[ Downloaded from isfj.ir on 2026-01-29 ]

[ DOR: 20.1001.1.10261354.1401.31.2.6.0 ]

(DOI): 10.22092/ISFJ.2022.127383 YA(Y) A0-) - A ool oMt ale alas

@ © Hgidog i - ol i

2 0URT sl b (Gt ) I 90 A 943 © g (i ) OS> Calil (w99
oS Wb 7 b sl
\LSJ‘J.A QL:?: u,:..:ul.n g;l'f' c\‘ﬁé&)ﬁ Lm:.’ ‘\L;’L’é) v—jJA

*n_pourang@yahoo.com

Q‘)ﬂ‘ (C)‘J.@:S ‘CJ@AS K] ‘1‘9.‘3 ._\A‘J ‘GA)LH-I‘ J‘:)T é&:&:\‘d :Lﬂ_)d (53‘9-‘\9;8.3 QJ; _\
1ol Ol (s300laS s 5 Ghosel woliilias Gloslu a8 ek asle SIEESS duen go =Y

\E’\@jﬁd)‘:ulege)u \i"&&ﬁ:&é‘—l‘)dé‘)u
ouS>

G353 ol 02 @l e ST 5 ol Sl b L0 s B Gl (s SOl Sl sl Coeal 4 ey L
« (Rutilus kutum (2. b 5 Oncorhynchus mykiss «olLs u_ij SNT J38) 2k 55 5 ol eslizl sl
S3r 533) pae ol Sl S b s e S ST b sl T ladae s e e 2l sl
3050 o B st o Dl 2B b (Guss 9 PH cadsl clile el > 4 wled Ol edler 051l ¢t
gy ot D e ey 3l 593 5 PH e gl e 3T canlllan 55 5876 cin o 5123 S S
B 3l algay e iy e T O3l 031l 5 Sl s W (P /10) s g lsgae O3l 5
e b b b 3lr 5 o gy e i b S o (e T L) A8 e s ke o 5 S 50 o5l il
e b S g aglie B cpime ol (g g Sl odd (0L T sl (Ll 3l e dhssay e
SEM 5l eslisial b odir 51 ny 5 5 i3 ladler liasiutin gy i ple b 512ty VTS ale ol U3 o
s (X- Ray Fluorescence) XRF ¢ (Energy Dispersive X-ray) EDX (Scanning Electron Microscopy)
Atomic Absorption ) AAS i eslizul b o sy cble as ., (Fourier Transform Infrared)FTIR
3l 53 8 sk 3 ) o sW0 ssms b s XRF 5 SEM-EDX (sl 3 JUT. s S (¢ 8ol (Spectrometer
Wlead St Gilta Jale slaes 851 s o3l 55 4 213 L FTIR sl sl 0Lt G (sla il T 51 g (s
13 355 T Ao sy o Dl b b s e 5 6 28 Yzl S

5 by 55 Sl e mle Gl iy ¢ 3l S GlS DIRS

e sk

a0


https://isfj.ir/search.php?slc_lang=fa&sid=1&auth=%D8%B1%D8%B6%D8%A7%DB%8C%DB%8C
https://isfj.ir/search.php?slc_lang=fa&sid=1&auth=%D9%85%D8%A7%D8%B4%DB%8C%D9%86+%DA%86%DB%8C%D8%A7%D9%86+%D9%85%D8%B1%D8%A7%D8%AF%DB%8C
https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.2.6.0
https://isfj.ir/article-1-2585-en.html

[ Downloaded from isfj.ir on 2026-01-29 ]

[ DOR: 20.1001.1.10261354.1401.31.2.6.0 ]

e ey o Sl )

