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From the Department Chair

Welcome
to our
spring 2009
departmental
newsletter.
People in the
department, led
by eleven faculty
members,
continue to be
excited about
the breadth of
our educational
and research contributions to the state
of Washington, the nation, and beyond.
Our research and graduate education
areas address essential and pressing
societal needs at local and global scales,
and are poised to become even more
relevant as humanity faces a complex
future and an ever increasing need

for water, food, alternative sources of
energy, and environmental stewardship.

This year, despite constraints imposed
by the global economic situation,
the department has made excellent
progress in advancing an agenda of
increased capabilities in all our areas of
emphasis: (a) Land, Air, Water Resources
and Environmental Engineering, (b)
Food Engineering, (c) Bio-energy and
Bio-product Engineering, and (d)
Agricultural Automation, our newest
area of emphasis. A new faculty member,
Dr. Qin Zhang, will join us in 2009 to
provide leadership in this new area.

The department had a good year in
2008 in terms of research activities.
Expenditures from sponsored projects
reached $3.4 M, the highest level ever,
while scholarly output continued to
be high (e.g., 71 peer-reviewed journal
articles published and 28 in press).

The number of graduate students and
research associates/technicians grew
to 50 and 22, respectively. We have

started a process to continuously assess
our graduate program and increase the
quality of student experience.

One overarching university activity in
2008 was the Academic Affairs Program
Prioritization process that involved
the entire university and forced all
colleges and units to reflect on their
relative position as part of a land-grant
research university. The department
was evaluated very positively, receiving
classification as a unit where the
university should consider investment
for future growth. We are proud of this
recognition.

We invite you to join and participate
in our efforts for a better tomorrow.

Claudio Stockle

Professor and Chair

Department of Biological Systems
Engineering

Our Mission

The Department of Biological Systems Engineering
delivers high-quality engineering research, teaching,
and outreach programs to support the state, national,
and global bio-economy, with emphasis on applications
in the agricultural, energy, and environmental sectors.

The department has an entrepreneurial faculty with
the size, expertise, experience, and state-of-the-art
facilities to be one of the leading research and graduate
education units at WSU and to be a top performer

among peer units nationwide.
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National Needs Fellowsh1p Program

In an effort to link engineering with
economic sciences, WSU'’s Biological
Systems Engineering, Crop and Soil
Sciences, and the school of Economic
Sciences are seeking doctoral students
for an international multidisciplinary
graduate program, which will train
students in sustainable development
and natural resource management.
The program is funded by the United
States Department of Agriculture’s
Food and Agricultural Sciences
National Needs Graduate Fellowship
Program. Students who are selected
for the program will address some of
the most urgent agricultural problems
faced by communities throughout the
world. For example, the productivity,
environmental impact, and
sustainability of agricultural systems;

conservation versus conventional

tillage practices; the impact of

global climate change on agriculture

and natural resources; the long-

term effects of soil erosion on

civilizations; and the international

implication of water shortages and

the depletion of land resources.
Program applicants should have

a master’s degree in engineering,

soil science, environmental science,

or economics—although highly

qualified B.S. candidates will also

be considered. Dr. Markus Flury,

Professor in the Departments of Crop

and Soil Sciences and Biological

Systems Engineering, is the program’s

principal investigator and contact for

application inquiries. Lead researchers

include Dr. Claudio Stockle, Chair of

the Department of Biological Systems
Engineering, Dr. Phil Wanderschneider,
Professor in School of Economic
Sciences, and Dr. Joan Wu, Professor in
Biological Systems Engineering.

Research Associates Play Key Role in Department Research

Our research associates play a vital
role in the discovery and application
of engineering principles to biological
processes.

Dr. Zhanyou Chi is a key member
of the Bioprocessing and Bioproduct
Engineering Laboratory (BBEL) and
the coordinator of the biodiesel sub-
research group. His research area focuses
on using microorganisms to produce
nutracueticals and fuels. Dr. Chi earned
his Ph.D. in chemical engineering in
2004 at East China University of Science
and Technology, Shanghai, China.

Dr. Chi joined the department in
2005 and began working on omega-3
fatty acid production in algae using
agricultural biomass and waste glycerol.
According to Dr. Chi, the research
goal was “to develop a cost effective
process to convert low value byproducts
into high-value bioproducts, products
developed from biological materials.
From 2005 through 2008, the research
showed significant results in omega-3
yield through the use of a creative
“shifting” culture process which, says
Chi, “uses multiphase growth conditions
that decouple the phases of increasing
cell density and leads to increased cell
size and fatty acid production.”

