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Abstract
Background: Nanotechnology for water remediation is expected to play a crucial role in water security and consequently the food security
of the world. Reactive nanoparticles have a significant amount of surfaces and thus attract much interest to be applied as adsorbents in
comparison to macromolecules. This study aimed to use the nanoparticles as an inventive technique for the purification of water from 
heavy   metals.   Materials   and   Methods:   Superparamagnetic   iron   oxide   nanosorbents   on   resin   amberlite   IR   120 H support
(SPION-AMIR) was used in a fixed-bed column system to remove cadmium ions from aqueous solution. Experimental study was carried
out  under  several  variables  including  the  initial  concentration  (100-300  ppm),  the  amount  of  SPION-AMIR  (0.5-3  g),   flow   rate
(1-3  mL  minG1)  and the pH (2-7) to indicate the breakthrough point and the removal efficiency of the nanosorbent. Results: By using
1 g of SPION-AMIR, the adsorption  efficiency  was  recorded  307.04  mg gG1  at  the  optimum  conditions  of  pH  7,  200  ppm of Cd
concentration and flow rate 1 mL minG1. The isotherm study showed that the adsorption process fitted to Langmuir and Freundlich
isotherms models with slight advantage for the Langmuir approach. Adsorption of Cd by SPION-AMIR follows the pseudo-second-order
reaction. Conclusion: The obtained results demonstrated that SPION-AMIR can be used as excellent adsorbent to remove high amounts
of cadmium from industrial wastewater.
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INTRODUCTION

Cadmium (Cd) is one of the most toxic heavy metals,
which may exists in water and wastewater. Cadmium has been
recognized for its negative effects on the environment where
it accumulates throughout the food chain posing serious
threat to human health1. Surface waters containing in excess
of  a  few  micrograms  of  cadmium  per  liter  have  probably
been  contaminated  by   industrial   wastes   from
metallurgical  plants,  plating  works,  plants  manufacturing
cadmium pigments, textile operations, cadmium-stabilized
plastics, nickel-cadmium batteries or by effluents from sewage
treatment plants2. The recommended amount of cadmium ion
in drinking water sources according to WHO3 is 10 µg LG1.
Treatment of water by conventional methods such as
precipitation with lime and treatment with alum and ferric
sulfate is not suitable to remove it and also is less effective4.
According to Ilankoon5, different treatment technologies are
available for the removal of toxic heavy metals. The
adsorption6,   chemical   precipitation7,   ion   exchange8,
coagulation9, reverse osmosis10, electrolysis and membrane
process11 are widely used. However, among all of these
methods, adsorption is considered as one of the most
effective, efficient and economical method for the removal of
pollutants from wastewater12,13.

Surface waters containing in excess of a few micrograms
of cadmium per litre have probably been contaminated by
industrial wastes from metallurgical plants, plating works,
plants manufacturing cadmium pigments, textile operations,
cadmium-stabilized plastics, or nickel cadmium batteries or by
effluents from sewage treatment plants.

Nanotechnology for water remediation is expected to
play a crucial role in water security and consequently the food
security of the world14. In recent years, a great deal of attention
has been focused on the synthesis and application of
nanostructure materials as adsorbents to remove toxic and
harmful substances from industrial wastewater. Resurgence to
synthesize and manipulate nanoparticles finds use in
improving water quality in the environment15. Applications of
nanotechnology could be summarize in the cleanup of
wastewater as: (1) Nanoscale filtration techniques, (2) The
adsorption of pollutants on nanoparticles and (3) The
breakdown of contaminants by nanoparticle catalysts14.

Reactive nanoparticles have a significant amount of
surfaces and thus attract much interest to be applied as
adsorbents in comparison to macromolecules15. Metal oxides
play  a  significant  role   in   many   fields   of   nanotechnology

including superparamagnetic properties16,17. Iron oxides exit
in  different  forms  in nature, as magnetite (Fe3O4), hematite
("-Fe2O3) and maghemite (γ-Fe2O3)18. The surface effects have
a strong influence on the magnetic properties of iron oxide
nanoparticles19. Iron oxide (Fe3O4) superparamagnetic
nanomaterials have unique properties, such as diminished
consumption of chemicals, larger surface area-volume ratio
and no secondary pollutant. However, with another special
property of this kind magnetic materials are often employed
in the context of environmental remediation. More and more
magnetic separation has been combined with adsorption for
the removal of cadmium from contaminated water at
laboratory scales20,21. In addition, the adsorption is sometimes
reversible and adsorbent can be regenerated by suitable
desorption process22. In this study, the effect of nanosorbent
and acidic resin combination on the efficiency of metal
removal was assessed.

