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Introduction
WATER PROBLEMS AND ISSUES OF MISSOURI

The water problems and issues in the State of Missouri can be separated into three general areas: 1) water
quality, 2) water quantity, and 3) water policy. Each of Missouri's specific problems usually requires
knowledge in these three areas.

Water Quality

New media attention to the occurrence of pesticides in drinking water in the Midwest has raised a serious
public concern over the quality of Missouri's drinking water and how it can be protected. With the large
agricultural activity in the state, non-point source pollution is also of major interest. Because of several
hazardous waste super-fund sites, hazardous waste is still of a concern to the public. The Centers research has
been to evaluate the quality of current water sources and improve the methods to protect them. Areas of
research for the past ten years have included (but are not limited to): erosion, non-point pollution reclamation
of strip mine areas, hazardous waste disposal, acid precipitation, anthropogenic effects on aquatic ecosystems
and wetlands.

Water Quantity

Missouri has a history of variable rainfall, or flooding. Because of the several drought years and major floods,
water quantity has become a major topic of concern. Research is needed to better understand droughts and
flood conditions.

Water Policy

Policies and program need to be formulated that will ensure continued availability of water, as new demands
are placed on Missouri's water. The social and economic costs may no longer be held at acceptable levels if
water becomes a major issue in cities and rural areas. Past droughts and possible lowering of the Missouri
River have raised serious questions over states rights to water and priority uses. Research areas in this
program have included drought planning, legal aspects, perception and values, economic analysis, recreation,
land/water use policy and legislation, and long-term effects of policy decisions.
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Research Program Introduction
Missouri Water Resources Research Center
WATER PROBLEMS AND ISSUES OF MISSOURI

The water problems and issues in the State of Missouri can be separated into three general areas: 1) water
quality, 2) water quantity, and 3) water policy. Each of Missouri's specific problems usually requires
knowledge in these three areas.

Current research activities include the following:
Stormwater Program

Federal regulations require MU, City of Columbia and Boone County to protect the quality of surface water
from stormwater runoff. The Water Center has several projects to evaluate best management practices (BMPs)
that will detain and filter the runoff. One project involves a diverse group from across campus working on an
undergraduate research project looking into stormwater best management practices at the University of
Missouri. The student team is laying groundwork to evaluate existing projects in preparation of data collection
that will be used to inform future decisions. Allen Thompson, associate professor of biological engineering
serves as principal investigator for the project. In addition, Bob Reed research associate professor, Enos
Inniss, assistant professor and Robert Broz, extension assistant professor with agricultural engineering, round
out the mentoring team.

Renewable Energy

Ground source heat pump technology is being studied with application to the agriculture sector. The constant
temperature of the ground represents an incredible source of environmentally friendly, sustainable energy to
heat and cool the buildings. Dr. Shawn Xu, Research Associate Professor with the Water Center, is installing
ground source systems on turkey farms in Central Missouri. The energy system is part of a Department of
Energy grant ($5,000,000) that Dr. Xu received to introduce the technology into agriculture applications.

Drinking Water

Mizzou Engineering's Water Resources Research Center is working with several Missouri communities to
manage disinfection byproducts (DBPs) that are produced during the disinfection of drinking water. DBPs are
regulated compounds and can cause cancer. Led by Assistant Professor Enos Inniss and Research Associate
Professor Robert Reed, the MWRRC research teams analyze the chemical makeup of water within each
community's treatment plant, water storage towers and distribution system throughout the year. The
researchers then will test how certain chemicals affect the water samples in order to identify options for
complying with EPA guidelines. Funding has been available from EPA, Mo DNR, and various Missouri
communities.

Wastewater Treatment

Water Center engineering researchers developed a portable wastewater treatment system for military bases
that ultimately could produce water pure enough to drink. The portable treatment system treats the wastewater
with advanced membranes and disinfects chemically, producing reusable water that would save what often is
a scarce resource as well as provide substantial savings. Zhiqiang Hu, associate professor led the Water Center
team. The Leonard Wood Institute provided the funding for this project ($832,699).
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Homeland Security

The Water Center is currently working with the Department of Homeland Security on three related projects on
drinking water (Best Practice protocols for Response and Recovery Operations in Contaminated Systems,
Understanding Economic Impacts of Disruptions in Water Service, and Studying Distribution System
Hydraulics and Flow Dynamics to Improve Water Utility Operational Decision Making). Tom Clevenger and
Bob Reed, College of Engineering and Tom Johnson, Truman Center, lead the Water Center team in working
with the University of Kentucky, University of Louisville and Western Kentucky University.
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Removal of NOMs by Advanced Thin Film Composite Membranes for the Control of Disinection Byproducts

