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Figure 1- A simple scheme showing the used steps for preparing magnetic chitosan-carrageenan complexes
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1- Scanning Electron Microscopy
2- Transmittance electron microscopy (TEM)
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Table 1- some physio-chemical properties of the tested soil
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1- Sherr’s equation
2- full width at half maximum (FWHM)
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Figure 2- (a) XRD patterns of neat chitosan and magnetic bio-adsorbent mHCSCar; (b) TEM image of mHCSCar; (¢) SEM
micrographs of mHCSCar; and (d) the magnetization versus applied magnetic field for mHCSCar
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Table 2- Parameters of the Freundlich and Langmiur equations forwater and soil systems.

Treatment Freundlich zJux 6 dslxe Langmiur ;5505 dolze
o process r’  RMSE Kg n r’ RMSE K b (umol g'1)
Water system ads 0.99 442 1.14 0.77 0.99 6.83 0.0005 750.2
Water system des 0.99 0.93 1.35 0.54 0.97 3.47 0.0021 88.2
Soil system ads 0.99 14.03 73.62 0.37 0.96 62.91 0.0092 992.7
Soil system des 0.99 10.84 62.28 0.36 0.96 51.2 0.0241 695.6
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Figure 3- Adsorption isotherm of Cd (II) by mHCSCar0.2 in the water system
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Figure 4- Isotherm of adsorption of Cd (II) by mHCSCar0.2 in the soil system
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Figure 5- Adsorption-desorption of Cd** on mHCSCar0.2 in water and soil systems



IWAY aidwl— cpogg F oylod XY ol (S g ol 4 VYW

Mol laizs o) ks I mHCSCar0.2 i j 3l 1 oolatuwl
D9 oo Mgy S ouiiS

& 5 4
ol ablie s OBl a5 0b ol Jleggy ol @l
5 i 93 12 )3 35250 wradlS slaygy sl B lsgiS
5y9e 3l baags i Jailiy oz jSo bles i |y 15
= J909y5we YO+ 4l O i ;> (MHCSCar0.2) ool
53 ol Gy 5 32 Jgog,Sm Y plyy S s )3 9 25
oles 4y 5 (F) Gl capd (bl b Jbe oyt i 93
sedale 4y > S 8w gdiiyd adslee (RMSE) e lsy o
AW alio I mpodlS glagg Bl > O3l 2 25
OO ] i 3 .05 odlawl (AQ) sy 5 Lls e oy
2 el S gla s BA sy baie 4y mHCSCar0.2 o
S g > &S Jb 53 35800 drog Vb adgl claclale
Sy otiopd g Bl Hglaie &y mHCSCar0.2 Lils I ool

D9 o oty S i )3 @radlS (13,8

tar
=

(]
&

[}
=2

Aqiads orption-desorption) (nmoled/gChi.)
[
&

100
50
29 15
0
19.3 197.7

du‘)«ulﬁ)] 5 (EDTA) ool dy50 )fcllowl )I u‘“’“’ .\a‘yL;o
dy90 () il L EDTA o sad o olis gols il iy
sla Szl U anlis o ‘_rﬂ sla Szlsuwl YL Sl
pialy peeslS jlade (o > Jlo Glgims - lod,S" (3155
JHbe 4 S 00,8 sdnlidie meedlS U ol jlewd cilizee sl SB
5 Sl @Yo aile JI cla Szl el bwg oisly puedls
ot Gl A le Jaxe (gl Szl sl i Hlows @YWS]
w.m.)‘s )IJ&A ..\3‘0.))5 L)")‘)f ul)&@.ﬁ 9 u,oj (YY) ) (NaNO;)
i &ly s g (CaCly) paadS” 4,l8) Sime sla Szl sel
<YL b an ) o s g el gy o (NaNOs)
2 o )0 (VO) Wlodly Canns puodls’ —uﬁ aleSy sl WSS
whlS o edYo il g8 AQ jolie d> p  SB glapiug
(oigi ol 5 )l peedlS 0, S Sy e e (0 OOl e

988.4 1976.9

Conc.jpisa(pmol/L)

