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Introduction

Water Resources Research Center Annual Technical Report FY 2009-2010

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 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 waste 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 either inadequate amounts of rainfall, or spring floods. Because of
the 1987-89 drought years and the floods of 1993 and 1995, 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.

SUMMARY OF ADVISORY COMMITTEE ACTIVITIES

The following individuals have participated in the selection and development of our 2009-2010 research
program.

UNIVERSITY OF MISSOURI FACULTY ADVISORY COMMITTEE

1. Steven Anderson, University of Missouri-Columbia, 302 Abnr Bldg.-Soil Science, Columbia. MO. 2.
Patrick Osbourne, University of Missouri-St. Louis, 224 Research Building, St. Louis, MO 63121.

STATE OF MISSOURI ADVISORY COMMITTEE MEMBERS

1. John Schumacher, U.S. Geological Survey, 1400 Independence Road, Rolla, MO 65401. 2. Dr. Steve
McIntosh, Water Resources Program, Department of Natural Resources, PO Box 176, Jefferson City, MO. 3.
Cindy Wolken, Acting Section Chief, Watershed Protection Section , PO Box 176, Jefferson City, MO 65102
4. Dr. Jack Steiert, Biology, Southwest Missouri State University, Springfield, MO. 5. Mike McKee, Resource
Scientist, Department of Conservation, Columbia, MO. 6. Robert Gale, Research Chemist/Section Leader
Organic Chemistry, Columbia environmental Research Center, Biological Resources Division of USGS,
Columbia, MO. 7. John Ford, Environmental Special, Department of Natural Resources, Jefferson City, MO.
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Research Program Introduction

RESEARCH PROGRAM GOAL AND PRIORITIES

The Missouri Water Resources Research Centers goals are 1) establish active research programs to aid in
understanding and solving Missouri�s and the nations, water problems; 2) provide educational opportunities
in research for students with an interest in water resources and related fields, and 3) be actively dedicated to
the dissemination of water related information, using all aspects of the media.

With these goals, the Center is able to mobilize the best faculty expertise in the state to examine specific water
resources problems. The Center is familiar with research needs and activities, and its goals are to help
researchers avoid duplicate efforts and to serve as a link between the research community and potential users
of research results such as industries, planning commissions, and state agencies.

Because Missouri's economy revolves around its water resources, the director and principal investigators have
worked closely with the state in addressing their problems by providing research data which are necessary in
order to solve present and future water problems. Each of the research projects forwarded for regional
competition has undergone a thorough evaluation process by the water Centers Advisory Committee to
determine its importance in solving Missouri's and the nation's water problems.

Research Program Introduction
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Developing Guidelines for Polyacrylamide Use for Erosion
and Runoff Reduction

Basic Information

Title: Developing Guidelines for Polyacrylamide Use for Erosion and Runoff Reduction
Project Number: 2009MO100B

Start Date: 3/1/2009
End Date: 2/28/2010

Funding Source: 104B
Congressional District: 9

Research Category: Water Quality
Focus Category: Surface Water, Nutrients, Water Quality

Descriptors:
Principal Investigators: Clark Gantzer, Allen L. Thompson

Publication

Lee, S.S., C.J. Gantzer, A.L. Thompson, S.H. Anderson. 2010. Polyacrylamide and gypsum
amendments for erosion and runoff control on two dissimilar soils. J. Soil Water Conserv. 65:in press.
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Abstract:  Developing Guidelines for Polyacrylamide Use for Erosion and Runoff Reduction 

 

Erosion can be a serious problem, especially where sloping soil are bare, such as construction locations. 

