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Dear Reader,
 
Welcome to the inaugural issue of UT Discovers. 
This magazine, planned as an annual publication, will 
highlight faculty research, scholarship and creative 
activity in select academic areas. Our first issue focuses 
on faculty contributions in the area of the environment. 
UT has a strong reputation in environmental research 
and scholarship, and this work is addressing problems 
important to our region and our entire planet. 
Contributions come from across the entire campus, and 
we have attempted to include highlights of research 
from a range of perspectives—law, health, engineering, 
ecology, geography and climate, to name just a few. 

These brief highlights are only a sample of the 
environmentally oriented work being done by 
University of Toledo faculty, and I am sure that you will 
agree with me that our work is of exceptional quality 
and is making important contributions to society.
 
We hope you enjoy meeting the researchers as you read 
these articles. If you have any questions about the work 
described or about the researchers themselves, I would 
be pleased to answer questions and obtain additional 
information for you.
 
Sincerely,
 
 
Frank J. Calzonetti
Vice President for Research and Economic 
Development
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yet, would we cut the amount 
of carbon we release into the 
atmosphere? Apul’s curiosity 
about these questions led her 
to look at the two engineering 
buildings for some answers. 
These two buildings contain 80 
porcelain fixtures (toilets and 
urinals) and, with an average 
daily occupancy rate of 2,200,  
use an estimated 8.5 million 
gallons of potable water a year. 
 When Apul ran numbers to 
see what energy savings would 
occur under different scenarios—
which included standard 
flush toilets, low-flush toilets, 
composting toilets and using 
rainwater from roof collections in 
standard and low-flush fixtures— 
she was disappointed in the 
minimal energy advantages. In 
addition, results of the modeling 

To Compost–or Not
When you think of water, you might envision a lake or river, ocean or pond, 
or perhaps rainfall or snow. You probably do not think of a tap, toilet or 
sewer. But those are elements in our water infrastructure: we get the water; 
we use it; then we dispose of it. 

 A few years ago, Defne Apul 
of the Department of Civil 
Engineering realized she was 
really interested in sustainability 
issues and switched from 
research on contamination to 
research on water, especially 
with respect to carbon footprint 
issues. Three percent of all 
energy used in the U.S. goes 
into the water infrastructure. 
Carbon, in particular CO2, 
is a by-product of energy 
usage. Hence, our use of water 
creates, in a secondhand way, 
greenhouse gas and contributes 
to global warming.
 What if we used rainwater 
to flush toilets? Or low-flush 
toilets? Or even composting 
toilets instead of the standard 
1.6-gallons-per-flush fixture? 
Would we save energy, or better 

algorithm indicated that the cost 
payback period for the rainwater 
system using a standard toilet is 
extensive, taking as much as 51 
years. This is true largely because 
of the high cost of rainwater 
collection tanks but also because 
rainwater that falls on Nitschke 
and Palmer is not enough to meet 
the demands of toilet flushing 
in these two buildings. So, a 
rainwater harvesting system has to 
be supplemented with municipal 
potable water in the standard (and 
not high efficiency) toilet scenario. 
Yet, rainwater harvesting used 
along with high efficiency toilets 
may be a viable option due to 
much lower payback periods. The 
most efficient, most economical 
system in terms of cost of initial 
and lifetime energy demands was 
the composting toilet, even when 
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Defne Apul has developed a 
strong partnership with UT’s 
Facilities and Construction 
department and worked with 
them to generate the data she 
used for modeling the different 
water usage scenarios. In this 
photo, Apul discusses the new 
rainwater collection system 
installed at UT’s new research 
incubator building (R2) with 
Harvey Vershum, Director 
of Energy Management, and 
Michael Green, Manager 
of Mechanical Engineering 
and Energy. It was Apul’s 
involvement that led to the 
installation of this system.

7
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In a sustainability context, the 
word “waste” will not exist 
either. 
 “Nature has no waste …
only humans systems do. 
When we learn how to wisely 
use everything, nothing will 
be waste and we won’t be 
disposing of anything.”

