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Introduction

The Arkansas Water Resources Center is part of the network of 54 water institutes established by the Water
Resources Research Act of 1964 and is located at the University of Arkansas at Fayetteville. Since its
formation, the Arkansas Water Resources Center (AWRC) in cooperation with the US Geological Survey and
the National Institutes for Water Resources has focused on helping local, state and federal agencies
understand, manage and protect water resources within Arkansas. AWRC has contributed substantially to the
understanding and management of water resources through scientific research and training of students. Center
projects have focused on topics concerned with water quality of surface water and groundwater, especially
non-point source pollution and sensitive ecosystems. AWRC helps organize research to ensure good water
quality for Arkansas today and in the future.

The AWRC focuses its research on providing local, state and federal agencies with scientific data and
information necessary to understand, manage, and protect water resources within Arkansas. AWRC
cooperates closely with colleges, universities and other organizations in Arkansas to address the state's water
and land-related issues, promote the dissemination and application of research results, and provide for the
training of engineers and scientists in water resources. Each year, with support from USGS 104B program
funding, several research faculty participate in AWRC projects with the help of students who gain valuable
experience conducting environmental-related work across the state. AWRC research projects have studied
irrigation and runoff, best management practices to reduce erosion and pollution, innovation in domestic
wastewater disposal systems, ground water modeling and land use mapping, water resource economics, water
quality, and ecosystem functions. The Center provides support to the sponsored water research by acting as a
liaison between funding groups and the scientists, and then coordinates and administers grants once they are
funded. Project management, reporting and water analyses are major areas of support offered to principal
investigators. The AWRC has historically archived and will continue to archive reports of water resource
studies funded by the 104B program or managed through the Center on its website
(http://www.uark.edu/depts/awrc/index.html).

In addition, the AWRC sponsors an annual water conference held in Fayetteville, Arkansas each spring or
summer, drawing over 100 researchers, students, agency personnel and interested citizens to hear about results
of current research and hot topics in water resources throughout the state. Information dissemination through
the annual conference is an important service provided by the Center and allows for the organization of
specialty conferences and workshops, as well as information sessions on specific watersheds with local
non-governmental organizations. The AWRC also co-sponsors short courses and other water-related
conferences in the state and across the region.

The AWRC also maintains a technical library containing over 900 titles, many of which are available online.
The Center staff are continuously updating the availability of reports online, which increases the distribution
of historical research funded through the 104B program and managed by the water center. In addition, the
University of Arkansas library also catalogues AWRC publications. This valuable resource is utilized by a
variety of user groups including researchers, regulators, planners, lawyers and citizens.

Additionally, AWRC maintains a modern water quality laboratory that provides water analyses for
researchers, municipal facilities, and watershed stakeholders. Anyone, including farmers and other citizens,
can submit samples through the cooperative extension service. This laboratory is certified through the
Arkansas Department of Environmental Quality for the analysis of surface and ground water.

The AWRC has a technical advisory committee made up of professionals from education institutions,
environmental organizations, water supply districts, and government agencies throughout Arkansas. This
committee has the opportunity to evaluate proposals submitted annually to the USGS 104B program, to
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recommend session topics included in the annual research conference, and to provide general advice to the
AWRC Director and staff. The technical advisory committee is updated each year to find active members,
which are interested in the Center’s function and management of the 104B program.
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Research Program Introduction

Each year, several researchers participate in USGS 104B projects funded through the Arkansas Water
Resources Center (AWRC). This program provides an excellent opportunity to include students in research
projects and aid the entry of future scientists in water and environmental-related fields. The research projects
funded through the AWRC have studied irrigation and runoff, best management practices to reduce erosion
and pollution, innovation in domestic wastewater disposal systems, ground water modeling and land use
mapping, water resource economics, water quality, and ecosystem functions. The AWRC aims to support and
fund the most competent and promising research proposals submitted by research faculty to the 104B
program; the intent has been to facilitate the collection of seed data to researchers such that larger proposals
can be developed and submitted to extramural funding sources. As a result, AWRC has distributed 104B
funds to several projects which have further secured extramural grants to continue the base research.

To formulate a research program relevant to state water issues, the Center works closely with state and federal
agencies and academic institutions. An advisory committee, composed of representatives from government
and non-government agencies, industry, and academia provides guidance for the Center. The technical
advisory committee plays an important role in insuring that the water institute program (section 104) funds
address current and regional issues. The priority research areas of the AWRC base program directly relate to
the program objectives of the Water Resources Research Act, including research that fosters improvements in
water supply, explores new water quality issues, and expands the understanding of water resources and water
related phenomena.

