869

5.00 6.00

Vo ylack aiia Jlu A YAA Gl dasas Culiligs easige dlas

3.40
3.20
3.00
2.80
2.60

In ge

2.40
2.20

2.00
2.00

4.00
3.80
3.60
3.40
3.20
3.00

g 2380

= 260
2.40
2.20
2.00

2.00

y =0.4902x + 1.037

R2=0.9767
y = 0.5323x + 0.7921
1 J R2 = 0.9469
y = 0.5966x + 0.4426
R2=0.9709
3.00 4.00 5.00

In Ce

y =0.6723x + 0.2592
R?=0.9942

y =0.712x + 0.039
R? = 0.9906

y =0.7492x - 0.188
R?=0.9916

3.00

4.00
In Ce

Se g odd obline O35S O3l Lo g5 Sl s (& LIS (Gl S (@ ol S o (Gl slad gl o 3 o 5550 e Yo

5.00 6.00


http://dx.doi.org/10.29252/jehe.7.1.94
https://jehe.abzums.ac.ir/article-1-701-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

=l s slae 3l anlie slagsnl Bia 5o sad f 518 Kllie- ponbalize G5 A8 cu) € S0 L a5

35 4

N
N o1 w
1

In(ge-qt)
= =
o ()] [ ()]

R=

0.9793

R?>=0.9733

X

R?>=0.9531

R>=0.978

R*>=10.974

=)
o
:

[N
1

o

13

23

t (min)

R?=0.9687

R?=0.9855

Rz =0.9262

R*=0.973

R?=0.9943

In(ge-qt)

-3 -

S g ok oiblitn O35 3l 5 S g (& IS0 Dl (0 ol 5 (il $Ma0 5T e Il a3 603 (S Joe ) Jo

30 4

13

23

t (min)

15 1 R?=0.9929  R*=09141 R?=0.9618
R:=0.8773 R?=0.9925
10
i)
=
i
g%
=
O 4
3 13 23 43 53
. A
5 J t (min)
] R*=0.9908 R2=09775 R?=0.9807
R*=09712 R*=0.9412
i
£ 15 4
1 4
0.5 A
0 T T T Y )
3 13 23 33 43 53
t (min)

16 -

[ DOI: 10.29252/jehe.7.1.94 ]

R*=0.9233 ol R*= 09863
s | R=08873 149 Recoo7ss
R® = 0.9726 12
20 { Re=0.9851 10 ] 0888
= R?=0.9798 5 R?=0.9918
S 15 S 81
= 15 = R? = 0.9899
6 4
10 A
4 4
5 A 2
0 - , 0+ ,
0 20 40 60 80 100 0 20 40 . 60 80 100
t (min) t (min)
81 Rre-o0ous 149 me-ogse
74 Re=09776 - 12 4 re=o09913
6 1 R2=0.9882 10 4 R?=0.9898
5, R=0981 g | Re=09974
- R? =0.9479 Is; -
54 g o | Re=0sss
3 4
4 4
2 4
2 4
1 4
0 , , , , , 0 ' y : '
0 20 40 60 80 100 0 20 40 . 60 80 100
t (min) t(min)

Sy o bl D138 8l o5 Sl (S IS0 i (el S g (] Sl T i 33 a3 0 (S Jte AV S

\ ojlack a3l Jlu  \WAA Suily dains Cudlags uudige dlae @ VP


http://dx.doi.org/10.29252/jehe.7.1.94
https://jehe.abzums.ac.ir/article-1-701-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

[ DOI: 10.29252/jehe.7.1.94 ]

SolSan 5 ol 1585

0.60
0.40
y =1094.8x - 3.4638
0.20 R2=0.9657
0.00
0.00 0.00 0.00 0.00
= -0.20
~ y = FFO8,Vx - 1F,A8)
= -0.40 RZ=+,98A) Y= VFYF,AX - 0, Y4VF
R = +,399A
-0.60
-0.80 Cl
Hco3
-1.00 Xy =Y,V - FLAAYY
RZ=.,41)0 Co3
-1.20 %X S04