In addition to fatty acid research,

Dr. Chi is also looking at converting

organic waste into single-cell oil

and using it as feedstock for biofuel
production. According to Dr. Chi,
“Renewable biofuel is not only a
benefit for petroleum replacement and
national energy security, but it also
addresses the problem of CO2 fixing and
global warming.” The key challenges

to overcome include reducing biofuel
production cost, optimizing the process
to enhance production efficiency, and
integrating the production process
with waste management to improve
environment protection credits.

Dr. Tianxi Zhang’s work with nutrient
recovery and biogas scrubbing has
helped improve anaerobic digester
performance, which may lead to
increased economic benefits for dairy
owners. By removing phosphorous
and ammonium solids from animal
wastewater, Dr. Zhang and his research
group are hoping to provide diaries that
adopt anaerobic digester technology
with alternative sources of revenue
while, at the same time, reducing the
amount of nutrients that seep into the
groundwater.

Dr. Zhang played an instrumental
role in the research and testing of
biodiesel used by the Washington State
Ferry (WSF) system. The testing was

in response to Washington Governor
Christine Gregoire’s renewable fuels
initiatives, which require all state fleets
to use a B20 blend, 20% biodiesel and
80% diesel, by 2009—and designed

to address the problem of excessive
clogging in the ferries’ centrifugal fuel
purifiers, which occurred during earlier
testing.

During the 2008 testing, the team
discovered active bacteria present in the
sludge samples from one ferry’s purifier,
and believed that bacteria played
an important role in the buildup of
sludge and caused filter clogging. They
concluded that applying a biocide to
the purifiers to prevent bacteria growth
eliminated sludge buildup.

Dr. Zhang earned his Ph.D. in chemical
engineering in 1999 from the Chinese
Academy of Sciences in Beijing, China.

His research focuses on separation
science and technology aimed at the
development of separation processes
relative to colloid and polymer
chemistry; as well as biodiesel quality
and its impact on marine applications
and mechanisms or petroleum water-in-
oil emulsion stability. “My goal,” says
Zhang, “is to apply chemistry principles
and methods to understand and develop
chemical and biological processes for
bioproducts and bioenergy,”
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Researching

Dr. Garcia-Perez working with graduate
students on an Auger pyrolysis reactor.

Researchers from Biological Systems
Engineering are taking part in
Washington State University’s clean-
technology initiative by exploring
alternative energy solutions that utilize
the state’s unused biomass, developing
new agricultural practices that reduce
the global greenhouse effect, and
studying the air at animal feeding
operations to determine management
practices that will help reduce methane
emissions.

The activities of the BSysE, in
cooperation with other research
departments across campus, are

'

part of WSU’s focus on addressing

the threats of energy supply, global
warming, pollution, and resource
depletion through research and policy
development.

Dr. Manuel Garcia-Pérez, professor
of bioprocessing and bioproducts
engineering, says we are in a transition
period where we need to find alternative
forms of energy. “First generation
biofuels free sugars, starch, and oils
that are part of the human diet. These
biofuels compete with the food stock,”
says Garcia-Perez. However, trees also
contain cellulose, hemicellulose, and
lignin, which are known as biopolymers,
can be used to create biofuels that do
not compete with the food stock.

Second generation biofuel production
will utilize organic waste from the
agricultural and forestry industries,” says
Garcia-Pérez.

Algal Nutraceutical and Biodiesel
Process and System

The Bioprocessing and Bioproducts
Engineering Laboratory (BBEL) has
developed a fermentation process for the
production of omega-3-rich micro-algea
that can be used as food, animal feed, or
further processed for nutraceutical and
fuel use.

The system uses a unique two-
stage process that controls the cell
number growth and cell mass and
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fatty acid accumulation. The result of
the process if a five-day fermentation
cycle that produces extremely high
cell densities (~150 g/1) and high
productivity (~1.2g/L hr) of algae with
total polyunsaturated fatty acid (PUFA)
and docosahexaenoic acid (DHA)

fat percentages of ~50, 25, and 20%,
respectively.

According to the Food and Drug
Administration, DHA omega-3 fatty
acids are contained in oily fish, such as
salmon, lake trout, tuna, and herring.
These fatty acids are not essential to
the diet; however, scientific evidence
indicates that these fatty acids may be
beneficial in reducing coronary heart
disease.

The entire process is efficiently
integrated within the biodiesel refinery
process. The produced algae can then be
put through a downstream separation
process whereby the algae biomass is
treated to produce: (1) omega-3 fatty
acids for nutraceutical sale; (2) biodiesel
from the non-omega-3 fatty acids;

(3) crude glycerol that is reclaimed as
carbon feed for future fermentation and
algae production; and (4) algal biomass
waste which can be used for animal
feed both internally in the fermentation
process or externally.

