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Abstract
\W astewaters produced from various industries and their entry into surface water is one of the most

important environmental problems that have harmful effects on aquatic life. Discharging phosphate from
urban and industrial wastewater to the aquatic environment causes a lot of algae growth. The aim of this
study was to evaluate the removal of phosphate from aqueous solutions using sepia endoskeleton
(cuttlebone) powder as a natural biomass, cheap and non-toxic absorbent. This study was conducted in a
batch system. Sepia endoskeleton was washed with distilled water. It was then dried at 80 °C and
thoroughly powdered by milling. Physical and chemical properties of the adsorbent were determined
using the Particle Sizer, atomic force microscopy, and infrared spectroscopy and X-ray fluorescence. The
effects of variables affecting phosphate uptake, such as pH, adsorbent amount, contact time, initial
concentration of phosphate and stirring rate were optimized. Also, the isotherm models (Langmuir,
Freundlich, Tamkin and Dubbin-Radshkvich) and first-order and second-order kinetics models were used
to evaluate the data. The results showed that the highest removal percentage was observed at pH 5,
adsorbent content of 5 g/L and contact time of 10 min at initial phosphate concentration of 10 mg/L.
Using sepia powder under optimal laboratory conditions, the phosphate ion with the concentration of 10
mg/L was removed with a yield of over 99%. The results indicated that the Freundlich isotherm model
gives a better description than other models showing the adsorption of phosphate ions occurs in a
heterogeneous surface. Using Langmuir model, the maximum absorption capacity for phosphate was
68.02 mg/g. The kinetic model of phosphate removal followed the pseudo-second-order model. Besides,
the percentage of removal of the real samples was over 98%, indicating the great ability of this natural
and inexpensive absorbent to remove this pollutant from the water solutions.

Keywords: Phosphate Removal, Biomass, Sepia Endoskeleton, Cuttlebone, Water and
Wastewater.
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Fig. 1. a) Sepia endoskeleton, b) Sepia endoskeleton powder, and ¢) AFM image of adsorbent
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Fig. 5. The experimental data and isotherm plots of phosphate adsorption on Sepia powder
a) Langmuir, b) Freundlich, ¢) Dubinin—Radushkevich, and d) Temkin
u:g-u(dj @ﬁwé\;*mﬁ (C b@-]-x}j).g(b b):&y (adurfjx‘—a ‘.}S.J.'
b s SISl 3 655 2 Dliesd Dl a3 slap 59 5l o el -V Jsr
Table 1. Adsorption isotherms parameters for phosphate adsorption onto Sepia powder
Isotherm models Parameters Values
Freundlich n 1.71
Ks 3.05
R’ 0.94
Langmuir dm 68.02
ki 0.04
R’ 0.84
Um 17.7
Dubinin—Radushkevich D 0.06
R’ 0.85
Om 5.52
Temkin ke 9.67
R® 0.69
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Fig. 6. The kinetic plots of phosphate adsorption on Sepia powder: a) pseudo first order model and
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Table 2. Kinetic parameters for phosphate adsorption onto Sepia powder

Kinetic models Parameters Values
Kap 0.003
Pseudo-first-order model Oe 9.43
R? 0.02
Kap 1.75
Pseudo-second-order model Je 1.9
R 1

SrSe3ll Slles s s Jske 55 2 Coles s ol s
HCL iy J sl sial Cossa el G s bl Sl
L sotn clsbas s Lad sl s 4 s J¥ 50 S
S ad s izl 0le 5 Usle oo (izpan ls ol
Yol s sHCL 5o md o Ve o 55 daly (005k 0 e

ol Cansas VS golas i3y

G =) oY
S s a5l VA0 L s Sl sy S5 Lo st o3l
Dlied o i (2 I3 o n Wl 0 250l
3L BET s 5 ARM 5l pizean 2058 O3l 695
Wl Sl o £33 5 My b 5 I3 3031l Sl
IS FTIR b (a8 S8 U1 (S5 i
5T 55, S Ol (S Ol S by e sotign 357

