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Oral Chelation Therapy for Cadmium Poisoning with Cd(ll)-
MAC Imprinted pHEMAC Nanoparticles

Kadmiyum Zehirlenmesinde Oral Selasyon Tedavisi icin Cd(l)-
MAC Baskilanmis pHEMAC Nanoparcaciklari
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ABSTRACT

n this study, Cd(l)) ions imprinted poly(hydroxyethyl methacrylate-N-methacryloyl-(L)-cysteine methylester)

pHEMAC nanoparticles was prepared for the oral treatment of heavy metal poisoning. Cd(ll) ions imprin-
ted pHEMAC nanoparticles were characterized by transmission electron microscopy (TEM), Fourier transform
infrared spectroscopy (FTIR), zetasizer, and surface area calculations. The efficiency and selectivity of these
Cddl) ions imprinted pHEMAC nanoparticles were investigated both in deionized water and simulated gastro-
intestinal fluids. Adsorption studies were performed at different pH, temperature and initial concentrations of
Cd(ll) ions to determine optimum conditions. The selectivity studies were accomplished with Cd(ll) ions imprin-
ted and non-imprinted pHEMAC nanoparticles by using different metal ion solutions (i.e., copper, zinc, nickel,
and lead ions). Langmuir and Freundlich isotherms were applied for these adsorption studies.
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6z

B u calismada, adir metal zehirlenmesinin adizdan tedavisi icin Cd(ll) iyonlari baskilanmis
polithidroksietilmetakrilat-N-metakriloil-(L)-sisteinmetilester) pHEMAC nanopartikdlleri hazirlanmistir.
Cd(ll) iyonlari baskilanmis pHEMAC nanopartiklleri gecirimli electron mikroskobu (TEM), Fourier DontsimlU
Infrared Spektrofotometre (FTIR), zetasizer ve ylizey alani hesaplamalari ile karakterize edilmistir. Cd(ll) iyon-
lari baskilanmis pHEMAC nanopartikillerin etkinligi ve seciciligi, hem deiyonize su hem de simdile edilmis mide-
bagirsak sivilarinda incelenmistir. Optimum kosullari belirlemek igin farkli pH, sicaklik ve Cd(ll) iyonlarinin farkh
derisimlerinde ¢Ozeltiler hazirlanarak adsorpsiyon calismalari yapilmistir. Segicilik calismalari, farkli metal iyon
cozeltileri (yani bakir, ¢inko, nikel ve kursun iyonlari) kullanilarak Cd(ll) iyonlari baskilanmis ve baskilanmamig
pHEMAC nanopartikilleri ile gerceklestirilmistir. Adsorpsiyon ¢alismalari icin Langmuir ve Freundlich izoterm-
leri uygulanmistir.
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INTRODUCTION
Cadmium (Cdd) is widely dispersing in air, soil
or water by mining or smelting activities. The
human body can take cadmium from air, water or
soil. Cd(ll) ions that released into the atmosphere
is deposited on the earth by rain. This metal is
also used mainly in phosphate fertilizers, sewage
sludge, metal-plating, pigments production,
NiCd batteries, plastic's stabilizers, and nuclear
reactors. Cd(ll) ions in water and soil are included
into the food chain by plants, then animals and
humans [1]. The rice because of the high potential
of Cd(ll) ions adsorption and accumulation is
one of exposure to Cd(ll) ions in the human
body [2]. Also contaminated tea during growth,
transportation, packaging, and processing is
one of another source of exposure to cadmium
[3]. Cd(ll) ions don't have any basic biological
function in human bodies. The U.S. Environmental
Protection Agency (EPA) categorizes this metal
as the 126th of primary pollutants. This metal is
similar with zinc element in chemical properties,
that's why Cd(ll) ions can replace with zinc, which
is an essential trace element for many plants,
animals, and microorganisms. Cd(ll) ions also acts
as an enzyme inhibitor. The biological half-life of
Cd(l) ions is10-35 years in human body. Cd(ll) ions
affects all systems in the human body negatively
and causes some health problems such as kidney
damage, cardiovascular disease, infertility and
high blood pressure. In addition, cadmium affects
prostate function, testosterone levels, bone, renal,
dopaminergic systems in children and nervous
system that causes attention and memory
decreasing in humans. The risks of Cd(ll) ions
accumulate in the human body are recognized
by the International Agency for Research on
Cancer and classified as the group 1 carcinogen
[3]. Cd(ll) ions polluted food is the main reason of
Cd(Il) ions exposure in the body for non-smokers
[4-8]. The limit for Cd(ll) ions levels in blood in
the United States for healthy non-exposed, non-
smokers is 0.4 micro grams per liter (ug/L) (CDC
2005) [1]. Molecular imprinting technology (MIT)
or ion imprinting technology (IIT) have an ability
to recognize a certain molecule or ion according
to shape, size and chemical functionality [9]. In
addition, imprinted polymers because of their
high selectivity to the target ion due to the affinity
of the ligand are more effective [10]. Bioanalytical,

