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6- Sargassum glaucescens
7- Padina australis

8- Nizimuddinia zanardini
9- Cystoseria indica

10- Freundlich

11- Toth

12- Khan

13- Radke-Prausnitz

14- Marrubium globosum
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1- Bioaccumulation
2- Biomass

3- Fucus serratus
4- Langmuir

3= Mucor indicus
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5- Macrophytes
6- Kinetic Models
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1- Hylocomium splendes
2- Dubinin— Radushkevich
3- Ceramium virgatum

4- Myriophyllum spicatum
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Table 1- Kinetic equations in current study (32)
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Table 2- Isotherm Models in current study (32, 2, 5)
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1- Sputter Coater

L Bl e oV¥olae wyp yob ubss dlaal 5l S
ool ol )3 45 039y p gl b Gl (slod o (sladlslae o St
oS sitan plnaoleo ol i ¥olas g oo syt Ll
ot Lagl )3 e sy g w9, 0 LS4y Jolas sl 51
L (0) o0 iy odlo iy el ] 55 43S o i) (glodas
i S glgl 552, 5 (YY) 59 00 033 (LS (o
ShIY Jods a5 Wil o pgd o aud g Jol doyd aud doles
Slosd

Jol a2 s (iaSly o cb ki 398 Jgaar ©Yolao
cadibs g ol clls > Gla cudybs s say Ge g Qe (1/min)
35 Jolome cbale Cr g gl clale Co (MY/G) t oo 5 s
Kz e (L) Jo-bro o2x> V9 (Q) 3L g M (MOIL) t oL
St gl j1h o (/Mg Min) Qs ped s s Cue oo il
S5 e 3 pgnl b loded Gl dblee il pgd 42y
9 oL bLE ey b ol 4250 el S (o0b) s
ol gled So o GAle gl 350 03le (Siuly (S5
Sl lise (5l g (225 SYolae iy cpl olal A8l
Yol yolbs imgh )3 a5 Canl 0135 &) Gl a0l )3 o i
8 s 390 gagSdly —Oingd 9 (e gy ngeSSY
ol 4zl g aay o L |y jsSie SVl ¥V Jouo 28,8
W3S (o (Byxe b yial b

prr ly gl 4 ordoia odlo p 2 Qe o Joir sladbslas 5
Ala g9y Opie 4 S5 Gl Y Ot Oljee Om g 3>
03e ol cali Co g y5aS3Y dhalas 26 b Ko« (Mg/Q)
Cd b Kr o (Mgl L) Pl 6))8 j1 an Jobe 13 05 0l



oYd 009 Canny j ads gy @T Lz 31 (1) oS s ) 0 w0

Signal A = SE1 Date :20 Jan 2015

16 mm =
2000 kvZONe Mag = 1.00 KX  photo Ne. = 7933  Time 10:28:32  CL-MF

))b.: Yoo uglw 5),) b SEM ol&uwd -!9*09’5 c}ﬁw! )‘ Jvé,oﬂ,od,owywﬂw -3 JS....»
Figure 1- The image of Ceratophyllum demersum before modified by SEM, 1000 times magnification
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Figure 2- The image of modified Ceratophyllum demersum by SEM, 1000 times magnification
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Figure 3- The image of modified Ceratophyllum demersum after absorption Cadmium by SEM, 2000 times magnification
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Table 3- The effect of pH on absorption of Cadmium (initial concentration of Cadmium= 7.56 mg/lit)

pH suilondly clals Gis oylossly Qs Cud b
The remaining concentration (mg/L)  The removal efficiency (%) Adsorption capacity (mg/g)

3 0.52 93.17 7.04

4 0.38 95.01 7.18

5 0.32 95.73 7.24

6 0.31 95.95 7.25

7 0.21 97.28 7.35

8 1.12 85.22 6.44
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1- Deprotonation
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Table 4- The effect of contact time on biosorption of Cadmium (initial concentration of Cadmium= 9.25 mg/lit)

ol o sailoaBly il s losl, s cudyb
Contatct time (min)  The remaining concentration (mg/L) The removal efficiency (%) Adsorption capacity (mg/g)

