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ABSTRACT

Cryogels are used in a variety of environmental and biotechnological processes. Cryogels are polymeric materials with large pores and
open flow channels. Turmeric is a very popular spice, especially in India, which has been shown to contain curcumin alkaloids to treat a
variety of many diseases. Playing a protective and therapeutic role against the diseases results from being able to bind to various targets.
In this study, Indian saffron (Turmeric) embedded poly(2-hydroxyethyl methacrylate) cryogel discs (Tur-PHEMA/CDs) have been
prepared to remove heavy metal ions from waste-water, which is a major environmental problem by utilizing the heavy metal binding
property of turmeric. Tur-PHEMA/CDs were used to remove Cu(ll), Pb(Il), Cd(Il) ions. Poly(2-hydroxyethyl methacrylate) cryogel
discs (PHEMA/CDs) were also used as control polymer. The prepared cryogels are characterized by multiple experimental tests. The
Tur-PHEMA/CDs and PHEMA/CDs with respectively swelling ratio of 83.6% and 71.2% were used in heavy metal ions adsorption
studies. pH values of the solution were changed in the range of 3.0-6.0 to determine optimum pH. Maximum adsorption capacities of the
Tur-PHEMA/CDs from aqueous solution were 18.36 mg/g for Cu(ll), 8.99 mg/g for Pb(I1) and 5.76 mg/g for Cd(lIl). The affinity order
of heavy metal ions on mass basis was Cu(ll) > Pb(ll) > Cd(Il) from synthetic wastewater. EDTA solution (0.5 M) was used for

desorbing of heavy metal ions.
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1. INTRODUCTION

Turmeric is a spice obtained from the rhizomes of Curcuma
longa (zingiberaceae). Turmeric contains an alcoloid called
curcumin, which gives the yellow color of this spice [1-3]. It is
used in the treatment of many diseases in traditional Indian
medicine known as Ayurveda for many years. In recent years,
studies have shown that turmeric has many therapeutic properties
such as cancer [4-7], inflammatory [8-10], Neurodegenerative [11-
13] and cardiovascular diseases [14-16] via curcumin because of
its biological targets (various enzymes, adhesion molecules,
inflammatory cytokines, anti-apoptotic proteins and heavy
metals).
Heavy metal pollution is one of the most important environmental
problems due to toxic effects and permanent of heavy metals [17].
The amount of heavy metal ions is increasing rapidly depending
on the industrial activities from natural water such as sea, lakes,
rivers, etc. The heavy metals in living organisms with the
ecological cycle lead to very serious health problems. For this
reason, removal of heavy metals is required from environmental
and waste waters [18-21].
Adsorption processes were used commonly for removing heavy
metals because of high efficiency, easy to implement, low cost and

2. MATERIALS AND METHODS
2.1. Materials.

2-Hydroxyethyl =~ methacrylate
bis(acrylamide) (MBAAmM) and

(HEMA), N,N’-methylene-
ammonium persulfate (APS)

the variety rich adsorbent which are activated carbon, chitosan,
cellulose and modified polymers [22-25]. In recent years, cryogels
used as an adsorbent thanks to their large pores, short diffusion
pathways and flexible structure [26-28]. Although there are many
advantages of cryogels, low surface area and low adsorption
capacity is a disadvantage. Various polymeric particles were
embedded in the cryogel structure for increasing the surface area
[29-32]. There are many studies for the removal of heavy metal
ions and organic pollutants with the modified cryogels. These
studies were included both molecular imprinting technology or
various chelating groups as ligand [33-36].

In this study, we have focused our attention on combining the
features of cryogels with turmeric to produce a new adsorbent
system for heavy metal removal from aqueous solution. In this
work, we embedded turmeric into cryogel network and used these
cryogels obtained for optimizing heavy metal removal conditions.
The effecting factors such as pH, ionic strength, metal ion
concentration etc. were examined in the experimental studies.
Finally, we performed heavy metal removal from synthetic waste
water.

were purchased from Sigma (St. Louis, USA). N,N,N',N'-
tetramethylene diamine (TEMED) was obtained from Fluka A.G.
(Buchs, Switzerland). 12000 mg/mL stock solution of Pb(Il), Cd(ll)
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and Cu(I1) used for the adsorption experiments were prepared with
their nitrate compounds. Their nitrate compounds and other
chemicals were obtained from Merck AG (Darmstadt, Germany).
Turmeric purchased from the local market in India. In all solutions
prepared for use in the experiments was used twice distilled water
from a (Dubuque, 1A, USA) ROpure LP® reverse osmosis unit
with a high flow cellulose acetate membrane (Barnstead D2731)
followed by a Barnstead D3804 NANOpure® organic/colloid
removal and ion exchange packed-bed system. 2.2.  Synthesis of
turmeric embedded PHEMA cryogel discs.

