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Abstract Molecularly imprinted polyethersulfone (PES): titanium dioxide (TiO2) microspheres (MIM) were synthesized by a 

liquid–liquid phase separation technique for the removal of 17β-estradiol (E2) from aqueous solutions. The original imprinted 
microspheres had a porous structure with an opaque layer. MIM synthesized with E2 as template were compared to non-
imprinted polyethersulfone (PES): titanium dioxide (TiO2) microspheres (NIM) synthesized in the same conditions but without 
the template. Removal experiments in batch with MIM and NIM were carried out by applying the microspheres to various E2 
aqueous solutions. With increasing volumes the specificity of MIM to E2, when compared with NIM, was accentuated. MIM and 
NIM were used to prepare adsorption columns for the extraction of E2 from synthetic and wastewater samples. After six runs, 
removals of 47% and 85% were reached by a MIM packed column from 0,5 mg E2/L aqueous solutions with flows of 15 mL/min 
and 1 mL/min, respectively. By comparison, E2 recoveries of 27% and 76% were achieved using NIM under the same 
experimental conditions. When mixing was improved through the MIM column, a removal of 60% was attained from a 0,5 mg 
E2/L aqueous solution circulating with a flow of 15 mL/min. This system was then used for the recovery of E2 from wastewater 
samples non-spiked and spiked with 1 μg E2/L. It was not possible to quantify the amount of E2 recovered. However the natural 
presence of this contaminant in non-spiked samples was confirmed. MIM and NIM were easily regenerated after each 
experiment with MeOH:Aa (4:1 v/v) solvent and reused.  
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1. Introduction 
Many emerging trace contaminants, coming from various sources such as natural excretion by animals and 
humans, pharmaceuticals and personal care products, can act as endocrine disrupting chemicals (EDCs). There 
is now clear evidence about their occurrence in the environment. Trace contaminants can be biologically active at 
very low concentrations affecting the normal functions of the endocrine system and leading to adverse effects on 
exposed wildlife and humans. For instance, recent studies showed that trace concentration of atrazine, a widely 
used herbicide, caused hermaphrodism in frogs from Midwestern United States (Hayes et al., 2002). Other 
studies have shown that the natural hormone, 17β-estradiol, and the synthetic birth control pharmaceutical, 17α-
ethynylestradiol, are the most potent estrogens and induce changes in fish reproduction at concentrations present 
in some wastewater treatment plants (Jobling et al., 1998; Routledge et al., 1998). The effect of EDCs is also 
being reported in humans. Recent evidences are the decreasing of semen quality in men exposed to pesticides 
and traffic pollutants (Swan et al., 2003) and that there is a strong relation between the exposure to household 
pesticides and the risk of childhood leukemia (Ma et al., 2002). In fact, with the large number of chemicals 
introduced in the market every year, it will be impossible to recognize every emerging pollutant and to understand 
their environmental fates and effects. Consequently, new removal methods that can target a great diversity of 
potential toxic substances at very low concentrations are now needed. It is now agreed that classical wastewater 
treatments, or even advanced treatments, are inefficient for their removal (Ternes et al., 2002; Jones et al., 2005). 
For instance, physicochemical processes, such as flotation, coagulation, ozonation and adsorption, can be 
considerably limited by the competitive removal of interfering organic matter (Petrovíc et al., 2003) and oxidation 
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processes such as ozonation are strongly suspected to generate metabolites of unknown toxicity and should be 
avoided (Petrovíc et al., 2003). Pos-degradation by biological treatment is also limited due to the fact that the 
pollutants are not detected by the microorganisms or are not present at a concentration high enough to support 
microbial growth, or because microorganisms preferentially metabolise other substances present at higher 
concentrations. Therefore the current methods are limited by their lack of specificity and there is a need to 
develop specific and highly effective resources to remove and enrich trace contaminants prior to their destruction 
(Petrovíc et al., 2003).  
In this perspective, this project presents a new method for the removal and subsequent pre-enrichment of trace 
contaminants by exploring a novel technique of molecular imprinting. Highly efficient and selective adsorption of 
EDCs from aqueous solutions was recently achieved using molecularly imprinted polymers (MIP) (Le Noir et al., 
2006 and 2007b) synthesized by polymerisation of monomers around a target molecule (the template), which 
leave a specific recognition site after removal of the template (Komiyama et al., 2003). MIP possesses two of the 
most important features of biological receptors: the ability to recognize and bind specific target molecules 
(Komiyama et al., 2003). Thus, the knowledge of the nature, concentration and toxicity of each contaminant is no 
longer required and, if a molecule is toxic because it can react with a natural biological receptor, it will be removed 
by the synthetic receptor analogues (Le Noir et al., 2006). MIP have been prepared in a variety of forms. The 
most common technique consists in the preparation of bulk polymers that have to be ground and sieved to the 
desired particle size (25 – 50 μm). In this process the particles obtained are irregular in size and shape. In 
addition, some binding sites are partially destroyed during the grinding, which leads to considerable loss of 
loading capacity (Martin-Esteban, 2001). The need for homogenous particles has been first induced with the use 
of MIP as stationary phase in chromatography, as the solvent flow and the quality of the peaks is very dependent 
on particles shape, size and homogeneity (Belmont, 2006). Recently, a simple non-covalent approach to produce 
homogenous Bisphenol A (BPA)-imprinted polyethersulfone (PES) microspheres for the binding and recognition 
of BPA was developed using the phase inversion technique (Yang et al., 2005), which is a common method to 
prepare membranes (Ulbricht and Malaisamy, 2005). PES is a well-known polymeric material, PES and PES-
based membranes or particles show exceptional oxidative, thermal, and hydrolytic stabilities as well as good 
mechanical and film-forming properties.  
In the present work, liquid-liquid phase separation by immersion precipitation is employed to prepare 17β-
estradiol-imprinted polymer microspheres (E2-MIM) made of polyethersulfone (PES) and titanium dioxide (TiO2). 
This technique is rather complex, and detailed mechanisms of structure formation are still not fully understood 
(Mulder., 1996). Therefore, exploring its potential advantages to produce new molecularly imprinted polymers is 
still in a very early stage. However it should have advantages for molecular imprinting since the homogenous 
microspheres can be easily prepared at room temperatures and used to load columns. The main goal of this 
project was to study the capture of 17β-estradiol (E2) from aqueous solutions in a column loade with E2-MIM. The 
idea was to create a set-up without pressure or clogging problems and potential to be designed in a larger scale 
for industrial applications. Also some batch studies were carried out prior to the column experiments, to a 
characterization of the novel E2-MIM. 17β-estradiol (E2) was chosen as model contaminant for being one of the 
most potent endocrine disrupters commonly found in wastewater (Jobling et al., 1998). 
 