uT

e g ot meblin 01555 3l a5 (S S 5 Sl S Wi lIS) ol sla T ol Soiss o5 1o A=Y Y

ol a4 O3l ol bled Sl Ly ol 5 4Bl jmalS Les

el Jgls (VL slabes 5 ol s Ll

bz 013528 3l gL s ol anllls s

s ol S Ol S oS slessl Gl s Sk
S| JRCE S O B O P ] - 13 U B R CHV
0 o>y gl Bl (sl Sae s esle By, S adlas
3t S Sl K S 3 S 1S 1 ol lad sl
Olse a0l 58 5,8 513 ol 0o 3y ol kS
Sylbul el 4 3B ol slachale (s ca il ol
cguij%}upwnpﬁjﬁeu@ ool s
Aol sl sl s 5 e o S 4 o 0O S5l
ol slgasl Bis s Clia o3l Ll e 10 o
=l gl S (Sl S o5 Sl S (Sl 3 )S)

AL

VeV @) o ladh aiia Jl AYAA sl cdasas Cudligs swdige ddas

D32 Saolis 903

Al Seelusse 5 gla bl a5 asllas
3l b Sl 5 Sl S (Dl S ol IS (sla0 T
S AHo o8 315 0L Slin s ok enblite Ol 525
Sl Al eSS s Ol ) pl ey Ste g polie
Cte palds sl o3y (Sl 8D Son okl aneks Ll
I 655 et sy B85 e s 0L (ines Ao
3l a5 Dl 5 Sl S Ol S o IS Gl
Al SO Dl T8 S WS e e al 2l 5 03
bl o 358 e edalin e (0 IS5) Gl _slasd
el s edy e (5 palie LI ASO s Salusge 5 s
o el gl Dl Joled alS ekiea Ol 65 e
5 el S xia 36 55 Loy il L ol 2alS 5 ok s
ol Sl a3 b s e

oS 331 8500 (8l sdal s e 3lis Lo
Sl Sy i (ST a8 AS e 0L (AGO)

ol B LINKL slis a8 555 o sdaline .ol (9555 aus 55


http://dx.doi.org/10.29252/jehe.7.1.94
https://jehe.abzums.ac.ir/article-1-701-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

[ DOI: 10.29252/jehe.7.1.94 ]

& sladslas 3l aalie slag sal s Hu sat d 318 Sulliem penbline 515 58 0 50lS 5l da @IS (s

ul;bdl.a)mjjﬁ.xgj\,égl)@@uﬂbdjpb,\;-l}

b

References

1.

10.

11

Pacheco S, Medina M, Valencia F, Tapia J. Removal of
inorganic mercury from polluted water using structured
nanoparticles. J Environ Eng 2006;132(3):342-9.

Ali 1. New generation adsorbents for water treatment.
Chem Rev 2012;112(10):5073-91.

Kyzas GZ, Bikiaris DN. Recent modifications of chitosan
for adsorption applications: a critical and systematic
review. Mar Drugs 2015;13(1):312-37.

Venkatesan J, Bhatnagar |, Kim S-K. Chitosan-alginate
biocomposite containing fucoidan for bone tissue
engineering. Mar Drugs 2014;12(1):300-16.

Xue X, Wang J, Mei L, Wang Z, Qi K, Yang B.
Recognition and enrichment specificity of Fe304
magnetic nanoparticles surface modified by chitosan and
Staphylococcus aureus enterotoxins A antiserum.
Colloids Surf Biointerfaces 2013;103:107-13.

Zhou L, Xu J, Liang X, Liu Z. Adsorption of platinum
(IV) and palladium (1) from aqueous solution by
magnetic cross-linking chitosan nanoparticles modified
with ethylenediamine. J Hazard Mater 2010;182(1-
3):518-24.

Mirzaei M, Behzad Q, Hadi M, Jahangir AS. Removal of
calcium, magnesium, chlorine and bicarbonate ions from
saline by modified mineral adsorbent. 6% National
Conference on Environmental Engineering; Faculty of
Environment, Tehran University, Tehran, 2012 [In
Persian].

Khodadadi M, Saghi MH, Azadi NA, Sadeghi S.
Adsorption of Chromium VI from Aqueous Solutions
onto  Nanoparticle ~ Sorbent:  Chitozan-Fe-Zr. ]
Mazandaran Univ Med Sci 2016;26(141):70-82 [In
Persian].