Environmental, food, and pharmaceutical science
researcher is used MIPs or IIPs widely as affinity-
based separation media [11]. Because of their
unparalleled properties as large surface area and
diffusion ability, nanoparticles are applied in many
various areas for example; medicine, engineering,
catalysis, and environmental remediation.
Nanoparticles are used widely in medicine
for drug delivery, organ imaging and killing of
tumors via hyperthermia. The removal of Cd(l)
ions from aqueous medium and human plasma
were done by different adsorption materials like
P(HEMA-EGDMA)-Cibacron Blue F3GA-thionein
microspheres; the maximum amount of removing
Cd(ll) ions was 38.8 mg/g [12] from human plasma,
Cddl) ions imprinted P(HEMA-MAC) beads; the
maximum capacity of Cd(l) ions adsorption
capacity was 32 umol Cd(ll)/g beads [13] from
human plasma, Cd(ll) ions imprinted p(HEMA-
MAC) monoliths; the maximum capacity Cd(ll) ions
adsorption was 26.6 umol/g from human plasma
[14], P(EGDMA-VIM) hydrogels; these hydrogel
maximum adsorption capacity for Cd(ll) ions was
69.4 mg/qg from aqueous medium [15], P(EGDMA-
VATZ) magnetic beads; the maximum capacity of
Cd(ll) ions adsorption was 134.9 mg/g of aqueous
solution [16], Cd(ll) ions imprinted P(HEMA-MAC)
cryogels; the maximum adsorption capacity
was 86.7 mg/g of aqueous solution [17]. In this
study, our purpose was to prepare Cd(l) ions
imprinted pHEMAC based nanoparticles for the
oral treatment of Cd(ll) ions poisoning in human.
Cd(ll) ions imprinted nanoparticles were selected
because of their large surface area and their
selective separation properties. For synthesizing
of Cd(ll) ions imprinted pHEMAC nanoparticles
two-phase mini-emulsion polymerization method
was used. After the characterization studies Cd(ll)
ions adsorption and selectivity experiments were
performed in artificial gastric fluids.

MATERIALS and METHODS

HEMA (2-hydroxyethyl methacrylate), PVA
(poly vinyl alcohol), MBAAmM (N,N'" methylene
bisacrylamide, SDS (sodium dodecyl sulfate),
ammonium persulfate, L-cysteine hydrochloride,
methacryloyl  chloride, sodium  persulfate,
L-cysteine hydrochloride, sodium bicarbonate,
sodium bicarbonate, sodium bisulfite, and metal
nitrates (Cd(NO,),, Cu(NO,),, Pb(NO,),, Ni(NO,),)



were provided from Sigma Co. (St Louis, USA).
EGDMA (Ethylene glycol dimethacrylate) was
provided from Fulka A.G. (Buchs, Switzerland).
Other chemicals were supplied from Merck A.G.
(Darmstadt, Germany).