2. Materials and methods 
Reagents  
Polyethersulfone (PES, Ultrason E 6020P, CAS No.: 25608-63-3) was of gift from BASF Chemical Company 
(Germany), and was used to prepare the porous particles. 17β-estradiol ≥ 98% and Titanium (IV) oxide, powder, 
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99.8% were purchased from Sigma-Aldrich (Germany). Dimethyl acetamide (DMAc), methanol, acetonitrile, 
acetone and acid acetic were obtained from Fischer Scientific GTF (Sweden). All chemicals were HPLC grade, 
except acid acetic, which was from analytical grade. All chemicals were used without further purification, unless 
otherwise described. The aqueous solutions were prepared with distilled water, except for the HPLC mobile 
phases and the coagulation medium, which were prepared with ultrapure water. 
 
MIM synthesis  
Molecularly imprinted microspheres (MIM) were prepared by a modified procedure of the phase inversion method 
based on Yang et al., (2005). Polyethersulfone (PES) was dried at 140°C for 4 hours.  Polymeric solutions were 
prepared with 1,8 g of PES and 0,375 g of 17β-estradiol (E2) in 10 mL of DMAc. Additionally, titanium dioxide 
(TiO2) (10% of weight of PES) was added. All polymeric solutions were shacked until homogeneity was obtained 
(~1 hour). The resulting solution was dropped into pure water from a syringe needle with an inner diameter of 0,4 
mm to prepare porous microspheres at room temperature. These microspheres were incubated in water for over 
24 hours to elute the remaining DMAc. The extraction of the template from the PES-TiO2 matrix was carried out 
by washing the MIM with methanol for 3 times, using a soxhlet extraction method. With the same protocol, 
polymeric solutions without the template were made to prepare non-imprinted microspheres (NIM). 
 