In FY2013, the AWRC, under the guidance of the technical advisory committee, funded the following
research projects: 1) “Assessing sources of nitrosamine precursors in drinking water treatment plants”, Drs.
Wen Zhang and Julian Fairey, University of Arkansas, Department of Civil Engineering, $17,500; 2)
“Improving surface water quality by reducing SOD and nutrients”, Dr. Gregory Osborn, University of
Arkansas, Department of Biological and Agricultural Engineering, $7,200; 3) “Fecal source characterization
in select 303(d) listed streams in the Illinois River watershed with elevated levels of Escherichia coli”, Dr.
Kristen Gibson, University of Arkansas, Department Food Sciences, $9,600; 4) “The effect of global climate
change on algal biomass and total organic carbon concentrations in Beaver Lake”, Drs. Byron Winston and J.
Thad Scott, University of Arkansas, Department of Crop, Soil, and Environmental Sciences, $9,100; and 5)
“Economics of on-farm reservoirs across the Arkansas Delta Region: A conjunctive management approach to
preserving groundwater and water quality”, Drs. Kent Kovacs, Kristofor Brye, Jennie Popp, and Eric Wailes,
Department of Agricultural Economics and Agribusiness and Department of Crop, Soil, and Environmental
Sciences, $9,300.
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Assessing Sources of Nitrosamine Precursors in Drinking
Water Treatment Plants

Basic Information

Title: Assessing Sources of Nitrosamine Precursors in Drinking Water Treatment Plants
Project Number: 2013AR341B

Start Date: 3/1/2013
End Date: 2/28/2014

Funding Source: 104B
Congressional District: 3rd District

Research Category: Engineering
Focus Category: Water Quality, Treatment, Surface Water

Descriptors: None
Principal Investigators: Wen Zhang, Julian Fairey

Publications

Meints II, D. 2014. Assessing biofilm-derived materials as nitrosamine precursors in drinking water
treatment plants. MS Thesis, Department of Civil Engineering, University of Arkansas, Fayetteville,
AR. (anticipated)

1. 

Meints II, D., W. Zhang, and J. Fairey. 2014. Method development for a total N-Nitrosamine assay.
In, Arkansas Water Works & Water Environment Association (AWW&WEA) Annual Meeting, Hot
Springs, AR.

2. 

Assessing Sources of Nitrosamine Precursors in Drinking Water Treatment Plants

Assessing Sources of Nitrosamine Precursors in Drinking Water Treatment Plants 1



Arkansas Water Resources Center 104B Program Project – March 2013 through February 2014 
 

Project Title:  Assessing Sources of Nitrosamine Precursors in Drinking Water Treatment Plants 
 
Project Team:  Wen Zhang, Department of Civil Engineering, University of Arkansas, Fayetteville, AR 
 Julian L. Fairey, Department of Civil Engineering, University of Arkansas, Fayetteville, AR 
 
Interpretative Summary:   
Drinking water treatment plants (DWTPs) in the United States are facing a great challenge to achieve 
compliance with the Stage 2 Disinfection/Disinfection Byproduct (DBP) rule. When chloramine is used to 
curb formations of trihalomethanes (THMs) and haloacetic acids (HAAs), other DBPs, including highly toxic 
N-nitrosamines can form. This project aims to assess the relative contribution of the various N-
nitrosamine precursors in drinking water systems. A total N-nitrosamine (TONO) assay was developed for 
drinking water systems, and used to demonstrate that biofilms formed in the water distribution systems 
can serve as precursors for total N-Nitrosamines. 
 
Introduction:   
There are 11 regulated disinfection byproducts (DBPs) in finished drinking water – 4 trihalomethanes 
(THMs), 5 haloacetic acids (HAAs), chlorite, and bromate. Formation of THMs and HAAs has been studied 
for decades and approaches have been adopted to limit their formation in treated water supplies (Krasner 
and Amy, 1995). However, other DBPs are now being considered for regulation, including compounds 
within the highly toxic N-nitrosamine family (Mitch et al., 2003), which is comprised of approximately 200 
individual chemical species. N-nitrosamines form in drinking waters in highest concentrations during 
chloramination (Mitch and Sedlak, 2004), which is particularly concerning because many DWTPs have 
switched to chloramines in their distribution systems to limit THM and HAA formation. The objective of 
this project is to assess the relative contribution of the various N-nitrosamine precursors in drinking water 
systems. The work plan consists of the development of total nitrosamine (TONO) assay and assessment 
of a diverse group of N-nitrosamine precursors, including wastewater effluents, biofilms, and coagulant 
aids. The results will facilitate development of strategies to limit formation of N-nitrosamines in drinking 
water systems and help the DWTPs make informed decisions with regard to DBP control strategies. 
 