Annual damage caused by water and wind in on- and off-site areas is approximately $44 billion (in 1992 

US dollars) in the United States (Pimentel et al., 1995). Landscape can contribute to this problem when 

there is excessive slope, such as during highway embankment construction. Bare soil during such 

development is often the source of sediments that degrade surface waters (USDA-NRCS, 2005). As slope 

steepness increases, runoff and potential for sediment transport increase. For bare soil, erosion doubles as 

slope steepness increases from 5% to 30%. The use of soil stabilizers, such as polyacrylamide (PAM), 

hold promise as a conservation practice for reducing runoff and erosion in disturbed areas, and has been 

the focus of recent studies (Flanagan et al., 2002a, 2002b; Thompson et al., 2001*; Lentz and Sojka, 

2000).  The Natural Resources Conservation Service (NRCS) guide sheet states that PAM can be used 

with slopes 2.5:1 or flatter, and recommends that PAM application rates may need to be adjusted based on 

soil properties, slope, and the type of erosion targeted (USDA-NRCS, 2006). However, actual PAM 

effectiveness for various soils and slopes has not been sufficiently quantified to develop useful guidelines 

to insure economical use of this conservation practice. 

 

Work by Gantzer et al. (2008*) has increased our understanding of the interactions between PAM and 

specific soil characteristics to improve guidelines of PAM usage for soils located near potential highway 

construction sites. This study examined PAM, and PAM with and without gypsum to evaluate the 

effectiveness of PAM, and if gypsum improved bonding of PAM with the soil. Results indicate that 

differences in runoff and erosion between soils of medium and fine textures, and of acid and neutral soil 

pHs were all significant. Based on the selected PAM levels, we concluded that the 20 kg ha-1 PAM plus 5 

Mg ha-1 gypsum treatment was the best for overall erosion control, reducing sediment loss up to 74%. 

However, performance differed for soils of varying pH and texture, therefore these factors should be 

considered to attain effective PAM application. Results from this work were instructive, but insufficient 

to quantify general guidelines for site-specific PAM use. 

 

The goal of this study is to quantify the PAM application effectiveness for reducing runoff and sediment 

loss on a variety of disturbed soils with differing texture, pH, mineralogy, and slope slopes. Research on 

this topic will provide needed data to synthesize model development of beneficial guidelines for PAM use 

for erosion control in construction areas. 

 

Title: Developing Guidelines for Polyacrylamide Use for Erosion and Runoff Reduction 

Name: C.J. Gantzer and A.L. Thompson 

 

Nature, Scope and Objectives of Research: 

 

Several means are available to help control erosion along roadsides. Successful vegetation establishment, 

especially on steep slopes, requires soil protection from direct rainfall/runoff. The 

use of mulches, tackifiers, erosion-control blankets, and hydro-seeding may be employed.  Erosion 

control blankets are effective, but can be costly. Mulches may also be effective, but are prone to 

sloughing under intense rainfall and runoff conditions. Tackifiers are useful, but require some type of 

mulch cover to be effective. Soil amendments, such as PAM, have been found beneficial in reducing 

sediment transport and improving infiltration, but effectiveness can be diminished with increased slope, 

concentrated water flow, and time.  However, combinations of PAM with other methods hold promise to 

enhance the environmental benefits for improved conservation. 

 



Information of the effectiveness of PAM application on steep slopes is limited. Steep slopes, such as 

highway embankments and landfills, can suffer serious erosion and sediment loss.  Highway slopes often 

range from 2:1 to 3:1. This land is bare soil during development and is often the source of sediments that 

degrade surface waters (USDA-NRCS, 2005). As slope steepness increases, runoff and runoff potential 

for sediment transport increases and sediment loss intensifies. For untreated soil, soil loss doubles as 

slope steepness increases from 5% to 30%. 

 

The use of PAM holds promise to reduce runoff and erosion in disturbed areas, and has been the 

focus of recent erosion studies (Flanagan et al., 2002a, 2002b; Thompson et al., 2001*; Lentz 

and Sojka, 2000). The Natural Resources Conservation Service (NRCS) guide sheet recommends 

that PAM application rates may need to be adjusted based on soil properties, slope, and the type 

of erosion targeted, and that PAM can be used with slopes 2.5:1 or flatter on bare soil (NRCSAlabama, 

2002). However, detailed effectiveness of PAM with various slopes has not been studied. 