Scanning Electron Micrograph (SEM)  
For the SEM study, the 17β-estradiol-imprinted PES microspheres samples were fixed in 2,5% glutaraldehyde in 
0,12M sodium phosphate buffer, pH 7,2 overnight, post-fixed in 1% osmium tetroxide for 1 h. Then the samples 
were dehydrated in ethanol (0–50–75–99.5%) and critical point dried and coated with gold/palladium (40/60) and 
examined using a JEOL JSM-5600LV scanning electron microscope (Plieva et al., 2004). To observe the inner 
part the dried sample was diametrically cut with a single-edged razor blade before being coated. 
 
Quantification of 17β-estradiol  
E2 was quantified by high performance liquid chromatography (HPLC) using a high performance liquid 
chromatograph (Waters 2690) equipped with a fluorescence detector (Waters 474) and a Supelcosil C18 column 
(15 cm x 4,6 mm) (Supelco). For the elution a mixture of acetonitrile (50 %) and pure water (50 %) was used 
pumped with a flow rate of 1mL/min. The excitation and emission wavelengths were set at 230 and 290 nm, 
respectively. The sample injection volume was 20 μL. 
 
Batch experiments  
The preparation of MIM was based on Yang et al., (2005). As supplement, TiO2 was added to get heavier and 
more stable microspheres were obtained to support the flows coming from the bottom of the column.  In order to 
study the binding efficiency and ensure that TiO2 was not affecting the microspheres binding properties, or 
specificity, batch experiments were made. For the first batch, 2 L of a distilled water solution containing 2 mg E2/L 
were prepared. Four flasks were filled with this solution (500 mL in each), two of them contained the same 
amount of MIM (~7 g in non-dried weight) while the other two were used in control experiments (the same 
conditions without MIM). The batches were stirred for 1,5 hours at room temperature. Samples were taken over 
time: 0, 5, 10, 15, 30, 60 and 90 min. The elution step was made with 500 mL of methanol: Acetic acid 
(MeOH:Aa) (4:1 v/v) in the same conditions during 30 min. The same experiment was repeated for the NIM.  
Four more batch studies were performed during 2 hours with stirring at room temperature. Different volumes of 
water solution containing 2 mg E2/L: 100, 200, 300 and 400 mL were used. All the experiments were done in 
duplicates. Four flasks were set simultaneously, two filled with ~6 g of MIM and the same amount of NIM in the 
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other two. Samples were taken over time: 0, 10, 30 min, 1 and 2h. The same volumes were used for the 
correspondent elution in the same conditions. The elution batch was performed during 1 hour and samples were 
taken over time: 0, 1, 5, 10, 15, 30 and 60 min. After each elution, MIM and NIM were placed in a glass column 
and eluted from three to six times with small volumes of MeOH:Aa (4:1 v/v) until confirm that no residual  E2 was 
retained in the particles.  
 
Semi-continuous experiments 
The set-up was built with a glass column covered with plastic on top and base including a filter on the base (glass 
cylinder dimensions: volume 5 mL, external diameter 2,8 cm, height 15 cm). Teflon frits were used to cover the 
bed of particles. The water solutions were pumped using peristaltic pumps (Alitea, Stockholm, Sweden) through 
PharMed tubing (Saint Gobain Performance Plastics, Charny, France; Dint=3,2 mm, Dout=6,4 mm, Wall=1,6 mm). 
This system was made in duplicate in order to perform simultaneous experiments with NIM and MIM packed 
reactors. To apply mixing, an air pump (OPTIMA, Malaysia) was used to pump air through Tigon tubing (Saint 
Gobain Performance Plastics, Charny, France; Dint=4,8 mm, Dout=8,0 mm, Wall=1,6 mm). Also a glass tubing 
connector and compressors type tubing clamp to control the air flow were used. As E2 has affinity to hydrophobic 
polymers it was essential to confirm that there was no pollutant being adsorbed by the system. Therefore a tubing 
adsorption test was made previously by passing 1 L of a 1 mg E2 /L aqueous solution through the system at 1 
mL/min with and without mixing effect.  
For the experiments with synthetic wastewater, 82% of column volume was loaded with MIM and NIM, (4,1 mL 
which is ~3 g of non-dried particles). The water samples consisted of 1 L of 0,5 mg E2/L aqueous solutions. The 
elution steps after each performance were made in batch using different volumes of MeOH:Aa (4:1 (v/v)) and 
changing the contact times 
 
Extraction from wastewater samples  
Wastewater effluent (40 L taken after secondary treatment from the wastewater treatment plant in Lund, Sweden) 
was autoclaved at 121 ºC for 1 hour (10 L each time). 20 L were spiked with 1 μg E2/L. Spiked and non-spiked 20 
L volumes were passed through the adsorption columns with mixing filled with MIM. The two columns were 
loaded in 72% with MIM (3,6 mL) which is approximately 2,5 g in non-dried weight. Then, the captured E2 was 
extracted from the MIM in batches with 20 mL of MeOH:Aa (4:1 v/v) (4 times) and the concentration of E2 in each 
extract was quantified by HPLC. 

