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Imprinted polymers for the removal of hydrophobic compounds from wastewater 
Ckarlos Mercado, Jessica Mosey, Syed Ali Ashraf, and Anja Mueller, Department of Chemistry, Central Michigan University, Dow Science 374, Mt. Pleasant, MI 48859, merca1ca@cmich.edu, muell1a@cmich.edu 

Imprinting polymerization has been successfully utilized to make resins specific for heavy metal ions to improve heavy metal ion removal from wastewater. For hydrophobic contaminants, imprinting emulsion polymerization has been developed. The imprinting metals are expected to not only imprint the surface, but also the inside of the resin particles. Retention data for hydrophobic mercury complexes will be presented. The data demonstrate that imprinting improves heavy metal retention, but retention is highly dependent on the surface area of the polymer. Porosity and swelling of these resins in water will also be discussed. 
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Removal of endocrine disrupting contaminants using molecularly imprinted polymers 
Benoit Guieysse1, Mathieu Le Noir2, and Bo Mattiasson2. (1) School of Civil and Environmental Engineering, Nanyang Technological University, Block N1, Nanyang Avenue, Singapore 639798, Singapore, bjguieysse@ntu.edu.sg, (2) Department of Biotechnology, Lund University, Lund 221 00, Sweden 

The increasing occurrence of endocrine disrupting contaminants (EDCs) is a global threat as these compounds can cause drastic problems even at trace concentrations. The ubiquity of EDCs in water bodies generally reflects the inability of conventional wastewater treatment processes to remove them. This is partly explained by the very low concentrations at which these compounds are typically found and the fact that conventional methods are not specific, causing most of the removal capacity to be wasted for the removal of other chemicals. With this perspective, this project investigates the potential of molecularly imprinted polymers for EDCs specific removal. By using an EDC as template during polymerization, the polymers synthesized are synthetic analogues to the natural hormone receptors targeted by EDCs. Thus, for the first time, removal is based on the same mechanism that causes toxicity, which should allow the removal of all compounds having a potential endocrine disrupting activity. 
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Imprinted polymers for the removal of hydrophilic metal complexes from water 
Syed Ali Ashraf and Anja Mueller, Department of Chemistry, Central Michigan University, Dow Science 374, Mount Pleasant, MI 48859, Fax: 989-774-3883, ashra1sa@cmich.edu 

In wastewater treatment, the removal of heavy metals is difficult but important due to the health effects of these toxic compounds. Imprinting polymerization is a method to prepare polymers with specific molecular recognition sites for a given compound, specific enough to distinguish between enantiomers. Therefore imprinted polymers are commonly used for the efficient separation of enantiomers. In this research project, however, imprinting polymerization is used to develop resins with high capacity and selectivity for heavy metal ions for water treatment. A random copolymer of methacrylate and methacrylamide was found to be most effective for the removal of hydrophilic metal complexes, like CsCl and CdCl2, especially when the porosity of these resins is high. The performance of these resins was also tested in competition of other metal ions. The structure and the thermal properties of all resins are extensively characterized with IR, TGA and DSC. Complete removal for up to 80 ppm of cadmium with only 50 mg of imprinted resin was obtained. As retention is highly dependent on surface area, porosity and swelling of these resins in water will be discussed. 
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Removal of endocrine-disrupting compounds from water using macroporous molecularly imprinted selective media 
Mathieu Le Noir, Fatima M Plieva, and Bo Mattiasson, Department of Biotechnology, Lund University, Center for Chemistry and Chemical Engineering, PO Box 124, Lund 221 00, Sweden, mathieu.le_noir@biotek.lu.se 

Highly efficient removal of endocrine-disrupting compounds (EDCs) from water was achieved using a novel macroporous adsorption media consisting of a macroporous polyvinyl alcohol (PVA) cryogel with molecularly imprinted polymer (MIP) particles embedded in it (prepared using 17α-estradiol, 4-nonylphenol or atrazine as templates). The macroporous selective media were cast as monolith extraction columns or were formed inside a protective plastic core (so-called macroporous gel particles, MGPs). All EDCs (17α-estradiol, atrazine and nonylphenol) were effectively and quickly removed from water at low (environmentally relevant) concentrations by the relevant adsorption media. The possibility for processing particulate containing wastewater effluents at high flow rates with selectivity on EDCs removal, as well as the easy regeneration of the adsorption media, make the macroporous cryogel/MIP attractive and robust sorbents for the clean up of water from EDCs. 
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Impact of calcium on struvite precipitation from anaerobically digested dairy wastewater 
Tianxi Zhang1, Keith Bowers2, Joseph Harrison3, and Shulin Chen1. (1) Department of Biological Systems Engineering, Washington State University, 212 LJ Smith Hall, Pullman, WA 99164, Fax: 509-335-2722, txzhang@wsu.edu, (2) Multiform Harvest Inc, Seattle, WA 98108, (3) Department of Animal Sciences, Washington State University, Puyallup, WA 98371 

