Kentucky Water Resources Research Institute
Annual Technical Report
FY 2016

Kentucky Water Resources Research Institute Annual Technical Report FY 2016



Introduction

The 2016 Annual Technical Report for Kentucky consolidates reporting requirements for the Section 104(b)
base grant award into a single document that includes: 1) a synopsis of each student research enhancement
project that was conducted during the period, 2) citations for related publications, reports, and presentations,
3) a description of information transfer activities, 4) a summary of student support during the period, and 5)
notable awards and achievements.

No funds were requested for general program administration activities. However, travel funds were provided

to support the participation of the director and associate director in the annual meeting of the National
Institutes for Water Resources in Washington, DC from February 27 - March 1, 2017.
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Research Program Introduction
Research Program Introduction

The activities supported by the Section 104(b) program funds and required matching are interwoven into the
overall program of the Kentucky Water Resources Research Institute. Additional research, service, and
technology transfer activities were funded through a variety of other sponsors. The Kentucky River Authority
supported watershed management services in in the Kentucky River basin and a small grant program to fund
local grassroots watershed organizations. The National Institute of Environmental Health Services supported
research translation activities through the Superfund Public Outreach Program and the development of ground
water remediation processes for potential use a contaminated sites. Beam Suntory supported two summer
intern students to conduct studies of water availability and use at the Kentucky distilleries.

The Institute's Committee on Research and Policy considered 16 proposals for student research enhancement
grants for support through 104(b) 2016 funding. Nine projects were selected. The projects were conducted at
the University of Kentucky (7), the University of Louisville (1), and Morehead State University (1). The
projects represented faculty and students from a variety of discipline areas including civil engineering (1),
chemistry (1), applied geography (1), forestry (1), geosciences (1), biosystems and agricultural engineering
(2), biology (1), and plant and soil science (1). The goal of this approach is to support a number of
student-based efforts representing a variety of discipline areas at numerous educational institutions throughout
the state to support broad research capacity related to water resources. It is critical that students are trained for
the workforce in government, private industry, and academia. A total of 13 students participated in 2016
104(b) projects (4 PhD, 4 MS, 5 undergraduate students). Reports for the nine projects follow.
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Selenium removal by biological processes in water supplies

Basic Information

Title:|Selenium removal by biological processes in water supplies
Project Number:|2016KY254B
Start Date:|3/1/2016
End Date:|2/28/2018
Funding Source:|104B
Congressional District:|[KY 6th
Research Category:|Water Quality

Focus Category:|Hydrogeochemistry, Toxic Substances, Water Quality

Descriptors:|None

Principal Investigators:|Yi-Tin Wang
Publications

1. Ji, Yuxia, and Y.T. Wang, 2017, Selenium Reduction by Batch Cultures of Escherichia coli Strain
EWB32213, ASCE Journal of Environmental Engineering,143 (6).

2. Ji, Juxia, and Y.T. Wang, 2016, Selenium Reduction in Batch Reactors, in Proceedings of the Water,
Wastewater, Stormwater, and Watershed Symposium of the ASCE EWRI Conference, May 22-26,
2016, West Palm Beach, Florida, p. 175-180.

3.Ji, Yuxia, and Y.T. Wang, 2017 Selenium Reduction by a Co-Culture of Pantoea Vagans Strain
EWB32213-2 and Shigella Fergusonii Strain TB42616, in Proceedings of the 2017 Kentucky Annual
Water Resources Symposium, Kentucky Water Resources Research Institute, Lexington, KY, p.
35-36.
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Selenium Removal by Biological Processes in Water Supplies

Problem and Research Objectives

Selenium occurs naturally and is an essential nutrient in small amounts. It is toxic to
aquatic life at very low levels and can also be harmful to human health. Anthropogenic
sources of selenium are wide spread including electronic and photography, glass
manufacturing, pigments, additives for metal processing, copper refining operations, fossil
fuel combustion, petroleum refining, and agricultural drainage waters in the Western United
States. In Eastern Kentucky, surface-mining operations in Appalachian coal regions have
been identified as the major cause of selenium contamination in water and fish, due to the
prevalence of selenium in overburden soils exposed during mining activities.