The main objective of this study was to remove cadmium
from aqueous solution using newly developed SPION-AMIR. A
detailed    investigation    on    the    initial    concentration
(100-300 ppm), the mass of adsorbent (0.5-3 g), the contact
time (1-3 mL minG1) and the solution pH (2-7) on Cd ions
removal from a solution was carried out. Number of bed value
at 100% removal and breakthrough for SPION-AMIR were
determined. Isotherm and kinetic studies were used to
quantify the adsorption process.

MATERIALS AND METHODS

Preparation of aqueous solution: A stock solutions of Cd ions
was prepared by dissolving a known quantities of
Cd(NO3)2·4H2O in deionized water. After the adsorption
process, the residual metals in solution were analyzed, using
GBC atomic absorption reader (Model SavantAA AAS with
Flame and GF 5000 Graphite Furnace). The pH were adjusted
by using 1.0 M NaOH and 1.0 M HCl23.

Characterization  of  adsorbent:  The  characteristics of
SPION-AMIR     are     synthesized     with     particle     size 
ranging 33.2-2.9 nm (<100 nm). The shape, porous and size of
the synthesized nanoparticles were confirmed using SEM, XRD
and FTIR. The magnetization property of SPION-AMIR was
confirmed using Magnetic  Susceptibility Balance (MSB) to
give the    effective    magnetic    moment    (µeff)    which  equal
31.31 emu molG1. Successful exploitation of metallic
nanoparticles lies in the successful conjugation of their active
surface structure. Thus, size and shape play a role in terms of
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Fig. 1: Schematic diagram of fixed-bed column setup

variable surface energy. Emara et al.24 described the details of
SPION-AMIR properties.

Fixed-bed sorption process: A fixed-bed column runs were
carried out using glass columns a small (in-out) constant flow
water pump connected to a power supply of 9 V. Then water
goes  into  the  column  runs  using  the constructed system
(Fig. 1) which consists of a glass column (11 mm in diameter)
and the flow-rate for all runs was adjusted to the required one.
About 5 L feed solution containing a single pollutant under
investigation was prepared from grade reagents and
deionized water. About 5 mL aliquot from the effluent was
analyzed regularly until the breakthrough is reached25 using
GBC atomic absorption reader (SavantAA AAS with GF 5000
Graphite Furnace).

The calculations were based on bed volumes and number
of bed volumes. This methodology will help determine the
adsorbent capacity of removing the pollutants cadmium ions
under investigation depending on how much of water (mL)
passed through the adsorbent bed. Equation 1 was used to
calculate the bed volume:

B.V. = Br2h (1)

where,  B.V. is bed volume, π is 3.14, r is radius  of column 
which  is  equal  to  5.5   mm and h is height  of exchanger in
the column. In addition, the number of bed volumes can be
calculated by Eq. 2:

Fig. 2: Schematic of the batch kinetic test apparatus and
reactor-stirrer assembly. Source: DeMarco et al.27 

(2)No. of B.V. (Timeof treated water passed flow rate)/(B.V.) 

The  breakthrough  value  refers  to  the  total  number of 
bed  volumes  passed  through  the  SPION-AMIR at that, the 
regeneration  of  the  adsorbent  is  necessary (in the present
study, the breakthrough was represented, when
concentration of Cd in the treated water reached to the half
value of the initial concentration). This can be determined
from plotting the concentration ratio (C/Co) of pollutant
against bed volume26.

Batch adsorption studies: Series of batch experiments were
conducted for each experiment. About 50 mL of synthetic
water sample of 2 mg LG1 cadmium ions at pH = 7 and
temperature (T) of 25±1EC for 120 min on a set-up shown in
Fig. 2 were loaded within the cell of the stirrer and was stirred
at 150 rpm. When the stirrer assembly rotates, the centrifugal
action produces a rapid circulating flow of solution entering
the cage at the bottom and leaving through the radial holes
of the caging. Thus, a vigorous hydrodynamic condition
surrounding the  SPION-AMIR  beads  is  maintained27.  A 
known  volume (50 mL) each was pipette into the series of
cultural vial to which (0.0005, 0.001, 0.005, 0.01, 0.05 g LG1) of
the SPION-AMIR as adsorbent was added. Upon completion of
the given contact time (50-55 min) between adsorbent and
adsorbate, the solution was filtered. The removal percentage
(R%) can be calculated using Eq. 3:

(3)o e

o

(C C )
R% 100

C


 

where, C0 and Ce are concentration (mg LG1) of metal ions in
the initial and equilibrium solutions, respectively. The
equilibrium adsorption capacity (qe) of each sorbent was
calculated as shown in Eq. 4:
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Fig. 3: Relation between removal percentage or concentration ratio (concentration of outflow solution C/initial concentration
of inflow solution Co) and number of bed volumes at different initial concentrations (100, 150,  200 and 300 ppm Cd) using
1 g of SPION-AMIR in a fixed bed column at pH 7 and flow rate 2 mL minG1

(4)o e
e

(C C )V
q

W




where, V is the volume of the initial solution taken for
equilibrium  (L)  and  W  is  mass  of  the  sorbent  of  the
SPION-AMIR taken for equilibrium (g)25.

RESULTS AND DISCUSSION

Effect of initial contaminant concentration: The effect of
initial  different  Cd  ions  concentration  (100,  150,  200 and
300 ppm) at 1 g  of  SPION-AMIR  was  studied  and the flow
rate was adjusted to be 2 mL minG1. An influent solution with
pH = 7 at T = 25±1EC was passed through a fixed bed
column. The obtained results indicated complete removal of
cadmium at number bed volume (B.V.) of 1509, 1200, 953 and
613 mL for 100, 150, 200 and 300 ppm of Cd concentration,
respectively (Fig. 3).

On  the  other  hand  the breakthrough  recorded at 2063, 
1458,  1222   and   708   mL   bed  volumes,  for  100, 150, 200 
and  300   ppm   of  Cd   concentration.  It  is  worth
mentioning that the increase in the initial concentration
decrease  the  number  of  bed  volume.  On  the  other side,
the adsorption capacity (qe) of SPION-AMIR up to 114.68,
136.80,  144.86   and  139.76  mg  gG1  for 100, 150, 200 and
300 ppm of Cd concentration, respectively. The adsorption
capacity (qe) increased by increasing the Cd concentration
from  100-200  mg  LG1,   further   increasing   of   Cd   ions   to
300 mg LG1 led to decreasing the adsorption capacity. This
may be due to the lack of available adsorbent sites at higher
concentrations and hence, the percentage adsorption of
cadmium decreases28.

Flow  rate  (retention  time):   Investigation  of changing
contact time on the removal of Cd ions was studied using an
influent solution of 200 ppm Cd at pH = 7, T = 25±1EC 
passed through a fixed bed column containing 1.00 g of
SPION-AMIR at different rates (1, 2 and 3 mL minG1). Figure 4
shows that the number of  B.V. at 100% removal and
breakthrough reach up to 1010, 953 and 641; 1249, 1222 and
681  bed  volumes,  respectively.  A  reverse   relation  between
the adsorption process and the increasing of flow rate is
reported  by  Khalilnezhad et al.29.  On the other hand, the
adsorption  capacity  (qe)  values  were  307.04,  144.86 and
64.95 mg gG1 for 1, 2 and 3 mL minG1, respectively. The present
results  are  in  harmony  with  those  obtained  by
Kamarudzaman et al.30, who  described that the decrease of
metal removal at higher flow rate may be attributed to
insufficient contact time of the metal ions in the column.
Where, the metal ions did not have enough time to diffuse
into the pores of the sorbent and leaving the column before
equilibrium was achieved.

Mass of adsorbent: The effect of SPION-AMIR mass on the
removal cadmium ions from water was studied to get the
optimum conditions for the removal process. For this purpose
different masses of adsorbent (0.5, 1, 2 and 3 g) were applied
for the removal of cadmium ions using solutions of
concentration (200 ppm Cd) at flow rate 2 mL minG1, pH = 7
and T = 25±1EC each in a fixed bed column run. The number
of B.V. at 100% removal value was recorded at 733, 953, 909
and 706 mL minG1 for 0.5, 1, 2 and 3 g of SPION-AMIR,
respectively. On the other hand, the breakthrough was
observed after 1046, 1222, 1183 and 1211 mL minG1 for 0.5, 1,
2   and  3  g  of  SPION-AMIR, respectively (Fig. 5). According to
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Fig. 4: Relation between removal percentage or concentration ratio (concentration of outflow solution C/initial concentration
of inflow solution Co) and number of bed volumes at different flow rate (1, 2 and 3 mL minG1) using 1 g of SPION-AMIR in
a fixed bed column at pH 7 and initial concentration of 200 ppm Cd