Journal of Water and Wastewater

ol lm e S olsied g St pl ity 0 w0
il il Esly 5 amms e 28 ol ey s Sl )3

330 §I30 A

Ol 3 Oliud iy gl ol -4-¥
\e omdgm;;gﬁm‘y;,.\wuu:iujrwd\ﬂ
ol o o3l 0,8+ /Y0 5 ud (s pH=0 55 2 5 » S o
535930 55 U ugead 4555 YO bma slos s 5 63Ls)
Jsdoee alo o sl 5l amy aadion oo s Vo sy 4ichs
3l ($55 2 e S a3l 51 S5k il sl Cases
3l e 0 B8l b LSy Jsdoe a5l s
S obile U o1aS s HCL 5 NaOH suiS0inls slad shons
> 4ids 0 Saesy 5 BLS1 Y o +/0 il LFeCly 5 5V sm
ol 31l 5 ead 3pis 5l Jols Jslomo T 51 g i3

NS 5 Of done (\\

Vol. 31, No. 5, 2020

V¥4 Jlo o ledt ¥ 550



dx.doi.org/10.22093/ww;j.2020.207894.2948

il oolizad b ol 5 o 5 Sl i

5 el L 2815 4 gl bl Dlaud o Sl s

A A
&

L 35 Ca0 oS5 5l o3lis ao s 925 aSb of (5 pais

120 -
100 - b)
100 -
~ 80 i ~
S S
N’
= 60 = 80 -
g >
2 g
s 401 5
é m 60 4
20 A
0 T 1 r 49 T T ,
NaOH HCl FeCl3 -3 2 7 12
Desorption solution HCI volume (ml)
100 -
)

Q

é 95

-

S

g

& 90

85 T T "
0 2 4 6

Desorption time (min)

Fig. 7. Desorption conditions a) type and b) volume of desorption solution, and c) time of desorption process

Cdals ooy (05 sl e (b e J sl £ 55 (2 )y Lol 5 -V S

Lo 355250 S 05 il s S L ol S
Db 503,5 Jlons o S5 Ky 5 Sl L
J\>CA}J45CE“°H3@4—?§Q-J5J3’ Lo 5l
Jozoms sl 3l o 53008 0 5 gy 28 S ) B3l
.(Onar et al., 1996, Namasivayam, 2005, Li ., o0 b5 «
et al., 2018, Chen et al., 2009)
Lol 55500 2L s ol e sy o
2l mes g Ol e 3l gz S Ol S s Ol S
Lol Gb 0 51 28 SLapH b Sl ol Jglna 1o
 Vgone Slind 332 30 510138 S i s gl S5
(PKa1 = 2.14, pKao = 355 aal 53 HoPOS 5 HiPOs slap b
Gl 30 Judsas Lol 13 o) 5 el 7.20, and pK,; = 12.37)
chle r—-—»~‘5u\-°-~3 sy S8 055 by 5 055 0
Srb ko el s ) S8 6l el 05

Journal of Water and Wastewater

oo g5 g0 w0 Dlansd S sy Dl oS5 g
sls 25 Iy s Al ISl 5y Lo g sl L
.(Namasivayam et al., 2005, Onar et al., 1996)
R IR SR I
S8 b L (315 IS 5l sl b ST (oS5 s
[(Battistella Elisa <l Olid i 55 03ls ool Ll

Silvia Melel and Piera Sabatino2, 2012, Ivankovic H.AE
and Ivankovic, 2009)

};ASpHJ\.\s.UU,\:,Ma%pHJ.pL,@L:;&b

S5 e S b Dland Bis o1 ey Hlade opl 5l i
OL Y GLapH L3 el Cosay gl il o5 Sy 2alS
T 55 %05 0l 3l o 5 b Uil 53 Sade Bis 1,8
et 3 Ml Sl B o Cad il sszasplits o w8 e
Sl S S 5,8 i ol (S ssbas sy o U pH
3 pmelS Lo e Jo (Sl O3la 5355 se S

