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Abstract

Problem definition and objectives: Today, the study about biodegradable and
environmentally friendly adsorbents has received great attention. Cellulose-based adsorbents are
considered as one of the most important adsorbents to separation and purification of heavy metals
from water and wastewater in industries due to their abundancy, biodegradability, and
decomposition ability. Cellulose-based hydrogels are a group of polymeric materials with a three-
dimensional network structure and physical or chemical crosslinks, and they are suitable materials
for use as adsorbents due to their special properties such as hydrophilic nature, water absorption
power, and desirable flexibility.

Methodology: In this study, hydrogel was prepared by using chitosan and cellulose. Chitosan
and alpha-cellulose powder were mixed in equal proportions and 2 grams of each were used to
prepare the hydrogel. Then, the hydrogels prepared based on chitosan-cellulose were used to treat
wastewater containing heavy metals such as copper, lead, and cadmium. To simulate wastewater,
an aqueous solution of heavy metals with an initial concentration of 30 ppm was prepared by
diluting the standard solution with distilled water. Chitosan-cellulose hydrogel adsorbent was
added in two amounts of 0.5 and 1 g to the aqueous solution containing heavy metals and was kept
under continuous stirring for 24 hours. The final concentration of metals evaluated by atomic
absorption spectrometry. Also, the efficiency of the hydrogel adsorbent in the adsorption of
copper, lead and cadmium was studied by the hydration rate and hydrogel dissolution rate. Also,
the effect of pH of aqueous solutions and amount of chitosan-cellulose hydrogel adsorbent on the
adsorption of heavy metals was investigated.

Results: Examination of the samples by atomic absorption spectroscopy showed that the lowest
amount of copper absorption was obtained in the P3CO treatment, at 5.37 ppm, and the highest
amount was obtained in the P7C1 treatment, at 1.34 ppm. The lowest amount of lead absorption
was obtained in the P3CO treatment, at 0.92 ppm, and the highest amount of lead absorption was
obtained in the P5C0, P7C0, P9CO0, P5C1, P7C1, and P9C1 treatments, at zero. Also, the lowest
amount of cadmium absorption was in the P3CO0 treatment at 13.6 ppm and the highest amount of
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cadmium metal absorption was in the P7C1 treatment at 19.2 ppm. Also, the results showed that
with increasing pH towards neutral and alkaline, the absorption amount decreased in all samples
and adsorbent amounts. The results of the absorption of all three heavy metals with chitosan-
cellulose hydrogel showed that in the adsorbent amount of 0.5 and 1 g, the absorption amount
increased with increasing adsorbents amount. The average hydration rate obtained is 0.3. This
means that 30% of the hydrogel volume is water. The study of the dissolution rate of chitosan-
cellulose hydrogel beads in three solvents: sodium hydroxide, hydrochloric acid, and sulfuric acid
showed that the highest and lowest dissolution rates were for hydrochloric acid at 1 and sodium at
0.27, respectively. The optimal amount of chitosan-cellulose hydrogel for the absorption of all
three metals, copper, lead, and cadmium, was 1 g of the adsorbents. The best pH for the removal of
all three heavy metals from its aqueous solution was neutral. Chitosan-cellulose hydrogel has the
best efficiency in removing lead from its aqueous solution with a 100% reduction compared to the
control sample.

Conclusion: According to the results, it can be said that hydrogel adsorbents prepared from
chitosan-cellulose have a good performance in removing heavy metals. Also, these materials with
a biodegradable and environmentally friendly structure are considered promising adsorbents for
separating and purifying pollutants from water and wastewater. The results of the research showed
that chitosan-cellulose hydrogel has a better performance in removing lead from aqueous solution
than in removing copper and cadmium.

Keywords: Effluent, heavy metals, atomic absorption spectroscopy, chitosan-cellulose
hydrogel.



£y

bl

¥ o)l.o..i)‘\? J?‘Q‘)‘l‘ .\.clfsuy GLMD u.o:z.t‘ dolilad

S a0 93 Bia ja Sl ;a0 AS Gy sladigpua IS ey

TA5IlS ) Bald Foul) graad daas ddes ol S (ually 95 Ma A daasa

Ol il b @lio 5 (55,5138 pole oSl (g lshos sod ol 5 g wlio 09)S iyl b5 Juasell £)15 -

Wl sl b gl g GsliS el oSib (sshe Tl 5 o mlie 08 Gliil (stes sdwmg Y

nazarnezhad91(@gmail.com

ol b qulio 5 (55)5L8 pole oSl e oo (slmodygl b g osr lio 09,8 olutils —Y
Al sils b @lio 5 (55)sliS pole oSzl c(slsho sloodygls8 g wgp wlio 09,5 SEWS g yred @lio 68> ¥

V¥ 3 bl o)l V¥ ype bl gl

4555 dyg0 o bamo JI0Cungd § plocn 56 Canj Gl 350 45 dalllas 0jg ol 1AlAR g Alino oyl
S 4o Sl g (g pdice 5 Gy g adgl odle Jlol)s > 4 Jal b e Ll 4S5 (oL
= sladionm g o oo glio ) Clay 5 o Jl S Sl a5 glulir Caa il (o iste )
5 i olord b g (Susd (0555 Sladion ) g (sim dw glaSd JLBLo L (5p0aly Slge il glaed (ol iy
clio (63lgo cgdbao (¢ pincilas! g Ol Gl @)u wavgdol Canb wSle ol cla iy g Ll Jds 4
At OO laie 4 oolitwl s

Lo gk Wl 05 5 olj28 5100 g Jjgosem sk 5 lisisS 5l oalizal b Gimagy ol )3 1 ydgy 9 Slgo
b oS s slaJiorian (e 03,5 odlatul Ji90dn g g LIST Caa )5V £ j2 jl gl s
e g )5 )5 oolil 390 p9redlS 5 Cop e (i SJIS (5l Ol ddial S ok — ljonS
g e s S8t Jsbos 555 55 oo T ppm 4] il b i I8 T s ooy sl
S dy g 4 L] (S SIilE (gl ol Jolomo 4y p )5 ) 5 /0 ko g3 b sl — (lignS” Jg)tem Ol
G=Soill ol Cis  oriwcab ol dluwgdy I3l e clale ()8 )8 diwgn (Djee Cov g Celw Y
Il 55 5 smiien 255 (sl L s03lS g s e il 13 Jig)den O3le (IS iz
3y ol = (ligisS” Jjgpies 3l Jlade g (o (slagbxe PH 13l cpuizran .85 515 adllas 3,90 Jjg)ken
Wb gy e il Ol