Struvite (MgNH4PO4.6H2O) formation was investigated by converting the calcium-phosphate solids from the digested dairy wastewater through phosphorus (P) liberation into solution available as dissolved reactive phosphate (DRP). The P liberation was obtained using different methods such as acidification and sequestering calcium with citric acid or a chelating agent such as ethylenediaminetetraacetic acid (EDTA). The results show that concentrations of Ca2+, total phosphorus (TP) and DRP increased significantly with pH decrease. The P can also be liberated by sequestering calcium with addition of either citric acid or EDTA. The TP concentration increased significantly with increases in concentration of either citric acid or EDTA. Struvite was formed by the released DRP in the presence of excess Mg2+ ions. The pattern of X-ray diffraction (XRD) demonstrated the struvite structure of the precipitated solid for both angles (diffraction angles 2è) and intensities, consistent with the assumed mechanism on conversion of struvite from calcium-phosphate solids. 
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Molecular design approach to the synthesis of thermally responsive metal affinity hydrogels 
Arunan Nadarajah, Department of Bioengineering, University of Toledo, Toledo, OH 43606, Fax: 419-530-8076, nadarajah@utoledo.edu, and Ganesh Iyer, Department of Chemical & Environmental Engineering, University of Toledo, Toledo, OH 43606 

Incorporating metal affinity ligands in thermally responsive hydrogels can produce thermally responsive metal affinity hydrogels. Such hydrogels have potential uses in devices for the detection of pollutants as well as in water purification devices. However, traditional approaches to incorporating ligands in hydrogels have several drawbacks, such as non-uniform ligand distribution and loss of the thermally responsive behavior. In this study a molecular design approach was employed to develop thermally responsive metal affinity hydrogels of N–isopropylacrylamide (NIPAAm) which can retain the nature of the overall volumetric response of the base gels and provide highly specific affinity separation. Equilibrium swelling studies and analyses of the phase transition of this hydrogel indicates that they retain the phase transition behavior of the base gels as long as the amount of the VIDA groups and the extent of crosslinking in the gel is contained. 
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Gamma polymerized Zn(II) methacrylate for adsorbtion of Pb(II) from wastewater 
Bryan Bilyeu, Department of Physics and Engineering, Xavier University of Louisiana, 1 Drexel Drive, New Orleans, LA 70125, bbilyeu@xula.edu, Fernando Ureña-Nuñez, Ciencias Basicas, Instituto Nacional de Investigaciones Nucleares, Ocoyoacac 52045, Mexico, and Carlos Barrera-Díaz, Facultdad de Química (Chemistry), Universidad Autónoma del Estado de México, Toluca, Mexico 

Zinc polymethacrylate was synthesized and evaluated as a lead sorbent for wastewater treatment. The monomer is a zinc complex with two methacrylates, which is subsequently polymerized by gamma irradiation. The polymerization process was evaluated with FTIR, TGA and EPR, along with the morphology by SEM, crystallinity by x-ray diffraction, elemental composition by EDX and surface area measurement. The polymer was evaluated for lead sorbtion rate and capacity in batch processes at different pH and concentration values. The lead and zinc concentrations in the resulting solutions were measured by AA, while the sorbent was evaluated by SEM, EDX and XPS. The decrease in lead concentration was compared to Langmuir and Freundlich models for insight into the mechanism of adsorbtion. This polymer absorbed 94% of lead in 25 ppm solutions up to its capacity of 20 mgPb/g sorbent. 
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Heavy metal removal using natural zeolite packed ion exchange column 
Özge Can1, Devrim Balkose2, and Semra Ulku2. (1) Department of Chemical and Biomedical Engineering, Cleveland State University, 2121 Euclid Ave., SH 455, Cleveland, OH 44115, o.can@csuohio.edu, (2) Department of Chemical Engineering, Izmir Institute of Technology, Izmir 35430, Turkey 

Ion exchange is considered to be one of the most cost effective methods if low cost ion exchangers such as natural zeolites are used in wastewater treatment. In this study, a zeolitic tuff rich in clinoptilolite from Gördes Manisa, Turkey, was examined to evaluate its ion exchange performance for the removal of copper, nickel and cobalt ions from metal(II) nitrate solutions at various concentrations by performing both batch and packed column experiments. Zeolitic tuffs from different mines in the same region were characterized and it is found that they contained in the range of 60-80% clinoptilolite. The clinoptilolite tuff with a purity around 60% was used in ion exchange experiments. The copper, nickel and cobalt exchange capacities of the tuff were determined as 8.3 mg (0.26 meq) Cu2+/g, 6.6 mg (0.23 meq) Ni2+/g and 4.5 mg (0.15 meq) Co2+/g, respectively. The equilibrium behavior of the system was best described by the classical Langmuir model. The experimental breakthrough curves from the column were fitted to the solid diffusion control model. The study showed that efficient metal ion removal can be done by using the local clinoptilolite rich tuff.
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