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ABSTRACT

Propachlor is a pesticide commonly used in the chloroacetanilide herbicide group. Propachlor contamination occurs in
groundwater resources and soil sources. Therefore, removal and also the determination of trace amounts of propachlor is a very
important issue. Molecularly imprinted polymers (MIPS) are preferred for their advantages such as high affinity, strength, and
selectivity in pesticide removal and determination. In this study, MIP embedded cryogel was synthesized for selective
adsorption and removal of propachlor. MIP synthesis was performed using the template molecule propachlor, functional
monomer methacrylic acid (MAA), crosslinker ethylene glycol dimethacrylate (EDGMA), solvent hexadecane and 2,2-azo-
bis-isobutyronitrile (AIBN) as the initiator. Cryogels are a good alternative for separation and purification because of their
advantageous properties such as short diffusion, low pressure and adsorption and elution in a short time. The structure of MIP
was determined using scanning electron microscopy (SEM), Elemental analysis and Fourier transform infrared spectroscopy
(FT-IR), and the structure of MIP embedded cryogel was determined using scanning electron microscopy (SEM). The highest
adsorption capacity for MIP embedded cryogel was found to be 14.38 mg g™*. The obtained sorbent was selective for propachlor
according to other similar pesticides. MIP embedded cryogel was used for selective preconcentration of propachlor in
environmental samples and as a result, high recovery values were achieved in the preconcentration (%80-%98) The
concentration of propachlor in environmental samples was analyzed by high-performance liquid chromatography (HPLC).
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1. INTRODUCTION

Herbicides are phytotoxic chemicals used for destroying various weeds or inhibiting their growth.
Chloroacetanilide herbicides exhibit broad-spectrum pre- and early post-emergence control of most
grasses and broad-leaved weeds in a wide variety of agro-economically important crops. Propachlor (2-
chloro-N-isopropyl-acetanilide) has been extensively employed for the protection of corn, sorghum,
soybeans and a variety of vegetables [1], [2]. Propachlor can easily transfer to soil systems because of
its high water solubility (700 mg L) [3]. As with many other herbicides, propachlor has harmful effects
on animals. Propachlor may produce slight development or adverse reproductive effects. It is not
genotoxic or clastogenic in mammals. However, there is evidence that it produces benign hepatic tumors
in mice [4]. For these reasons, removal and determination of trace levels of propachlor are important
issues for the protection of the environment. Limited studies have been carried out in the literature for
this purpose. Some of these studies include mineralization of propachlor by electrochemical [3] or
bacterial route [5], while others involve removal by adsorption. In Tuzimski and friends’ study; 21
pesticides belonging to different chemical classes were extracted with liquid-liquid partitioning with
acetonitrile followed by dispersive solid-phase extraction using zirconia-coated silica particles and
analyzed using high-performance liquid chromatography with diode-array detection (HPLC-DAD). The
recovery values for most of the studied pesticides for extra virgin olive oil and grape seed oil samples
ranged from 50% to 130% and the analysis of pesticide residues was realized at the level of ng g* of
edible oil samples [6]. This study is no selective for propachlor. Konstantinaou and friends were used
Al-pillared and Fe-Al-pillared clays and mesoporous alumina aluminum phosphates for adsorption and
removal of propachlor and some herbicides. In this study, the obtained recovery range is only %60.9 for

*Corresponding Author: aatilir@eskisehir.edu.tr
Received: 27.03.2019 Published: 31.03.2020



mailto:aatilir@eskisehir.edu.tr

Atilir Ozcan and Ozhan / Eskisehir Technical Univ. J. of Sci. and Tech. A — Appl. Sci. and Eng. 21 (1) — 2020

propachlor [1]. In the other study, the molecularly imprinted polymers (MIPs) were used as the base
material of solid-phase extraction (SPE) for the separation and pre-concentration of the propachlor
herbicide in the different environmental matrix. Concentrations of propachlor in the samples were
analyzed by high-performance liquid chromatography [7]. This study is selective for propachlor
adsorption. On the other hand, the obtained adsorption capacity values are not high enough.