Defne Apul

taking into account energy 
demands for venting and heating 
elements. 
 However, Apul notes, 
the story changes when we 
talk about carbon numbers. 
Methane and nitrous oxide 
emissions are very high in 
the water sector compared to 
energy production: one ton of 
methane is equivalent to 23 
tons of CO2 emissions, and one 
ton of nitrous oxide emissions is 
equivalent to 296 tons of CO2. 
“While water and wastewater 
may not be expensive, these 
services have major implications 
for greenhouse gas emissions 
during the operational phase of 
sanitation services,” says Apul. 
 The current standard 
toilets have the highest carbon 
footprint when the life cycle 
of the building is considered, 
Apul says. It turns out that 
CO2-equivalent emissions are 
highest for initial installation  
of the composting system, 
which then has the lowest 

carbon footprint during 
its operational life. “As a 
matter of fact,” she remarks, 
“using rainwater in low-flush 
toilets can outperform all 
but the composting toilet in 
cost (25-year payback) and 
carbon emissions (five years).” 
Additionally, she says, payback 
periods are high because of low 
water utility rates. This could 
change in the future as water 
and wastewater service rates 
increase due to infrastructure 
upgrades and expected higher 
energy costs.
 “If we really are serious 
about reducing the carbon 
footprint and thus decreasing 
our contribution to greenhouse 
gas emissions,” Apul concludes, 
“we must turn to alternative 
technologies that require less 
potable water and generate 
less wastewater. When and 
if our society really becomes 
sustainable, the word ‘disposal’ 
will probably cease to be used 
since it is like the word ‘waste’. 

“Nature has no 
waste ... only humans 
systems do. When we 
learn how to wisely use 
everything, nothing 
will be waste ...”

Plumbing Systems & Design MARCH/APRIL 2006
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This remote sensing technology can detect 
movement toward or away from the satellite 
at rates of a few millimeters per year. It was 
originally developed to detect movement 
around earthquake faults and is used to detect 
mine subsidence, landslides, and aquifer 
compaction. Unfortunately, he said, the 
technique turned out to be only marginally 
useful—more costly and less efficient than 
simply asking where foundation cracks had 
been found in the past.
 And then Becker turned that technique 
in another direction: investigating subsidence 
in river deltas. 
 We have all heard about the Nile floods 
that have happened once a year since the 
beginning of recorded history. These events 
bring silt to refresh and fertilize farmlands 
along the lower Nile River and silt to build up 
and replenish lands in the river delta. In the 
late 1960s, Egypt completed construction of 
the Aswan High Dam and cut off the flooding 
and transport of silt downriver from Aswan, 
in the south of Egypt. 
 Flooding once delivered a considerable 
amount of sediment to the Nile delta each 
year—enough on average to cover the 
entire delta to a depth of 1 millimeter. But 
that supply is now cut off, and the delta 
soils are compacting. The result? As soil 
compacts, the land sinks. Becker is using radar 
interferometry to measure where the sediment 
is compacting the most and how fast that is 
occurring. 
 Some earlier work had suggested that 
thicker sediments compact faster. Researchers 
used carbon-14 analysis from drill cores to 
estimate subsidence rates for the past 7,500 
years. But Becker notes that subsidence rates 
change with time and the widely spaced 
core samples may not provide an accurate 

That Sinking Feeling
Several years ago, Richard Becker of the Department of Environmental Sciences 
wanted to try to identify areas of expansive soils, which cause foundations to crack 
in some sections of Buffalo, New York. If he could identify these areas, precautions 
could be taken with new construction. He thought that a technique called satellite 
radar interferometry would be a useful tool. 

Photo above of Ras el Bar Resort at the mouth of the Damietta branch shows 
how close to the Mediterranean Sea new construction occurs in an area where 
subsidence is estimated at more than 6 mm a year. 

Diagram showing regions of highest modern subsidence (red, orange and yellow 
dots), including areas at the terminus of the Damietta branch that are underlain 
by significant amounts of young sediments (white shading). The dotted black 
lines outline coastlines at 4000, 3500, 2000 and 1500 BCE.

Courtesy of Richard Becker

C
ou

rt
es

y 
of

 R
ic

ha
rd

 B
ec

ke
r

v



new sediments of as much as 
8 mm/year and a projected 
sea level rise of 1.8 to 6 mm/
year, which represents a total 
land loss of 3  – 6 inches every 
decade—a substantial amount 
in an area that is important 
for commerce, habitation and 
agriculture.
 The Nile delta is the site 
of most farmland in Egypt. 
It is also the site of major 
development, harbors and 
ports. Thus, the government 
is very interested in Becker’s 
work because such research 
can predict where to expend 
resources most effectively.

