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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, nutrient management, water treatment and disinfection
byproduct controls, acid precipitation, anthropogenic effects on aquatic ecosystems and wetlands.

Water Quantity

Missouri has a history of variable rainfalls. Because of the several drought years and major floods, water
quantity has become a major topic of concern. The drought in 2012 was particularly notable with all counties
in the State of Missouri being declared drought disaster areas with diminished agricultural and economic
activities. Research is needed to better understand droughts and flood conditions. Also research is needed on
water treatment/reuse coupled with nutrient management.

Water Policy

Policies and program need to be formulated that will ensure continued availability of water for designated
uses, 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. Best
approaches for managing non-point source pollution need to be derived. 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
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.

Recent 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 to understand
the best management practices for stormwater 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.
Another project supported by the USDA under Drs. Robert Reed and Shawn Xu is focused on energy
efficiency and control of ammonia in turkey farms.

Drinking Water

The 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. Another
project on the control of DBPs is to develop advanced ultra-filtration membranes to remove natural organic
matters (NOMs), supported partially by the Water Center with Dr. Hu being the PI. NOMs are precursors for
DBP formation, and while nanofiltration and reverse osmosis are effective at removing NOMs, the cost is
relatively high. Ultrafiltraion could be implemented at a much lower cross-membrane pressure and thus could
be a cost-effective way for NOM removal and control of DBPs.

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
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Research Program Introduction

with advanced membranes and disinfects chemically, producing reusable water that would save what often is
a scarce resource as well as provide substantial savings. Zhiqgiang Hu, associate professor led the Water Center
team. The Leonard Wood Institute provided the funding for this project ($832,699).

Homeland Security

The Water Center worked 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 Disinfection Byproducts

Basic Information

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

Project Number:|2014MO145B
Start Date:|3/1/2014
End Date:|2/28/2015
Funding Source:|104B

Congressional
District:

Research Category:|Water Quality

Focus Category:|Treatment, Water Quality, Nitrate Contamination

Descriptors:|None

Principal
Investigators:

Publications

Zhigiang Hu

1. Yin, J.; B. Deng, 2015, " Polymer-matrix nanocomposite membranes for water treatment", Journal of
Membrane Science, 479, pp 256- 275.

2. Ding, C.; J. Yin; and B. Deng, 2014, Effects of Polysulfone (PSF) Support Layer on the Performance
of Thin-Film Composite (TFC), Journal of Chemical and Process Engineering, Vol 1102, Pages 1-8.

3. Film Composite (TFC), Journal of Chemical and Process Engineering, Vol 1102, Pages 1-8.

4. Yang, Z.;J. Yin; and B. Deng. Enhancing water permeability of thin-film nanocomposite (TFN)
membrane by incorporation of bimodal silica nanoparticles , (in preparation).

5.Hu, W.;J. Yin; B. Deng; and Z. Hu, Nano TiO2 modified hollow fiber membranes with less fouling
and their application in algal membrane bioreactors for high-density algae cultivation and
wastewater polishing , (in review).

6. Yang, Z., 2014, Novel thin-film nanocomposite (tfn) membrane embedded with bimodal silica
nanoparticles for water purification , M.S. Thesis, Department of Chemical Engineering, University
of Missouri, Columbia, MO, 46.

7. Wang, X. 2014, Ultrafiltration of surface water by poly(vinylidene fluoride) (PVDF)/TIO2 mixed
matrix hollow fiber membranes (HFMs) with advanced antifouling properties under visible light
irradiation , M.S. Thesis, Department of Chemical Engineering, University of Missouri, Columbia,
MO, 58.
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Removal of NOMs by Advanced Thin Film Composite Membranes for the Control of
Disinfection Byproducts

Progress report:

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. It has been well
established that NOMs serve as precursors for the formation of DBPs so the removal of NOMs
will result in the reduction of DBP formation potentials under otherwise the identical conditions.
In the current project period, therefore, our research has focused on the development of advanced
nanocomposite membranes and assessing their performance for water filtration, membrane anti-
fouling characteristics, and capability for the removal of NOMs.