5 2.99 67.63 6.26

10 2.40 74.06 6.85

20 1.14 87.64 8.11

40 0.50 94.59 8.75

60 0.35 96.16 8.90

90 0.20 97.81 9.05
120 0.16 98.31 9.09
180 0.12 98.71 9.13
240 0.14 98.46 9.11
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Table 5- The effect of amount of adsorbent on biosorption of Cadmium

ol e oyl s sailedly cuile Gia plas Gl Cad b
The dose of biosorbent Initial . The remaining The removal efficiency ~ Adsorption capacity
concentration -

(g/L) (mg/L) concentration (mg/L) (%) (mg/g)
0.02 9.01 5.62 37.62 169.50
0.05 9.01 5.31 41.06 74.00
0.1 9.50 2.1 77.89 74.00
0.2 9.50 1.95 79.49 37.76
0.4 9.50 1.50 84.29 20.02

1 9.50 0.32 96.67 9.18

2 9.50 0.20 97.85 4.65

4 9.50 0.06 99.34 2.36
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Table 6- The effect of initial metal concentration on biosorption of Cadmium

odlS adg) AL (1ald) ady! cais sailogdly Al Gis sloail, i b b
Cadmium initial conclgr:’ftlraa{tion The remaining The removal efficiency ~ Adsorption capacity
concentration (mg/L) (mg/L) concentration (mg/L) (%) (mg/g)

10 9.50 0.32 96.67 9.18

20 18.58 1.59 91.45 16.99

40 38.42 6.06 84.21 32.36

60 58.33 13.84 76.27 44.49

80 77.76 28.94 62.78 48.82

100 92.90 43.08 53.63 49.820

200 188.00 128.30 31.75 59.70

oSz Nl oakidgil pur baawgi muodlS H8 Bls (g1 0 (o iy Jaal s =Y Jgo
Table 7- Optimum condition for removel Cadmium by modified Ceratophyllum demersum

e Waer e
Parameter Optimal concentration (mg/L)
pH 7
ooled oloj 60
Contatct time (min)
@l ke 1
The dose of biosorbent (g/L)

Cadmium concentration (mg/L)
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Table 8- The parameter and equations of isotherm adsorption models of Cadmium

¥ @b Ol E955aly — owintg?d
(Langmuir) (Freundlic) (Temkin) (Dubinin — Radushkevich)
ol e K R K an K an o c
(palr:njeter) (mglg) (Limg) (malg) (mo/g) (Limg) R? Mme)  okkjz Kjmol R
(A)mL(:nt) 61.34 0.19 0.99 3.08 15.31 8.93 6.93 0.98 41 107 2.23 0.73
Eamon) C./q,=0.0163(C,)+00866  -Nd =03249(LnC,)+2.7285 @, =8.9268(LnC,)+17.287  Lng, =—-1E-07(s*)+3.7138
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Table 9- The parameter and equations of kinetic adsorption models of Cadmium

ey BPRESER I 099 4> )3 dmd
Experimental Pseudo first order Pseudo second order
).:.o‘)b Klp e 2 KZP Qe 2
mg/ : . R
parameter ") (1/min) (mg/g) (mg/g.min)  (mg/g)
"*”_K 8.8955 0.0954 5.88 0.97 0.043 9.23 0.99
Cadmium
2l Aol ) Ln(g, —q,) =—0.0954t +1.7725  t/q, = 0.1083t + 0.2682
Equation
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Introduction: In recent years, concern over the long-term effects of heavy metals has been increased as
environmental pollutants. Environmental pollution of heavy metals is one of the major environmental issues.
Unfortunately, due to the uncontrolled entry of various types of industrial waste, their input is increasing into air,
water and soil sharply. Heavy metals are irresolvable and tend to accumulate in the organs and tissues of living
organisms that cause a variety of diseases and disorders for humans and other living organisms. Recently,
biological methods and technologies such as biosorbent and bio-accumulation have been used to help researchers
to confront the problem of removing heavy metals from sewage. In bio-accumulation technology is used living
biota to remove metals. However, in the second method, or biological absorption is used of dead or inactive
biologically is this purpose. The main objective of this research is to determine the capability of the storage of
cadmium as heavy metal by modified Ceratophyllum demersum biomass. In addition, the effect of pH on
adsorption rate, contact time on adsorption rate, adsorbent adsorption, initial concentration of adsorbant
(cadmium) were evaluated on adsorption. Also, kinetic and isotherm models of absorption were determined.