Molecular imprinting is a technology to create recognition sites in a macromolecular matrix using a
molecular template. Target molecules (i.e., propachlor) can be used as templates in cross-linked
polymers. After the removal of the template, the remaining polymer seems to be more selective [8], [9].
Molecularly imprinted polymers can be used as a solid-phase material in many areas, especially as a
sorbent for the selective adsorption of herbicides [10]-[12]. In this study, MAA, which is frequently
used in the literature as a monomer [13], [14], was preferred for MIP synthesis.

Cryogels are very good alternatives to separation and purification with many advantages such as large
pores, short diffusion path, low-pressure drop and very short times for both adsorption and elution [15],
[16].

In this study, these advantages of cryogels have been combined with the selectivity of molecularly
imprinted polymers (MIP) and a new sorbent was synthesized for propachlor. MIP embedded cryogel
has been used for selective adsorption and pre-concentration of propachlor from some environmental
samples like such as corn and puddles in the agricultural land.

2. MATERIALS and METHODS

2.1. Materials

Propachlor, methanol, metolachlor, acetanilide, Hydroxyethyl methacrylate (HEMA), ammonium
persulfate (APS) were bought from Sigma — Aldrich. Methacrylic acid (MAA) and sodium dodecyl
sulfate (SDS) were supplied by Alfa Aesar. Ethylene glycol dimethacrylate (EGDMA),
azobisisobutyronitrile (AIBN), glycine, N, N'- Methylene bisacrylamide (MBAAmM), N, N, N', N'-
Tetramethylethylenediamine (TEMED) were supplied by Fluka. N-Hexadecane, potassium dihydrogen
phosphate (KH.POQ.), hydrogen chloride (HCI), sodium chloride (NaCl) were supplied by Merck.
Potassium hydroxide (KOH) was supplied by Riedel-de Haén.

2.2. Methods
2.2.1. Synthesis of propachlor imprinted polymer

For the synthesis of propachlor imprinted polymer; 0.245 mmol propachlor, 0.84 mmol MAA and 3.4
umol EDMA were dissolved in 0.34 mmol of hexadecane. The dispersion medium was prepared by
dissolving 0.0192 g sodium dodecyl sulfate in 9 mL of water. After the AIBN addition to the first
solution, this solution was transferred into the dispersion medium by using a homogenizer. The obtained
solution was stirred at 70°C for 24 h in a thermostatic water bath. After polymerization, the formed MIPs
were separated from the polymerization medium. The residuals (e.g., unconverted monomer, initiator,
and solvent) were removed by an extensive cleaning procedure with methanol and water. To form the
template, the synthesized polymer was treated with methanolic KOH at 70°C for 24 h in a thermostatic
water bath.
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2.2.2. Synthesis of MIP embedded cryogel

For this purpose; 0.260 ml HEMA was used as the monomer. Then, 0.37 mmol of N, N’-
Methylenebisacrylamide (MBAAmM) and 0.024mmol MIP were added into 4.74 ml deionized water as a
crosslinker agent. HEMA, MIP and crosslinker agent were mixed and stirred about 20 minutes at room
temperature. Then, the mixture was put in an ice bath and cooled. Then 0.017 mmol APS and 0.033
mmol TEMED added into the solution quickly as redox initiator pairs. After that mixture was poured
into a plastic syringe and frozen at -20 °C during 18 h. After the freezing process, the syringe was put
at room temperature for the thawing process. At the end of thawing, gel matrices occur. Cryogel was
washed deionized water 3 times to remove unreacted soluble materials. A blank cryogel was prepared
in the same way without MIP. Cryogels were kept in a 0.02 % sodium azide solution until use.

2.2.3. Characterization of MIP and MIP embedded cryogel

Elemental analysis of unleached (before washing with KOH) and leached (after washing with KOH)
MIP microbeads was carried out by using Leco, CHNS-932, ABD Elemental Analysis System. For
analysis, 1 mg of MIP was weighted at £0.0001 g sensitivity and put into the system.