 

3. Results and discussion 
MIM characterization  
The SEM photographs show that the prepared microspheres have a homogenous spherical shape, and they are 
opaque on their surface (Figure 1 (a) and (d)).  Figure 1 (b) and (c) illustrate many small pores inside the 
microspheres. The morphology given by SEM suggests that the PES transformation from polymer solution to the 
solid state quickly occurred in water by instantaneous PES precipitation. Because of the poor solubility of 17β-
estradiol in water, the template remained in the solid PES microspheres while the solvent exchange between 
DMAc and water proceeded. With the extraction of 17β-estradiol from the solid microspheres, imprinting sites of 
the template were left as cavities and no change in particles size was verified.  
The diameter and the porosity of the microspheres depend on the diameter of the syringe needle and the polymer 
solution (Zhao et al., 2004). Here, the diameter of the syringe, 0,4 mm, was selected based on a previous 
optimization (Le Noir., 2007). Also, the injection speed and the air gap strongly affect the shape of the 
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microspheres due to the surface tension of water, the polymer solution and the viscoelasticity of the polymer. 
These parameters were taken into account while dropping the polymeric solution. The solution was dropped 
maintaining always the same distance from the water surface and the same injection speed.  
 

  
(a)                                                                      (b) 

  
(c)                                                                       (d) 

Figure 1 -SEM photographs of the bead low – 50 x (a); outer part at high magnification – 1200 x (d) and inner part at different 
magnifications - 550 x (b) and 700 x (c)  

 
Removal Batch Experiments  
bach – 500 mL. The concentration of E2 in the control flasks for the MIM and NIM was stable which confirm that 
the experimental conditions like the stirring, room temperature and light were not affecting the E2 degradation 
during the batches (Figure 2). The total removal with the MIM (66 ± 3%) was considerably higher than with the 
NIM (33%). The higher efficiency of the MIM is due to the specific binding sites. The non-specific binding between 
NIM and E2 occurs due to the hydrophobic interactions and the porosity of the microspheres (Yang et al., 2005). 
For MIM, the specific recognition sites left by the template play a major role on the binding amounts. However, the 
imprinted microspheres have also non-specific binding sites. Previous studies showed that the hydrophobic and 
porosity effects of PES microspheres can act as non-selective binding forces in the template uptake (Yang et al., 
2005). In fact, during the first 15 min a similar reduction of E2 concentration occurs for both MIM and NIM and the 
specificity of MIM only starts to accentuate between the 15 and 30 min (Figure 2). These experimental data 
suggest that the non-specific binding kinetics is faster and consequently the removal occurred during the first 15 
min for MIM, is mostly by non-specific binding, as for NIM. Because the total removal of E2 was much higher for 
MIM than for NIM, we can expect that the presence of TiO2 in the polymeric solution does not affect the 
adsorption specificity given by the molecular imprinting. TiO2 was chosen because it is denser than PES [ρ 
(TiO2)=4,23 g/cm3; ρ (PES)=1,37 g/cm3 (www.basf.de/ultrason)] and so the effect of making heavier and more 
stable microspheres, assuring the binding specificity, is  attained.  
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Figure 2 - Concentration of E2 in the aqueous phase for the MIM (●), NIM (▲) and control (○). Vertical bars represent the 
standard deviation on duplicates 

 
 
