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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 and quantity of surface water and groundwater,
especially non-point source pollution and sensitive ecosystems. AWRC helps organize research to ensure
good water quality and adequate quantity to meet the needs of Arkansas today and into 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 by the AWRC 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).

Additionally, the AWRC sponsors an annual water conference held in Fayetteville, Arkansas each spring or
summer, drawing over 100 to 150 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 training of students and future scientists and engineers is one of the primary missions of the AWRC. For
several years, AWRC has participated in the Research Experience for Undergraduates (REU) program. This
year, AWRC trained one REU student, who gained professional experience through mentor-guided field
work, data analysis and report writing for her summer research project. AWRC organized a poster session
during the annual conference, where all REU students were able to present their work at a professional venue.
AWRC also helps train undergraduates by mentoring students for their freshman engineering project at the
University of Arkansas. Through guidance from their mentor, the students conducted a research project
related to water resource issues in Arkansas, and prepared a final report, poster and power-point presentation.
Two students trained by AWRC published their work in the University of Arkansas undergraduate journal,
Discovery, and were awarded first place for their research presentation. AWRC collaborated with the
Department of Agricultural Communications and funded a graduate student in that department to grow
AWRC’s communications strategies and efforts. This student designed flyers and conference materials, and
helped AWRC disseminate information via social media and electronic newsletters. Finally, AWRC started a
summer internship for high school students interested in water resources. Our first intern assisted with AWRC
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research in the field and with laboratory analysis. The student also worked with the Center for Advanced
Spatial Technologies at the University of Arkansas, where she was trained in GIS by professionals. Through
her training with AWRC, she became a leader among her peers in GIS and was asked by her school to teach a
class covering GIS techniques.

The AWRC 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.

The AWRC also maintains two water quality laboratories — a general access lab and a research support lab —
that provide water analyses for researchers, municipal facilities, and watershed stakeholders. Anyone,
including farmers and other citizens, can submit samples to the general access lab through the cooperative
extension service. The general access lab analyses approximately 30,000 constituents each year. The research
support lab is designed to assist students in the analysis of their water samples. These labs are 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
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
Research Program Introduction

Each year, several researchers across the state 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. Additionally, this year, the AWRC supported student-centered, faculty-advised proposals to
supplement graduate student 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. The AWRC also emphasizes the goals of the USGS in the call for proposals and funded
projects align well with the USGS water missions. For example, AWRC selected projects that can lead to
more effective management of groundwater and surface-water resources for domestic, agricultural and
recreational uses. Selected research projects also address ways to project and enhance water resources for
human health, including improvements in drinking water treatment processes.

In FY2014, the AWRC, under the guidance of the technical advisory committee, funded the following
research projects: faculty: 1) Assessing Total Nitrosamine Formation and Speciation in Drinking Water
Systems, Drs. Julian Fairey and Wen Zhang, University of Arkansas, Department of Civil Engineering,
$9,600; 2) Improved Ensemble Forecast Model for Drought Conditions in Arkansas Using Residual
Re-sampling Method, Dr. Yeonsang Hwang, Arkansas State University, Department of Civil Engineering,
$8,846 ; 3) Economics of Multiple Water-Saving Technologies across the Arkansas Delta Region, Drs. Kent
Kovacs and Qiugiong Huang, University of Arkansas, Department of Agricultural Economics and
Agribusiness, $24,600; 4) Lower Cutoff Creek Monitoring, Drs. Kelly Bryant and Hal Liechty, University of
Arkansas at Monticello, School of Agriculture, $5,958; and student-centered: 5) Is Persistence of Plasmids in
Antibiotic Resistant E. coli Isolated From Stream Water Impacted by Integrons and Conjugation or
Mobilization Genes?, Dr. Mary Savin and Suhartono, University of Arkansas, Department of Crop, Soil and
Environmental Sciences $6,000; 6) Visible Water Quality Dynamics Over the Receding Limbs of the
Hydrograph in Five Northwest Arkansas Recreational Rivers, Dr. J. Thad Scott and Amie West, University of
Arkansas, Department of Crop, Soil and Environmental Sciences, $6,000; 7) Microbial Community Under the
Changing Pre-Oxidation Regime at Beaver Water District, Dr. Wen Zhang and Connie Moloney, University
of Arkansas, Department of Civil Engineering, $6,000; and 8) Hydrogeology and Biogeochemical Evolution
of Groundwater in Big Creek and Buffalo River Basins and Implications for Concentrated Animal-Feeding
Operations, Dr. Phil Hays and Victor Roland, University of Arkansas, Department of Geosciences, $5,200.
The project reports follow this section.