Jadie dy PICO Jlogi 1> (o ol jlaie (1205 o8 3l (L il Gl (riociel L badigas (o) gl
P3C0 jlass > oy s Jlaie (pyieS el Cands VIYF ppm e 40 PTCL o > ol o yii 9 O/YYppm
4 5 PICT 5 PTCT PSCI PICO PTCO PSCO (clmylass 15 oyus ol i 32y 9 +/AY ppm o
38 Cis jlade oy o £V ppm jlade 4y P3CO jlas )0 el il jlide oy yieS pisred g yao Hlide
wldd g 8 Cuow ay pH (iol581 L as oy flis i yiomen g0 Y/VA ppm jlade 44 PTCT jlag jd pasedls’
Vg1 L ke 5 ol — S s b (i 16 4 s ol sl o3 iy nlS i i
- o 1Y odal Cddy galyits F bawgie ol 4l iol3l O3 Hlude a3l L cods e a8 ol ol 4,5
Jigriem slaaslsy IModl £ (wyp amd o St Ol 1y Jfg et w2 2o Yo o8 el ino ol @ (ol 8L
Gt 3 Gttt 45 35 0L el Sy gl Kl 3y0m s Syt o 4 3 Fb— ol
Jiayded dsuno jliio bl o +/VY Jlide dy dgw g ) Hlade 4y Sl 15500 &) gy po iy 4y Mol £y
Ho a0 Bis gl PH (e 09 @3 £33 ) 0uedlS g o p e 18 4 o Ol el Pk — g

ouS



Sy SloJ5sy00e oS (o)

$eA

Jsdme oo Bin 3 1) (LS oyt oo = (s Sjspen 292 (53 039350 )3 ol (ol Jsloxe Sl (s

Dyl 1als Bges 4 Cuns Ll aod Voo b o

gl = iS5l 0anb s Jfg )i (il & S i e odel Cundds ol 4 4065 b 3 oS Al

Lo J3Cugd § pdcm 56 S ()l Lo L dlge cul piomen )l (i Sl Bl )3 (ol 5)Ses
3 Jeols ol gy e slomis a Ol g O 5l Lmoa VT aba g (ol (gl 0aiiS ) losual ool wons
9 e Bl 4oy Cuad (65300 0y (o oo 1 0o Bl 3 Polo = lj0nS Jfgyam oS b ol Giagh

2,5 puedls’

Psho = g Jiored o8l o (2t e (S SIS il 1S (S 019

anlp e Gemmlp el (g, @ ladjg,0ee (Sog
Lf] o ls S LT (gjlwoal
23 S pae s 4 () sl ey 0y [
olsie a e T by ane 5 pog Goes o e
ol 4258 S50 e yole Qi sl )l
Sy by sl oslital ol ad 518 ol Kangsy
B> 5 o la by, 5l (Ko GlipS g oS wsle
Lol cal o5 Glacdile o s oS Sl slagsyg
Sl 3 yeud 00 SOl 5 (S ek asles S
o lagps g Sowe (Jobe JiSle Jds 4y ol
o Jobeel sl (Sigy0ee sladisn g9 5l (JsSUse
ol s O] (pleend (ASTy b (om0 5wl
09,5 b dsliwl 09,5 (ad (n S0l o 4y Sanl (Sene
55,5 A Joko plyie 4 G2 Jore )0 JouSg o
oliwg Cow yo a5l o Sle b s [#]
Caogy 0 (ize g Led)l Sz oS asle
Sgden b oz )l 5l (pam (Jokw ojlns yo g Sl pio
LS g ke maon apnSg o Joloe & pgloxe o [V]
s el sladale 4 S gl Jutel (slaoy F
O 3l kil (63 N gt (5555 &Bly 5o gl oo
Ul OheeS Al elst n e 5l So Bl
o Algioe GligiS Grizmes il Lid 65 S
4 dlgiee OliseS wad Jo dend ol sl Llyd
Sl 03 oles by pld b g clas IS5 4 Sl
by 4 Wlgice st (el Seols bl
ST o pegise ]y yendy g i I sl gyl
S 2 (e Sy 48 Sebl M odle 4
Sty 9 5 S JoB OS50 292ge K00

doddio
3 &S aiea (JoSlseg Sl slaaSit b5 00
5 23 4 B ey e S e 4 gul
2 ohst s ol laslre n3peaiS y (slesls]
o2 6 bt 5 et £9050 45 (60)l90
Sed Gpdee fElen) il axg 9y ol
i)l & Wlgiee B g5 U5 olpen 4 Jigy0e
VLl |y 0l o Caaogd ] (6lo oy i3y Slso ol
Iy Sle slwo iy (S5 9 bt (o200
R N IR L BUPRVERVEL S T LSRR E ) Jap
LSJ S Pl 8 (oo ,e DYl 5l Jols (6 eudy 4Kl
Seoldgey o & Sloy boread easiSly
g ool Jlesl Qail (g9 Jolae (SuriSly
el yoeh jloelr a4l Joloxo cnl 098 (28,0 SV
ol lade ] Sg g0 0dwel 59,000 (Jobs Jb o
LSl @ (S Jioaee aSeh lawgi oud Lai>
Seaglie g PH dbod Jo (anoo Ll 5 (g yeudy oS00
Sl (S ey bl o o sl s
slwl (S Sope & Ygeme Bysel slais,ne
iz bl aeSns alply waiS e ope Jlal
ol i bl Y] Wl o pals (Sojeds b Slasle
Sl Cwpdol Sle glaog S5l lass,00e
5 ol S 92,8 (JenS 5 p000 gloog 5 ol (5 pedy
Ay Wl Coglin a5 Jojo 050 (A6 (9ilse
b slopzdy o oy OVl s 4 Pl
4 Sogd ol Bl i a5, Y] 00,5 oo slov
o S gl S 95 Jed 5l il sl S
AL vezy Hemdaal b Lae ohd e ibg