Fig. 5: Relation between removal percentage or concentration ratio (concentration of outflow solution C/initial concentration
of inflow solution Co) and number of bed volumes using different mass of adsorbent SPION-AMIR ( 0.5, 1, 2 and 3 g) in a
fixed bed column at pH 7, flow rate 2 mL minG1 and initial concentration of 200 ppm Cd

Eq.  4,  the  adsorption  capacity  values  (qe)  using  0.5,  1, 2
and 3 g of SPION-AMIR recoded 125.34, 144.86, 146.80 and
111.78 mg gG1, respectively.

The results indicated that the increase of the mass of
SPION-AMIR  increase the removal of cadmium ions, where,
the number of adsorption sites was increased and
consequently the removal of Cd improved. The determination
of effect of adsorbent dosage gives an idea about the
minimum amount of adsorbent need to be used for
adsorption process. This value is useful in the viewpoint of
cost31. Generally, the increase of mass adsorbent and the bed
height, which provided much sorption sites for Cd ions, longer
contact time of Cd ions in the column and therefore delivered
better intra-particle phenomena29,32.

Effect of solution pH: The pH of the solution is an important
parameter, which controls the adsorption process. It
influences the ionization of the adsorptive molecule and
hence the surface charges of the adsorbent. The pH effect on
the  removal  process  of  200  ppm Cd ions was studied using
1 g of SPION-AMIR at 2 mL minG1 flow rate with T = 25±1EC at
pH = 2, 4 and 7. At pH = 2.0, the number of B.V. at 100%,
removal value was 434 and breakthrough was observed after
485 bed volumes, while, the number of B.V. at 100% removal
value was 609 and breakthrough was observed after 759 bed
volumes at pH = 4 and finally at pH = 7 the number of B.V. at
100%, removal value was 953 and breakthrough was observed
after 1222 bed volumes (Fig. 6). The adsorption capacity (qe)
values were 65.97, 92.57 and 144.86 mg gG1 for pH 2, 4 and 3,
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Fig. 6: Relation between removal percentage or concentration ratio (concentration of outflow solution C/initial concentration
of inflow solution Co) and number of bed volumes at different pH (2, 4 and 7) using 1 g of SPION-AMIR in a fixed bed
column at flow rate 2 mL minG1 and initial concentration of 200 ppm Cd

Table 1: Kinetic parameters for the removal of cadmium using SPION-AMIR
Pseudo-first-order kinetic model Pseudo-second-order kinetic model
----------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------

Metal K R² qe cal qe exp K R² qe cal qe exp
Cd 0.047 0.953 1.186 9.091 0.085 0.9999 9.268 9.091
cal: Calculated, exp: Experimental

respectively. At low pH values, the cadmium removal
decreased because the competition between H+ and cadmium
ions for the adsorption sites, due to the high H+. On the other
side,  when  the pH of the adsorbing medium increased from
4-7,  there was a corresponding increase in the de-protonation
of the adsorbent surface, leading to a decrease in H+ ions on
the  adsorbent  surface33.  Furthermore  at  higher  pH  values
(at pH>7) may be related to the precipitation of metals in the
form of metal hydroxide due to the reaction of metal ions with
OHG as the amount of OH-increases at high pH34.

Several factors can affected the adsorption process, such
as initial contaminant concentration solution, flow rate,
adsorbent  dosage  and  pH  value  and  presence   of   other
co-existing ions. In addition to these factors, the nanoparticle
size and shape also affect to the adsorption performance27.
Higher adsorption capacities can be obtained by optimizing
above parameters. The obtained results showed that the
removal of cadmium up to 100% using 1 g of SPION-AMIR.
Where,  the  maximum  adsorption   efficiency   recorded
307.04 mg gG1 at the optimum conditions of 200 ppm of Cd as 
an   initial   concentration   of   solution,   pH   7  and  flow  rate
1 mL minG1.