For more information on the BBEL's
research visit: www.bsyse.wsu.edu/bbel.

[Alumni Profile

Wei Liao

fermentation, and algae cultivation.

\Michigan State University,” says Liao.

Biological Systems Engineering, 2005 Ph.D.

\

Dr. Liao is an assistant professor at the Department of Biosystems and Agricultural Engineering at Michigan State University,
where he leads an active research program focused on converting agricultural residues into bioenergy and chemical products.
He manages more than $2 million in state and federal funds that support research projects in anaerobic digestions, fungal

Dr. Liao earned his bachelor and masters degrees in fermentation engineering from Jiangnan University in Wuxi, China. In
2005, Liao received his Ph.D. in biological systems engineering from WSU, with a research emphasis in bioenergy. From 2001
to 2006, he worked under the guidance of Dr. Shulin Chen on projects such as anaerobic digestion, fungal fermentation,
and processes modeling. Dr. Liao says his experience at WSU helped him gain knowledge and experience, as well as guided
his vision on bioenergy research and development. “The knowledge, experience, and vision lead me to a successful start at
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A Breath of Fresh Air

Biological Systems Engineering Assistant
Professor Pius Ndegwa'’s research
focuses on addressing the environmental
concerns of animal agriculture—
treating animal waste as a resource and
developing processes and methods
to gain as much out of it in terms of
adding value. “In certain regions, the
animal industry is very concentrated,”
says Ndegwa. “You have nutrients being
produced in particular regions which are
more than the local land-base system
can handle. What we try to find is an
economical solution to waste treatment,
as well as how it can be used without
negatively impacting the environment.”
Approaches include measuring
emission levels and applying best
management practices and mitigation
strategies to limit adverse environmental
impacts. Livestock producers and
farmers often apply animal manure
to crops because the manure contains
valuable nutrients such as nitrogen and
phosphors. Unfortunately, the ratio of
nitrogen to phosphorus in manure does
not match the crops’ requirement. In
general, the N:P ratio of manure is lower
than the crops needs. If application is
thus based on the need for nitrogen,
this can lead to an over-application
of phosphorus.
“Anytime you
have an excess
of anything, you
have a potential
problem and also
an opportunity,”
says Ndegwa.
“What is not
assimilated by
the crops will
find its way into
places where you
don’t want it to be.
This is usually either
in the ground or surface water resources
Ndegwa earned his bachelor’s degree
in agricultural engineering from the
University of Nairobi in Nairobi, Kenya.
After graduating, he worked full-time
in the food storage and food processing
industry for two years beforing enrolling
in the agricultural engineering masters
program, and eventually earning his

”

Dr. Ndegwa working with a
graduate student in his air
quality mobile lab.

Ph.D. in biological and agricultural
engineering, at the University of
Georgia in Athens, Georgia. During
his graduate education, Ndegwa
worked in agricultural processing
in the poultry industry, and soon
began exploring adding value to
animal waste. Because part of his
studies involved field research,
Ndegwa saw first-hand the impact
that animal waste had on the
environment.

“Through a very simple
fractionation technology, we
revolutionized the way poultry
waste is handled today,” says Ndegwa,
“we fractionated broiler litter into
different [waste] particle sizes and
studied each fraction individually. It
turned out that most of the nutrients
were in the smaller particle sizes.”
Ndegwa’s research team fractionated the
poultry waste using a vibrating screen
separator, and determined that it was
economically viable to transport the
fraction (consisting of smallest particles)
with the highest concentration of
nutrients to remote areas where it could
responsibly be recycled as plant fertilizer.
The bulk fraction (consisting of coarse
carbon particles) would then be used

locally for energy production,
either through thermo-
chemical conversion or
direct burning in wood
furnaces.

Today, one of the
most pressing challenges
regarding concentrated
animal feeding operations
(CAFOs) and their impact
on air quality is that
there is not enough solid
data that shows how much
is actually being emitted.

As a result, Ndegwa is part

of a $15 million air quality research
project led by Purdue University that
will provide more accurate data to the
Environmental Protection Agency.
“The data that is currently available is
very scattered. Nobody can say how
much animal operations are emitting
because the numbers are all over the
place.” According to Ndegwa, there are

fourteen monitoring sites across the
U.S. “We have continuous sampling
going on twenty-four hours a day. We
can remotely log in to the system and
see what is happening.” Ndegwa is
currently monitoring the emissions from
two barns at a dairy in Washington.
Monitoring instruments (some mounted
inside the barns and other housed
in a mobile lab located at the site)
continuously measure emissions, which
are then transmitted and recorded in a
computer in the lab.