OlLlKea 5 &) 5

(Jsosll e s jo0S 53190 6 25 4 G5k D (S
Cawl 00 de.‘a.:.c ‘(M) .la.».’z.c L’ )lf)L» 9 (o ).».C
9 556b9 6y SO T s s wi> (Xu et al., 2019)
B ) dlge 5l alisea glgil T 50 a8 ol 00isS lgal
03901 al lie 22Vl sl " (s ladlr lsie &,
b 556 .(Singh et al., 2018) sgi o ool
s slapn Bi> ln g Slge Sl slos S
aw Jl 9o (o ailad 5 )18 eoliiul 050 o] slaJsle
e g eslul 4 g bled alidS ams
b @ axei Lol (pl 5o 090 00 camlin (g5l8
o aseics ¢yl 00isSlgasal Lol Sgase Lins lalllas
wn) ol 55 a9 Lond il 5l a ol ol a5 el
0,0 51 (Kwaansa—Ansah et al., 2019) us,ls )45 5
bl slice b ) 03l g0 5l solaiwl coblb o)y
<Y1 U538 g Rutilus Kutum waw ale 4355 50 uld)
o5 sl (Oncorhynchus mykiss . \ls .5,
oS Sk sbes p ol labae o oy ol
odd a8 5 13 i de g5 Guio ol Bas e o
593 epolie adgl clale ()05 By 3 (ley Jelss
gty o 232 Ol 50 iged plo g (Soa; D3>

Cw! 009 &.Q?u UJ‘ IRV 00y 5O ]'*J ‘Sﬁhﬁdﬁ’) ubL>-

SLRCITEE S

i gos ).JbT 9 ‘SjLwooLoT “s)gio)f

Bosb 3l e g Y58 5 s ole sladiges 5,510,5
€575 5 Jlo sloop (25,55 plSa ylolio 4 dxxlye
plml ghssle plsl 3,8 50 ale (hygy as)5e 59 @
b ole sloaigas (s (a5 0 sl wiged Fr) 0l
A (e i ABNS ol da YL 51 ey 5l ool
Sbaw ol 5l g esilucs Hhaie O o cele Y G

5 Biomaterials
6 Biosorbents
" Box-Behnken Design

donio
Gt 4y S Sl 51 ol yiolae Lac]
5 LGS Gree 5l S 3 ane wir (b o
Cople Judo 4 g el ouls hows s e Slase
sy Sl ple 5 yluly ¢ s Sl A (o
OLLS 2 Ll (s goi b e s oliolb )
Syl sl Sl asags Sonl (S o5l
olyls (Mandal et al., 2016) ool sl cwdlw 4
Obl 5 sl @lie 5l (gl S i 35k ) S
Jool b wisse o] slapasS] o))y Yol
cosl Sl ol s ol Sl slacolls
5l oK ol3ls (Kwaansa—-Ansah et al., 2019)
Bz 0Xi) Dlogzge 4y 0ndy e Jaore I Jlail oLlgs
Gl i ol 4 3l (Ll slaplail jo
Wl 2l leaSid b oy (Sl s
4 ooyl glacluy b o 5l oS il Bl onl il
Cool oad haw e Caw) e Egdge
o pare S5 (Pb) o, (Shahzad et al., 2017)
odes Mo jop crge o5 Wb Sy9rond
Alizes Glaptans 2 g 095 oo (armme Cuj g (il
5 B slS (A (s (o> ez ) o
@lo ,» (Rizwan et al., 2018) s,35 » 25U (35 ,e
Il et Hob 4y (oS S I (295 B polie
Ngdoo ) Sbys e adhie o)ly el &b
Slp sooxie Jglote sla g, Yeo! .(Jafari, 2010)
3979 b 2l @l g boobay 5l S SIS B3>
(S5 oL alerd oy (s S bk o)l
23z g il w wlisl Gt (plas gl il
S T aze ogdle o) cnl 5l esliinl ((Helam
)18 Jlisay 5 |y (oloend Slgm) jlalol> 2 oy
Oldiezils sBays o a5y (ALHAS a0 dw b g0l
e iy, 5l eolatwl Caws @ Cansjlae )l lanugs 4

! Nonbiodegradability
2 Bioaccumulation
3 Anthropogenic
4 Biosorption
a5


https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.2.6.0
https://isfj.ir/article-1-2585-en.html