£.9

anl b dilize Jolhe 5o LAl cool G20V o Slae 340
5 oo ohyd aile alise Jaxe 5 (JT olge (g5ludsls
Olye 5 sl 5wl () 3lge (Y 5 5 ke
" A L e 1) B )9 el A ) wsbe
o 3k 42 ojlyen Wgdie Jo Ol o auas
Sl woz glag sl Gk 4 Sslae Slisiod plxl
Rl 5 (x5 03l Ol Bpan rals g Ol 2Ll
by ol 009 ixio sloOT 13 39240 sloosis Y]
Dl oS o e e o)y Sogll g0l polis
Lk el oy b V0 (g, 0l pll Slillas
moieST b sl olse e oyl sy oMb
10 5 sl 0l 4l lay (BOD) Syislsm opls>
3215) 1,068 pwile L ails IS A cadlllae 5 g0 il IS
s DN ] Wlosgs lsie &l IS # 5 ((slo, S 5 2350
Slsls S wops A gy & elr Slllas
bl S g o el ol azie el (55ledils
“O5eeSToanlBl Jalse 4y azgi b olay O (Fol
Sl oileddlS Sl IS 5 o5l T Gbpae 5 ool
LS SOMRCHITE I X A PERPIR R} § IRCOW PR
o Jlas J1 (S Olsie @ 545 9 e slocley
e D38 09,00 Jladar i gyin slagilly
(895 R S qeeedlS pg)S e s el
@ros¥l (nymly el og g e (S|
mlio Mol 3 Vi clocdile 3 "Vgare 45 witen
Wy 2l slhoe 4 cunl coge 5 d9d e i
obwl pgazd 0kl Dlogzge Caadlw oldl o, bl
o 09l polie ool ol slacly VY] wio 5
S & i Sl g S (g Bl s 4
Sly Doy red 4 el (See g Nad ool dhal
rolie ool IVF] wisd et T i 5 G laime
5 =y DYpams (sl Dlogzge lawgs aiilg o goms
@ opzy 4 s wed Qlr (LS sleaiss nle
cedlos 1 s Sl a5 A lagy ol bl
Js ol Iy g e ael Wl s ol
@ SAD 5 e glacley 5l G ol Sl
ras 5 gpte sl 5 or Pl 5 (S0 lse
s ol a el olils Log) o0 el 4 5
0 31 G ol atnndls oS Wigli oo AU plrend polis
oo VT ge i NVA] aiies caSo jtasiiluy o8

¥ o)l.o..i)‘\? J?‘Q‘)‘l‘ .\.clfsuy GLMD u.o:z.t‘ dolilad

Ao Ceols S ol el T Jle 6,5k
et lg S 5l oo S il 2l )3 VU (9,50
Jouds cnl IAL ams oo olas wolid Jole g 150 o sl
sl s aals op)l5 Gl 5 Ol a5 (s
S gile a5 olaxl jo (6084 pamie sl oLl
Oizmen g Joloe (S 5 (89) 232 (kS g Blas
Olye & Wlee ohenS bl S Sl
by eyl SlaSe lp calie Sl
arg S50 ol 5 Ol abal 15 0S5 slaceds 2SI
O gilwasd g olasl o eSS )8 0,8 )8
b Jske slagm @ Geizen 5 oodslS 5 Bl
-6 iz DY g sl Jede o o Pl
abal ;o 5lienS 5l eolaiwl Ll co Semge (g D]
oo 1 S s 5l able s oMb 5
S5t e segiae slaredy 5 poiesll onilandl (St
(220 o e alS (Sidlsm iy JB o
w5 5 oS Ol g Joloe 38 Glag 3lulae
ool cdldd g pH ouisS it oliand olge 4
2 lios b 5 Ol o sezse Jslme oo
s cl oS 5l e Qg o Shes woda anlp
4 il oo a5 039y el 5 S ,000 09,5 2 sl
Sy 3)ls s slapm b wism sl Glye
IV] ssgs
Sz 5o O Li a8 Cl e sl gte S
ST VI CROVON Y [ PUWER K VY FRP S - K-\ S W FRLIUWR
Gloan ¥l lawg Ol ad eoagll 5l (6,5 s> (g
Cudyl ez slo,9iS 3l 5yl 10 o] ki g alisre
S0 o sl 5l S wezg ol bools (ool
Y gams b a5l clrosn¥T ool aghai (gl oslic
Cnns 3 e iy Sogll el a5 oS 0 ol3] il
4 osrke Slaghs) & mtes (ol 8] Wet o
e D9 S oley wial gl WIS 5 a0
Siledels o ool lad S5 Ol Lagd o guine
SUI s o g Gelos lp e Ol 4 0l 3l
eizmed ool G5LedelS s ol 55 s il
Gd> o (35 adg )o) sl Jelse n e 5 (o o
oz 5l ablise (igyien ladisn (Al 8Lk ,0)
(o 9 Sl 5 glaibol o ol las )8
el 5 by 6551 Jal> i sl s



Sy SloJ5sy00e oS (o)

Ot g u‘)lﬁ u..\? ) ubL’> L5>|)15 9 u..\:> ﬁ.éu.o

o sig ) g olge

Slgo

- e S SIS 5 sl - @ Gl
[PX UL SN B (\1:10) + ) BEER VIRV PRW- SRV
del Sl (COHIINOA) (35S gl
desl  (HCL) ol IS5 008 (CH3COOH)
(PB(NO3)2.6H20) s S «(H2S04) S p5il5es
(CANO3)2) poeools S 5 (NI(NO3)2) Lo Sod
WA A S e S L )

g,

Pobw— olig5S Jig e sladils ad

£ Y Aok = 0letS Jigymee 3l ag Sl
Se 0 S P Sl sl i) (e Ve @ S
ooablise (e o (59) S97ge S b LAl
w2 baids 5 g0 Voo gol,F silw az o Ve leo (o
Jsle a5 Jgles T j0g .5 ¥ Jlakie s 0 S 5
oo 4 GUl les jo bale ol wdlal fjenS
4 bgloe ol 0000 4885 5 je0 Voo Caoyu b cele
Ny Sy s Jolona J31s & SzsS Sl &9
- UK Pl — s Jisen sloals b us 3,5
aoglie Gl g Slin Gad Sde sl 4 0K
el VY S 6l dgw Jolome j0 Ji9,000 slaails
Sl U J59,00m slaails s o ool IS5 T @