Firstly, monomer (1.3 mL HEMA) and crosslinker (10 mg
MBAAmM) were dissolved in distilled water separately, while
cryogel diss containing turmeric were prepared. These two
solutions were then mixed with 100 mg of turmeric and its total
concentration was adjusted 6 % (w/v). Finally, to initiate the
polymerization, APS (20 mg) and TEMED (25 pL) were added
into this solution and the solution was mixed in ice bath for
cooling. The solution was then poured into two glass panes with a
1.0 mm clearance, which was closed three sides and allowed to
polymerize overnight at -12°C. The prepared cryogels were cut
into discs with a diameter of 1.0 cm after they were brought to
room temperature and washed.

2.2. Characterization studies.

For all characterization of the synthesized polymers, Tur-
PHEMA/CDs and PHEMA/CDs were freeze-dried with a
Iyophilizer (Christ Alpha LD, England). The swelling rate and
macroporous of the cryogels were determined by swelling tests.
For this, the dry cryogels were weighed (+ 0.0001 g) and their
weights were recorded. The cryogels were then weighed into the
vial containing 100 ml of water and weighed at regular intervals
for 2 hours. Finally, the fully swollen cryogels were squeezed out
and the water was removed then weighed again. Swelling ratio and
macroporosity were determined using Equations 1 and 2,
respectively.

Swelling ratio (%) = [(Ws-Wo0)/W0]x100 [1]
Porosity (%) = [(Ws-Wsq)/Ws]x100 [2]
Wo, Ws and Wsq are the weights (g) of cryogels before swelling,
swelling and after squeezing (g), respectively.

The pore structures and the surface morphology of the pore walls
(PHEMA/CDs, Tur-PHEMAJ/CDs) were analyzed with scanning
electron microscope (SEM). Firstly, dried cryogels were grind into

3. RESULTS

3.1. Characterization studies

Swelling test showed that the swelling ratio and porosity of
PHEMAJ/CDs and Tur-PHEMA/CDs are 785% and 841% swelling
ratio, 86.3% and 71.2% porosity respectively.

Figure 1 shows the optical photographs of the turmeric,
PHEMA/CDs and Tur-PHEMA/CDs. As the photograph, color of
PHEMA cryogel was turned yellow because of the embedding of
turmeric on the PHEMA cryogel. SEM images of PHEMA/CDs
and Tur-PHEMA/CDs were given in Figure 2. As it is clear from
the images, turmeric was embedded successfully into the PHEMA
cryogel. In addition to the cryogels pore sizes were the range of
about 40-100 pm.

FTIR spectrum of turmeric, PHEMA/CDs and Tur-PHEMA/CDs
were shown in Figure 3. For turmeric, the band at 1630 cm-1 has
largely mixed C=C and C=0 vibration modes. The bant at 1513

fine particles and these particles were placed on a SEM sample
holder seperately and were covered for gold film. The samples
were then placed in a SEM (FEI Quanta 200 FEG, Oregon, USA).
Images of the samples were recorded at magnifications of 200-
1000X to determine the cryogels and turmeric surface structure.
Fourier transform infrared spectroscopy (FTIR) was used to
examine cryogels and turmeric (Perkin Elmer, Spectrum One,
USA). Cryogel (2.0 mg) and turmeric (2.0 mg) were separately
mixed with 98 mg of KBr and pelleted to prepare samples for
FTIR analysis and than spectrums were recorded between 4000-
450 cm-1.

2.3.  Removal of heavy metal ions from aqueous solutions
The Tur-PHEMA/CDs retention performance of metal ions was
studied using aqueous solutions of Cd(Il), Cu(ll) and Pb(ll).
Adsorption experiments were performed in a batch system at 11
different concentrations ranging from 10-2000 mg/mL. Cryogels
with a dry weight of 14.5 mg were treated for 120 min at 20 rpm
on a rotator with 5 ml of different concentrations of these metals.
In order to observe the effect of pH change on the removal of
heavy metal ions from the aqueous solution, in order to observe
the effect of pH change on the removal of heavy metals from the
aqueous solution, cryogels were treated with aqueous solutions
containing heavy metals at a pH range of 3-6. The Tur-
PHEMA/CDs were used as a control polymer which was used all
adsorption studies in batch system as well. 50 mM EDTA was
used as desorption solution for 1 hour. The concentrations of the
metal ions in the aqueous solutions at the beginning, the end of the
experiment, the end of desorption and the desired time intervals
were measured by flame atomic absorption spectrophotometer
(AAS, Analyst 800/Perkin Elmer).