Hassanpour M, Khezri M, Dehghanifard E. Evaluation of
Nano-Magnet Chitosan Performance in Nitrate Removal

from Aqueous Solutions. J Environ Health Eng
2015;2(4):270-82 [In Persian].
Namdeo M, Bajpai S. Chitosan—magnetite

nanocomposites (CMNSs) as magnetic carrier particles for
removal of Fe (11) from aqueous solutions. Colloids Surf
Physicochem Eng Asp 2008;320(1-3):161-8.

.Jiang H, Chen P, Luo S, Tu X, Cao Q, Shu M. Synthesis

of novel nanocomposite Fe304/ZrO2/chitosan and its
application for removal of nitrate and phosphate. Appl
Surf Sci 2013;284:942-9.

STl 9 83

skl ST o isls 5 sl = {’JN s e Q8N 5

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Yuwei C, Jianlong W. Preparation and characterization of
magnetic chitosan nanoparticles and its application for Cu
(11 removal. Chem Eng J 2011;168(1):286-92.

Lazaridis NK, Kyzas GZ, Vassiliou AA, Bikiaris DN.
Chitosan derivatives as biosorbents for basic dyes.
Langmuir 2007;23(14):7634-43.

Rao KK, Chung I, Ha C-S. Synthesis and characterization
of poly (acrylamidoglycolic acid) grafted onto chitosan
and its polyelectrolyte complexes with hydroxyapatite.
React Funct Polym 2008;68(5):943-53.

Soori MM, Ghahramani E, Kazemian H, Al-Musawi TJ,
Zarrabi M. Intercalation of tetracycline in nano sheet
layered double hydroxide: An insight into UV/VIS
spectra analysis. J Taiwan Inst Chem Eng 2016;63:271-
85.

Tan F, Sun D, Gao J, Zhao Q, Wang X, Teng F, et al.
Preparation of molecularly imprinted  polymer
nanoparticles for selective removal of fluoroquinolone
antibiotics in aqueous solution. J Hazard Mater
2013;244:750-7.

Aksu Z, Tung O. Application of biosorption for penicillin
G removal: comparison with activated carbon. Proc
Biochem 2005;40(2):831-47.

Mohammadi AS, Sardar M. The removal of Penicillin G
from aqueous solutions using chestnut shell modified
with H2SO04: Isotherm and kinetic study. Iran J Health
Environ. 2013;5(4):497-508 [In Persian].

Dutta M, Dutta N, Bhattacharya K. Aqueous phase
adsorption of certain beta-lactam antibiotics onto
polymeric resins and activated carbon. Sep Purif Technol
1999;16(3):213-24.

Jafari M, Aghamiri S. Evaluation of carbon nanotubes as
solid-phase extraction sorbent for the removal of
cephalexin from aqueous solution. Desalin Water Treat
2011;28(1-3):55-8.

Liu W, et al. Sorption removal of cephalexin by HNO3
and H202 oxidized activated carbons. Sci China Chem
2012;55(9):1959-67.

Pouretedal H, Sadegh N. Effective removal of
Amoxicillin, Cephalexin, Tetracycline and Penicillin G
from aqueous solutions using activated carbon
nanoparticles prepared from vine wood. J Water Proc Eng
2014;1:64-73.

Samarghandi M, et al. Mechanism and removal efficiency

V olack @ida Jlu  VFAA Juls ddosas Cudilags cwaigo dlas @ VA


http://dx.doi.org/10.29252/jehe.7.1.94
https://jehe.abzums.ac.ir/article-1-701-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

[ DOI: 10.29252/jehe.7.1.94 ]

24.

25.

V4

SolSan 5 ol 1585

of CI acid blake 1 by pumice stone adsorbent. Iran J
Health Environ 2011;3(4):399-410 [In Persian].

Noori Sepehr M, Mohebi S, Abdlollahi Vahed S.
Removal of tetracycline from synthetic solution by
natural LECA. J Environ Health Eng 2014;1:301-11 [In
Persian].

Rahmani AR, Asgari G, Barjesteh AF, Hedayati KE,
Alijani F. Investigation of phenol removal from aqueous
solutions using copper-impregnated pumice. Avicenna J
Clin Med 2011;17(4):50-6 [In Persian].

