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Objectives

The overall goal of our project is to investigate and determine a technically
feasible and cost-effective process for designing photosynthetic organisms
capable of sequestering Se and nitrates from FGD wastewater. To realize this
goal, we have chosen to focus on the following 2 objectives:

(1) Investigate changes in transcripts and metabolism in algae and plants in
response to FGD wastewater.

(2) Explore biotechnological strategies to increase sequestration of Se and
nitrates in biomass to improve agricultural productivity.

Academic objective: to enhance student hands-on experience and
participation in STEM research and education
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Thermoelectric Power and Freshwater Use
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U.S. Freshwater Withdrawal
USGS, Estimated Use of Water
in the United States in 2005,
USGS Circular 1344, 2009

Freshwater consumption is projected to increase further with
the implementation of carbon capture technologies
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Background Information

Flue Gas Desulfurization (FGD) treatment is incorporated in most coal
burning power generation plants to remove sulfur dioxide and various oxides
of nitrogen by either wet/dry scrubbing.

Large-scale coal fired thermoelectric plants in the USA consumes significant
volumes of freshwater and generate considerable amounts of FGD
wastewater.

Wet scrubber blowdown often contains heavy metals (selenium, chromium,
mercury etc.,), and nitrates in harmful concentrations.

These constitute a major challenge for utilities and a major concern for
environmental regulators.
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Green algae and plants have the natural ability to degrade
inorganic Se and nitrates




Se movement

Overview of the movement
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Project Update

In collaboration with John Amos power plant
through Liberty Hydro and obtained treated
and untreated FGD samples
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Effect of FGD wastewater on freshwater algae biomass
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Growth of Algae in culture medium supplemented with FGD and T-FGD wastewater for week-
1 to 3; B. Algae biomass measurement for week-1 to 3, data were derived from three
replications. Data indicate that algal biomass growth rate was higher in medium
supplemented with FGD and T-FGD wastewater. C: Control; FGD: Flue gas desulfurization
wastewater; T-FGD: Physical/Chemical treated flue gas desulfurization wastewater.
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Effect of FGD wastewater on plant biomass (Arabidopsis thaliana)

Biomass (mg Fresh WT/3 seedlings)
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A. Growth of Arabidopsis in soil watered with FGD and T-FGD wastewater for week-1 to 3; B. Plant
biomass measurement for week-1 to 3, data were derived from three replications. Data indicate that plant
biomass growth rate was higher in plants watered with T-FGD wastewater. C: Control; FGD: Flue gas
desulfurization wastewater; T-FGD: Physical/Chemical treated flue gas desulfurization wastewater.




Effect of FGD wastewater on Duckweed biomass

Control FGD T-FGD



Treatment of Duckweed with FGD wastewater
increases weight
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Effect of FGD Wastewater on Lipid

Production in Duckweed
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FGD wastewater treatment promote the
accumulation of lipid droplets in Duckweed

72hr control



Quantification of Total TAG content in
Duckweed using GC/MS
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Analysis of Different Lipid Species Using GC/MS
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TAG/OQils Are the Most Energy-Dense Plant

Products

Energy Content (kCal/gm)
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Oils have twice the energy content of
carbohydrate and proteins

Glucose
(CHOH)n

More
Reduced
Carbon

Oleic acid
CH,(CH,)nCOOH

Ohlrogge and Chapman, 2011, The
Biochemical Society, April, 34-38
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Analysis of Lipid Composition in Duckweed
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Change in the Total Protein Content

Total Soluble Proteins (mg/ml)
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Perform post-sequence analysis and gRT-PCR analysis

MRNA
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Reads quality control

RNA-Seq Workflow

Trim reads

Map reads to
genome

Count reads mapped
to genomic features

Gene read counts
normalization

.

RMA-seq data QC

Data visualization Statistical analysis

l

Generate output
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Heat map of top differentially expressed genes in Duckweed

Contrast between C24 VS FGD24

Color Key

—

<1 <05 0 05 1

Row Z-Scare

]
I . =

24hrs_C3
24hrs_C2
24hrs_C1
24hrs_FGD1
24hrs_FGD3
24hrs_FGD2

Contrast between C48 VS FGD48 Contrast between C72 VS FGD72
Color Key Color Key

L) 1 -1 05 1
Row Z-5core Row 2-Scora

i
00214 mANAT
00544 mANAT

RHAT

4 1
Ep2ghiEGa mANAT
Spilgh 71 mRNAT
Epit gDOT4E MANAT
EpOTO033E mMANAT

48hrs_C2

48hrs_C3
48hrs_CH1
48hrs_FGD1
48hrs_FGD2
48hrs_FGD3
T2hrs_C2
T2hrs_C3
T2hrs_C1
72hrs_FGD3
72hrs_FGD1
72hrs_FGD2



Differentially expressed Lipid related genes heat maps in Duckweed ’“ﬁi
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RT-gPCR analysis of Fatty acid biosynthesis genes in Duckweed
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Perform functional analysis of candidate genes in
model system

e Short generation time-6-8 weeks from seed-seed
* Small size

* Wider adaptability

 Self-fertilization

e Susceptibility to Agrobacterium infection

 Small genome size -125 million base pairs

e Large collection of T-DNA
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Coal mine soil supplemented with FGD wastewater
increase seed yield
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Schematic representation of binary vectors used for

transgenic plants establishment
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Learning Water Quality in a Class Room
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Oral and Poster presentation in 1890 ARD symposium, Jacksonville, FL 2019
Oral presentation in ASPB Midwest section, WVU symposium, 2019
Oral presentation in Gordon Research Conference on Plant lipids, Galveston, TX, 2019
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Studying the Effect of Soil on Plant Physiology

i891




Preparing Project for Next Steps

e FGD wastewater treatment triggered the
accumulation of useful fatty acids in the Duckweed,
the potential of this technology need to be
investigated.

 Supplementation of FGD wastewater in coal mine
soil promoted the growth of energy crops, use of
FGD wastewater in re-use in Agriculture needs to
be determined.



Concluding Remarks

Completed the RNA Seq experiments for
duckweeds treated with FGD wastewater for
different time course and identified candidate
genes involved in fatty acids and metal
sequestration.

Demonstrated the re-use of FGD wastewater in
Agriculture on coal mine soils using bioenergy
crop.
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