Exposure to very high levels of selenium can cause dizziness, fatigue, irritation,
collection of fluid in the lungs, and severe bronchitis. The U.S.EPA has established a chronic
standard for selenium in freshwater at 5 pg/L and a maximum contaminant level for selenium
in drinking water at 0.05 mg/L.

Selenium occurs in various forms in the environment. The oxidized forms, selenate (Se
(V1)) and selenite (Se (1V)), are soluble and mobile and are found in well aerated conditions.
In reducing environments, however, the elemental selenium (Se (0)) which is insoluble in
water, and various selenides (-11) are the predominate species. Speciation of selenium
depends on environmental factors such as pH, redox potential, complexing ability of ligands,
and biological interactions. Selenium reduction has been observed in lake sediments,
agricultural drain sediments, wetland sediments and in coal mine tailings pond sediment. A
USGS study revealed that Kentucky has the highest average concentration of selenium in coal
of any Central Appalachian state at 4.2 ppm, a level likely to result in stream selenium
concentrations higher than 5 pg/L.

Selenium in water was usually reduced through contact with a metal reductant under acidic
conditions and then removed by the coagulation-sedimentation method. With this conventional
approach, however, selenate at high concentration could not be effectively removed and the
cost of the chemicals used for the reduction of selenate is high. In addition, a large amount of
sludge is generated as a byproduct.

In this study, we evaluate the potential of biological processes as an efficient, cost-effective
alternative for selenium reduction in water supplies. Laboratory experiments were conducted to
assess the environmental factors affecting selenium reduction with a selenium-reducing strain
isolated in our laboratory. Batch cultures were used to determine the effect of environmental
factors such as temperature, pH, selenium concentration, and selenium co-contaminants on
selenium reduction. Based on the batch results, the appropriate pH, and temperature were
selected for study using a bench-scale, continuous-flow bioreactor.



The overall objective of the proposed study is to obtain a better understanding of selenium
reduction in aqueous environment by microbial activities. The specific aims were:

1. To determine environment factors affecting microbial reduction of selenium.

2. To evaluate the toxicity of co-contaminants found in coal mining and processing operations
on selenium reduction by microbial activities.

3. To develop kinetic expressions and a mathematical model for selenium reduction
incorporating the above factors.

4. To evaluate selenium reduction and recovery potential in continuous-flow bioreactor
systems.

Methodology

This study was initiated with batch cultures of E. coli strain EWB32213. This selenium-
reducing strain was isolated in our laboratory from sediments of the slurry pond at the E.W.Brown
Generating Station in Harrodsburg, KY. Se(VI)-reducing Shigella fergusonii strain TB42616 and
Se(IV)-reducing Pantoea vagans strain EBW32213-2 were isolated from Town Branch
Wastewater Treatment Plant in Lexington, KY, and the slurry pond at E.W. Brown Station,
respectively. Batch cultures were used to evaluate the effect of the following variables on relative
rates of Se(VI) and Se(lIV) reduction: Concentrations of growth substrate, Se(VI) , Se(IV),
temperature, and pH. Glucose was used as the growth substrate. Se(VI) and Se(IV) concentrations
were evaluated from 10 to 400 mg/L and temperature was investigated from 10°C to 50° C while pH
varied from 4 to 9.

Based on the batch results, the appropriate pH, and temperature were selected for study using a
bench-scale, continuous-flow bioreactor. The bioreactor consists of jell-bead packed Pyrex glass
column operated in upflow mode. Jell beads were used to immobilize Se(V1)- reducing strains in the
continuous-flow bioreactor.

The entrapment and encapsulation of the bacterial cells using alginate gel is achieved by the
gentle destabilization of high concentrations of non-gel-inducing ions such as Na*. A 4% (w/v)
aqueous solution of Na-alginate was prepared by suspending the polymer into the distilled water.
The suspension was stirred by a magnetic stirrer and left overnight under room temperature after
autoclave at 121°C for 15 minutes. Sterilized alginate solution was then mixed with an equal
volume suspension of the harvested bacterial cells washed by 0.85% (w/v) NaCl. The spherical gel
beads were formed by dripping the alginate-cell suspension into an autoclaved 2%(w/v) CaCl
solution using a dropper.