Materials and Methods: In the present study, the effect of modification of Ceratophyllum demersum on the
removal of Cadmium from aqueous solution was investigated. Ceratophyllum demersum or blue fork is a
submerged plant that is commonly found in aqueous humorous streams containing moderate to high levels of
nutrients. One of the suitable environments for growth of Ceratophyllum demersum is low depth and laminar
flow of water channels. In this regard, a search was conducted on irrigation channels inside Shahid Chamran
University of Ahvaz and large quantities of this plant were observed in many parts of these channels. The plant
was collected from the entrance channel of the Karoon River to the university. After collecting the plant and
washing it with urban water and distilled water and drying it in free air was dried at 70 ° C. After that the dry
matter was milled and it passed through the standard No. 50 sieve. In this study, alkaline solutions (0.5M NaOH
solution) were used to modify biomass. This method has been shown to be effective in similar studies, and has
greatly increased the absorption capacity of adsorbents. Preparation of cadmium storage solution was performed
based on the methods presented in the standard reference for water and wastewater testing.

Results and Discussion: The morphology characteristics of biosorbent surface by Scanning Electron
Microscope (SEM) were studied and desirable effects of modification on characteristics of biosorbent surface
were proved. The result of study showed that by increasing pH from 3 to 8, the removal efficiency increased
from 93% to 97% at pH 7, and then decreased to 85% at pH 8. In addition, adsorption capacity, in similar way,
increased from 7.04 to 7.35 and then decreased to 6.44 mg/g. Therefore, pH 7 was determined as optimum pH.
Increasing contact time, from 5 to 240 minute, caused changes in removal efficiency from 67% to 98% after 180
minute, and then decreased slightly. Adsorption capacity, in similar way, increased from 6.25 to 9.13 mg/g and
then decreased slightly and contact time of 60 minute was determined as equilibrium time. Increasing dose of
biosorbent from 0.02 to 4 g/L, causing increase of removal efficiency from 37% to 99% and decrease of
adsorption capacity from 169.5 to 2.35 mg/g and finally dose of 10 mg/L was determined as proper dose of
biosobent. Increasing of initial concentration of Cadmium solution from 10 to 200 mg/L led to decrease in
removal efficiency from 96% to 31%, and increase in adsorption capacity from 9.18 to 59.7 mg/g, and
concentration of 10 mg/L was determined as optimum initial concentration of Cadmium. Finally, kinetic and
isotherm adsorption models were studied. In kinetic models, pseudo-second order kinetic model, with correlation
coefficient of 0.99 described biosorption better than pseudo-first order. In isotherm models, the Langmuir
isotherm with correlation coefficient of 0.99 described biosorption process such better than other models. Based
on results obtained in this study, the high capability of modified Ceratophyllum demersum, as a favorable
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biosorbent for cadmium removal from aqueous solution was proved.

Conclusions: The images from the SEM device showed that adsorption modification increased the
absorption capacity to absorb cadmium ions. The highest efficiency was achieved in pH equal to seven.
According to the economic considerations and optimum consumption of the energy 60 minutes was determined
as the time of equilibrium. Kinetic modeling shows that Pseudo second order has the best matching with
experimental data.
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