Preparation of Pre-complex (Cd(ll)-MAC)
Cd(Il):MAC (1:1) pre-complex was synthesized with
the following procedure: 0.1 mmol (18.9) of MAC
was dissolved in 5.0 mL ethanol, then was added
to 0.1 mmol (30.8 mg) of Cd(NO,),.4H,0 at 25°C.
This mixture was magnetically stirred for 3 h, then,
centrifuged at 8000 rpm for 1 h. To separate the
complex, the complex filtrated. The separated
complex was washed by water-ethanol solution
(50:50, v/v), and dried under vacuum (12 h, 200
mmHgQ).

Synthesize of Cd(ll) lons Imprinted and

Non-Imprinted pHEMAC Nanoparticles

Cddl) ions imprinted pHEMAC nanoparticles
were synthesized by polymerization method of
mini-emulsion two-phase [18]. For this method
two aqueous phase and one organic phase were
prepared: for first agueous phase, 187 mg of PVA,
28 mg of SDS and 23.4 mg of sodium bicarbonate
were dissolved in 10 mL deionized water, for
second aqueous phase 100 mg PVA, and 100
mg SDS was dissolved in 150 mL of deionized
water, for organic phase 4 mL of monomer 1 was
dissolved in 2.1 mL of monomer 2. Finally, by a
homogenizer (T10, IKa Labortechnik, Germany)
the mixture of the organic phase and first agueous
phase was homogenized at 25.000 rpm. After
homogenization, 0.1 mmol of the pre-complex was
added to the mixture of the organic phase and
first agueous phase. The second aqueous phase
was added to the mixture of first aqueous, and
organic phase, then this mixture was stirred in
a sealed cylindrical polymerization reactor. The
heat of polymerization system was adjusted to
40°C, and the reactor was magnetically stirred
at 500 rpm (Carousel 6 Plus Reaction Station
TM, Germany). After adding sodium bisulfate
(115 mg) and ammonium persulfate (125 mg) as
initiators, polymerization was continued for 24 h.
The obtained Cd(ll) ions imprinted pHEMAC based
nanoparticles were washed with water and the
mixture of alcohol/water for removing unreacted
monomers, surfactant, and initiator. The washing
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procedure was done in several steps, each washing
step was done by centrifuging of nanoparticles
in water at 30.000 rpm for 45 min. (Beckman
Coulter Optimum TM L-look Ultracentrifuge,
USA). Finally, the deionized water containing
0.5% sodium azide was used for storing the
nanoparticles at 4°C. Synthesize of non-imprinted
pHEMAC nanoparticles were done by applying
the same procedure except the addition of pre-
complex (instead of Cd(Il)-MAC pre-complex, MAC
was added to the organic phase).

Characterization of Cd(ll) lons Imprinted
pHEMAC Based Nanoparticles

Nanoparticles were characterized by Zetasizer
(Nano S, Malvern Instruments, London, UK),
Fourier-transform infrared spectroscopy (FTIR)
(Thermo Fisher Scientific, Nicolet iS10, Waltham,
MA, USA) and Transmission electron microscopy
TEM (FEI, Tecani G2 F30, Oregon, USA). Density
and refraction index of deionized water for
characterization analysis is 1.00 g/mL and 1.33,
respectively. The light scattering of zetasizer
instrument was adjusted at an incidence angle
of 90°, 25°C. TEM analysis was done by dropping
nanoparticles onto carbon coated copper grid and
then dried at 25°C. TEM photographs were taken
at 200 kV by TEM microscope.

The surface area of Cd(ll) ions imprinted pHEMAC
nanoparticles were calculated as follows:
N=(6x10"°.S)/ (IT.ps. d*) Q)
Where N indicates the number of nanoparticles
per one milliliter, S is the % of solids, ps is the
density of bulk nanoparticles (g/mL), and d is
the diameter (nm). The density of nanoparticles
was determined from mass-volume graph of
nanoparticles. By these data, specific surface area

of the nanoparticles was calculated by multiplying
N with the surface area of 1 nanopolymer.