Ndegwa envisions that this study
will help scientists and the agricultural
producers to incorporate best
management practices and mitigation
strategies, and spur innovative
development of advanced emissions
mitigation systems. “This is where new
technologies will play a part,” says
Ndegwa. “It’s not about masking the
problem, but addressing these emissions
at the next stage of the research. There
are some technologies that can already
do that, but this might push us to come
up with more sophisticated technologies
in the future.”

Dr. Ndegwa is the Coordinator of the
Western Region Odor and Air Quality
Program. The program provides
education to agricultural professionals
and producers on air quality issues and
best available mitigation strategies for
reducing adverse environmental impacts
from western dairy industry. For more
information on Dr. Ndegwa'’s research
visit: www.bsyse.wsu.edu/ndegwa.




Investigating the Environmental
Impacts of Sediment Contamination

A group of Washington State University
researchers received a $350,000 grant
from the M. J. Murdock Charitable
Trust to better understand the effects of
contaminated lake and river sediments
on human and ecological health.

Led by Jeffrey L. Ullman, assistant
professor in Biological Systems
Engineering, the grant helped establish
the Sediment Analysis Laboratory
to carefully identify and measure
pollutants, including heavy metals and
organic compounds. The researchers
will also study microbial-contaminant
interactions and pollutant impacts on
fish and wildlife.

“Depending on the chemicals,
interactions can result in synergistic,
additive or antagonistic effects,” says
Ullman. “Our focus is on looking at
sub-lethal impacts, where you may not
have overt symptoms. The fish looks
normal, but in reality there is some
underlying issue that not only affects
the fish, but the entire population.”

The research team received initial
funding from the U.S. Department
of Energy - Bonneville Power
Administration to study contaminated
sediments in the Columbia River
Basin, with particular emphasis on
remediation of a field site. Pollution
from sediments is a nationwide
issue, but it is more pronounced
at our field location, says Ullman.
Researchers hope that the work will
lead to a better understanding of where
contaminants may persist in waterways,
characterization of potential health
effects, and improved remediation
strategies.

“With its high levels of contaminants
in waterways, this work is particularly
relevant to the Pacific Northwest,”
Ullman posits. Contaminants can
have a detrimental impact on fish
populations at very low concentrations;

According to the U.S. Environmental
Protection Agency, more than 80
percent of sediments in the Pacific
Northwest are either contaminated
or potentially contaminated, posing
potential health risks to humans and
animals. Typically, to clean up such
sediments, engineers either dredge
or cap them with fairly impermeable
clay. Dredging can be expensive, and
may actually increase exposure to
contaminants when sediments are
agitated. “By stirring up the sediments,
you can release buried pollutants,” says
Ullman. Capping the contaminants
may also cause problems when the
cap is disturbed and contaminants are
released.

Limited research has been conducted
on the potential health risks associated
with contaminated sediments.
However, it is difficult to isolate the
individual and cumulative effects of
the numerous contaminants found in
sediments, particularly since the
contaminants rest at the bottom of
lakes and streams. In addition, the
impact of contaminants on fish
populations may not appear until
future generations reach maturity.

The grant allowed researchers
to purchase of a suite of state-of-
the-art analytical equipment: An
inductively coupled plasma mass
spectrometer (ICP-MS) connected
to both a liquid chromatograph
(LC) and a gas chromatograph
(GC) represents one of only five
such systems in the country that
can effectively identify different
forms of metals and organo-metal
compounds.”

The ability to investigate trace
organic contaminants that can
interfere with animal reproduction
and development is enhanced
by the acquisition of exceptional

capabilities. Finally, analysis of organic
contaminants will be further improved
by the addition of a newly released gas
chromatograph — mass spectrometer
(GC-MS) model.

Consequently, the work is
highly interdisciplinary, involving
environmental chemistry, ecology,
modeling, aquatic toxicology, and
engineering. The other primary team
members on the equipment grant were
Michael Barber, Marc Beutel, Jeremy
Rentz and David Yonge from Civil &
Environmental Engineering, and Nehal
Abu-Lail and Haluk Beyenal from
Chemical & Bioengineering.

For more information on the Sediment
Analysis Laboratory and current
research, contact Dr. Jeffrey L. Ullman
at 509-335-5948 or jullman@wsu.edu.