Vol. 31, No. 5, 2020

VW44 Jlo D o kst Y 593



10

dx.doi.org/10.22093/ww;j.2020.207894.2948

Ollen 5 ool Yt

oS Bl s syt e Bl IS alS (e i
ol il sz 50 Lags nl gl g i i glagle
| Pl 5 a s sLaolSe plais ool 55 Sis 1S
il 590 S e 3 game [ Bl a3l dagy g sni g il
e Aty 53 i ke 3l Eeely Wi ol e
530y e ol o GRS Bl wo s (g ssd e 3Ly
Ozt 9 ezl (5l OV pame b 5 Sl 3L 5L 5 Ol
iS5 Lo S i oo s Slid Gis s
(Sellner et al., ol s sunliv r)—:.l.:.A}JT—rJ“J'_:LA 4 ¥
2019, Hong et al., 2019)

S olind Gix s e bl S olsea WG e sles
) 038 et 5 g 85 5 55 sl il s 4 slone
Sls 3 4 sls L5 3 Slid Bl ao s 5 ol il 5 el
035 5308 Gl Ll o e & o spndes 4255 Y0 gome
T on Cmsany Gl e o i oSl B a1 ]
s s YO L V0 51 Las 31531 b i s g5l
S Cn e o Blo sy S w3l sainsplis il 5 e
lesn sy JuS Cod 28 5558 0 bl (o land sl 28l
los 0 3l 3 b Gl 8 a3l S5 g 31 ol (Sosd
solind o ol s 2aSly s LSk S (s wilg
.(Liu et al., 2011) w3l s>

4z YO 5l iy glales 53 Bl K galS s
G e & elial Ll el s sz e Joba s el
sgrs L el Sty gl sl w58 ga ool Olicd P
L Sl Gl ys 1 2ol 5 bl sy LIS s o)
SLa gty e b oS s b i 2o b L ol s b
.(Almeelbi and Bezbaruah, »,ls 38l ae; opl 53 sa (l.a_;.\
2012, Mezenner and Bensmaili, 2009, Saha et al., 2010,

Liu et al., 2011)
4ids 55 59500 o) BB ol Sy CL-' b
ol 0330 mlin Sl a8 ul Casay Bl S o e
GBS 8 5 s s Jales S @ e 55 0033 S
R L e I T e e
Vo ol olos ane o Yool (Jsloe L33 28 sbocs

33 5o Jol 4 O3l (655 Dlad Cl sy 4ids

Journal of Water and Wastewater

@ by e ol (Sen Bl 1S talS iy spH 55 S5
rrnelS b gy S5 anSg s slapy s b Dlid 0y 206
.(Liu et al., 2011, Almeelbi and Bezbaruah, 2012) .ib

e 0 el pH gLl Slad b slne b pso 0 55
i o bl 5o (s e 4 530 sl B> )3
b b 5 3l e ad eslizad O L ol pH b olins J slowe
Lol o S 5 (S e Bl SO Gl m s
G Lole wonls e il Lol is Ly 8,5
2L L Gis 5 el a5l oSBT gy o yis e s
oS0 g 3l e (s ol s sd e oLl i
N/D zd s oS e Vo bl | Bl Jslons 512 L 2
S ol iy lade 53 sel Cssay Slad Gl ws s
olod 35 i kB sy cpl el il el U a Gl
Lt st saaltn S5 s alie gla jtag sy 53 45 655
ol Sl e mlsalaan VT Gl LIS Ol e 53]
S 3L gl Lzt 28 513 e s 3 4 1) 0l
39d> ms 5 lade andes 4 Bi o G b Llesls
il U S ole e (15l ) e
(Almeelbi and Bezbaruah, 2012, < _ils sl
Omidinasab et al., 2018, Rahbar et al., 2014)

Vool 5o Slind Bl gas 3l b  sls ol gl
et oles Ll b lazl s ] Gy ao s A4/FY caids
o sy slyn ity ol oy o shone b il
oo i Gl ol Sl 5 e Tl o i
S cd ol el el s sle el Ui G IS ol
Ol Gmo b g aes oo Jolod Sl 4 s 4280 V5l g
Sl asly wl sos Bl i o s s il e & iy
oy ol e s e sanlin 35 Gio S s 2l
b sdon sl 055 o 1 5o S Dlad sazme Sl
by 5l ool & Oy e 5 BSN5 Zas e 3 3L 5 0L
Colle Sl i ganl b Gbaanly o el g wazge— B kS
Ll Coenl B>