FT-IR spectra of unleached (before washing with KOH) and leached (after washing with KOH) MIP
were obtained by FT-IR spectrophotometer (Perkin Elmer Model 2000). The dry sample (about 0.1 g)
was thoroughly mixed with KBr (0.1 g, IR Grade, Merck, Germany), and pressed into a pellet form and
the FT-IR spectra were then recorded.

The morphology of the dried cryogels and propachlor imprinted polymer were investigated by using
Leo S 440 model scanning electron microscope.

The swelling ratio of cryogel was determined in distilled water. Initially, the cryogel sample was washed
until the washing was clear. Then it was dried to constant mass, the mass of the dried sample was
weighed (x£0.0001 g). This dried sample was being placed into the swelling medium at room temperature
for 24 h. Then the mass of the wet sample was determined by weighing. The swelling ratio was
calculated by using the following expression (Eq 1):

Ws — W

—(x100 Eq1
b (Eq 1)

Swelling ratio % = [

where W and W are the weights of cryogels before and after swelling, respectively.

2.2.4. Equilibrium binding analyses and selectivity studies

The adsorption capacity of the MIP embedded cryogel and blank cryogel for propachlor were
determined in the batch model. The adsorption capacity of MIP embedded cryogel was determined with
propachlor standard solutions at different concentrations. For the determining of propachlor adsorption
capacity of cryogels, the cryogels were washed with 50 ml of water and then equilibrated with 25 mM
phosphate buffer. Then, propachlor solution was pumped through the column by a peristaltic pump. The
total concentration of propachlor was determined spectrophotometrically at 210 nm by using a UV—vis
diode array spectrophotometer in all adsorption studies. The adsorption capacity was calculated from
the following expression (Eq 2):

_ (Co-O)xV
- m

(Eq 2)
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where Q is the amount of propachlor adsorbed onto the unit mass of cryogel (mg g?), C, and C the
concentration of the propachlor in the initial solution and the aqueous phase after adsorption,
respectively (mg ml?), V the volume of the aqueous solution (ml) and m is the mass of the dried cryogel.
The experiments were performed in replicates of three and the sample was analyzed in replicates of
three as well. For each set of data present, standard statistical methods were used to determine the mean
value and standard deviations. Confidence intervals of 95% were calculated for each set of samples in
order to determine the margin error.

To optimization of adsorption of the propachlor, some parameters like pH, initial concentration, duration
of interaction and flow rate effects were evaluated. Desorption of adsorbed propachlor was tried by
using different eluents like methanol, methanol-water, 0.1 M NaOH solution. At the end of these studies,
methanol was selected as a regeneration reagent. The binding interaction and equilibrium information
between the MIP embedded cryogel and propachlor can be obtained by Scatchard analysis. This analysis
employs Eq. (3):

Q Qmax 0
c=K, K, (Eq 3)
where Q is the amount of propachlor bound to the cryogel, as calculated by the UV-vis variation upon
addition of analyte and C is the concentration of free propachlor. Qmax represents the apparent
maximum number of binding sites, and Kp is the equilibrium dissociation constant of the cryogel. The
selectivity of MIP embedded cryogel for propachlor which is a chloroacetanilide was estimated by using
acetanilide and metolachlor. For this purpose, calibration charts were created using UV-vis for each
substance (at 210 nm). The selectivity coefficient for the binding of propachlor in the presence of
competitor species can be obtained from equilibrium binding data according to Eq. (4):

_ Qmax(prop)

k (Eq 4)

Qmax(X)

where k signifies the selectivity coefficient and X represents competitor species.
A comparison of the k values of the imprinted polymer with those molecules allows an estimation of
the effect of imprinting on selectivity.