batch studies – 100, 200, 300 and 400 mL. Observing the removal graphs from Figure 3 it is evident a quite 
similar removal for MIM and for NIM during the first 10 min. This is mostly due to the non-specific bindings that 
probably occur faster than the specific ones. Therefore the binding kinetics seems to be synchronized for MIM 
and NIM during the first period of the batches. At 30 min and after, regardless the volume treated, all the 
experimental points show a higher removal for MIM than for NIM. During the batches the major removal occurred 
during the first 30 min while after this time until the end of the experiment, the removal rate decreased. This 
performance is in agreement with uptake behaviour on Figure 2 for both MIM and NIM. The decline in the removal 
rate suggests that the binding sites closer to the surface, specific and non-specific binding sites, are already 
taken. For higher volumes, the percentage of removal decreases for MIM and NIM, however the effect of the 
specificity of MIM increases (Figure 4). For 100 mL, after 2 hours E2 was almost completely removed for MIM 
(99,4 ±0,8%) and  NIM (96 ±3%). This small difference shows that the non-specific binding sites were sufficient to 
capture the total amount of E2 contained in the solution. For 200 mL the E2 uptake was of 76 ±3% for NIM and 97 
±1% for MIM. For 300 and 500 mL the difference between MIM and NIM removal is accentuated, for the treated 
300 mL a total removal of 51 ±3% and 78 ±2% were obtained for NIM and MIM respectively and for 500 mL, 66 
±3% was considerably higher than the 33% with the NIM as mentioned before. This corresponds to a difference 
between MIM and NIM of 26 and 32% in the removal from 300 and 500 mL, respectively. For 400 mL, we also got 
a difference between the particles (14%), however it was expected to be between the values obtained from the 
experiments with 300 and 500 mL.  
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Figure 3 - Removal of E2 in the aqueous phase for the MIM (●) and NIM (▲). Vertical bars represent the standard deviation on 
duplicates 
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Figure 4 - %Removal for MIM (▓) and NIM (░) at different volumes of aqueous media of 2 mg E2/L. Vertical bars represent the 
standard deviation on duplicates 

 
The same microspheres were used for all the batch experiments carried out during this project. After each 
removal study, batch elutions were made with MeOH:Aa (4:1 v/v) solutions in the same experimental conditions. 
The main goal of this step was to regenerate the particles and recover E2. To have also an idea of how efficient 
the disruption of 17β-estadiol-PES complex is, different volumes were applied and samples taken over time. The 
major part of the pollutant was removed from the binding sites in the first minute. After that, E2 concentration got 
progressively stable in the solvent. Generally, after 5 min of elution, 100% of recovery was reached for all the NIM 
but not for MIM which total recovery was reached later. It is easier to extract from NIM than from MIM because the 
non-specific bounds are weaker making their kinetics release faster. Even with 100% of recovery it was important 
to check if there is no trace contamination on MIM and NIM. Therefore, the particles were transferred to a glass 
column and eluted with 15 mL of MeOH:Aa (4:1 v/v). No E2 was found in the NIM extracts while in some cases 
for MIM there was a trace amount of E2. In this case the polymers were eluted more 6 times with 15mL of solvent 
until no pollutant was detected (data not shown). 
 
Semi-continuous removal experiments  
Synthetic wastewater samples.  The first test was made with 1 L of 0,5 mg E2/L aqueous solution percolated by 
the columns packed with MIM and NIM at 15 mL/min (Figure 5). After the first run the removal was 9,5 and 23% 
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for NIM and MIM respectively. Then, in order to reach a higher removal, the solution was recirculated 5 times. In 
each run the removal rate decreased but the total removal was always higher for MIM than for NIM. At the sixth 
run the total removal was 47% for MIM and 27% for NIM. The removal was less than expected, the flow rate was 
enough to make the particles in suspension moving slightly inside the column but the retention time (20 sec) was 
too small for a good binding efficiency.  
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Figure 5 - Total E2 removed after 6 runs with 1 L of 0,5 mg E2/L aqueous solution through the column for MIM (●) and NIM (▲) 
 

In order to increase the retention time (5 min) and reduce the binding kinetics influence, a flow rate of 1 mL/min 
was applied. 1 L of 0,5 mg E2/L aqueous solution was percolated through the columns packed with MIM and NIM 
(Figure 6). This flow was not enough to put the microspheres in suspension and moving but the E2 extraction was 
much higher and after 4 runs the total removal was 85% for MIM and 76% for NIM. This result shows that the total 
removals obtained at 15 mL/min (Figure 5) were not due to a saturation effect but to an insufficient retention time 
to the highest binding rate occur. Nevertheless the flow was too small to consider this removal efficient (Figure 6). 
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Figure 6 - Total E2 removed after 5 runs with 1L of 0,5 mg E2/L aqueous solution through the columns for MIM (●) and NIM (▲) 