2.4. Removal of heavy metal
wastewater.

Synthetic wastewater contains 50 mg/L from each metal ions
[Cd(ll), Pb(Il), Cu(ll)] and 0.1 mmol/L Ni(ll), Zn(Il), Fe(ll),
Co(ll), Sn(I1), Ag(l) were used to the heavy metal ion removal of
Tur-PHEMAJ/CDs from complex mixture under competitive
manner. NaCl (700 mg/L) was added into the synthetic wastewater
to adjust salinity. As a result of adsorption studies from synthetic
wastewater carried out in the same way as aqueous solution
studies and ion concentrations were measured by AAS.

ions from synthetic

cm-1 was most important, which was based on highly mixed
vibration (C=0, CC=0). The band at 1283 cm-1 was occurred due
to the C-H vibrations of aromatic rings. In addition, the band at
856 cm-1 was associated with C-H and CCH aromatic rings
vibrations. Obtained results of FTIR spectra of Turmeric are
consistent with literature for enol form of curcumin. FTIR spectra
of PHEMA, there are three special peak to explain the spectrum,
which are 3416 cm-1, 2951 cm-1 and 1725 cm-1 due to O-H, C-H,
C=0 starching vibration respectively.

3.2.  Adsorption Studies.

3.2.1. Effect of pH. pH is an important factor, that it affects the
binding of metal ions on the adsorbent. Because of this,
experiments were performed various pH value (pH 3.0-6.0). In
this experiment, initial concentration of each metal ion was 10
mg/L and due to the metal ions are collapsed over pH 6.0, that the
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value of pH was used maximum 6.0. As seen in Figure 3A,
maximum adsorption amount of Cu(ll), Pb(Il) and Cd(ll) were
about 0.350 mg/g, 0.274 mg/g and 0.190 mg/g respectively, they
were observed pH 5.0. Thus, subsequent experiments were
performed value of pH 5.0.

Figure 1. Optical photographs of the Turmeric (A), PHEMA/CDs (B) and
Tur-PHEMA/CDs.
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Figure 2. SEM images of PHEMA/CDs (A) and Tur-PHEMA/CDs (B).

3.2.2. Adsorption rate. Adsorption rate is an important parameter,
which explains the interaction between heavy metal ions and
adsorbent. Initial heavy metal ion concentration was selected 50
mg/L and the value of medium pH 5.0 was selected for performed
experiment to determine the adsorption rate. As seen in Figure 3B,
adsorption rate of each heavy metal ions on Tur-PHEMA/CDs was
increased rapidly at the first 60 minute. After 60 min adsorption
rate was fixed at 0.720 mg/g for Cu(ll), 0.670 mg/g for Pb(Il) and
0.435 mg/g for Cd(Il) because of the filling all metal binding side
of the adsorbent. It can be said that the rapid adsorption is most
likely due to high affinity between heavy metal ions and Tur-
PHEMA/CDs.

3.2.3. Adsorption Capacity. In this experiment to determine the
adsorption capacity of Tur-PHEMA/CDs were used 11 different
concentrations for each heavy metal ion, that they were in the
range of 10-2000 mg/L. As seen in Figure 3C, adsorption amounts
of heavy metal ions were increased rapidly up to 1000 mg/L
concentration but after the 1000 mg/L due to the filling all the
metal binding area on the surface of adsorbent, when the quantities
of adsorption were fixed. According to the results, maximum

adsorption capacity of Tur-PHEMA/CDs was about 18.3 mg/g, 8.9
mg/g, 5.7 mg/g for Cu(ll), Pb(ll), Cd(ll) respectively. On the other
hand, adsorption amount of heavy metal ions can be ordered
Cu(ll) (279 pumol/g) > Cd(ll) (50.7 umol/g) > Pb(ll) (43.4 pmol/g)
when analyzed as molar basis.
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Figure 3. Effect of pH on adsorption of metal ions on Tur-PHEMA/CDs:
concentration of metal ions: 10 mg/L; T: 25°C (A), adsorption rates of
heavy metal ions by Tur-PHEMA/CDs: concentration of metal ions: 50

mg/L; pH: 5.0; T: 25°C (B), adsorption capacity of the Tur-PHEMA/CDs
for metal ions: pH: 5.0; T: 25°C (C) and adsorption—desorption cycle of
the Tur-PHEMA/CDs: metal ions concentration: 50 mg/L; pH: 5.0; T:

25°C (D).