Removal of Cd(ll) lons from Cd(ll) lons
Imprinted pHEMAC Nanoparticles

HNO, solution (0.1 M) was used as a desorption
agent for removing of Cd(ll) ions from Cd(ll) ions
imprinted pHEMAC nanoparticles. For desorption
of Cd(l) ions from nanoparticles, nanoparticles
were added to 20 mL of desorption solution,
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then stirred in shaking bath (200 rpm) at 25°C.
For separating nanoparticles, this mixture was
centrifuged at 30.000 rpm for 45 min, then these
nanoparticles were dispersed in stocking solution.
Removing of Cd(ll) ions from Cd(ll) ions imprinted
pHEMAC nanoparticles were tested by ICP-AAS
(Analyst 800, Perkin-Elmer, USA).

Imprinting Factor

The imprinting factor (IF) is the most commonly
used term for describing the performance of
an imprinting process. Adsorption capacities of
Cd(ll) ions imprinted and non-imprinted pHEMAC
nanoparticles in different concentration of Cd(ll)
ions were measured. The first capacity coefficient
for Cd(l) ions imprinted and non-imprinted
pHEMAC nanoparticles and then, imprinting factor
was calculated.

(IFN=K K 2)

d (MIP)/ " *d (NIP)

Test Matrices

The simulated gastric fluid (SGF) was prepared
according to the recommendations of the U.S.
Pharmacopeia for drug dissolution studies in the
stomach (0.03 M NaCl, 0.085 M NacCl, and 32%
(v/w) pepsin, pH:1.15). The artificial gastric fluid
was used in batch metal sorption experiments and
the adsorption studies evaluated by this fluid to
test the application of this method in the gastric
fluid.

Distribution Coefficient (K))

K, is the affinity of a sorbent for a target ion or
molecule, here Cd(ll) ions. K, (mL/g) is a mass
weighted partition coefficient between the solid
phase and the liquid phase:
K,=[(C,-C)/CIV/m (©))
where C and C, are initial and final concentrations
of metal ions in solution, respectively, V is the
volume of the solution (mL), and m is the mass
of the sorbent (g). K, measurements in simulated
gastric fluid (SGF) were done with both Cd(l)
ions imprinted and non-imprinted pHEMAC
nanoparticles. For this purpose, 20 mL simulated
gastric fluid (SGF) was prepared, then Cd(ll) ions
were added from nitrate salt to obtain 50 pg/L
solution of this salt, finally, 0.202 gr of Cd(ll) ions

imprinted pHEMAC nanoparticles were added to
the solution. Another time this experiment was
done with non-imprinted pHEMAC nanoparticles.

Adsorption of Cd(ll) lons by Cd(ll) lons
Imprinted pHEMAC Nanoparticles

The adsorption of Cd(ll) ions with Cd(l) ions
imprinted pHEMAC nanoparticles was studied in
a batch experimental system. Therefore, 0.202
gr of Cd(ll) ions imprinted pHEMAC nanoparticles
were added to 20 mL aqueous solution of Cd(NO,),
and stirred with the rate of 200 rpm at 25°C for
1 h, then nanoparticles were centrifuged (30.000
rpm for 45 min) and then, the concentration of
aqueous phase was determined. ICP-ASS method
(Analyst 800, Perkin-Elmer, USA) was applied
for the determination of an initial, and final
concentration of Cd(ll) ions. Then Equation 3 was
used for calculating amount of adsorbed Cd(l)
ions. The effect of some parameters as pH, initial
concentration of Cd(ll) ions, the temperature in
adsorption of Cd(ll) ions by Cd(ll) ions imprinted
pHEMAC nanoparticles was studied. All of the
experiment was done two times and the difference
in the results was less than 5%.

Q=[C,C).VI/m (4)
Selectivity Studies

The selectivity and specificity of Cd(ll) ions
imprinted and non-imprinted pHEMAC

nanoparticles for Cd(ll) ions were determined in
this study. For this purpose, Cd(ll) ions imprinted
and non-imprinted pHEMAC nanoparticles were
interacted with cadmium, copper, zinc, nickel,
and lead ions in a batch system. The selectivity
of Cd(ll) ions imprinted pHEMAC nanoparticles
for Cd(l) ions was evaluated with competitive
ions (cadmium, zinc, nickel, and lead ions). Then
k of non-imprinted nanoparticles for Cd(ll) ions
respect to copper, zinc, nickel, and lead were
measured. Finally, relative selectivity coefficients
(k") of nanoparticles were calculated.