WD gl i pH U hade

O Ol 3ls T o glono args

o o ottt Jolowo 51 ST slaJslne ans sl
“kee Veoe clale sl o lailiwl Joloea ol oslazl
adsl cdale b T laslone w050 (ppm) i » oS
N[ PR Ke COM R N EY O &8, &b 5l Yeppm
sdsle PH ool Cqz Grizren Ob 4 Hhie
oolaw! o)yo h.)s:-AAJ‘ 9 )Y}A <[\ [V'?.J"“’ Ws)%@ )‘ gj]
IvV] s solanal Ve o/ ol o155 000

£

me Ml SO gliea plizes ol Glaptes
slaghy; el g S d0s,0 pliize g 039 ke
sekiie 4 (goawie slo gy HeSU [al Sloasl (g
Slag 3l ool sl 9 g e Clyas als
@ Gy bl aler a8 o ool S ol
1Y eT ages o)t (b i 5 ploas g
il e ol 5l oolinul b s, p s, 5l o
Cllooe 1o a5 aiiie 0lge oS 5 b oole il
glsl bodls s plnil |, Gi> Jes cilise
(e (I b atws Hlaz 4 g b il
INT St pandis 002 53918 (b 5 s
ais el rolin 035 Wl Soko b 5 il
Al 1y oy sy @l il aiies Jole
s sod Jolis (65,0liS Oldly s 0ogi Lol OlS 5
Sl gilulr a8 wis Lol slaeg 5 analis
bl IVY] sl o ol o dasme 5l 1) ouKin
Bl Syt sla s, b dglie 53 g iz il
ool OllE L5l g (S D3 sl el
IVE 5 YY1 wibioo o adgs pac g anlp cepu
Sogl ol el snlp pl wadgl Gblse » opdle
Ivol ogs o (oil> Vgame odg 5l 5L 4l
Cdz Jold ;i anlp e Jld glapailse
95 ST Sly 5 0o e (o G (ol
Ivsl asb e oos Lol
o 5 G LodelS Glaals 5 slaw jeas (il
e Gy ML Gl ab g o] 4 anl
b sl i 23l Gl Jie ol b s
Sl a oogll slacluy Jlake (Rl rizren Gres 5
3 e Slagiagh g aslllas gl Koo mlio oS
Gl FRll g abo 4 gyhe oy, (oges
L oo slachey e abal 5 Sl L elS
5 OligS 5leslaul b yols juegh jo s ce lis
WS adg pdice S Camy sladieee ek
ubL’>5.».t )l oolazw! L L5>r.‘a.w u&? L}”B) O U"‘M
5 2 plnl Bl Oda sl — ligtST Jisee



4R

=05kl ContrAA 700 Jow bl soil @i i
A Al Vbl 5l Gde ws e polas ol (6.8
2 S ke c p Slls adgl cdalé Co calaily ol 5o
Vi g S s Sl ol ke Ce ozl
M g i ey Gyk o 0 ol laslre olie
"0 S ey ok e ay el LAl 3 (3
Jisee 0 e gohe Bpme 05 ) o ol

a5 oo olis I 3ok — lieS

o= (Co —Ce)v M
m

¥ o)L,..‘L‘\? J?‘Q‘)‘ll .\.clfsuy GLMD u.o:;u‘ dolilad

b ol ol gsl> o ladslxe jlew
oS
Vg IO s 9o b sk — oligS J3g 00 3l
2y b ol S SlilE sl ol sl 4 58
cleo jo g aads 5 Ve o0 b SOl oussly) S
3 59,02 slodiged Cuelus FA 5l am ol 00 i U]
S TERIEE PP SV NERE
P los,b sl jolite (i ALES, Sy
Jslo 5 wdle b o ools yaus o paily blo a2lS
il olSiud dliwgy Ohls olo clile 09l b

Pobw = 3955 J3g,0ep D3y 53 )l Tolaw B yzo a5 ) Jgax

o o e Ll _
pH (p ) 23l odo
P3C0 ¥ <16
P5C0 0 - 16
P7C0 \ <16
P9CO ! <16
P3CI ¥ )
P5Cl 0 )
P7C1 \ )
P9C1 a )

Sg2g0 sdils 39 0,8 )1 )8 axlllas 5,50 Laails gl
als 39 B! wgd oo Sl Jolowo 2 o
alaly 1o aeo oo &l bails g lul 4 azly Sledbl
2 ol LB S Ui sladls 039 Wh WY
el VE Shasm 059 Wd g Joloxe
Dt g5 =24 \p)
Wh

GNP

ey 5 ool Jelo g 5o Caz (Giagh onl 0
by soosls .ol oolaiwl SPSS 16 13381 o 5 5l jloges
9 4325 9,90 milly 2 g5l 5l eslatul b Qa4
31 oolil b oy Siles anslio aizd 5 )13 ()Ll Julow
i plal SIS (03]

Jigsaee Hgmmlyoen €5
w0dd (39 Jinaee sladils ja 5l catie lade
DB 53 (3 S S jelate 4y 55, T Dde 4y e
oS Sl e bl i S 15 3l sbeo L S
Y A.E.:l) )l oolawl L: uw‘)m C).J B )9 )a...\
Jigraee sleails 56 Whaadasl, ol jo ol il

el G iS5l o 059 Wd g (ot Sas Sl 8
Wy, — Wiy
T
[ it el l""’rh M
J39yued Sl £ 5
Aol = 5605 Ji9,000 slaasls 51 05 «/) sga
alizes glgil 31 Cod celn YT Gowe 4y 5 Qgd o0 (39
5 Sosilaw dewl (SoHu L8 s b sl=e )
Dol b a3 15 (Yo o oo deanSg,0un



Sy SloJ5sy00e oS (o)