 

The literature on PAM usage identifies a number of factors shown to influence its effectiveness for 

reducing runoff and sediment loss. These include soil acidity, soil texture, soil slope, and a rate of PAM 

application. We propose to study the influence of these factors to quantify how to best achieve 

effectiveness of PAM. Future studies can be developed to model optimal PAM application for untested 

soils based on improved understanding of these processes. Many US states, the NRCS, and EPA can 

access this information and recommend the best PAMapplication rate for a specific soil and slope using 

such a PAM application guide. Thus, individual users can apply the most effective and economical PAM 

application as a function of local soil and slope. Research on this topic will contribute to improved 

conservation, and result in better control of soil erosion and runoff.  

 

Methods, Procedures and Objectives of Research: 

 

Objectives 

 

The goal of this study is to quantify effectiveness of rates of PAM application for reducing runoff and 

sediment loss on disturbed sites over a range of slopes, and to determine the effectiveness of PAM for 

increasing aggregate stability for different soil textures and mineralogy. 

 

Research on this topic will provide the basis for a model to recommend beneficial PAM application on 

various soils, mineralogy, and slopes. Results will contribute to improving conservation guidelines for 

control of soil erosion and runoff. The uniqueness of this study is the quantification of PAM effectiveness 

under these variable texture, pH, mineralogy, and slope conditions. We know of no other work that has 

evaluated these factors in combination to produce results that can be used to develop specific guidelines 

for PAM use under a variety of conditions. 

 

Materials and Methods 

 

Various soils having different texture, mineralogy, and pH will be collected from across the state. Soil 

will be sieved through a 10-mm sieve and air-dried for 24 h. General soil characterization will be 

conducted to determine texture, pH, and mineralogy. Soils will be placed in test beds (a minimum size of 

0.3 x 0.3 x 0.15 m) to allow erosion testing in the lab. These tests will be conducted in the laboratory to 

evaluate a wide-range of soils with different characteristics under controlled conditions that would be 

economically prohibitive in the field. Drain tubes placed at the bottom of each soil bed will provide 

adequate drainage of water. Soil beds will be packed to a bulk density of 1.3 Mg m-3 with 100-mm layer 

of sample soil overlying a 50-mm layer of coarse sand, and compacted to consolidate soil. 

 



Soil will be treated with a minimum of three selected rates of PAM application combined with gypsum. 

Soil slopes will be adjusted over the range typically found around highway construction sites. Soil 

amendments will be mixed with 600-ml tap water and homogenized using a magnetic stirrer for 24 h at 

21℃. Granular anionic PAM having a molecular weight of 12*106. 

Daltons and 15% hydrolysis will be used (A110, Cytec Industry, Inc., West Paterson, NY). The PAM 

solution will be evenly sprayed on the soil surface using an air-pressurized sprayer 24 h before each 

experiment. 

 

The rainfall simulator to be used for this study was described by Regmi and Thompson 

(2000). A stainless steel droplet distribution screen is suspended 0.45 m below the dripper tank 

to facilitate reworking droplets into a broader drop-size distribution similar to natural rainfall at 

60 mm h-1.  The rainfall simulator is calibrated to ensure accurate and repeatable application rate 

and droplet size with an error of +/- 1 mm/hr. Rainfall kinetic energy (KE) will be 1.28 kg m2 s-2. 

Selected rainfall rates will represent rainstorm return frequencies between 1 and 10 years across 

Missouri. 

 

Runoff from the soil surface will be collected at the down-slope end of the soil bed from a Vtrough. 

A Plexiglas diversion will be installed on the V- trough to reduce the wetted surface area 

of the trough and minimize any loss of runoff and sediment. A transparent acrylic cover will be 

attached to the end of the trough to eliminate rainfall to this area. Soil surface runoff will be 

collected for 2 min every 5 min and dried for 48 h at 105ºC for measuring soil detachment. A 

completely random design will be used. The ANOVA with time to initial runoff, sediment loss, 

and runoff on various slopes will be done. Models will be employed to determine the relationship 

between the PAM effectiveness vs. texture, pH, mineralogy, and slope. 