RESULTS and DISCUSSIONS

Characterization of Nanoparticles
Characterization of Cd(ll) ions imprinted pHEMAC
nanoparticles was done by the zetasizer, FTIR-
ATR and TEM. The average size and polydispersity
index (PDI) of these nanoparticles is 44.43



nm and 0.064. As seen from the figure 1A, the
nanoparticles have a narrow size distribution,
that's why polymerization method and a recipe is
suitable for synthesizing monosize nanoparticles.
As seen in TEM photograph, each of the
nanoparticles has spherical shape and size around
50 nm (1B). Also, characterization studies of Cd(ll)
ions imprinted pHEMAC nanoparticles were done
by using FTIR-ATR in the wavenumber range of
400-4000 cm™ (Thermo Fisher Scientific, Nicolet
iS10, Waltham, MA, USA). As shown in the Figure
1.C, FTIR spectra of nanoparticles have a broad
peak in 3200-3500 cm™ that consists of several
sharp peaks as the stretching vibration bands of
hydrogen bonded alcohol (HEMA), at around 3200
and (-CONH-) at around 3300 cm™ (MAC). The
characteristic (C-O) and (C-H) stretching vibration
bands of the p(HEMA)-EGDMA are observed at
1720 and 2930 cm™, respectively. Also have peaks
around at 600-880 cm that indicate (C-S) group
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in MAC, indicating the incorporation of MAC into
the structure.

Nanoparticles have large specific surface
area and therefore are suitable for adsorbing of
molecules and Cd(ll) ions. The surface area of this
nanoparticles is large (2460 m2/qg).

Measurement of K, for Cd(ll) lons Imprinted
and Non-Imprinted pHEMAC Nanoparticles

K, measurement, for adsorption Cd(ll) ions from
simulated gastric fluid (SGF) with Cd(l) ions
imprinted and non-imprinted nanoparticles were
calculated. The affinity coefficients (K,) of Cd(ll)
ions imprinted and non-imprinted nanoparticles
are 9939 mL/g and 134.6 mL/g respectively.
The amount of affinity coefficient for Cd(ll) ions
imprinted nanoparticles at least is seven times
higher than non-imprinted nanoparticles. As seen,
the affinity and selectivity of Cd(ll) ions imprinted

SUMMARY

Count rate: 168.5 kcps
Cumulaants results
Z-Mverage size - 44.43 nm
Pdl -0.064
Pdl width S47.74nm
Incercept :0.963

1000

2000 1500

Wavenumbers (cm-1)

Figure 1. Zeta-size (A), TEM image (B) and FTIR spectra (C) of Cd(ll) ions imprinted pHEMAC nanoparticles.
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nanoparticles for Cd(ll) ions is larger than non-
imprinted nanoparticles.

Imprinting Factor

Kinetic analysis of Cd(ll) ions was performed with
Cddll ions imprinted and non-imprinted pHEMAC
SPR nanosensors in aqueous solution in real time
(Figure 2). As seen, the adsorption capacity of
Cd(ll) ions imprinted pHEMAC nanoparticles is
higher than non-imprinted pHEMAC nanoparticles.
The capacity coefficients for Cd(ll) ions imprinted
and non-imprinted pHEMAC nanoparticles are
147.06 and 102.75, respectively. Therefore,
imprinting factor of this study is 1.43 that
represent imprinting nanoparticles are suitable
for this adsorption.