Voo ol ekl ey ool sleasl Lol
e 3 3b saalio o 03 44/ Bl as 5 b 2 s S e
cLoos ol P23l als i ke zi skl )

Vol. 31, No. 5, 2020

VFA8 Jlu O o ket Y 55



dx.doi.org/10.22093/ww;j.2020.207894.2948

il oolizl b sy 5 T 5l i S

oy () Jaa e RI= ) o o 0 b s 45 00
e 4 S Ed s ols e b cans se €10 1 Laasls
e Ry ml 3 o sden IS bt Qi buy
Gl sl olid Qs ol 5 g 5 008 ane Dldes
oo 485 0 S g0 opl 4 i iad g Bl 5bas
bV olas 5o g A Ve 4 Y50 VOHCL izl

el sy o158 e

i gL gei -\ ) -Y
QB;);E)TJAugTQ}Q\”‘&bLsLbG}Q s Sl
Shaads gl %’T I o= @\)—‘ iS5 %’T S PEURTI
L golenig (2o 2Ll i cnle o g ol ol
o Bim ol S il 5 laslinl ial580 aze 5l eslazal
et 3 I (G S 31 i & ged 3 Oland ke sl s

A e gy Ll 2 s S Sl
Cawsts Bl s 3 Jlade wasbad asls las A IS s Cu
Sliwd Blo s s sslizal O3 calie Uy Sl o

ol i 5l g0d 5

5 s S Slid 5,8 15 sl iy o
2ybe oS3l 28

53 dodr Sl o LUl eaasplts ¥ sans bag 553
45;32 Oles .ol sl > s L g 6\5\ 6ol st;
J\)_‘;@ @JM)JB JA_A 55_.3Lraed.hl_.i.a\ J}A_?ja Jg_ijs
23 e b olas Gl w3 L (Rz =/¥) s sldue
[EERTS Lsme“L., A3 oo olas S syls u;);‘,v L:.:...e LA}\; oIl
RCEIW IR SN L P CE“

e S 555 et il Gl e plais s
sl Lds lade 5l )‘}:...q‘ A.LY.L:.‘:C))}.@A.; w\j.\gi):.c
G eSSy ol s g g ity el 55 2158l Lot Sl
e lis (gl 2Ly S sl ol o b i ol
g e e ST S (6 Ks sl Lol
PN/ Y O3l b g Slind i 6l (Qm) i cod b
SISl 3 gy 2 S b sl el Cesey o5 s S e
2L e ey pla pseas 3158 s slacsls b (Jsls
ORI L SR

3o Leo s ol Salus e S gl ol S
L i e sl 3l & Jao 0o Sl 5 3 o

Jaee ¥ Jgum 57 o am s Lad ey im0l

ol sl b Lo sy SISl Slind G b ay iV g

Table 3. Comparison of adsorption capacity of Sepia with the other adsorbents for phosphate adsorption

Adsorption capacity

Adsorbent (mg/g) Reference
Zinc-Aluminium layered double hydroxides 2.72 (iftekhar et al., 2018)
Carbonized sludge 4.23 (Zhang et al., 2018)
Fe;0,4/ZrO,/chitosan 26.5 (Jiang et al., 2013)
Calcined cobalt hydroxide 55.0 (Ogata et al., 2015)
La(lll) hydroxides modified wheat straw 67.1 (Qiu et al., 2017)
Magnetite modified with polyacrylamide 28.95 (Lin et al., 2013)
NH,-Al/SiO,/Fe;0, >40 (Chiou et al., 2015)
Biopolymer based activated carbon and resin 65.3 (Xu et al., 2015)
Lanthanum-impregnated zeolite 21.2 (He et al., 2016)
Mesoporus sphere iron/aluminum 61.5 (Sousa et al., 2012)
Sepia endoskeleton powder 68.02 Present work
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