Joie 5 ol = SlisS Jiaped b e 6 ke
L e 3B Gl Jlade aS ol lid o5 ) 5 0/ L3l
Ailgi oo ol ol ol adly ulidl Gl ke sl
cl oo 5 Sy SLaSs sy b 4
e il aile Sealys Jalse 5 iy Jlud
~a [YAL sl 3l b Jslomo o 85250 I35 0,95
o= PH 8l b dedignd iy o ()& b
4525 ol odslin dise 10 S olld Bl ke
oolie b o 316 Bi> Jlaide 3l Jol> slaosls il )l
olaiel mhaws ;o a5 ols ylis alies slo pH jo 5 L3>
g Cuwl 009 lolire ladigad (o OS] sy A0
oS ols plas STl ygesl b osls sy picmen
O olpld Bis IS a5l (18 09,5 F o lacsls
o B egad o il — GligS Jig e b
s PH Gl b a5 o cnl 0 09 e S8 L alis
s dl glalpl o 5 Ol Qi e
Loy 38 Ods Jlade 3l Jols sleesls il )l
b jo aS ol slas Glises sl pH jo 5 Q3> polis
5 Sl 009y loline bdiges (o OS] do )0 A0 olazel
as ol plas oSSle eyl b leools sy (yuisren

Ayl 1869, 5 Y jo laesls

£AY

I by oo ol da 8
ok — o555 S50
5 D iome o Sl Qi LY Joun
S5 1y Sk = it ipyten oSl Lo pgaesls
e )3 e Gl Sl ke (n eS ams o
Sl o ol i 9 O/YY ppm lude 4 P3CO
Slade eS| Ceway VYT ppm jlads 4y P7CI
ppm jlade 4 P3CO jlas jo oy 3B iz oS
PSCO el Lo )5 oo i ko ey g +/AY
8 clale o5 04 P9C14 P7C1 P5C1 POCO P7CO
oy oo 42 318 (55l plons Aigad 3 oailasdly o
S it g5 B sl Sl o 518 pLa5 5
Jade a4 P3CO Jles ;o ppedls Qi oI5 Jlade
slesd 53 pgredls 38 Dl Jlade (p iy 9 7/VY ppm
cdx o5 polie oo 09 YV ppm laas 4 P7CI
L ol Jslme Jlad 50 p5radls 5 o pms (e 318 s 1o
Wolite slapH 5o Jolo - ligS J59,008 O3>
i Ceaws & PH ]38 L o jlo 042y loline OS]
b ooemen 5 baaiges ;o olls Bl jlade QLS
B bl caslon S oy Gioli8l (L3l lade il

(1) Pakw — o595 J39 08 @3l b Ol i (oI5 =Y Jguor

sl o @ popedls
(aals) Joloe adql clale ay. av- aY.
P3C0 b &Iy b -/Y b#/\Y
P5C0 cY/an ce bef/OA
P7CO dy/ov ce cd¥/aA
P9CO cY/f# c- bef/YY
P3C1 b¥/AQ be /Y'Y be¥f/4
P5C1 cY/oN ce beY/AY
P7C1 dy/Y¥ ce dayna
PICl1 cYNO ce cdY/#

sl pH ;o 5 Q3> polie b paesls 31 B> Jlads
Al o,y A0 sleiel mdaw o aS ols lis it
oold o)y Cpirad g Sl 009y jlobine ddigad
5500 518 09,5 F 0 lacols a8 sls lis Sl a3l b
5 Jiowed 3z G Solisly sl STy g 2aS

Al b ppeols ‘51 Jokoee Sl 51 o> b
oS ) e 0 lade o sl — ligS 5,00
o Bi> ke (o3> jlade g PH GlEl b &5 s 5

3 Jole slrosls il lg ay o .l ioli8l sgeolS



£V

55 pH s3gase ;0 wia Jlaie yiSTas cplplo

8 e B QA oS DAl A8 o0 &
;9 «(Y+YY) Hoseini 4 Razavi .4 s Py S

Lo ipomedlS g oy 78 93 Qi (e (o2
Cnd poldin dzmi dy j5 ol oSl oolan il
- e Sl ol s 45 a5 155 LT sl
Ot 98 slapSleS JSis a4 Lo o wlys
@ L 5ot ol oS pletgtd SLS S
Loy s 63,1 45 Ll ) eizpan il
@ 3B pl il atl oo @ 38 51 VL eslS
e ot 05 ) s i o sy S lad
H+ sl yom ol ctale (puly pH o Ival aes
bz gl (ele Loy, 5 (ot iy p
Sloml am pomie yel ml g 00 ol — (oS
Ao (el Loy, 5 ey Sliwly Sl asdls
odle [¥) g ¥e] gt e Cd2+ i L g 00
o yomie Wlgi oo HE Loy YL il ol
-olSe Juil o Cd2+ g H slarys um o,
el Qila o Qdm c il g 050 3 sl
slmog, S YL g A pH o e omen [¥Y] aao
S sl S8 JS—i5 4y 20 OH (lole
Cd(OH)3 § CA(OH)2 o JouSs 000 Jo—loxo
aige pH ol b [¥Y] oS o Cgy 4 0us
S VFl el £ L5 0 sgas K Slild i 6l
Olos oo i lttee i 08 Y oy aslie o [0
S B A bope i QIS (p i & 2
a3 (YY) ol,L_Sea gRezanezhad .ol
i Lyl oliadss jo 0l cows olin 4
sbaoile (L3, la oo jo o 18
s ol e oS ) Slade g YL gl e
L9 o oy 0dz 003 Caizren Sl Al il
tomlbi b s ol S ad plp as s V-
Iyl 3,08 Sl en Gz ol 10 sa el Cwd
Sale 558 Lo gt i alide Jlge
DB g (w5l 3 5eL Sy Sl g Sl

Ivsl o)ls b ol Cas

¥ o)l.o..i)‘\? J?‘Q‘)‘l‘ .\.clfsuy GLMD u.o:z.t‘ dolilad

5 AV DH s Jsboxe PH ial31 b i bl o
sy boyo cwl (Ko F BV SVolae il zals Y

WL ol

T T +
L H*-NH, ., NH; o)
4 Cd¥—NI,  —NI od=t ™
+ OH™—NH, ,—NE.OH~ )