 

 

Relevance of  Project: 

 

Development of improved guidelines for use of PAM is necessary for the management tool to 

effectively reduce sediment loss and surface runoff. Improved guidelines are needed to insure 

effective, economical conservation for various soil and slope conditions. Current reports from 

several states, and the NRCS, and EPA have demonstrated the beneficial use of PAM and 

developed guidelines for erosion control on disturbed sites including road and urban construction 

sites, landfills, reclaimed mining sites, (SWCC, 2003; WDNR, 2001; WSDOT, 2008; USEPA, 

1992). However, specific guidelines reflecting PAM effectiveness for soil, clay-mineralogy, 

slope, other site conditions, and application methods are not well developed. By developing 

improved guidelines, contractors, and conservationists will be able to realize more economical 

and effective erosion control. 

 

Given the unique geography within Missouri, erosion control on other land including forested 

riparian areas near streams and rivers, and areas undergoing prairie restoration should be of 

interest to the Missouri Department of Conservation, Missouri Department of Natural Resources, 

US Forest Service, and the US Fish and Wildlife Service. 

 

Expected Results and Application: 

 

Results from this study will be used to develop specific guidelines for PAM applications on 

bare soil caused by soil disturbance. Results will improve the understanding of how long 

applications of PAM may be expected to reduce erosion and runoff losses. 



Urban expansion in the U.S. annually covers an area of ~12,950 km2, (equal to the size of 

Connecticut). Increased runoff and erosion during construction causes significant nonpoint 

source water pollutants. New storm-water runoff regulations reduce the size of regulated cities 

from 100,000 persons to 50,000 persons. These more inclusive regulations include parcels 1 acre 

(0.45 ha) in size and greater. Towns with populations greater than 10,000 may also need to 

control wet-weather storm water runoff discharges that may cause adverse water quality impact 

on surface waters. 

 

To help meet these regulations, improved specific guidelines for the use of PAM are needed. 

Use of PAM shows promise as a way to reduce runoff and erosion when used alone or in 

combination with other erosion measures. Laboratory tests at the University of Missouri show 

that surface applied PAM can reduce soil erosion by ~50 % at applications of 4.5 kg ha-1 

(Thompson et al., 2001*). The cost of 8kg ha-1soil binder and granular PAM is ~$30. However, 

for effective application of PAM, soil characteristics must be considered to determine the best 

application for a soil, and the relative effectiveness for that soil. 

 

Research Synopsis: 

The following are research results to date: 

Soil erosion is a problem in the United States and in the rest of the world.  Costs of erosion caused 

sedimentation in the US are about $11 billion per year (in 2009 US dollars). Conservation methods have 

been used to reduce erosion, the most effective being use of protective cover such as living plants or plant 

residue.  However, on construction sites, use of soil cover is not always practical.  Soil stabilizers, such as 

anionic polyacrylamide (PAM), show promise for reducing erosion in these areas.  The effectiveness of 

PAM, however, has not been sufficiently determined to develop guidelines for its economical use.  Soil 

properties, such as pH, soil texture, clay mineralogy, organic matter content, and cation exchange 

capacity (CEC), have been found to influence PAM effectiveness.  The goals of this study are to evaluate 

PAM - soil erodibility interactions with soil texture and clay mineralogy.  Twenty soils from locations 

around Missouri have been selected based on the wide range in their pH, texture, and mineralogy.  

Measurements of erosion (splash detachment), soil shear strength, and aggregate size/stability will be 

collected from these soils, treated with PAM (six treatments: 1) Check -untreated, 2) 5 Mg ha -1 gypsum, 

3) 20 kg ha-1 PAM, 4) 40 kg ha -1 PAM, 5) 20 kg ha-1 PAM + 5 Mg Gypsum, 6) 10 Mg ha -1 gypsum), 

to evaluate PAM effectiveness with changes in soil properties. 