Dr. Jeffrey L. Ullman showing students from the WSU
Children’s Center trout minnows reared in Ullman’s
research laboratory.

the analysis laboratory expands the
capabilities of the team’s research.

liquid chromatography - tandem
mass spectrometry (LC-MS/MS)



Graduate Student Spotlight

If you ask Ph.D. student Balunkeswar
Nayak “Balu” what he likes about
Washington State University and
Pullman, he will probably say the
change in colors throughout the
different seasons and WSU'’s world-
class research facilities, infrastructure,
and distinguished faculty. “I refer to
Pullman as a “research city” since a
majority of the population is students.”
The community environment allows
Balu to meet new people, exchange
ideas, and explore new interdisciplinary
possibilities in food engineering.

Balu received his bachelor’s degree
in Agricultural Engineering from
Orissa University of Agriculture and
Technology in Bhubaneswar, India
and his master’s degree in Post Harvest
Engineering from the Indian Institute
of Technology (IIT) in Kharagpur, India.
He joined the Department of Biological
Systems Engineering in fall 2006 and
began his doctoral studies in Biological
and Agricultural Engineering. “The past
two and half years have been the most
trying, learning, challenging, rewarding
as well as exciting years of my life both
inside and outside of the laboratory,”
says Balu.

Balu’s current research, under the
supervision of Professor Juming Tang,
focuses on “the changes in antioxidants
in high temperature extrusion cooking

for snack foods prepared from legumes
and colored potatoes.” He is exploring
methods for adding even more value

to a snack food that is already high in
protein and low in fat. Colored potatoes
contain the anthocyanins, a source of
natural antioxidant.

According to the National Cancer
Institute, antioxidants may protect cells
from the damage caused by free radicals,
and thus may help prevent certain forms
of cancer and help reduce cardiovascular
disease and effects of aging. “I want to
combine these two benefits, proteins
from legumes and antioxidants from
potatoes, to produce a snack food that
is high in protein and antioxidants,”
says Balu. His research also involves
collaborative work with USDA-ARS
scientist Dr. Jose De ] Berrios at the
Processed Foods Research Unit, Western
Regional Research Center in Albany,
California.

Balu received the 2008-2009
Washington State Potato Foundation
“Excellence in Agriculture Scholarship”
in recognition for his work towards
development of agriculture. He also
won second prize in the Engineering
and Physical Sciences category at the
2008 WSU Wiley graduate research
competition. In addition to his academic
achievements, Balu is a member of
WSU’s Graduate and Professional

Graduate Students Honored

Student Association’s Executive Staff and
serves as the district representative for
the College of Agricultural, Human, and
Natural Resource Sciences. Balu says that
his background in agricultural and post-
harvest engineering helps him represent
the graduate students of the college

of agriculture because he understands
the functions of the college and the
graduate students’ needs.

After graduation, Balu plans to work
for a good research and development
laboratory where he can apply his
knowledge and experience from his
Ph.D. program, and engage in intensive
research that integrates food chemistry
with applied engineering-with particular
focus on the changes in functional and
nutraceutical properties in foods with
the application of thermal processing.

/

South India.”

-

\

Roopesh M. Syamaladevi, doctoral student in food engineering, was awarded the International Commission of Agricultural
Engineering (CIGR) E-Journal Prize for his paper “Wet Land Paddy Weeding—-A Comprehensive Comparative Study from

The award recognizes original scientific and engineering research, and was presented on September 3, 2008 at
the 2nd CIGR International Conference of Agricultural Engineering in Iguassu Falls City, PR, Brazil.

Oisik Das was awarded the e8 scholarship in May, 2008. The e8 Scholarship Program was established in 2001, and is
designed to support students in advanced studies of sustainable energy development. Seven students are chosen each year
to receive the award and are awarded up to $23,000 per year for two years for masters students and $30,000 per year for two
years for post-doctoral students. Up to ten masters scholarships are awarded annually. Das also received a $1,000 scholarship
from the Foundation for the Development of Biomass Energy Solutions. The scholarship is awarded to students who are
researching biomass conversion in the United States.

Das is working on his masters in engineering from the Department of Biological Systems Engineering. His work focuses on
biomass thermo-chemical conversion and pyrolysis, under the direction of Dr. Manuel Garcia-Pérez.
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Biological Systems Engineering
Visitation Program

Each year, Biological Systems Engineering invites
highly qualified college seniors and graduate
students to campus for one weekend to see what
our program offers. This program features an all
expense paid visit, one-on-one meetings with
faculty researchers, guest presentations, and
other activities. More information can be found
at www.bsyse.wsu.edu or contact the department
at bsyse@wsu.edu.