AWRC conducts and manages other research projects, funded by state agencies or other water organizations.
AWRC conducted the following water quality monitoring or research projects this year: monitoring in the
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Research Program Introduction

Upper Illinois River Watershed and Upper White River Basin (Arkansas Natural Resources Commission);
monitoring for the White River Use Attainability Analysis (CH2MHILL); monitoring for West Fork White
River (Beaver Watershed Alliance); monitoring for Lower Ouachita-Smackover watershed (Arkansas Natural
Resources Commission); unconventional natural gas development at Gulf Mountain Wildlife Management
Area (AR Game and Fish Commission); and chlorine demand during drinking water treatment (Beaver Water
District).
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Assessing total nitrosamine formation and speciation in drinking water systems

Assessing total nitrosamine formation and speciation in
drinking water systems

Basic Information

Title:

Assessing total nitrosamine formation and speciation in drinking water systems

Project Number:

2014AR349B
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3/1/2014
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Julian Fairey, Wen Zhang
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Arkansas Water Resources Center 104B Program Project — March 2013 through February 2014

Project Title:  Assessing Total Nitrosamine Formation and Speciation in Drinking Water Systems

Project Team: Julian L. Fairey, Department of Civil Engineering, University of Arkansas
Wen Zhang, Department of Civil Engineering, University of Arkansas

Interpretative Summary:

This study aimed to assess biofilm-related materials as total N-nitrosamine (TONO) precursors. A
chemiluminescence-based TONO assay was adapted to include a solid-phase extraction (SPE) step to
assess the role of biologically related materials as N-nitrosamine precursors, including poly-N-
acetylglucosamine (PNAG), Pseudomonas aeruginosa, and tryptophan. Experiments were performed to
determine an appropriate extraction solvent for the SPE-TONO assay along with the associated recovery
efficiency of N-nitrosodimethylamine (NDMA). Methanol was determined to be the most suitable SPE
solvent for the TONO assay. Dose-response relationships observed indicate biofilm from drinking water
distribution systems are potential N-nitrosamine precursors.

Introduction:

Many water utilities have switched to chloramines as a secondary (or distribution system)
disinfectant (Seidel et al., 2005) to curb formation of regulated DBPs (Hua and Reckhow, 2007). However,
chloramination can increase the formation of NDMA (Schreiber and Mitch, 2006), the most widely
occurring of the seven EPA Method 521 (EPA;n) N-nitrosamines (Russell et al., 2012). Known NDMA
precursors include quaternary amine-containing coagulants, anion exchange resins, and wastewater-
impacted source waters containing pharmaceuticals and personal care products (Krasner et al., 2013).
However, N-nitrosamines, as a group, are comprised of over 150 individual chemical species (Mitch and
Sedlak, 2004), and thus it is plausible that occurrence studies to date — which have focused on the EPAy
exclusively — have not captured the complete picture. To this end, another research group used TONO
assay, which quantifies all N-nitrosamine species in aggregate demonstrated the EPA;y species comprised
only ~5% of the total N-nitrosamines in drinking water systems (Dai and Mitch, 2013). It is likely other
important N-nitrosamine precursors have been overlooked, such as the ubiquitous biofilm in distribution
systems. In this study, biofilm related materials were chloraminated and TONO was measured to assess
their potential to form N-nitrosamines in drinking water.

Methods:

Four extraction solvents were tested, including dichloromethane (recommended in EPA Method
521), and three others — chosen based on the findings of Plumlee et al. (2008) — which included
acetonitrile, methanol, acetone, and an equal-volume mixture of these three solvents. For each, a blank
(15 mL of solvent only) and two spikes (100 and 1,000 ng of NDMA in 15 mL of solvent) were prepared
and concentrated to 1 mL under nitrogen gas blow-down. Biofilm-related materials (e.g., PNAG,
tryptophan, and a pure culture of suspended P. aeruginosa cells) were added to Milli-Q water, buffered



with 20 mM sodium bicarbonate, filled headspace-free in 500 mL amber glass bottles, and sealed with
polytetrafluoroethylene (PTFE) lined caps. P. aeruginosa (Schroeter) Migula (ATCC 10145) was grown in
nutrient broth (Difco BD) at 37°C. Densely populated cells were harvested after 2 days of growth and used
in the SPE-TONO experiments. The samples were titrated to pH 7.0 and dosed with preformed
monochloramine at a concentration of 250 mg L as Cl,. The samples were tumbled end-over-end at 7
rpm for 10 days at room temperature (20-22°C). Following this period, monochloramine and total chlorine
were measured on an UV/Vis Spectrophotometer. The residual was quenched with ascorbic acid and
samples were extracted for TONO measurement. To lower the TONO method detection limit, the samples
were concentrated by SPE and eluted to an organic solvent. An appropriate volume of each purified
extract (10- to 1,200 uL) was injected into the reaction chamber with a glass-barreled gas tight syringe.
Output signals from the chemiluminescence detector were discretized at 0.2 second intervals and
captured using a MS Excel macro. Anions (nitrate and nitrite) and cation (ammonium) were measured in
aqueous phase samples using a Metrohm 850 lon Chromatography system, equipped with an
autosampler, UV/Vis detectors, and operated at a column temperature of 45°C.