 

 



Visible Light-activated Titanium Dioxide-based
Photocatalysts: Synthesis and Potential Environmental
Applications

Basic Information

Title: Visible Light-activated Titanium Dioxide-based Photocatalysts: Synthesis and
Potential Environmental Applications

Project Number: 2009MO99B
Start Date: 3/1/2009
End Date: 2/28/2010

Funding Source: 104B
Congressional

District: 9

Research Category: Water Quality
Focus Category: Treatment, Water Quality, None

Descriptors: None
Principal

Investigators: Baolin Deng, Baolin Deng

Publications

There are no publications.
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Visible Light-activated Titanium Dioxide-based Photocatalysts: 

Synthesis and Potential Environmental Applications 

 

Dr. Baolin Deng, C. W. LaPierre Professor 

Department of Civil and Environmental Engineering 

University of Missouri, Columbia, MO 65211 

 

 

ABSTRACT 

 

 

Titanium dioxide (TiO2) has been widely used as a photocatalyst for the advanced oxidation 

treatment of organic contaminants and disinfection when coupled with ultraviolet (UV) radiation.  

Much efforts has recently focused on modifying TiO2 so it can be activated with visible light 

(VIS), which could result in much broader environmental applications. TiO2 doped with 

elements such as carbon and nitrogen (N) are found to exhibit photocatalytic effects in VIS 

region. The efficiency of these modified photocatalysts, however, is still low. The objective of 

this proposed study is to synthesize and characterize the N-doped TiO2 nanomaterials capable of 

significant visible light absorption and evaluate their photocatalytic reactivity under visible light 

radiation for the degradation of petroleum hydrocarbons.  Our long-term goal is to prepare solid 

thin-film and nano-structured photocatalysts with a superior quantum yield and explore their 

environmental applications such as degradation of petroleum hydrocarbons, disinfection of 

treated municipal wastewater prior to final discharge to rivers and lakes, and destruction of 

indoor air pollutants.  The techniques developed in the project will help the State of Missouri and 

the Nation to better treat various waste streams with less cost and enhance public health. The 

outcomes will be documented by peer-reviewed publications that contribute to the knowledge 

base of the scientific and engineering communities in the field of visible light photocatalysis.  

The project will help train students for research and develop their critical thinking skills. Also 

this project represents a new but promising research direction for the PI; the result from this 

project will greatly enhance PI’s ability to attract external funding in this focus area for further 

research and development.  
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Visible Light-activated Titanium Dioxide-based Photocatalysts: 

Synthesis and Potential Environmental Applications 

 
 

Nature, Scope and Objective of Research:  

 

Since the discovery of its photoactivity in 1972 (Fujishima and Honda 1972), titanium dioxide 

(TiO2) has been widely used as a photocatalyst for disinfection and contaminant degradation 

(Chen and Mao 2007). However, original TiO2 can only be activated by ultra-violet (UV) 

radiation due to its high energy band gap. Since less than 10% of the total solar radiation to the 

earth’s surface is in the UV range, photocatalytic processes mediated by TiO2 require an 

anthropogenic UV source. Much effort has recently been devoted to modifying TiO2 to achieve 

activation in the visible light region (Asahi et al. 2001). Notably nitrogen (N)-doped TiO2 is 

found capable of absorbing visible light (Asahi and Morikawa 2007; Chen and Mao 2007). 

However, applications of N-doped TiO2 nanomaterials in water treatment have not been 

explored.   

 

The objective of this proposed study is to synthesize and characterize the N-doped TiO2 

nanomaterials capable of significant visible light absorption and evaluate their photocatalytic 

reactivity under visible light radiation for the degradation of petroleum hydrocarbons.  This is an 

integral part of our long-term goal to prepare solid thin-film and nano-structured photocatalysts 

with a superior quantum yield and explore their environmental applications such as degradation 

of petroleum hydrocarbons, disinfection of treated municipal wastewater prior to final discharge 

to rivers and lakes, and destruction of indoor air pollutants.   

  

This proposed study is built on mature TiO2/UV processes that have been widely used for 

disinfection and advanced oxidation of organic contaminants.  The result from this study could 

extend the photocatalytic treatment processes to visible light region, avoiding the need for an UV 

source.  Degradation of petroleum hydrocarbons is selected as the first model system for 

application because oil spills occur frequently; and it is envisioned that if an effective 

photocatalyst could be prepared that utilizes visible light radiation, application of the catalyst to 

the contamination sites could be a new and economical approach of contamination degradation. 