Methods:  
Total nitrosamine formation potential (TONOFP) with chloramines was measured using TONO assay 
following a technique developed by another research team (Kulshrestha et al., 2010). A diverse group of 
precursors in drinking water will be tested, including (1) raw water samples from three drinking water 
treatment plants – Beaver Water District (Lowell, AR), Mohawk Water Treatment Plant (Tulsa, OK) and 
A.B. Jewell Water Treatment Plant (Tulsa, OK), (2) wastewater effluent from West Side Wastewater 
Treatment Plant (Fayetteville, AR), (3) bacterial biofilms of three species (Pseudomonas aeruginosa, 
Nitrosomonas europaea, and Staphylococcus epidermidis) and biofilm-derived materials (alginate and 
chitin), and (4) coagulant aids, including polyDADMAC. Following a 10-day chloramination period required 
of the TONOFP tests, N-nitrosamines of different polarity were captured using continuous liquid-liquid 
extraction (CLLE) and solid phase extraction (SPE) before measurement in the TONO assay.  
 
Results:   
The TONO assay including the CLLE and SPE was successfully assembled (Figures 1 and 2) and the 
corresponding analytical method developed. TONO is measured by chemiluminescence following 
conversion of all N-nitrosamine species to nitrogen oxide.  
 



 
Figure 1: (A) TONO assay setup with liquid-liquid extraction apparatus; (B) TONO assay setup. 

 
Figure 2: (A) Solid phase extraction setup; (B) Sample concentration apparatus. 

 

Table 1 shows a summary of total N-nitrosamine measurement on various precursors. The TONO value is 
reported as ng/L of N-nitrosodimethylamine (NDMA), one widely occuring N-nitrosamine species. The 
established method achieved about 70% in the recovery of N-nitrosamines. All precursors shown in Table 
1 yielded high TONO values, except for N. europaea. It is likely the low TONO from N. europaea was due 
to the salt inhibition in the growth media. Chitin and alginate represent purified forms of biofilm materials 
from different species (extracellular polysaccharides), and the high TONO formation suggests biofilm can 
serve as N-nitrosamine precursors in chloraminated systems. 
 
 
 
 



Table 1: TONO measurement on various precursors. 

 

Precursors TONO 

Pure Culture Bacteria P. aeruginosa High (~250 ng/L as NDMA) 

N. europaea Low 

Biofilm-Derived Material Chitin High (~300 ng/L as NDMA) 

Alginate High (~200 ng/L as NDMA) 

 
 
Conclusions:   
Results to date indicate total N-nitrosamines measured by TONO assay is a suitable technique for 
assessing N-nitrosamine formations in drinking water, and biofilms in the chloraminated water 
distribution systems can serve as precursors for N-nitrosamines. 
 
References:  
Krasner, S. W. and Amy, G., 1995. Jar-test evaluations of enhanced coagulation. Journal American Water 

Works Association 87 (10), 93-107. 
Kulshrestha, P., McKinstry, K. C., Fernandez, B. O., Feelisch, M. and Mitch, W. A., 2010. Application of an 

Optimized Total N-Nitrosamine (TONO) Assay to Pools: Placing N-Nitrosodimethylamine (NDMA) 
Determinations into Perspective. Environmental Science & Technology 44 (9), 3369-3375. 

Mitch, W. A. and Sedlak, D. L., 2004. Characterization and fate of N-nitrosodimethylamine precursors in 
municipal wastewater treatment plants. Environmental Science & Technology 38 (5), 1445-1454. 

Mitch, W. A., Sharp, J. O., Trussell, R. R., Valentine, R. L., Alvarez-Cohen, L. and Sedlak, D. L., 2003. N-
nitrosodimethylamine (NDMA) as a drinking water contaminant: A review. Environmental 
Engineering Science 20 (5), 389-404. 

 
  



Improving Surface Water Quality by Reducing SOD and
Nutrients

Basic Information

Title: Improving Surface Water Quality by Reducing SOD and Nutrients

Project Number: 2013AR342B

Start Date: 3/1/2013

End Date: 2/28/2014

Funding Source:104B

Congressional District:AR-3

Research Category:Engineering

Focus Category:Water Supply, Water Quality, Treatment

Descriptors: None

Principal Investigators: Gregory Scott Osborn

Publication

Richardson, G. 2014. Lab-scale Experiment for Assessing the Effect of Resuspension and
Oxygenation on Sediment Oxygen Demand. MS Thesis, Department of Biological and Agricultural
Engineering, University of Arkansas, Fayetteville, AR. (anticipated)

1. 
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