Adsorption isotherms are used to explain the correlation between

the adsorption capacity on adsorbent and solute concentration,

when the two phases are equilibrium. In this study, Langmuir and

Freundlich were used as binding isotherms to explain the

relationship between each metal ion and Tur-PHEMA/CDs. The

Langmuir model considers monolayer adsorption over

homogeneous adsorbent area. Freundlich isotherm theory is an

exponential equation, thereupon whit increasing adsorbate
concentration also increases adsorption on the adsorption surface.

The equations of Langmuir and Freundlich isotherms have been

shown in previous studies. As seen in Table 1, the isotherm data

was appropriate Langmuir model [R2=0.976 for Cu(ll), R?=0.992
for Pb(Il), R?=0.984 for Cd(II)] rather than Freundlich model

[R?=0.936 for Cu(ll), R?=0.971 for Pb(ll), R>=0.969 for Cd(ll)].

According to the Langmuir isotherms, theoretical values of
maximum adsorption (Qmax) Were close to the experimental values
for each metal ion.

3.2.4. Desorption and Repeated Use. It can be used again without

losing the effectiveness of adsorbent is of great importance in

economic terms. In this experiment, 10 recurrent adsorption-
desorption were done for each heavy metal ion on the same
cryogels, which was tested the reusability of Tur-PHEMA/CDs.

0.5 M EDTA was used for 1 has an elution solution. Adsorption

amounts of heavy metals for consecutively 10 cycles were given

in Figure 3D. As the calculations, the adsorption capacities of Tur-

PHEMA/CDs were decreased after 10 cycles just about 3-5% for

each heavy metal ions. According to these results it can be said,

05 M EDTA was appropriate adsorption agent and Tur-

PHEMAJ/CDs can be used repeatedly.

Heavy metal chelation on the adsorbent was made a comparison

with control polymer. In Figure 4A was given a comparison of
adsorption capacities of PHEMA/CDs and Tur-PHEMA/CDs. As

shown, adsorption capacity of Tur-PHEMA/CDs for Cu(ll) 7.58
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times, for Pb(Il) 12.45 times and for Cd(ll) 4.42 times more than
PHEMA/CDs.

3.2.5. Adsorption from Synthetic Wastewater. Multi-component
heavy metal adsorption studies were performed from synthetic
waste water. In a competitive system there are three types of
responses in heavy metal mixture that they are synergism,
antagonism and non-interaction. Comparison of non-competitive
and competitive adsorptions amounts of Cu(ll), Pb(1l) and Cd(ll)

0,8
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ions was shown in Figure 4. They were determined respectively as
about 1.075 mg/g, 0.400 mg/g and 0.300 mg/g. As seen, the
adsorption amount of Cu(ll) from synthetic waste water was
higher than the single solutions, which is means synergism. As
distinct from Cu(ll), in heavy metal mixture occurred antagonism
for Pb(Il) and Cd(ll), that their adsorption amounts from heavy
metal mixture were lower than the single solution.

mSingle System

m Multi System

cd(

= pHEMA-Cur

= pHEMA

cd(n

Figure 4. Adsorption capacity of the Tur-PHEMA/CDs for metal ions: pH: 5.0; T: 25°C (A) and comparison of adsorption capacities of the
PHEMA/CDs and Tur-PHEMA/CDs: pH: 5.0; initial concentrations of metal ions: 50 mg/L; T: 25°C (B).

Table 1. Langmuir and Freundlich adsorption isotherm constants.

Metal ions Experimental Langmuir Freundlich
Q (mg/g) Qmax b R? Ke 1/n R?
(mg.g) __(mL/mg)
Pb* 8.99 8.03 1.93 0992 | 1814 | 0.646 | 0.971
cd* 5.65 3.25 38 0.984 2.08 0.595 | 0.969

4, CONCLUSIONS

In this study, the cryogel, which has a large pore size, high
physical and chemical structure were combined Turmeric, which
contains curcumin alcoloid and used as a natural ligand for heavy
metal removing. Turmeric embedding cryogel used successfully
capture heavy metal ions from aqueous solution and even
synthetic waste water. On the other hand, synthesized cryogels can
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