The progress was made in two aspects. First, nitrogen doped TiO2 (N-TiO2), a hydrophilic and
visible light-active photocatalyst, was applied to prepare poly(vinylidene fluoride) (PVDF)/N-
TiO2 mixed matrix hollow fiber membranes (HFMs) by the phase inversion method. The
membranes were characterized by scanning electron microscopy (SEM), contact angle
measurement and UV-Vis absorbance. The membrane performances for treating surface water
were evaluated based on the water flux, humic acid (HA) rejection and total organic carbon
(TOC) rejection in surface water. Different water samples were collected from Eagle Bluffs,
Missouri River and McBaine Water Treatment Plant in Columbia, MO. The results showed the
pure water flux of PVDF-NTiO, membranes, which was about 28.5+0.3 L/m?h at the
transmembrane pressure (TMP) of 8 psi under visible light, was slightly higher than the flux of
pure PVDF membranes around 25.6+0.4 L/m?h. The contact angle of the PVDF-NTiO>
membranes (about 43°) was smaller than the pure membranes’ contact angle (about 55°),
suggesting that the membrane hydrophilicity was significantly improved by incorporating TiO>
nanoparticles into the PVDF HFMs. The as-prepared PVDF-NTiO2 mixed matrix membranes
removed over 40% of humic acid and 20% of TOC in the water samples collected from the Eagle
Bluffs and Missouri River and rejected 20% of HA and TOC in water from the McBaine Water
Treatment Plant, which were comparable to pure PVDF membranes. The mixed matrix
membrane with N-TiO, however, showed much better resistance to membrane fouling. The
study suggests that the PVDF-NTiO2 membranes with enhanced water flux and anti-fouling
characteristics could treat water more efficiently for control of natural organic matter.

Second, we continued the research with an ultrafiltration membrane prepared previously that
contained oxidized multi-walled carbon nanotubes (OMWNTS) dispersed in polysulfone (PSU)
polymer. The OMWNTs/PSU nanocomposite hollow fiber membranes had an improved water
permeability and enhanced antifouling property, and comparable solute rejection characteristics
in comparison with conventional PSU membranes. Our tests showed that nanocomposite
membranes containing 0.5 wt% OMWNTSs possessed enhanced water permeability compared to
original PSU membranes. Meanwhile, they could still maintain the same NOM removal rates.
When using river water as the feed solution, the H18 and H18-0.5% membranes had a UV 254
removal rate around 38% and a DOC removal rate around 22%. When using the same feed
solution, the H20 and H20-0.5% membranes had a UV2s4 removal rate around 52% and a DOC



removal rate around 30%. The corresponding total trihalomethanes (TTHMs) removal rates

would be further analyzed to correlate them with the NOM removal rates.
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Figure 1. Fouling behaviors of membranes containing 18% PSU (a) and membranes containing 20% PSU
(b) with filtration of river water. The transmembrane pressure (TMP) is 10 psi. Nanocomposite
membranes containing 0.5% OMWNTs (H18-0.5% and H20-0.5%) showed higher water flux, less flux
decline and improved flux recovery (FR) compared to the control membranes (H18 and H20).
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The project provided support for research by two students:

Weiming Hu, PhD student
Zhengyang Wang, PhD student

Publications

Yin, J.; B. Deng, 2015, Polymer-matrix nanocomposite membranes for water treatment”, Journal

of Membrane Science, 479, pp 256-275.

Ding, C.; J. Yin; and B. Deng, 2014, Effects of Polysulfone (PSF) Support Layer on the
Performance of Thin-Film Composite (TFC), Journal of Chemical and Process Engineering,

Vol 1102, Pages 1-8.

Yang, Z.; J. Yin; and B. Deng. Enhancing water permeability of thin-film nanocomposite (TFN)
membrane by incorporation of bimodal silica nanoparticles, (in preparation).
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Hu, W.; J. Yin; B. Deng; and Z. Hu, “Nano TiO2 modified hollow fiber membranes with less
fouling and their application in algal membrane bioreactors for high-density algae
cultivation and wastewater polishing ”, (in review).

M.S. Theses:

Yang, Z., 2014, “Novel thin-film nanocomposite (tfn) membrane embedded with bimodal silica
nanoparticles for water purification”, M.S. Thesis, Department of Chemical Engineering,
University of Missouri, Columbia, MO.

Wang, X. 2014, “Ultrafiltration of surface water by poly(vinylidene fluoride) (PVDF)/TI102
mixed matrix hollow fiber membranes (HFMs) with advanced antifouling properties under
visible light irradiation”, M.S. Thesis, Department of Chemical Engineering, University of
Missouri, Columbia, MO.
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Information Transfer Program Introduction
Information Transfer Program Introduction

The Missouri Water Resources Research Center's objectives are: 1) to establish active research programs
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 goal of the Information Transfer Program is to meet objective 3, dissemination of information through al
aspects of the media.

The Center maintained an active information transfer program that included: 1) coordination of the Universit
of Missouri seminar program, 2) publication of Water Center newsletter, 3) interaction with state and federal
water agencies, 4) Director served on various national and local water related boards, organizations and
committees, 5) continued cooperation with district USGS office (representative on advisory committee), 6)
maintenance and expansion of comprehensive web site, 7) making available of Center's publications, 8)
responding to public requests and questions, 9) meeting with advisory committee to improve information
transfer activities.
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