2.2.5. Application of the method to real samples

Water samples obtained from puddles in the agriculture land (Keskin Town, Eskisehir) and fresh corn
were used as real samples. No pretreatment was applied to water samples. It was only filtered and spiked
with standard propachlor solutions. Dried fresh corns (3g) were mixed with 30 mL methanol for 1 day.
Then the solution was filtered with a membrane filter and spiked with standard propachlor solutions.
Concentrations of propachlor in water and corn samples were analyzed using HPLC (Agilent 1100
series) and UV detection under the following conditions: Inertsil ODS-3 (4,6x150 mm) column, mobile
phase methanol/water (70/30, v/v), at wavelength of 220 nm, at 1.0 mL/min and room temperature. In
these conditions, the propachlor peak was eluted at 4.3 minutes (tr). The working range of the obtained
calibration graph is 0.106-100 ppm of propachlor. Each analysis was repeated in triplicate. Also, LOD
and LOQ of this analysis were obtained as 0.035 and 0.106 ppm, respectively.

A flowchart about the experimental methodology for this study was given in Schema 1.
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Schema 1. Flowchart of experimental methodology

3. 3. RESULT AND DISCUSSION
3.1. Characterization of MIP and PHEMA-MAPA Cryogel

The elemental analysis results showed that the MIP contains 56.26% C; 10.42% H and 0.273% N before
the removal of the target molecule, propachlor. After target removal, the elemental composition of MIP
stood at 58.77% C; 7.384 % H and 0.069% N. The increasing ratio of C and decreasing ratio of N show
the removal of the target because there is nitrogen in the propachlor structure. Additionally, the
difference of IR spectra of before and after removal of propachlor from MIPs has confirmed the
formation of the template (Figure 1). As seen from Figure 1, the O-H stretching of the hydroxyl bonds
which became free when the propachlor was removed from the polymer became apparent at 3435 cm™.
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Figure 1. IR spectra of propachlor imprinted polymer, before and after template removal.

The equilibrium swelling test results were found as 11.86 g water/g cryogel and 12.69 g water/g cryogel
for MIP embedded cryogel and blank cryogel, respectively.
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The morphology of these two types of cryogels and MIP were investigated by scanning electron
microscope (SEM). As seen from Figure 2, the synthesized MIP are nanoparticles at about 200 nm
diameter. Blank cryogel and MIP embedded cryogel have large pores. In the SEM images of MIP
embedded cryogel; the MIP nanoparticles are covered in the walls of the cryogel.

WOz dImem Muge 00X ENT # 12000V
Srel A e 382 Foc

Figure 2. SEM images of (a) propachlor imprinted polymer (b) blank cryogel (c) MIP embedded cryogel

3.2. Adsorption of Propachlor from Aqueous Solution by MIP

The effectiveness of the adsorption of an analyte onto the sorbent depends significantly on pH. The
effect of pH on the propachlor adsorption of the prepared MIP was investigated using HCI, NaOH, and
phosphate buffer solutions (pH 6.0-8.0) containing 15 ppm propachlor. The results were given in Figure
3. The highest adsorption capacity was observed at pH 5.0 as 5.58 mg g*. This change due to pH is due
to the carboxyl acid groups in the polymer matrix. pKa value of polymethacrylic acid is 4.8. Protanation
at low pHs and deprotanization at high pH disrupts the noncovalent bonds between polymer and analyte
[17]. According to this result, all experiments related to adsorption capacity have been carried out in a
neutral and agueous medium without adjusting of pH. This situation provides easiness during the study.
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Figure 3. Effect of pH on adsorption of propachlor to MIP, propachlor initial concentration: 15 mgL; T: 25°C; interaction time:1 h.

For the investigation of the effect of the initial concentration on the adsorption of propachlor, the MIP
polymer interacted with propachlor solutions at different concentrations. As seen in Figure 4a, the
adsorption capacity increased with increasing concentration of propachlor and saturation was observed
when the initial concentration value reached to 30 mg L™ (0.14 mM). The maximum adsorption capacity

was found to be 7.46 mg g*.