Another application is for the treatment of produced water associated with gas and oil 

production. Dissolved aromatics hydrocarbons in the produced water include benzene, toluene, 

ethyl benzene and xylene (BTEX), which are potent carcinogens. Currently, produced water is 

mainly treated with physical treatment techniques such as filtration, gravity separation and 

flotation. These techniques are expensive and not able to treat the water to meet standards for 

reuse. Drinking water standards are even more rigid, which are 0.005, 1, 0.7, and 10 ppm for 

benzene, toluene, ethyl benze ne and xylene, respectively 

(http://www.epa.gov/safewater/contaminants/index.html#listmcl).  The proposed research could 

potentially provide a cost-effective approach for the produced water treatment and reuse.    
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Methods and Procedures of Research: 

 

This is a two-year project focused on synthesis and optimization of N-doped TiO2 nanomaterials 

capable of significant visible light absorption and evaluation of their photocatalytic reactivity 

towards degradation of petroleum hydrocarbons. One Ph.D. graduate student and one 

undergraduate research assistant will be involved in the project to complete the following two 

main tasks.  

 

 

Task 1: Synthesis and characterization of VIS-activated N-doped TiO2 photocatalysts 

 

Two approaches will be employed to prepare N-doped TiO2 photocatalyst nanomaterials in this 

research. The first approach is to prepare a thin solid film of N-doped TiO2 by the chemical 

vapor deposition method. In this approach, the N-doped TiO2 will be either prepared by 

atmospheric pressure chemical vapor deposition (APCVD) or plasma enhanced chemical vapor 

deposition (PECVD). Implementation of APCVD and PECVD is derived from the works of Guo 

et al. (2007). Precursors including TiCl4, O2 (as air) and NH3 gas react at glass substrate surface 

of 500-600
o
C for 1 minute, resulting in deposition of TiO2 and TiN on a substrate of glass. The 

glass with deposited layer containing TiO2 and TiN are then annealed at 500
o
C in nitrogen 

atmosphere. Conditions for sample preparation will be altered including the reactant 

concentration and treatment time in order to obtain the best materials with the highest catalytic 

activity. Equipments for chemical vapor deposition and plasma enhanced chemical vapor 

deposition are available from Professor Hao Li’s laboratories in the Department of Mechanical 

and Airspace Engineering of University of Missouri. PI for this project has been collaborating 

with Prof. Li on another project and has access to the facility.  The second approach is to prepare 

nano-structured N-doped TiO2 following the sol-gel method by hydrolysis of titanium 

isopropoxide (TIIP) in ammonia solution, as reported in the literature (Yu et al. 2001). TIIP is 

applied to ammonia solution drop-wisely. The collected sol is aged for 1 hour inside ultrasonic 

bath, then to be annealed at 500
o
C in nitrogen atmosphere. It is expected that nanorods of TiO2 

will be achieved. As-prepared samples then can undergo further treatment by plasma with carrier 

gas of NH3.  

 

The prepared photocatalyst samples from different approaches will be characterized by X-ray 

diffraction spectroscopy (XRD) for crystal structures and sizes - peak positions and magnitudes 

in XRD spectroscopy provide information on the crystal type (e.g., anatase or rutine) and 

nanoparticles size, as illustrated by Figure 1.  Scanning Electron Microscopy (SEM) and 

Transmission Electron Microscopy (TEM) analyses will be used to examine nanostructures or 

induced layer of TiO2 at the surface of prepared photocatalysts.  Light absorption efficiency of 

the samples will be measured by UV-VIS optical absorption analysis.  Specific surface area of 

the prepared samples will be determined by BET method using multi-point nitrogen adsorption.  
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Figure 1. Powder XRD patterns of TiO2 

nanomaterials of different sizes, adapted from 

Zhang et al. (2005). When the nanoparticle size 

increases, the peak is narrowed: (a) = spherical 

particles, (b) = 16-nm nanorod, and (c) = 30-

nm nanorod. 