Principal Findings and Significance

The effect of pH on selenium reduction by E. coli EWB32213 was investigated at pHs 4, 5,
6, 7, 8, 9, and 10, respectively, at 30°C in a temperature control room. The results in Figure 1
show that Se(VI)reduction to Se(0) was highest (81.27-84.78%) at pH 6-8 after 5-day incubation
with rapid decreases outside this range. Little selenate reduction was observed at pH 4, and the
Se(VI) reduction rate (55.93%) was significantly lower at pH 9 than at pH 6-8 (Fig. 1). Similarly,



the optimal pH of Se(VI) reduction by Shigella fergusonii strain TB42616 was observed at pH 8
and Pantoea vagans strain EBW32213-2 reduced Se(IV) best at pH 7.

An optimal temperature of 30-40°C for Se(VI) reduction to Se(0) by E. coli strain
EWB32213 was also observed. The data indicate that Se(VI) reduction rate increased with
temperature when it was lower than 30°C, stabilized at 30-40°C, and then followed by rapid
decrease when temperature was above 40°C. Little Se(V1) reduction was observed above 50°C
or lower than 10°C. The highest Se(V1) reduction observed was nearly 86% at 30-40°C after 5-
day incubation. Subsequently, selenium reduction experiments with strain EWB 32213 were
conducted at pH 7 and 30°C(Fig. 2). Similarly, the optimal temperature of Se reduction by
Shigella fergusonii strain TB42616 was observed at 40 ‘C. The Pantoea vagans strain
EBW32213-2 optimum was 30 C.

No significant effect on the rate of Se reduction by these three strains was noted even at
Se concentration as high as 400 mg/L.

Se(VI) reduction is a two-stage process with the second step of Se(IV) reduction to
elemental Se, Se(0) being the rate-limiting one. In order to accelerate the overall Se(VI) reduction
rate, we are investigating a defined co-culture of Se(VI)-reducing Shigella fergusonii strain
TB42616 and Se(IV)-reducing Pantoea vagans strain EBW32213-2 in batch reactors. Preliminary
results indicate that the rate of Se(VI) reduction is faster in the co-culture as compared to pure
culture of TB42616 as displayed by the intensity of red color from reduced Se (0) (Fig. 3).
Presently, we are looking into factors such as electron donors, and ratio of the two cultures in order
to find the optimal conditions of Se(V1) reduction.

Simultaneously, we are investigating Se(VI) reduction in continuous-flow bioreactor.
However, we have found that Se (V1) reduction in continuous-flow bioreactor is not feasible unless
a sufficient amount of cells can be maintained in the reactor to overcome the slow growth rate and
loss rate. Currently, we are investigating a bioreactor packed with gel beads containing Se-
reducing species (Fig. 4). The reactor column is 12 cm long, with an inner diameter of 2.3 cm and
is packed with 1661 gel beads of 0.3 cm average diameter. The liquid detention time will be in the
range of a few days to a few hours. After steady-state conditions are reached, the fate of Se in the
bioreactor will be analyzed by material balance. We will develop a sophisticated mathematic
model incorporating mass balance, molecular diffusion, reaction kinetics, and reactor flow
characteristics. We will also investigate Se reduction efficiency of the continuous-flow reactor
using gel-bead-immobilized-defined co-culture depending upon what is found from our batch
studies during the 2017-2018 no-cost extension period.
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Figure 1. Effect of pH on selenium reduction after 5 days.
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Figure 2. Effect of temperature on selenium reduction after 5 days.



Figure 3. Preliminary study of Se Reduction by (a) pure culture of TB42616-left flask,
(b) defined co-culture of TB42616 and EWB32213-2-center flask, and (c) pure culture
of EWB32213-2-right flask.
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Figure 4. Schematic diagram of the packed-bed reactor system
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Basic Information

Title:

Novel methods for the incorporation of AqpZ water channel protein in membrahes
for water filtration

Project Number:

2016KY255B

Start Date:

3/1/2016

End Date:

2/28/2017

Funding Source]

104B

Congressional
District:

KY 6th

Research CategoryjWater Quality

Focus Category

Treatment, Water Quality, Water Use

Descriptors:

None

Principal
Investigators:

Yinan Wei

Publication

1. Abeywansha, Thilini, Xinyi Zhang, and Yinan We, 2017, Effect of Histag on the Production of Water

Channel Protei

n AgpZ, in Proceedings of the 2017 Kentucky Water Resources Annual Symposium,

Kentucky Water Resources Research Institute, Lexington, KY, p. 97.
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