Results:
Table 1 shows the recoveries of NDMA spiked into the five extraction solvents tested. No inter-

Table 1. N-nitrosodimethylamine (NDMA) recovered following concentration of four organic solvents by nitrogen gas blowdown
(BD) to 1 mL for blanks and NDMA-spiked solvents. “ND” means not detected and “NM” means not measured.

Total N-nitrosamines Recovered
Solvent

Extraction Solvent NDMA Spike ng as NDMA
Volume —
ng Sulfanilamide *°
mL No Pretreatment © HgCl, > ¢
1hBD® 2hBD?Y

Dichloromethane 15 0 398 470 364 NM
100 376 553 404 NM
1,000 980 1,018 1,090 NM
Acetonitrile 15 0 ND ND ND ND
100 52 29 23 70
1,000 702 415 487 650

5,000 NM NM NM 2,897
Methanol 15 0 ND ND ND ND
100 25 23 28 86
1,000 440 442 445 720

5,000 NM NM NM 2,955
Acetone 15 0 ND ND ND NM
100 86 36 33 NM
1,000 659 355 424 NM
Acetonitrile/ 5/5/5 0 ND ND ND NM
Methanol/ 100 64 16 16 NM
Acetone 1,000 574 311 354 NM

? quenched S-nitrosothiols with 100 pL of the mercuric chloride solution

b quenched nitrite with 100 pL of the sulfanilamide solution after HgCl»

1 hr nitrogen gas blowdown at a gas flowrate of 0.67 L min™ in a 60°C water bath
42 hr nitrogen gas blowdown at a gas flowrate of 0.33 L min in a 37°C water bath



ferences were observed using methanol alone in either the blanks or NDMA-spiked solvents (100- and
1,000 ng NDMA), as indicated by the relatively small variation in mass recoveries for the 1 hr blowdown
time (23-28 ng as NDMA for the 100 ng spike and 440-445 ng as NDMA for the 1,000 ng spike). For the
extraction with methanol, increasing the blowdown time from 1- to 2 hours (see details in Table 1)
increased the NDMA mass recoveries for the sulfanilamide-treated extracts from 28- to 86 ng as NDMA
and 440- to 720 ng as NDMA, indicating the longer blowdown time reduced losses of NDMA. As a result,
methanol was determined to be the most suitable SPE solvent for the TONO assay. Table 1 showed ~86%
recovery of a spike directly to methanol. Additional experiments determined a loss of 30% incurred in the
SPE step, either in loading NDMA onto the SPE cartridges and/or the subsequent elution with methanol.
As such, SPE-TONO concentrations measured in unknown samples are likely conservatively low estimates,
although the extraction efficiencies with SPE (or any other technique) may vary amongst the various N-
nitrosamine species present in a given water sample, presumably based on their polarity.

Fig. 1A shows a dose-response relationship between PNAG (0.25-, 0.50-, 1.0-, and 6.0 g L'?) and
TONO (7.3-, 12.4-, 21.8-, and 51.1 ng L't as NDMA, respectively). No TONO was formed in the absence of
monochloramine, as expected for the control. Additionally, the total nitrogen was proportional to the
PNAG dose, indicating that reactions between PNAG and monochloramine formed N-nitrosamines.
Similarly, Fig. 1B shows dose-response relationship between tryptophan (1-, 10-, and 100 g L) and
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Figure 1. Total N-nitrosamines (TONO) formed from
chloramination of (A) poly-N-acetylglucosamine (PNAG)
with chemical structure shown in inset, (B) Tryptophan
with chemical structure of L-a-Amino-3-indolepropionic
acid shown in inset, and (C) Pseudomonas aeruginosa.
Each sample was dosed at a monochloramine
concentration of 250 mg L as Cl, at pH 7.0 in 20 mM
carbonate buffer. TONO and monochloramine residuals
were measured after 10 days. TONO was not adjusted to
account for losses by SPE and N»-gas blowdown.



TONO (0.55-, 5.3-, 50.2 pg L as NDMA, respectively) and Fig. 1C shows a dose-response relationship
between P. aeruginosa (10-, 75-, and 125 mL of growth media broth) and TONO (260-, 1300-, and 1450
ng L' TONO as NDMA).

In Fig. 1C, while the TONO measured in absence of P. aeruginosa (i.e., the growth media broth
only) was higher for the 10 mL dose (365 ng L' TONO as NDMA), the growth media broth was an
insignificant contributor to TONO at the two higher volumes added (82.7- and 17.3 ng L TONO as NDMA,
for the 75- and 125 mL doses). On balance, the data in Fig. 1 indicate that biofilm-related materials are N-
nitrosamine precursors, however, their relevance in chloraminated distribution systems has not been
systematically assessed.

Conclusions:
Results to date indicate methanol was the most suitable SPE solvent for the TONO assay. Dose-
response relationships indicate biofilm-related materials are potential N-nitrosamine precursors.
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