 

 

 

Task 2: Evaluation of the photocatalytic reactivity of N-doped TiO2 under visible light 

 

In this task, we will evaluate the photocatalytic oxidation of the prepared N-doped TiO2 samples 

under simulating solar radiation in batch reactors, with BTEX as model contaminants. Degussa 

P25 titanium dioxide will be used as a reference catalyst to compare the reactivity of prepared 

samples. Dark control tests and controls without any catalyst will be included to allow proper 

data interpretation.  The catalytic reaction will be examined as a function of solid loadings from 

0 – 1.0g/L, pH (3 – 11), common ions in water (e.g., Ca
2+

, Na
+
, HCO

-
, Cl

-
), mixing intensity, and 

temperature (5 – 40 
o
C).  Temperature will be controlled with a recirculating water bath capable 

of maintaining temperature within 0.5 
o
C of the set range. Degradation of organic contaminants 

will be examined at several complexity levels: from BTEX compounds spiked individually to the 

mixture of BTEX and then to the produced water samples collected from the field sites.  Several 

produced water samples have already been collected from gas producing facilities at Farmington, 

New Mexico, which could be used for this study.    

 

Concentration of dissolved petroleum hydrocarbons in batch reactors will be measured as a 

function of time, pH, dissolved oxygen, and alkalinity, and oxidation-redox potential (ORP). 

BTEX and other aliphatic hydrocarbon concentrations will be measured by gas chromatography-

mass spectrometry (GC/MS). Reaction intermediates and products will also be identified by 

GC/MS. A Total Organic Carbon (TOC) analyzer will be employed to determine the final total 

concentration of hydrocarbons in water, which should be particularly useful when field produced 

water samples are examined and identification of individual components is often difficult and too 

expensive. The proposed study will provide quantitative information on the degradation kinetics 

of BTEX in simple and complex systems. The interpretation of the kinetic data relies on the 

understanding of the reaction mechanism and how various parameters affect the reaction. If the 

effect of reaction products are found affecting the overall reaction kinetics, the initial rate 

method will be adapted for kinetic data collection and analysis (Swinbourne, 1971). Catalytic 

reaction kinetics will be modeled by the established approaches (Lasa et al., 2005). Catalytic 

reaction networks can normally be described by coupled differential equations.  A software 

program, Scientist (MicroMath Scientific Software, 1995), can be used to solve linear ordinary 

differentiation equations determined by the reaction mechanisms.     
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Relevance of Project:  
 

N-doped TiO2 nanomaterials with greatly enhanced ability for visible light absorption will have 

wide environmental applications such as degradation of produced waters associated with gas and 

oil production, cleanup of gasoline spills in surface water, disinfection of treated municipal 

wastewater prior to final discharge to rivers and lakes, and destruction of indoor air pollutants 

(e.g., aldehyde). If successful, the technique developed in the project will help the State of 

Missouri and the Nation to better treat waste streams with less cost and enhance public health. 

The outcomes of the project will be documented by peer-reviewed publications and will 

contribute to the knowledge base of the scientific and engineering communities in the field of 

photocatalyst. 

 

Practical environmental applications of VIS-activated photocatalysts are limited because of the 

lack of good catalysts. This study aims to develop N-doped TiO2 photocatalysts with strong 

visible light absorption ability for potential environmental applications.  It is a kind of high 

risk/high reward project that is highly valued by funding agencies such as National Science 

Foundation (NSF) and Department of Energy. With the transformational nature of this project 

and preliminary data that will be collected from this project, the PI believes that we will be able 

to attract external funding from NSF and other agencies, including Environmental Protection 

Agency, Department of Energy, NASA, Department of Defense, and ACS Petroleum Research 

Funds, and American Petroleum Institute.     

 

One Ph.D. graduate student and one undergraduate will be working on this project under close 

supervision of PI. The graduate student will write his/her thesis on the synthesis and 

modification of VIS-activated photocatalyst based on titanium dioxide and their implications in 

water/wastewater treatment.  It is expected that an undergraduate will do research along with the 

graduate research. Support for the undergraduate student will come from the Honor’s Research 

Program in the MU College of Engineering, which provides $1000 each semester to support an 

undergraduate researcher.   
 