Adsorption of Cd(ll) lons by Cd(ll) lons
Imprinted pHEMAC Nanoparticles
These adsorption studies were done in

different pHs, temperatures and various initial
concentrations of Cd(NO,), for determining

1200 A

1000 + —+MIP

800 - —a—NIP

[=2]
(=3
=1

400 4

200 +

Adsorbed Cd(ll) ions, mg/g

conditions of maximum adsorption of Cd(ll) ions
by Cd(ll) ions imprinted pHEMAC nanoparticles.
The effect of medium pH on Cd(ll) ions adsorption
is shown in Figure 3. As expected, the adsorption
amount of metal ions decreases with decreasing
pH because of the functional group existing in the
amino acid based monomer (thiol group). These
thiol groups are more protonated hence, they are
less available for metal ions. Initially, the rate of
ion adsorption was very fast, but then it slowed
down and reached to equilibrium. The time of
reaching to adsorption equilibrium is a kinetics
controlled process completely. This condition
doesn't be related proportionally with the complex
formation constant.

The adsorption capacity of Cd(ll) ions imprinted
pHEMAC nanoparticles for Cd(ll) ions was
decreased by increasing temperature of medium.
The decreasing of adsorption capacity with
increasing temperature is because of interaction

0 500

1000 1500

Cd(Il) ions Concentration, mg/L

Figure 2. Comparison of adsorption capacity for Cd(ll) ions imprinted and non-imprinted pHEMAC nanoparticles.
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Figure 3. The effect of medium pH on adsorption of Cd(ll) ions by Cd(ll) ions imprinted pHEMAC nanoparticles, C: 500

mg/L, t: 60 min, T: 25°C.



between a functional group of amino acid monomer
(MAC) and Cd(l) ions. The cysteine in MAC forms

with Cd(ll) ions was coordinated by covalent bond.

The adsorption capacity of Cd(l) ions imprinted
pHEMAC nanoparticles for Cd(ll) ions was 448.1
mg/g at 4°C, and 397.25 mg/g in 40°C (Figure 4).

The adsorption of Cd(ll) ions by Cd(ll) ions
imprinted pHEMAC nanoparticles was examined
in the various initial concentration of Cd(ll) (Figure
5). The amount of adsorbed Cd(ll) ions is a function

of initial concentration was estimated as expected.

Initially, rate of adsorption is very fast, and then
adsorption rate slows down because of filling of
cavities (Cd(ll) ions imprinted regions), and remain
constant. Adsorption capacities of Cd(l) ions
imprinted pHEMAC nanoparticles are 33.5 (mg/qg)
and 1381.3 (mg/qg) in 50 (mg/L) and 2000 (mg/L) of
initial concentration.

The Thermodynamic Isotherms
By using these adsorption data, Langmuir and

500 -
450 1
400 1
350 |
300
250 A
200 1

150 4

Adsorbed Cd(ll) ions, mg/g
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Freundlich isotherms for Cd(ll) ions imprinted
pHEMAC nanoparticles were applied, represented

as following equations, Equations. (5) and (6),

respectively [12].

Q=Q,,.b.C/(+bC) (5)

Q= KF.Cqu” (6)

Langmuir and Freundlich adsorption isotherm
models were calculated by using experimental
results and adsorption parameters were given
Table 1and Figure 6. The Langmuir model describes
that binding sites distribute homogeneous. The
Freundlich model is based on a heterogeneous
layer of a surface. According to R* and Q__ values;
Langmuir adsorption model was supported by
experimental results.

The correlation coefficient, R? values and
the constants obtained from the Langmuir and
Freundlich isotherms (b, R , K., 1/n) which applied

.

100

20

30 40 50

Temperature, 'C

Figure 4. The effect of medium temperature on adsorption of Cd(ll) ions by Cd(ll) ions imprinted pHEMAC nanoparticles,

C: 500 mg/L, t: 60 min, pH: 6.0.
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Figure 5. The effect of temperature on adsorption of Cd(ll) ions by Cd(ll) ions imprinted pHEMAC nanoparticles, t: 60 min;

pH:6; T: 25°C.
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Figure 6. Langmuir (A) and Freundlich (B) isotherm for adsorption of Cd(ll) ions by Cd(ll) ions imprinted pHEMAC nano-

particles.

Table 1. Parameters of Langmuir and Freundlich models.