 
In order to increase the particles movement, aeration was applied to the column packed with MIM. 1 L of 0,5 mg 
E2/L aqueous solution was circulated through the system keeping the same flow and then compared to the 
previous results. Six runs were made and after the last recirculation the total removal of the effluent was 60% with 
mixing against 47% without mixing. We can conclude that the mixing has some positive effect in the adsorption 
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capacity of the system. Even with the same retention time (20 sec) the mixing permits a better fluid-solid contact 
(Trambouze & Euzen, 2004). The aeration induces the microspheres to move more, making faster the renewal of 
the particle surface in contact with water. This can explain why the removal efficiency does not decline so much in 
each run in the aerated system. Although the removal between each run decreases, it was kept higher in the 
presence of air. 
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Figure 7 - Total of E2 removed during 6 runs with 1 L of 0,5 mg E2/L aqueous solution through the column for MIM with mixing 
(●) and no mixing (■) 

 
The same microspheres were used for the semi-continuous removal experiments. To avoid the use of large 
volumes of MeOH:Aa (4:1 v/v), which can make this treatment not economically feasible, the elution steps after 
each performance were made in batch, using different volumes of MeOH:Aa (4:1 v/v) and changing the contact 
times. It was concluded that 100% of E2 recovery and consequent regeneration of the particles is possible with 
smaller volumes of solvent if the contact time is increased until 24 hours.  
 
Treatment of wastewater samples. Wastewater samples are a very complex media and may have diverse organic 
compounds with possible affinity to bind non-specifically to MIM. Consequently, the chromatograms obtained from 
the first 20 mL of solvent recovery, showed varied peaks with some intensity at different retention times (Figure 
8). These peaks may correspond to hydrophobic compounds present in wastewater which have a molecular 
structure with affinity for MIM binding sites. In fact, it was not possible to quantify the amount of E2 recovered 
during the first elution, neither for spiked nor non-spiked samples, because another compound was eluted with 
approximately the same retention time (~4,3 min) thus interfering with E2 peak. It was not possible to separate the 
peaks (data not shown) for these components in use (Acetonitrile: Water (50:50)) or even with different ratios of 
Acetonitrile: Water. Therefore a previous wash step with a solvent with less affinity for E2 should be performed to 
remove non-specifically bound compounds. Three more elutions were performed during 4 hours in order to 
maximize the recovery of E2. The chromatograms confirm the retention time of E2 at ~4,5 min (Figure 8). It is also 
clear that contaminants recovered by non-specific bonds to MIM were rapidly eluted in the first 20 mL of solvent 
(after 1 hour of elution). The determination of E2 concentration with this data was not possible because it would 
give an underestimation of this contaminant in both spiked and non-spiked samples. However E2 was detected in 
the non-spiked samples confirming the occurrence of this compound in the effluent coming from secondary 
treatment (Figure 8). 
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4. Conclusions 
E2-molecular imprinted PES-TiO2 microspheres were prepared for recognition of 17β-estradiol (E2) using a liquid-
liquid phase separation technique. The novel E2-PES-TiO2 synthesized particles were having the expected 
behaviour since the column system was performing without clogging problems. The removal batch experiments 
confirmed that MIM prepared by the new method are more efficient and specific adsorbents than NIM. The 
addition of TiO2 was therefore not interfering with the binding efficiency and specificity. MIM prepared by the 
method described in this work can therefore be used to pack columns to perform a SPE method for selective 
removal and pre-concentration of E2. The particles were also easy to regenerate by washing with a solvent under 
normal conditions of temperature and pressure. Different elution procedures were made leading to the conclusion 
that is possible to completely regenerate the particles with less volume of solvent in batch elution steps for longer 
periods of time. As a result, the elution step becomes more economical, more efficient and also a higher pre-
enrichment of trace contaminants can be attained to help further destruction by biological or chemical treatment.  
The set-up established was operating well, readily automated with minimum sample manipulation. However, the 
studies performed during this project showed that the removal percentages are still below the necessary to carry 
out a scale-up of this system. Investigation on molecularly imprinted PES microspheres synthesis for the removal 
of water contaminants such as E2, is still in an early stage of development. More studies in order to optimize the 
preparation of MIM need to be done to reach a higher binding potential and efficient removal. Then, new 
experiments can be prepared with bigger columns and realistic flows to reach a complete removal from synthetic 
wastewater samples with significant concentrations. In case of this successful scenery, it will be feasible to project 
this kind of system in a larger scale and to a larger range of compounds for environmental monitoring. 
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Figure 8 - Chromatographic data from spiked (a) and Non-spiked (b) 
samples recoveries 
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