Kinetics studies: Kinetic performance of a given adsorbent is
important to get an indication about the solute uptake rate. It
determines  the  residence   time   required   to   complete   the

adsorption reaction27. Due to the importance, the kinetic
studies have been performed in majority of studies28,35. The
pseudo first-order and pseudo second-order models
developed by Ho et al.36 connected with the reaction based
models, different two kinetic models were applied to
determine the mechanism involved in adsorption process.

Pseudo-first and second-order kinetic model: The sorption
kinetics37 may described by a pseudo first order equation and
represented by the non-linear Eq. 5 as:

(5)t
1 e t

dq
K (q q )

dt
 

where, qe and qt are the Cd concentrations (mg gG1) in solid
phase at equilibrium and at time t, respectively. K1 is the rate
constant    for    the    pseudo-first-order    adsorption    process
(L minG1). It can be simplified and expressed in linearized form
as shown in Eq. 6:

(6)1
e t e

K
log(q q ) logq t

2.303
  

The equilibrium experimental data were plotted between log
(qe-qt) and t as shown in Fig. 7 for the removal Cd. The
correlation coefficients (R2) and the model parameters were
evaluated and given in Table 1.
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Fig. 7: Pseudo-first-order kinetic model plots for the removal
of cadmium using SPION-AMIR

Fig. 8: Pseudo-second-order kinetic model plots for the
removal of cadmium using SPION-AMIR

A pseudo-second-order kinetic model36 is also utilized to
explain the kinetic behavior of the operation. The applicability
of the second-order kinetics is represented by Eq. 7:

(7)2t
2 e t

dq
K (q q )

dt
 

where, k2 is the pseudo-second order rate constant of
adsorption in (g mgG1 min), qe and qt is the amount of
adsorbate adsorbed onto the adsorbent at equilibrium time
and t time respectively, in (mg gG1) and t is the contact time in
minutes. It can be simplified and expressed in linearized form
as shown in Eq. 8:

(8)2
e t e

1 1
K t

(q q ) q
 



The  equilibrium  experimental  data were  plotted 
between 1/(qe-qt)  and t as shown in Fig. 8 for the removal of
cadmium. The correlation coefficients (R2) and the model
parameters were evaluated and given in Table 1.

Table  1  shows  the  calculated  adsorption capacity of
1.186  and  9.091  mg  gG1  for  pseudo-first  order   and
pseudo-second order models compared to the experimental
one of 9.086. The obtained values of correlation coefficients
(R2);   0.956     and      0.9996      for     pseudo-first     order   and

pseudo-second order, respectively; in addition to the values of
the experimental qe which is closed to the calculated qe of
pseudo-second order rate, suggests the applicability of
pseudo-second order kinetics for the adsorption of Cd onto
the SPION-AMIR adsorbent. The evaluation of the kinetic
constants is important for the designing of the fixed bed
adsorption column, as it will also provide the idea about the
rate of adsorption. The various design parameters for the
fixed-bed adsorption column such as the breakthrough time
and the shape of the breakthrough curve are dependent on
the rate of adsorption. If the rate of adsorption is fast, the
shape of the breakthrough curve would be steep and the
fraction of utilized bed would be higher. It was found that the
rate of the adsorption was high at the beginning due to the
availability of surface functional groups of the SPION-AMIR. As
the surface functional groups become exhausted, the rate of
sorption is controlled by the rate of transport from the
external to the internal sites38.

Adsorption isotherm model: Adsorption models of Langmuir
and Freundlich were applied to determine the relationship of
cadmium adsorption with different induced concentration.
The best-fitting isotherm was evaluated by linear regression
and the parameters obtained from the intercept and slope of
the linear plots of these models.

Langmuir isotherm model: Estimation of maximum
adsorption capacity corresponding to complete monolayer
coverage on the nanomaterials was calculated using the
Langmuir isotherm model since the saturated monolayer
isotherm can be explained by the non-linear Langmuir  Eq. 9
as:

(9)max e
e

e

q K C
q

1 K C







The Langmuir isotherm model is assumes the formation
of monolayer during the removal of cadmium metal from
aqueous solution using developed SPION-AMIR adsorbent.
The Langmuir isotherm study also provides the maximum
adsorption capacity of the adsorbent for the removal of heavy
metal ions39. The linearized Langmuir isotherm model is
expressed as Eq. 10:

(10)
e max max e

1 1 1 1
( )( )

q q q K C

 

where, qe is the adsorption capacity adsorbed at equilibrium
in mg gG1. Ce is the equilibrium concentration of adsorbate in
the solution in milligram per litre, qmax is the maximum
adsorption  capacity  in  mg  gG1  (is the maximum quantity of
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Fig. 10: Freundlich isotherm model plots for the removal of
cadmium using SPION-AMIR

adsorbate required to form a single monolayer on unit mass
of adsorbent mg gG1) and Ka is the Langmuir isotherm
constant in L mgG1 (adsorption equilibrium constant). The
equilibrium experimental data are plotted between 1/qe and
1/Ce as shown in Fig. 9 for the removal of Cd. The correlation
coefficients and the model parameters were evaluated and
given in Table 2.

The degree of suitability of SPION-AMIR for the sorption
of Cd ion was also estimated from the values of the separation
factor constant (RL) according to Eq. 11:

(11)L 0R (1) / (1 K C ) 

The value of RL>1 indicates unfavorable, RL = 1 linear,
0<RL<1 favorable or RL = 0 irreversible sorption. The RL values
for the sorption of Cd on SPION-AMIR are favorable and
presented in Table 2.

Freundlich isotherm model: The Freundlich model suggests
a heterogeneous adsorption of the solute on the adsorbent
surface31.  The  model  non-linear  equation   is  expressed as 
Eq. 12:

(12)
1

n
e f eq K C

where, KF is representing the Freundlich constant, which
indicates the relative adsorption capacity of the adsorbent
related to the bonding energy in mg gG1 and n is the
heterogeneity factor representing the deviation from linearity
of adsorption and is also known as Freundlich coefficient. It
can be stated that, if the 1/n value is below unity, this implies
that the adsorption process is chemical; if the value is above
unity, adsorption is a favourable physical process40. The
Freundlich  equation  can  be  linearized41  and  expressed as
Eq. 13:

(13)e f e

1
logq log K logC

n
 

The experimental data were plotted between log qe and log Ce

and shown in Fig. 10  for the removal of Cd. The coefficients
for Freundlich isotherm were evaluated (Table 2).

The sorption data fitted for both Langmuir and Freundlich
isotherms with high regression value (R2) of 0.913 and 0.912,
respectively. The Langmuir isotherm model suggests that the
adsorption is primarily governed by the formation of the
monolayer on the adsorption sites. The adsorption process
fitted to Langmuir and Freundlich isotherms models with
slight advantage for the Langmuir approach that is in
agreement with that obtained by Bhargavi et al.42.

The obtained results of the experimental data as well as
the kinetics study and the isotherm models confirmed that
SPION-AMIR is an effective adsorbent for removal Cd from the
wastewaters.

Table 2: Isotherm parameters for the removal of cadmium using SPION-AMIR
Langmuir isotherm model Freundlich isotherm model
---------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------

Metal Ka R² RL qmax n R² Kf 1/n
Cd 0.757 0.913 0.398 59.524 1.253 0.912 27.064 0.798
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CONCLUSION

Novel superparamagnetic iron oxide nanosorbent on
resin (Amberlite IR 120 H) support was used to remove Cd
from aqueous solution. The fixed bed column experiment
resulted    in    the    maximum    adsorption    efficiency    of
307.04 mg gG1 at the optimum conditions of pH 7, Cd 
concentration (200 ppm) and  flow  rate  1 mL minG1 using 1 g
of SPION-AMIR. The adsorption of cadmium with SPION-AMIR
follows the pseudo second-order kinetics. The adsorption
process was fitted to Langmuir and Freundlich adsorption
isotherm models. The values of adsorption intensities (0<RL<1)
indicate that the adsorption of cadmium with SPION-AMIR is
favorable and it is good sorbent for cadmium ions. So, the
present results declared that the superparamagnetic iron
oxide nanosorbent is effective adsorbents and can be
beneficial for removal of heavy metals from industrial waste
and to use in water purification process.

SIGNIFICANCE STATEMENTS

This study discovered the high effeminacy of combined
nanosorbents with resins to remove high amounts of metals
from wastewater that can be beneficial for the treatment
methods and process of water purification. This study will help
the researcher to uncover the critical areas of heavy metal
remediation in wide economic scale that many researchers
were not able to explore. Thus, a new theory on the
combination   effect   of   novel   nanosorbents   and ion
exchanger/sorbent resin may be arrived at.
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