Langmuir

Q__(mg/L):1666.7

max

B (mL/mg): 0.01

R2: 0.954

R:0.17

for adsorption of cadmium ions on the ion
imprinted nanoparticles are summarized in Table 1.

The Langmuir model gives the higher R?values
which are 0.954 compared to Freundlich model
which is 0.881, therefore that shows adsorption of
cadmium ions on the ion imprinted nanoparticles
is best described by Langmuir model. Also, the
R, values are between O and 1, indicating that
the adsorption of Cd(ll) ions on the Cddl) ions
imprinted pHEMAC nanoparticles is favorable at
the conditions being studied and fitted to Langmuir
model. Theoretical Q__ and experimental Q__ are
1666.7 (mg/L) and 1377.9 (mg/L), respectively. The
1/n values obtained from the Freundlich model are
below one but are close to one, therefore these
adsorptions are homogeneous and monolayer. In
this study, the results indicate that the Langmuir
model gave a better fit than the Freundlich model.

Freundlich

1/n: 0.665

K, (mL/mq): 24.55

R?:0.881

The 1/n value obtained from the Freundlich model is
below one (0.665). We can say, adsorption is more
homogeneous and monolayer. Also, the results
indicate that the Langmuir model gives a better fit
than the Freundlich model.

Selectivity Coefficient

A solution containing 500 ppm of all five metal
ions (cadmium, copper, lead, nickel, and zinc ions)
at a constant pH (6) and at 25°C was incubated
with Cd(ll) ions imprinted and non-imprinted
pHEMAC nanoparticles in a batch system. The
selectivity coefficients (k) of Cd(ll) ions imprinted
and non-imprinted pHEMAC nanoparticles for
Cd(ll) ions respect to copper, zinc, nickel and lead
ions were calculated, then relative selectivity
coefficients (k') were calculated. Adsorption
values are given in Table 2, as seen adsorption
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Table 2. (k)), and k' values of Cd(ll) ions imprinted and non-imprinted pHEMAC nanoparticles for Cd(ll) ions respect to

Cudl), Znd1), Ni(ll) and Pb(ll) ions.

MIP NIP
Metal lons Q K,
Cd (I 392183.5
Cu (I 132131.2 2.97
Zn (1) 211012.0 1.80
Ni (1) 109523.9 3.50
Pb (1) 89666.0 4.30

of Cd(l) ions was higher than adsorption of
other ions, also selectivity coefficient of Cd(l)
ions imprinted pHEMAC nanoparticles is higher
than non-imprinted nanoparticles. These amount
of k, for Cddl) ions imprinted in comparison
non-imprinted (392183.5, 166956.5) indicates
Cddl) ions imprinted pHEMAC nanoparticles are
more selective than non-imprinted pHEMAC
nanoparticles, also the amount of relative
selectivity coefficients (k') indicate the selective
adsorption of Cd(l) ions imprinted pHEMAC
nanoparticles to the non-imprinted pHEMAC
nanoparticles. When this value is compared with
the single system (non-competitive system) this
adsorption amount was lower than the single
system, which means that antagonistic effect was
observed in this adsorption system.

CONCLUSION

Cd(ll) ions imprinted pHEMAC nanoparticles have
unique physical and chemical properties as high
surface area and high selectivity, that's why these
materials have been used as an adsorbent material
for adsorption of molecules and ions. In this study,
our purpose is design and preparation of Cd(l)
ions imprinted pHEMAC based nanoparticles
as a drug for treatment specific heavy metal
detoxification. These nanoparticles because of
their high surface area and high selectivity have
great potential for the adsorption and separation
of specific unwanted heavy metal ions from liquid
medium (gastric fluid). In this study, the maximum
adsorption capacity of Cd(ll) ions by Cd(l) ions
imprinted pHEMAC based nanoparticles was
448.1 mg/g in 4°C. Compared to other studies [11-
19] these nanoparticles have higher adsorption
capacities.

Q K, k'
166956.5 - -
135720.0 1.20 2.50
104347.0 1.60 113
70460.0 2.20 1.60
91453.0 1.70 2.50
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