L Cd™ o NH, OH™ g OH™y (g

I+ _ar - + . -
4 Cd**—NH, OH™ (or cd OH "y > —NE2 OH

Cwd 5l g o Ll y5g 0 i STy (V) adoles

1y Jodome 5o o155 ol (slpog 5 ()39 0 ol
—03; L_: r:j.um)u Q‘“jb (Y) aJolzo sd_békfa uLw
ol b 5 Jodowe 51 O La > (1) aJoles
59 0S o ogi [ YL pH Lyl (o 59,0
=05eyamp an (V) adoles i STy 500l pH polie
DS o oyl THHET L T lres, S 00,5
—NH;" ay TNHY ol mog, § 5agas Sl
sloacolow jl oS o 88 Lowyl jo gt o
= et Jigpie slmals g g5, TN
PV el 5k 5l pgnesl S Cdar sl el
PH ilidl L S0 &, b gl DAL asl e s
Gkl peeeslS Qi g ()b 5l ST
G 3l Lol oo ol SY Joo,d 0 o a0z
a=dlr 3k 5l Pl - GlieS J5e e slaalils
Al ool i FaJobae o a5 Soli_wlg oSl
AL A 5 SYLPH joaS o) oo - laia, g
Y U G TVEORT s 8
g g Bly )3 09 o ol = (lieS J3g 00
by pgedlS iz 59, 2 St Sl (s
OiiSTy g i S A S us J59,0—p Lol
8 B jlade Jdo men an o)l Sliwlg SUI
J._JL:‘S_A u«&u O)Lgso q L_J )_J‘).v pH ) ‘nw«bu




Sy SloJ5sy00e oS (o)

D550 54 Jissden laails ;5 5250 O Jlade ol
Sl Cuaglie oaimo)lis Fimly Ogmliee £
WJioped S daie (nylege il bails i
RPCSN 172 IRCOWH N PN/ PR IR PSP KV SRRUINE N
Stele o bl OS5 Cawgao] ele slaog S
2B bigne by O Giz Gl 5500
bJsodes o Sezge Jobu o JHlZie JLSle )l
A oo mall 1) Gl gl s LB glad
e b b (LS g0e Lle glaog 5 rimen
55 L b e S8 Glags i sl LSl

IYAl &S oo Jgnss 1,

ki

- obigiS Jigsee gbadily (guwlyumd 5
Holw
OlisiS Jiooaed slaadls (gamlioee 25V ooz
als O Geeyl cpl pll Gl ams o olis 1y ek -
B A JK& 4 g 00l DLl Bolad &0 4 5000
5 i gl oull » widh ISP E 3D C
A 9D diged ay bgrye ool 4 Goel0ed £5 0 eS
Cowddy gl a4y d>gi b ol o /YY) 5 ¢ /Y o o
Y odel Cawdds gl o F 5 Lawgie oyge;] 5l ol
px doy Ve aS ablioe S ol 4 opl abl ge
Sly gl 5 ams e JoSas Ol 1) 55,008

Hokw - o395 Jig 0 dils Homwlyuad &5 - Jgu

E D c B A
sl 039 \ \ \ \ \
asl s <I5¥ .15 “IVY <IVA “IAY

sl yhd 5 IY$ <I¥q YO SIYY <Y

(S)9algm sl gl SIS 5,000 35m) Pl an
cip e Pl E5 FeS g e &5 s plas
S gy0up g ) lade 4 dewl SS9 008 4 by e
GieS) Fomb Plosl 25 adlee +ITY laie 4y o
G bl e Sl Cwglie caims lis
Pl s g Plxil 75 51 Jol> sloosls byl
AL o, A0 slezel maw jo a5 ol lis @l
ools cw)p izad g Sl 009 jlolize ddigad yu
adyle (18 09,8 Y 0 ool as ols las SSls Qﬁ.a)'—‘ L
Sl el g SS9 000 Jlad (sloog 5 glyle pli5nS
S Blize pbord o STy 13U Cod w0 oS
ST (05 oS 35 (59,5 o i3 00 ala
LAl W8 )8 fas il g 00,5 o el ¢y3,5 ko
Ol Ssk (OlisnS & plres,S 2555 b o2y ool
Srdde GRlPl cel amt o0 5 aSjee w2 @
SIS ssbas s OT o e Blal S
SSY sl Sl (ol g0) 1Y slo sl
oS 005 o lp sl SlSg 0 Lol
EF i o e IF] spn s eslin

sl sl S5 5000 50 b J59 000 P!

sk olisis5 J3ayian sails Jobxil &5

- 0lgS Jigaee gladils Pl 25 ¥ Jguor

«(NaOH) o 9puSg,0m Pl aw o |, ele
(H2S04) opusl 558l 5 (HCL) sl 3,155 00
sl ooliul 3550 5L 5 arl 457 ol ams o L
9 Sel SG 5 00 i 4 i wld o pH et
sals gluly Jdo red 4 09 o S g 000
50 gl spiy Dol 5 Pl g0l o Jjgpnen
ez 5o osesl opl FYL s sl 88 8 adlas
C B A iy a Jisme gldse g ol pbxl JI,SS
Wges & by po Ploul &5 (i ol 5L D
Cawody gl og /T ke 4 o aeS g0 0 A
2 Jisoen glaails sl oSyl Pl &5 51 onsl
hls bJse,0ee a5 ol plas apul SIS 5,000 P>
O 4 e Pl o (Sl Cuglie Sl
S50 w5 Ssdlaw el o baals Pl 50 s
Bged & bgype Plovl £ i (235 5 (om)
P 5o bse,mee pdyPlosl og < FA jlaie 4 D
D FeS el SS90 4 Cend S H9id5m ]
3 ok = S 39,00 sloasls Plxil &5 o



10

¥ o)Lo..i)‘\? J’.‘Q‘)—ll .\.clfsuy GLMD u.o:z.t‘ dolilad

Pobw— o395 Jigraee Il £ 5 -F Jgax

B C D

Cpoads a9y
(NaOH)

<IYY </YY QAR

adewl SO IS j0ue
(HCL)

bl S92l g
(H2504)

- /fY gig! </FA

[3] Morkhande, V.K., Pentewar, R.S., Gapat, S.V.,
Sayyad, S.R., Amol, B.D., Sachin, B. and Sandip K.,
2016. A Review on Hydrogel. Pharmecy Research, 6,
4678-4689.

Jonoobi, M., Moradpour, P. and Tofangchi Kalle

basti, A. A., 2020. Investigation off releasing

mechanism off silver nitrate in the nanocellulose
based hydrogel pad for burn healing. Iranian Journal
of Wood and Paper Industries, 11(2), 333-344. (In

Persian).