Removal of NOMs by Advanced Thin Film Composite
Membranes for the Control of Disinection Byproducts

Basic Information

Title: Removal of NOMs by Advanced Thin Film Composite Membranes for the Control of
*[Disinection Byproducts

Project Number:|2013MO140B
Start Date:|3/1/2013
End Date:(2/28/2014
Funding Source:|104B

Congressional
District:

Research Category:|Water Quality

Focus Category:|Methods, Toxic Substances, Treatment

Descriptors:

Principal
Investigators:

Publication

Baolin Deng, Baolin Deng

1. Yang, Z.; Yin, and Deng, B. “Enhancing water permeability of thin-film nanocomposite (TFN)
membrane by incorporation of bimodal silica nanoparticles”, Desalination (in review).
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Removal of NOMs by Advanced Thin Film Composite Membranes
for the Control of Disinfection Byproducts

Baolin Deng, Ph.D.
Department of Civil and Environmental Engineering
University of Missouri, Columbia, MO 65211

Summary

The overall goal of this research is to develop high performance mixed matrix nano composite
membranes (MMM) that could be used to effectively remove NOMs from the source water and
thus decrease or eliminate the formation of DBPs during water chlorination.

This was proposed originally as a two-year project. In the first year with limited resources (~7K),
we focused on fabricating various MMMs membranes with polyamide as the thin-film layer on
the polysulfone support, and silica nanoparticles as fillers. In the second year, we will assess and
evaluate the impact of the NOM removal on the formation of DBPs. In this the first year, two
types of bimodal silica nanoparticles (~80 nm) with different internal pore structures were
synthesized and incorporated into the polyamide (PA) thin-film layer during interfacial
polymerization at concentrations varying from 0 to 0.1 wt%. The as-prepared membranes were
characterized by scanning electron microscopy (SEM), atomic force microscopy (AFM), and
attenuated total reflection Fourier transform infrared (ATR FT-IR) spectroscopy, and their
performances were evaluated in terms of the water permeability and salt rejection. The results
showed the water permeability increased with increasing BSN concentrations, reaching a
maximum of 53.5 L/m2h at a BSN concentration of 0.05 wt%. This represented a flux increase
of approximately 40%, while a near constant salt rejection of approximately 95% was
maintained. The study demonstrated that the internal micro-mesoporous structures of bimodal
silica nanoparticles contributed significantly to the membrane performance.

Problem and Research Objectives

Control of DBP formation in municipal water supplies is a major challenge in areas where the
source water contains substantial levels of NOMs. There is little doubt that NOMSs are precursors
for the formation of many DBPs. In many cities and rural areas in the State of Missouri including
Columbia and Booneville, it is often difficult to maintain compliance with the promulgated DBP
rules by U.S. EPA because of the high cost of current DBP control technologies.

As an attractive technology to remove salts and other dissolved minerals and contaminants,
membrane process, in particular RO and nanofiltration, has been widely used for desalination,
water recovery and recycle, and removal of dissolved metals, bacterial and organic
micropollutants. The main limitation with the membrane application is its true or perceived high
cost in comparison with other conventional approaches.

The objectives of this study are to explore the fabrication of mixed matrix nano composite
membranes (MMMSs) containing various silica nanoparticles (NPs), with a goal to illustrate how
the changes of membrane surface charge and hydrophilicity due to the silica NPs incorporation
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could affect the removal of NOMs and subsequently formation of DBPs. The primary hypotheses
are that the membrane removal efficiency for NOMs can be significantly enhanced by
introducing more negative charges and higher hydrophilicity on the membrane surface via
embedding various silica nanoparticles, in particular for fulvic acid with many carboxylic,
hydroxyl, and phenolic function groups. The specific objective for year one is to fabricate the
mixed matrix thin film nano-composite membranes (MMM) with various amounts of silica
nanoparticles. This study addresses one of the most challenging issues facing many municipal
water supplies in the State of Missouri, and the results may lead to the development of a more
cost-effective membrane approach for the NOM removal and DBP control.

Methodology

This is a two-year project. In the first year we focused on fabricating various MMMs
membranes, and in the second year, we will assess and evaluate the impact of the NOM removal
on the formation of DBPs.