Research Synopsis: 

 

The following are research results to-date: 

 

In the first year of this project, we had prepared 1-dimension TiO2 nanomaterials under the form 

of arrays containing nanotubes with opening diameters of 100-200 nm on titanium metal foil. 

The prepared nanotubes were then subjected to plasma processing with reactive gases containing 

nitrogen and carbon monoxide. Various plasma operating conditions were experimented, 

including plasma types, power input and treatment duration. We had also prepared a thin film of 

Degussa P25, a popular type of TiO2 in the industry, on a titanium metal foil for comparison 

purposes. 
 

 

 



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 will continue to maintain an active information transfer program that will include:

Assistance in the organization of statewide conferences

Coordination of local seminar program Publishing of annual newsletter Interaction with state and federal
water agencies

Cooperation with University extension personnel (they are represented on advisory committee)

Director serves on various national and local water related boards, organizations and committees

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

Information Transfer Program Introduction
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Technology Transfer

Basic Information

Title: Technology Transfer
Project Number: 2009MO98B

Start Date: 3/1/2009
End Date: 2/28/2010

Funding Source: 104B
Congressional District: 9

Research Category: Not Applicable
Focus Category: None, None, None

Descriptors: None
Principal Investigators: Thomas E. Clevenger

Publications

There are no publications.

Technology Transfer
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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 will continue to maintain an active information transfer program that will 
include: 
 

• Coordination of local seminar program  
• Publishing of annual newsletter 
• Interaction with state and federal water agencies 
• Cooperation with University extension personnel (they are represented on 

advisory committee) 
• Attendance at monthly meeting of Missouri Water Quality Coordinating 

Committee 
• Director serves on various national and local water related boards, organizations 

and committees 
• 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 

 
 



USGS Summer Intern Program

None.
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Student Support

Category Section 104 Base
Grant

Section 104 NCGP
Award

NIWR-USGS
Internship

Supplemental
Awards Total

Undergraduate 0 0 0 0 0
Masters 1 0 0 0 1

Ph.D. 1 0 0 0 1
Post-Doc. 0 0 0 0 0

Total 2 0 0 0 2

1



Notable Awards and Achievements

Notable Awards and Achievements 1



Publications from Prior Years

2007MO70B ("Development of Membrane Aerated Reactor Processes for Nitrogen and Phosphorus
Removal from Wastewater") - Articles in Refereed Scientific Journals - Jia, Y.; Das, A.; Dolan, E.
M.; Hu, Z. Q. Ammonia-oxidizing archaea involved in nitrogen removal. Water Research 2009, 43,
1801-1809.

1. 

2007MO70B ("Development of Membrane Aerated Reactor Processes for Nitrogen and Phosphorus
Removal from Wastewater") - Conference Proceedings - Liang, Z. H. and Hu, Z. Q. 2009. Biological
Nutrient Removal for On-site Wastewater Treatment Systems Using a Membrane Aerated Bioreactor.
World Environmental & Water Resources Congress in Kansas City, Missouri.

2. 

2007MO70B ("Development of Membrane Aerated Reactor Processes for Nitrogen and Phosphorus
Removal from Wastewater") - Conference Proceedings - Liang, Z. H. Nguyen, H. Q., Das, A. and Hu,
Z. Q. 2009. Nutrient removal from on-site wastewater treatment systems using membrane aerated
bioreactor and microbial fuel cell techniques. AEESP Biennial Conference, Iowa City, IA.

3. 

2004MO35B ("Experimental Analysis of Nutrient Uptake in Streams ") - Articles in Refereed
Scientific Journals - Niyogi, D.K., J.M. Bandeff, C. Selman, and D.E. Menke. 2010. Nutrient flux,
uptake, and transformation in a spring-fed stream in the Missouri Ozarks, USA. Aquatic Sciences.
72:203-212.

4. 
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