Rahimizadeh, Z., Hamidian, A. H. and Hosseini, S.

V., 2014. Removing Heavy Metals from Aqueous

Solutions Using Chitosan — Clay Nanocomposites.

Natural Environment, Iran Environment, 69(3), pp.

669-679. (In Persian).

[6] Pan, J. R., Huang, C. and Chen, S., 1999. Evaluation
of a modified chitosan biopolymer for coagulation of
colloidal particles. Physicochemical and engineering
aspects, 147(3), pp. 359-364.

[7] Ngah, W. S. W., Kamari, A. and Koay, Y. J., 2004.
Equilibrium and kinetics studies of copper (m) on
chitosan and chitosan/PVA beads. International
journal of biological macromolecules, 34, pp. 155-
166.

[8] Desberieres, J., Bobu, E. and Nicu, R., 2011.
Chitosan as Cationic Polyelectrolyte in Wet-end

[4

—

[5

—_

Papermaking Systems. Cellulose Chemistry and
Technology, 45(1-2), pp. 105-111.

[9] Kwame Nti, E., Jerry Cobbina, S., Efua Attafuah, E.,
Dziedzorm Senanu, L., Amenyeku, G., Amoah Gyan,
M,

Forson, D. and Safo, A. R., 2023. Water pollution control
and revitalization using advanced technologies:
Uncovering

artificial intelligence options towards environmental
health protection, sustainability and water security.
Heliyon, 9(7), el18170. doi:
10.1016/j.heliyon.2023.e18170.

[10] Hamze, Y., 2011. Water and wastewater
management in pulp and paper industry. Jahad
Daneshgahi publication. (In Persian).

[11] Pizzichini, M., Russo, C. and Meo, C. D., 2005.
Purification of pulp and paper wastewater, with
membrane technology for water reuse in a closed
loop. Desalination, 178(1-3), pp. 351-359.

[12] Schwarz, M. and Gmeiner A., 2000, How to fulfill
the new requirement of the wet end process. TAPPI

=

S9ge Cpdiw SlE awgs ool bl sla Sogll
S WS s 2 og)lc ‘W LnguLw.: )l u})’ »®
-0 dbml Ll gl 6l ol Gl (e
moo plml it o gy b S ol Bl oS
23l alwy 4 Bl o) S gl 5 (SGasd
b oole g0 ool b ol iegh o el o
g IS Agd L3l S5, ek - g lienS
9 o v e OIS Ba> 53 55,008 2L
ul})‘so oJ.A" Cewdo C.)L.) Y] 4.>9.1 L: W R g_JjLa..A
o a0 Jobu - 0ligS Jig)iee &5 CuS
A Y 0 slapH o a5 (5 sbas o)l Ll ST Jsls
- OhsS i gbealy Gaenlis 25 5Nl
Jisyee sleals Pl 25 Kl 9 /Y 3ol
Sl g Pl o clS a4 ek = pligS
D Vg OV /YT ol SIS g 008 g S ehlgm
dw p odz glp sl = GlisnS J3g,0ee aige lade
ML)‘SQ ‘5~.~.> OOBJ.?:A )b

&l
[1] Motie, N., Jonoobi, M., Faezipour, M. M.,
Mahboobian, M. M. and Borzacchiello, A., 2019.
Nanocellllullose based biiohydrogell: preparattiion
and charactteriizattiion off some properttiies. Iranian
Journal of Wood and Paper Industries, 9(4), pp. 497-
509. (In Persian).
[2] Sannino, A., Demitri, Ch. and Madaghiele, M., 2009.
Biodegradable cellulose-based hydrogels: design and
applications. Materials, 2, pp. 353-373.



Sy SloJ5sy00e oS (o)

[23] Shukla, S. Roshan, R. and Pai, S., 2005. Adsorption
of Cu (II), Ni (IT) and Zn (II) on modified jute fibers.
Bioresource Technology, 96, pp. 1430 — 1438.

[24] Sud, D., Mahajan, G. and Kaur, M. P., 2008.
Agricultural waste material as potential adsorbent for
sequestering heavy metal ions from aqueous
solutions — A review. Bioresource Technology, 99
(60), pp. 17-27.

[25] Dehghani, M. H., Ahmadi, S., Ghosh, S., Othmani,
A., Osagie, C., Meskini, M., Sami, AlKafaas S.,
Malloum,

A., Ahmad Khanday, W., Oluwaseun Jacob, A., Gokkus,
0., Oroke, A., Martins Chineme, O., Rao Karri, R.
and Lima, E. C., 2023. Recent advances on
sustainable adsorbents for the remediation of noxious
pollutants from water and wastewater: A critical
review. Arabian Journal of Chemistry, 16(12), pp.
105303.

[26] Davis, T. A., Volesky, B. and Vieira, R. H. S. F.,
2005. Sargasso biomass. Water research, 39, pp. 239-
247.

[27] Naghizadeh, A. and Momeni, F., 2015. Evaluation
of the efficiency of graphene oxide nanoparticles in
the removal of chromium and lead from aqueous
solutions. Scientific Journal of Birjand University of
Medical Sciences, 22(1), pp. 27-38.

[28] Abdel-Ghani, N., Hefny, M. and El-Chaghaby, G.
A., 2007. Removal of Lead from Aqueous Solution
Using Low Cost Abundantly Available Adsorbents.
Int Journal Environment Science Tech, 4(1), pp. 67-
73.

[29] Razavi, R. and Hoseini, S. H., 2022. Removal of
lead and cadmium pollutants from the environment
by the Suaeda aegyptiaca as an adsorbent. Iran
Chemistry and Chemistry Engineering Journal, 41
(3), pp- 149-154. (In Persian).

[30] Elaigwu, S. E., Rocher, V., Kyriakou, G. and
Greenway, G. M., 2014. Removal of Pb2+ and Cd2+
from aqueous

solution using chars from pyrolysis and microwave-
assisted hydrothermal carbonization of Prosopis
africana shell.

Journal of Industrial and Engineering Chemistry, 20(5),
pp. 3467-3473.

[31] Liu, Z. and Zhang, F. S., 2011. Removal of Copper
(II) and Phenol from aqueous solution using porous
Carbons

derived from hydrothermal chars. Desalination, 267(1),
pp. 101-106.