Also, the effect of interaction time on the propachlor adsorption of the prepared MIP was investigated. For
this purpose, 15 ppm propachlor solution interacted with MIP sorbent in different periods (5-180 min). As
seen in Figure 4b, the adsorption of propachlor was completed in 60 min and reached saturation.
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Figure 4. Effect of a) initial concentration on adsorption of propachlor to MIP; T: 25°C; interaction time:1 h. b) interaction
time on adsorption of propachlor to MIP; propachlor initial concentration: 15 mg L™%; T: 25°C; pH:5,
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3.3. Adsorption of Propachlor from Aqueous Solution by MIP Embedded Cryogel

The effect of the initial concentration of propachlor on the adsorption of propachlor was investigated
for MIP embedded cryogel. As seen in Figure 5, the adsorption capacity increased with increasing
concentration of propachlor and saturation was observed when the initial concentration value reached
to 30 mg L1 (0.14 mM). The maximum adsorption capacity was found to be 14.38 mg g*. This value is
higher than the adsorption capacity of MIP in this study (7.46 mg g*) and also literature; Rong Qu and
coworkers found the maximum adsorption capacity of propachlor as about 10 mg g* when they used 2
mM initial concentration of propachlor and MIP modified silica gel [7].

18
16
14
12
10

Q(mgg?)

oON B O

0 10 20 30 40 50

Initial concentration of prophachlor (mg L1)

Figure 5. Effect of initial concentration on adsorption of propachlor to MIP embedded cryogel

When adsorption data of propachlor were fitted against Langmuir and Freundlich isotherms, satisfactory
fits were found with the Langmuir isotherm. The Langmuir isotherm is valid monolayer sorption on a
surface containing a finite number of binding sites [18]. The R? value of Langmuir plot and Freundlich
plot were found to be 0.9916 and 0.942 respectively (Figure 6)
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Figure 6. a) Langmuir, b) Freundlich Adsorption isotherms of MIP embedded cryogel

The association constant (Ka) for the specific interaction between the cryogel and the template
(propachlor) itself was determined by Scatchard's plots using MIP embedded cryogel. (Figure 7)

The Ka for the binding of propachlor to MIP embedded cryogel is 7.90x10% M™! and the maximum
number of ligand-exchange interaction sites, Qmax, is 26.15mg g™'.
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Figure 7. Scatchard plots of propachlor rebinding by the MIP embedded cryogel

The effect of flow rate on adsorption on cryogel was investigated. For this purpose 20 ppm propachlor
solution was passed through the column at different speeds (0.1, 0.2 and 0.4 mL mint ) After each
measurement, the column was regenerated by washing with methanol: water and NaCl mixture. The
adsorption capacities at different flow-rates are given in Figure 8. As seen from Figure 8 the adsorption
capacity decreased as the flow rate increased. The optimum flow rate was chosen as 0.2 ml min* because
there is not much difference in adsorption capacities with 0.1 ml min* and it is faster.
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Figure 8. The adsorption capacities at different flow-rates
3.4. Selectivity Studies

The selectivity of the prepared cryogels was investigated by using metolachlor and acetanilide instead
of propachlor in the adsorption studies. Metolachlor is another chloroacetanilide pesticide and their
structure are very similar to propachlor. Acetanilide is smaller than these molecules. The molecular
structures of acetanilide, metolachlor and propachlor were given in Figure 9. In all selectivity studies,
equal concentration (10 ppm) of solutions and the same flow rate (0.2 ml min) was used. According to
experiments, the Qmax values of propachlor, metolachlor, and acetanilide were determined as 9.65 mg
g?, 7.58 mg g* and 2,83 respectively, when MIP embedded cryogel was used. This is related to the
selectivity of the cavity obtained in MIP. The same experiments were realized by using blank cryogel.
As seen in Figure 9, there is no significant difference in adsorption amounts was observed. There is only
non-selective adsorption that occurs in the pores of the cryogel. The obtained selectivity coefficients of
propachlor imprinted polymer embedded cryogel were given in Table 1.
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Figure 9. Effect of imprinting on selectivity

Table 1. Selectivity coefficients of propachlor imprinted polymer embedded cryogel

Q(mg/g) 0 Qpropachior/Qother )
(MIP embedded cryo)