¢ ) ojlad ai8a Sl A¥IA Sl dasas Cudilugs ceunige dlae

26.

27.

Samarghandi MR, Tarlaniazar M, Mehranpoor R,
Ahmadian M. Survey the efficiency of iron-coated
pumice in fluoride removal from aqueous solutions. J
Environ Health Eng 2015;2:128-40 [In Persian].

Mesdaghinia A, Mahvi A, Fazlzadeh M, Dehghani M,
Heibati B, Daliri Z, Aghanejad M. Comparing efficiency
natural pumice and modified with iron in removal
Reactive Black5 dye. J North Khorasan Univ Med Sci
2013;5:449-57 [In Persian].


http://dx.doi.org/10.29252/jehe.7.1.94
https://jehe.abzums.ac.ir/article-1-701-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-02 ]

[ DOI: 10.29252/jehe.7.1.94 ]

Journal of Environmental Health Engineering, November 2019; Vol. 7, No. 1: 94-110

Evaluation the Efficacy of Granulated Metallic-Magnetic
Chitosan Nanocomposite for Adsorption of Interfering Anions
in Aqueous Solutions

Zahra Farajollahi?, Mohammad Noorisepehr?®*, Amir Hesam Hasani!, Emad Dehghanifard??

1. Department of Environmental Engineering, Faculty of Environment and Energy, Islamic Azad University,
Science and Research Branch, Tehran, Iran
2. Department of Environmental Health Engineering, School of Public Health,
Alborz University of Medical Sciences, Karaj, Iran
3. Research Center for Health, Safety and Environment (RCHSE), Alborz
University of Medical Sciences, Karaj, Iran

* E-mail: dr.noorisepehr@gmail.com

Received: 30 Jun 2018 ; Accepted: 16 May 2019

ABSTRACT

Background and Objective: Water interfering anions can cause major problems in the quality of
drinking water as well as entering water to the industry. The purpose of this study was to determine
the efficacy of granulated metallic-magnetic chitosan nanocomposite for adsorption of interfering
anions in aqueous solutions (sulfate, chloride, carbonate and bicarbonate.

Materials& Methods: Synthesis of granulated metallic-magnetic chitosan nanocomposite was
conducted based on co-precipitation method. The anions chloride (300-50 mg / L), catbonate (150-50
mg / L), bicatbonate (50- 150 mg / L) and sulfate (50-300 mg / L) wete considered. The pH range of
the study was between 5- 8 and the remaining time was 0-90 minutes. For the study of the adsorption
process, the Langmuir and Freundlich isotherms were considered as pseudo-first and pseudo-second
kinetics order at temperatures in the range of 20-45 Celsius.

Results: The results showed that the best removal efficiency of anions was obtained at pH = 5. With
an increase in chlorine concentration from 50 mg / L to 300 mg / L, the removal efficiency decteased
from 80.06% to 38.22%. This trend has also been observed for other anions in the study, which
decreased from 57.82% to 37.69% for sulfate at similar concentrations. In carbonate and bicarbonate,
at 50-50 mg / L concentrations, the removal efficiency decreased from 61.15% to 41.17% and
79.66%, respectively, to 49.36%. The percentage of removal of chlorine ion with an amount of
adsotrbent between 1-5 g / L increased from 62% to 91%. However, increasing the amount of
absorbent after 4 ¢ / L did not have a significant difference in removal of chlorine. The same effect
was observed for other anions in the study, so that the removal efficiency of carbonate, bicarbonate
and sulfate anions in exchange for an increase in the absorbent dose increased from 1 g/ Ltog /L 5,
which was 56% to 93%, 52% to 96% and 53% to 80%. The results of the study showed that the
adsorption process follows Langmuir isotherm model and the adsorption of anions is supetficial. The
absorption model also follows the pseudo-second order kinetic model. In addition, as the temperature
rises, the removal efficiency decreases.

Conclusion: The results of the study showed that granulated metallic-magnetic chitosan
nanocomposite adsorbent was able to remove the interfering anions from water resources.

Keywords: Absorption, Granulated metallic-magnetic chitosan nanocomposite, Interfering anions,

Water resources.
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