To fabricate the mixed matrix thin film nano-composite membranes we first need to synthesize
silica nanoparticles. Bimodal silica nanoparticles (BSNs) were synthesized by a procedure
reported in the literature [29]. A mixture of C12EQ9, Tween60, and H.O at a molar ratio of
1:1:60 was mixed for 20 min at 60 °C, followed by the addition of TEOS. When the solution was
cooled to 20 °C, the resulting pasty liquid-crystal (LC) was water-insolubilized by aging for 1 h
at 20 °C. Then the transparent pre-aged LC phases were immersed in water at 1:250 TEOS,
followed by addition of ammonium acetate at an 8:1 molar ratio of ammonium to C12EQ9. The
aqueous pH was maintained at 6.6 by adding ammonium acetate. Additional water was added to
extract the ethanol produced by the hydrolysis of TEOS and also to promote the condensation
reaction. The final material immersed in water was maintained at 20 °C for 7 d. After that, the
resulting fully aged soft gel was filtrated, washed initially with water and then repeatedly with
ethanol before drying under vacuum. The BSN-T thus obtained were calcinated at 400 °C for 30
min to remove the organic residuals. The reaction in the TEOS/C12EQ9/C18E020/H20 system
was carried out by a similar procedure using the TEOS/ C12EQ9 ratio of 4 and C18EQO20 instead
of Tween60. For a comparative study, C12EQ9-free LC phases in both systems were also
prepared. The final products (BSN-T and BSN-C) were stored in a desiccator.

The PSF support layer was prepared by the phase inversion method by using 15 wt% PSF-DMF
casting solution. The casing solution was heated and stirred at 50 °C for 6 h, and kept overnight
for degassing. The final solution was put on a glass plate and casted by casting knife (EQ-Se-
KTQ-150, MTI Corp., Richmond, CA) to approximately 0.1 mm of film thickness. The glass
plate with casing solution was immediately immersed into a DI water bath (25 °C). The PSF
support membrane was precipitated during phase inversion. Then, it was washed and kept in DI
water at least 24 h until use.

To fabricate TFN membranes, the stored PSF membrane was immersed in a 2.0 wt% MPD-water
solution for 3 min. Extra solution on the surface was removed by a rubber roller. Then, the PSF
support layer with MPD on the surface was placed in a 0.15 wt% TMC-Hexane solution for
1min, followed by the formation of a PA thin-film layer. TMC-hexane solution containing NPs
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was treated by ultrasonication for 1 h before the IP process. Then, the obtained TFN membrane
were rinsed with pure hexane and post-treated in an oven at 80 °C for 5 min, and then stored in
DI water at 5 °C. The final products were named as BSN-T-TFN-x or BSN-C-TFN-x, where x
indicated the concentration of NPs in TMC solution during the interfacial polymerization
process.

Principal Findings and Significance

In this the first year, two types of bimodal silica nanoparticles (~80 nm) with different internal
pore structures were synthesized and incorporated into the polyamide (PA) thin-film layer during
interfacial polymerization at concentrations varying from 0 to 0.1 wt%. The as-prepared
membranes were characterized by scanning electron microscopy (SEM), atomic force
microscopy (AFM), and attenuated total reflection Fourier transform infrared (ATR FT-IR)
spectroscopy, and their performances were evaluated in terms of the water permeability and salt
rejection. The results showed the water permeability increased with increasing BSN
concentrations, reaching a maximum of 53.5 L/m2h at a BSN concentration of 0.05 wt%. This
represented a flux increase of approximately 40%, while a near constant salt rejection of
approximately 95% was maintained. The study demonstrated that the internal micro-mesoporous
structures of bimodal silica nanoparticles contributed significantly to the membrane
performance.

Student support

The project provided support for research by two students:
Zhengyang Wang, PhD student

Zhe Yang, MS student (graduated May 2014).

Publications:

Yang, Z.; Yin, and Deng, B. “Enhancing water permeability of thin-film nanocomposite (TFN)
membrane by incorporation of bimodal silica nanoparticles”, Desalination (in review).
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Information Transfer Program Introduction

The Missouri Water Resources Research Center's objectives are: 1) to establish active research programs to
aid in understanding and solving Missouri's and the Nation's water problems, 2) to provide education
opportunities in research for students with an interest in water resources and related fields, and 3) to be
actively dedicated to the dissemination of information through all aspects of the media.

The technology assistance program goal is to meet objective 3, dissemination of information through all
aspects of the media.

The Center continues to maintain an active information transfer program through:

e coordination of local seminar program

e publication of Water Center newsletter

e interaction with state and federal water agencies

e Director serves on various national and local water related boards, organizations and committees
e continued cooperation with district USGS office (representative on advisory committee)

® maintenance and expansion of comprehensive web site

* making available of Center's publications

¢ responding to public requests and questions

® meeting with advisory committee to improve information transfer activities
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Technology Transfer

Basic Information

Title: [Technology Transfer
Project Number:|2013M0O141B
Start Date:[3/1/2013
End Date:|2/28/2014
Funding Source]104B
Congressional District:|4
Research CategoryNot Applicable
Focus Category|Education, None, Nong
Descriptors:|None
Principal Investigators:|Thomas E. Clevenger
Publications

There are no publications.
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