Propachlor 9.65 1

Metalochlor 7.58 1.27

Acetanilide 2.83 3.40

3.5. Reusability and Stability of the MIP Embedded Cryogel

In order to show the stability and reusability of the cryogel, the adsorption-desorption cycle was repeated
15 times using the same cryogel. But firstly, some experiments have been done to find the ideal
regeneration solution. The tried solutions and the results obtained at this stage are given in Table 2. As
can be seen in the table, the highest desorption was obtained when 100% methanol was used. However,
methanol damaged the cryogel when used alone. Therefore, it was mixed with water. In this case, the
amount of desorption decreased. This problem was solved by adding NaCl to the methanol-water
mixture and this mixture was chosen as appropriate desorption eluent.

For sterilization after one adsorption experiment, the cryogel was washed with desorption eluent for 10
min and then distilled water for 15 min at 0.2 ml min* flow rate. As seen in Figure 10, the cryogel is
very stable and can be used at least 15 times without a significant decrease (%3) in its capacity.

Table 2. The desorption eluents used for regeneration of cryogel

Desorption Eluent Dﬁ;ct)il;)p,)gj:n
%100 Methanol 100 %
%100 Ethanol 92 %
Glycine-HCI 54 %
%50 Methanol, %50 Water 53 %
%50 Methanol, %50 Water , 5 100 %

mg NaCl
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Figure 10. Reusability of MIP embedded cryogel
3.4. Testing of Real Samples with MIP Embedded Cryogel

The water and corn samples were spiked with propachlor standard solution at 10, 25 and 50 mg L7,
respectively. Firstly, spiked samples were analyzed with HPLC. Then these samples were treated with
MIP embedded cryogel column and eluates analyze with HPLC. Finally, MIP embedded cryogel was
washed with 2:2 methanol: water includes 5 mg NaCl for desorption and regeneration. And these eluates
were also analyzed with HPLC. Chromatograms obtained for the water sample are given in Figure 11
as examples. As seen from Figure 11 A, in the chromatogram of the water sample (puddle), the peak of
propachlor could not be observed. Therefore, spiked samples were studied.

The average recoveries of the spiked samples were 68-82 % (RSD, 3.08-5.86%) for water and 86-99%
(RSD, 2.25-5.36%) for corn samples. All recovery results were given in Table 3. When these values
are compared with the literature [1], it can be said that good recoveries are obtained especially for corn
samples.

Table 3. Recovery values of propachlor from spiked water and corn samples

Samples Spiked concentration  Recovery (%)
(mg 1Y) Average  recovery RSD (% n=3
1 2 3 (%) (4 n=3)
Water 10 72.02 66.94 64.20 67.72 5.86
25 77.14  80.16 82.44 79.91 3.33
50 81.14 7965 8456  81.78 3.08
Corn 10 86.57 90.59 94.80 90.65 4.53
25 100.65 96.42 99.75 98.94 295
50 90.64 86.35 8141 86.12 5.36
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Figure 11 Chromatograms of (A)Keskin Town water sample, (B) propachlor spiked water sample, (C) eluate obtained from
MIP embedded cryogel, (D) pre-concentrated spiked water sample (desorption was realized with 2:2 methanol:
water includes 5 mg NaCl)

4. CONCLUSION

In this study, we have developed a new solid-phase extraction material, for selective pre-concentration
of propachlor. For this purpose, we benefited from the selectivity and stability of MIP and porosity and
flexibility of cryogels. The new MIP embedded cryogel material was tested for the pre-concentration of
propachlor in real samples. Propachlor was not found in puddles and corn samples obtained from Keskin
region of Eskisehir province. Also, prepared croyogel was tested for the preconcentration of propachlor
by the standard addition method. As a result, the prepared column can be used repeatedly and easily for
selective propachlor adsorption and desorption. Also, the recovery values obtained are quite good
compared to the literature. It has been seen that this prepared solid-phase extraction column can be used
effectively in removing the harmful pesticide, propachlor, as well as preconcentration.
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