[ Downloaded from isfj.ir on 2026-01-29 ]

[ DOR: 20.1001.1.10261354.1401.31.2.6.0 ]

(SOLAAR M5, Thermo Electron Corp., USA)
cble g a cdale go cpl o Salds il (g S0l
wd)S Sl 0 gy il alwsa ould D 3l
oole 3 IUT &,k 5l 6 pSoslal Ul oo ylime o
S sl (IAEA-436: tuna fish flesh) s ot
a5 8 Al bk oys 5 Wl el lbaiged |
yoS s Selul CBs g duo o AP/F-V Y/ o lgen
LAl A gy e O laslinl Gl G ¥
05 Jlre Szl plie ply aw slae ) Lags 5ol

00,5 (g yeSojll </ 0 PPM ol (SO aigas

@olel lodelni 9 i losl (150
w23l 90) e e o SIS cw) jslaie 4
(6,59 9 PH cadgl cdale dos « wlod ley csdl> ojluil
ouds iz oy <) POR - Jolis crsly yeicte 55
53 00 L Oy clale) PO 5 (apis ale uds o
b sl Tl o s, SIOYT 58 ole 8
5 o oS Sk b 48 b el oSa S
Sl i &5 o mhw aw Jold Jis slo it
SIS+ g0 ) Sypo a0k g Lawgie (o polie
599 1ol i sl yuiie iulej] 00game 0554 o0
TEN) W3l ol (i e p)S V=Y il
a0 Ve-Ve) boo g (Celu V-0 V) wled e (oo o
(O/O-Y) PH (Y- =Y+ - ppm) adql cdale (o] 5 ol
Lo talos] (b @mls (o)l sl /V=) - PPD) 55
ool eolatwl (V) asws) Design-Expert 30s 5 5
Sl yste 5 Gwly ite dw G alal) Grogd sl
oolaiwl (V doles) pgo ad yo slabes iz Jow 3l Jiu

F W)

Sodl> wad eols gicad bt b g0 et ol b
Lslae 5wt Sz QST 25 0 59, 99 Suke 41 (g
axye Pl b Vsl o el (s 4 o, b
b il Sis ) e edd ains 6,5 8,5 il
sl Jlg 5y wad Clawl Sl Dlew! S 5l solazl
Ve g o IY 18 L5 5,50 sloojlosl b ools jee oLl
Jsl=s .(Neves et al., 2018) 55,5 Jol> (o Lo
£S5 VBN (30,5 S Byl 5l e Voo T PPM ol
STl as Lalls Sl o i e Ve e o g ol
0> & e Ve Bg ot 53, oad olo o
Voo 980 X)L laJgloee ol agd i sl
shie ST L ol Jolma (50,5 38, b () 5o )8 e
09938l Gk 5l PH elas ad s ol L 9o
o plol SG o IS ol b Yo /1) o 0 g 5000
5 t3lep, Ooges Lakive sl (XU et al., 2019)
SEM 5l (os 950 (s Slodlr (s paie S
EDX « ;a2 (SEM, SNE-4500M, South Korea)
Shle (slass, ogei ki jglite sy s S eolitl
i T ot o 5 il s 43 35250
XRF 4 (Agilent Cary 630 FTIR, USA) FTIR
o eolanwl (PW 1480, Philips, Netherlands)
.(Bulut et al., 2018; Chojnacka et al., 2018)
Ve sl sdies YO slaple Sl 4 lagiale]
s 53 boalejl oabes a5 gl (318 Jolona 2 s
Satigas 933,55 ol eSiln 5 0 ploni 1S5
L oGl e ol ST Gl Qi
wisds g5lwoslel (Y1 +) MOOPAM Laall, 5o
Slam g S G glodlr o G glackal

ol @l w1 eslaiul b b i les]

Y =B0+3Xk,BiXi+ Yk, BiilXi2+ Ykt ?ziﬂ BijXiXj+& (V)