#wder Hs0

Jl&singb)b m&b‘s@gl LsLés«b.LCgAq w_aé.b.’,)—i Jst
Figure 6- The relation between Aq and the initial cadmium concentrations in water and soil systems
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Introduction: Due to the negative effects on human being health, the decrease of cadmium bioavailability in waters
and soils is necessary. The main origins of cadmium ions in environment consist of batteries, phosphate fertilizers,
mining, pigments, stabilizers, and alloys. Many methods such as ion exchange, chemical precipitation, flotation,
ultrafiltration, nanofiltration membranes, reverse osmosis, and electrocoagulation have been used for the removal of
cadmium. Notably, adsorption is proven the most practical technique for heavy metal ions removal of pollutants from
wastewater and contaminated soils. Among the various adsorbents, chitosan has introduced to be an efficient one, due
to its unique characteristics such as antimicrobial activity, biocompatibility, non-toxicity, and being low-cost bio-
adsorbent. Chitosan is a derivative of N-deacetylated of chitin, a naturally occurring polysaccharide taken from
crustaceans i.e. shrimps and crabs, and fungal biomass. The presence of amine and hydroxyl groups in the backbone of
chitosan gives the polymer its high binding capacity in adsorption processes. Chitosan can decrease the metal ion
concentration to near zero. This work evaluates the modified chitosan’s potential as a bio-adsorbent in the water system
and also its potential as a soil amendment in the soil system in terms of the adsorption and desorption of Cd*". It is also
worth noting that there is no report on the removal of cadmium ions by ionically crosslinked chitosan/k-carrageenan
materials, especially in soil systems.

Materials and Methods: The chitosan-based magnetic bio-adsorbent was prepared through in situ co-precipitation
of iron ions in the presence of chitosan with high molecular weight. The surface (0-30cm) soil samples were collected
from a field in University of Maragheh in the North East of Iran. Some physio- chemical properties of the soil used in
this study were determined. Adsorption of cadmium on the bio-adsorbent was investigated using batch experiments.
After adsorption, the adsorbent loaded with cadmium ions was washed with distilled water before treating it with 90 ml
of 0.1M ethylenediaminetetraacetic acid (EDTA) for the determination of the metal desorption. The experimental data
of Cd*" adsorption and desorption isotherm were fitted by Freundlich and Longmuir models.

Results and Discussion: The crystalline nature and phase analysis for pure chitosan and magnetic chitosan bio-
adsorbent was confirmed by XRD analysis. The diffractogram of chitosan consisted of two typical crystalline peaks at
26= 10.8A° and 20.42A°, corresponding to the partial crystalline structure of chitosan and the hydrated crystals of the
remained a-chitin chains in pure chitosan, respectively. The characteristic peaks of chitosan in the XRD pattern of the
magnetic bio-adsorbent disappeared, indicating of the amorphous structure of chitosan. It suggests that the addition of
magnetite nanoparticles obviously affects the crystallinity of chitosan. On analyzing the values of r* and RMSE
obtained using Freundlich and Langmuir models, it was observed that Freundlich model provided the best fit for the
experimental adsorption and desorption data at the ranged of the Cd*" concentration studied in the soil and water
systems. To evaluate the efficiency of the modified chitosan as an efficient bio-adsorbent in water and soil system, the
difference between adsorption and desorption amounts, Aq, was calculated. The less amounts of Aqg, the more efficient
adsorbent in a water system. This means that the adsorbent can be reused several times. In contrast, in a soil system, a
positive relationship was found between the amounts of Aq and the efficiency of the adsorbent. This means that the
adsorbent can immobilize the adsorbatesand therefore, may be used as a metal immobilizing amendment in soil. As the
initial concentrations raised, the amounts of Aq increased in the water system; therefore, it seems that the bio-adsorbent
may not efficient at high initial concentrations. In the soil system, the more amounts of Aq decreases, the more
efficiency of the adsorbent as a cadmium immobilization increases. Therefore, the bio-adsorbent used can be relatively
efficient as a soil modifier.

Conclusions: The results revealed the magnetic bio-adsorbent based on chitosan can be sorb Cd** from water and
soil systems. The maximum adsorption capacity (b) of cadmium onto the adsorbent appeared to increase from the water
system to the soil system, from 750.2 to 992.7 umol/g, respectively. On analyzing the values of 1> and RMSE obtained
using Freundlich and Langmuir models, it found that Freundlich model provided the best fit for the experimental
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adsorption and desorption data at the range of the Cd*" concentration studied in both water and soil systems. By
comparing the amounts of Aq, the difference between adsorption and desorption amounts, the bio-adsorbent is not
economically feasible at high initial concentrations in the water system. But, the more decrease amounts of Aq in the
soil system, the more increase efficiency of the adsorbent as a cadmium immobilization. In general it seems that the bio-
adsorbent used can be relatively economic as a soil modifier.
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