[32] Wang, F. Y., Wang, H. and Ma, J. W., 2010.
Adsorption of cadmium (II) ions from aqueous
solution by a new low-cost adsorbent-Bamboo
charcoal. Journal of Hazardous Materials, 177(1-3),
pp- 300-306.

[33] Mohan, D., Pittman Jr, C. U., Bricka, M., Smith, F.,
Yancey, B., Mohammad, J., Steele, P. H., Alexandre-
Franco, M. F., Gémez-Serrano, V. and Gong, H.,
2007. Sorption of Arsenic, Cadmium, and Lead by

18

Papermaking Conference, Vancouver, BC, Canada,
1,9-3, pp. 609.

[13] Ng,J. C. Y., Cheung, W. H. and McKay, G., 2002.
Equilibrium Studies of the Sorption of Cu (II) Ions
onto Chitosan. Journal of Colloid Interface, 255(1),
pp. 64-74.

[14] Kolesnikov, S., Minnikova, T. and Kazeev, K.,
2022. Assessment of the Ecotoxicity of Pollution by
Potentially

Toxic Elements by Biological Indicators of Haplic
Chernozem of Southern Russia (Rostov region).
Water, Air, and Soil Pollution, 233, pp. 18. doi:
10.1007/s11270-021-05496-3.

[15] Okoro, H. K., Orosun, M. M., Oriade, F. A.,
Momoh-Salami, T. M., Ogunkunle, C. O. and
Adeniyi, A. G., 2020. Solid waste for heavy metals
adsorption features and challenges; a review. Journal
of Materials Research and Technology, 9(5), pp.
10235-10253. doi: 10.1016/j.jmrt.2020.07.045.

[16] Radkhah, A. R., Eagderi, S. and Sadeghinejad
Masouleh, E., 2022 (a). Accumulation of Heavy
Metals in Fish: A Serious Threat to Food Security
and Public Health. ] Mar Med, 3(4), pp.236-245.

[17] Radkhah, A. R., Eagderi, S. and Sadeghinejad
Masouleh, E., 2022 (b). A review in Quality Water
Improving in Efficiency (RAS) Systems Aquaculture
Recirculatin. Journal of water and sustainable, 8(3),
81-88.

[18] Li, H,, Du, Y. and Xu, Y., 2004. Adsorption and
Complex of Chitosan Wet-end Additives in
Papermaking system. Journal of Applied Polymer
Science, 91(4), pp. 2642-2648.

[19] Mohammadi, M., Fotovat, A. and Haghniya, G.,
2009. Efficiency of sand- soil- organic matter filter,
the removal of heavy metals copper, nickel, zinc and
chromium from industrial wastewater. Journal of Soil
and Water (Agricultural Science and Technology),
262, pp. 23-51.

[20] Nishat, A., Yusuf, M., Qadir, A., Ezaier, Y.,
Vambol, V., ljaz Khan, M., Ben Moussa, S.,
Kamyab, H., Sehgal,

S. S., Prakash, C., Yang, H. H., Ibrahim, H. and Eldin, S.
M., 2023. Wastewater treatment: A short assessment
on available techniques. Alexandria Engineering
Journal, 76, pp. 505-516. doi:
10.1016/j.2€j.2023.06.054.

[21] Ebrahimi, A. and Movahedian Attar, H., 2003.
Performance Evaluation of Natural Zeolites and
Synthetic Resins in Ni2+, Zn2+, and Cu2+ Ions
Removal from Industrial Wastewater. Research in
Medical Sciences, 8(4), pp. 7580. (In Persian).

[22] Rezanezhad, SH., Nazarnezhad, N., Resalati, H. and
Zabihzadeh, S. M., 2020. Use of magnetic nano bio
composites prepared from fibers, nanocrystalline
cellulose and carboxy methylcellulose in adsorption
of heavy metals (Nickel and Lead). Iranian Journal of
Wood and Paper Science Research, 35 (4), pp. 332-
347. (In Persian).



£AY

¥ ojlad OF ol oyl B 5 gz mylio ezl aslilad

chars produced from fast pyrolysis of wood and bark
during bio-oil production. Journal of Colloid and
Interface Science, 310(1), pp. 57-73.

[34] Cheng, Q., Huang, Q., Khan, S., Liu, Y., Liao, Z.,
Li, G. and Ok, Y. S., 2016. Adsorption of Cd by
peanut husks and peanut husk biochar from aqueous
solutions. Ecological Engineering, 87, pp. 240-245.

[35] Deng, J., Liu, Y., Liu, S., Zeng, G., Tan, X., Huang,
B., Tang, X., Wang, S., Hua, Q. and Yan, Z., 2017.
Competitive adsorption of Pb (II), Cd (II) and Cu (II)
onto chitosan-pyromellitic dianhydride modified
biochar. Journal of Colloid and Interface Science,
506, pp. 355-364.

[36] Mehrasbi, M. R. and Farahmand kia, Z., 2008.
Heavy metal removal from aqueous solution by
adsorption on modified banana shell. Iran J Health
Environ, 1(1), pp. 57-66. (In Persian).

[37] Fan, L., Ge, X., Qian, Y., Wei, M., Zhang, Z., Yuan,
W. E. and Ouyang, Y., 2020. Advances in Synthesis
and Applications of Self-Healing Hydrogels, Front.
Bioeng. Biotechnol, 8(1), pp. 654-654.

[38] Zanbili, F. and Mahmoudian, M., 2023.
Investigating the Self-Healing Properties  of
Hydrogels of Natural Nanocomposites Modified with
Polyacrylamide with Medical Applications. Iran
Chemistry and Chemistry Engineering Journal, 42(4),
pp. 31-44. (In Persian).

[39] Zhou, H., Qian, J., Wang, J., Yao, W., Liu, C.,
Chen, J. and Cao, X., 2009. Enhanced bioactivity of
bone morphogenetic protein-2 with low dose of 2-
N,6-O-sulfated chitosan in vitro and in vivo.
Biomaterials, 30, pp. 1715-1724.

[40] Sahariah, P. and Masson, M., 2017. Antimicrobial
chitosan and chitosan derivatives: A review of the
structure-activity relationship. Biol, Macromol., 18,
pp. 3846-3868.