3 Working solutions
4 Response Surface Method
ay

1 Oven
2 Stock


https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.2.6.0
https://isfj.ir/article-1-2585-en.html

[ Downloaded from isfj.ir on 2026-01-29 ]

[ DOR: 20.1001.1.10261354.1401.31.2.6.0 ]

e ey o Sl )

OlLlKea 5 &) 5

Jboy oy p sly i oolawl (ANOVA) il )l
oolizl 7 25 s Jlexsl Jloyi jloged 5l s o
IS5 i 5 1530 o5 arogs g alol> gl el g 0
(El-Naggar et al., 2021) o esliiwl osls o )5

Lo 5 )bl sl Julxs
3 eolaiwl b Badow cpl jo edel Cavody sl Jow
by gl ax8,S 5 g)ll b5l 9,0ANOVA
odls &IV Joaz ;0 4o o 4wl slo i 4

S Bo wmsion G 1y a5 50 iy (sl eite =Y
pgd a0 o it colpo o g Bij o Bii o1 el el
P 3,90 6L‘° Slows k s

syl obsyl b alol mls g)bl o el
Gaye il poe F oliee Jae B lie ol g o]
e oy Codds hawd e e o(R?) s
Esoze 5 (AP)® Joo 8o colaS i Fonds o i
plel *(PRESS) oo ot 0xiledl slas Sila e
20 g ladae o Jlodme (owyp jshite 4l
el oyl i e ol Jis sl i

Bl LS pg3 4250 Jue s 3 (o2 3590 Gl 5B ko (5T Ly Sl gl asdls 1) Jgax
Table 1: Summary of the results of analysis of variance for the studied response variables based on the reduced
guadratic model
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Figure 1: Perturbation plots showing the effect of all
factors (A: biosorbent dosage, B: biosorbent size, C:
contact time, D: temperature, E: initial concentration,
F: pH and G: salinity) on the response variables (a:
PbR, b: PbO)
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Figure 2: FTIR spectra of PbR (a), PbO (b) before and after Pb adsorption indicating corresponding functional
groups.
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Figure 3: SEM micrographs at 3000x magnification before (a) and after (b) Pb biosorption for R. kutum scale (R) O.
mykiss scale (O)
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Figure 4: EDX spectra of the response variables PbR (a: before Pb absorption, b: after Pb absorption) and PbO (c:
before Pb absorption, d: after Pb absorption). In-table tables: Elemental composition of the sorbents (weight
percentage)
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Abstract

Considering the importance of using biosorbents to remove metal ions from wastewater and
aquatic ecosystems, in this study the potential of using scales of two fish species (rainbow trout;
Oncorhynchus mykiss and Caspian kutum; Rutilus kutum) to reduce the concentration of lead
in aquatic environments were evaluated based on Box-Behnken design. The effects of some
important parameters (biosorbent dose, biosorbent size, contact time, temperature, initial
concentration, pH and salinity) on the adsorption capacity of the biosorbents were also
evaluated. Among the seven studied factors, the effect of initial concentration, pH and adsorbent
dose on the concentration of lead adsorbed by the two adsorbents was significant (P<0.05),
while temperature and adsorbent size had no significant effect on the adsorption of lead by the
sorbents. The initial concentration was the most effective independent variable (with a positive
effect). The maximum adsorption capacities of lead by the two adsorbents are comparable to
those of other adsorbents of aquatic origin, evaluated by other researchers. The maximum
adsorption capacity of lead by scales of rainbow trout was higher than Caspian kutum. The
characteristics of the adsorbents before and after adsorption were analyzed by SEM, EDX, XRF
and FTIR. The lead ion concentrations were measured using AAS. The SEM-EDX and XRF
analyses clearly revealed the presence of lead ions on the surfaces of both biosorbents after the
adsorption experiments. The FTIR results showed that the two sorbents are composed of
different functional groups, which could possibly play a significant role in their lead uptake
capacity.
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