the university of toledo   research 2010

picture. In addition, the current 
geography of the Nile delta 
is only about 2,500 years old 
because the original channels 
silted up, or were modified for 
agriculture, which allowed the 
Damietta and Rosetta branches 
to become dominant. 
 Concentrating on the 
Damietta branch of the Nile, 
Becker examined several years 
of satellite radar data. He found 
that the oldest sediments are 
much more stable than younger 
ones. The highest subsidence 
rates (up to 8 mm/year) occur 
over the youngest sediments, 

and these young sediments 
are found near the terminus 
of the Damietta branch of the 
river. Moderate subsidence 
(4-6 mm/year) occurs around 
an area that was an active 
deposition center 3,500 years 
ago. Thus, Becker concludes, 
the greatest compaction occurs 
in the youngest sediments and 
contributes to the highest levels 
of subsidence. This means 
that the newest sediments 
are subsiding the fastest. 
Two factors are impinging 
concurrently on the region: a 
rapid subsidence of relatively 

Aswan High Dam, Egypt

Richard Becker
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 All the ash trees in Detroit, Michigan, have already 
essentially been killed, says Bossenbroek, and it is only 
a matter of time before the full onslaught of the pest 
destroys the four primary, indigenous ash species in 
Ohio. “We know we can’t completely stop the spread 
of the emerald ash borer,” he says, “but can we slow it 
down? And is that a reasonable thing to do?”
 A number of questions must be answered first, 
Bossenbroek notes: What and where is the potential 
habitat? What are the methods of dispersal? What is the 
impact on individuals, communities and industry? “If 
we can put all the answers together, we can develop a 
strategy for management efforts.”
 Putting it all together, however, proved to be 
a complicated—even convoluted—process. The 
researchers started by estimating the density of ash trees 
available for borer consumption in Michigan and Ohio. 
They used Landsat images for forested areas and simple 
questionnaires and counts for communities—street 
trees, parks and individual private lots. For the spread of 
this pest, a number of models had to be layered because 
the ash borer can disperse under its own steam, can be 
transported long distances by people moving firewood 
and wood products, and can hitchhike on cars and 
trucks. Interestingly, the research indicates that trees 
within 2 kilometers of a highway or road are 4.5 times 
more likely to be attacked by the emerald ash borer than 
those at a distance of 4 to 6 kilometers from the road. 
The diffusion model the researchers developed indicates 
that natural dispersion is not a major factor; rather, 
vehicles moving along roads are the primary culprits.
 But what is the cost? The impact of the ash borer 
includes loss of landscape value, stump removal and tree 
replacement. In Ohio, total costs per 1,000 residents are 
between $157,600 and $664,800. Potential costs across 
all Ohio can be as high as $7.6 billion. Productivity 
and welfare losses also occur in the logging, sawmill 
and wood products industries (paper, furniture); parks, 
recreation and households are affected. The garden 
industry is likely to see an upsurge as it provides 
replacement trees. But individual households can be 

What is the economic impact of the emerald ash borer (EAB) and what  
is it worth in financial terms to slow its spread in Ohio and Michigan?  
Jonathan Bossenbroek of the Department of Environmental Sciences and  
the Lake Erie Center has worked with collaborators from the U.S. Forest  
Service, The Ohio State University and the University of Wyoming to  
provide some answers.

Ash to Ashes

Ash trees killed by the EAB pose a hazard and need to be removed.



severely injured by the costs of 
removing trees and stumps and 
then replacing the shade tree.
 To evaluate the relative 
benefit of efforts to slow 
the spread of the emerald 
ash borer, the researchers 
examined what eradication 
costs were and the success 
of those efforts in Michigan. 
They then extrapolated to 
Ohio while also taking into 
account different eradication 
strategies, local spread of the 
insect, and timing of the effort. 
“Our analyses suggest it would 
have been worth spending over 
$1 billion at the beginning of 
the emerald ash borer invasion 
to slow or stop its progress,” 
Bossenbroek says. It is also 
evident that eradication efforts 
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need to be executed under 
federal policies rather than 
state-level control.

Jonathan Bossenbroek

“... the ash borer 
can disperse under 
its own steam, can 
be transported long 
distances by people 
moving firewood and 
wood products, and 
can hitchhike on cars 
and trucks.”  

 A number of facts are 
still unknown, and the 
researchers are attempting 
to fill in the knowledge gaps. 
The effectiveness of early 

Ash canopy dieback rating

The EAB eats its way through the cambium 
layer of ash trees, eventually killing the tree.

eradication efforts and the 
impact of outreach efforts are 
mostly unquantified. Local 
communities are also collecting 
data that will help study the 
impact of soil moisture, culture, 
soil type and other factors 
on ash borer attacks. Other 
unknowns include the ultimate 
range of the emerald ash borer 
and how long it may survive 
once the ash population has 
been decimated.
 The spread of the emerald 
ash borer is inexorable, just 
as was the gypsy moth spread 
throughout the Eastern forests. 
The researchers have, however, 
shown that slowing the spread 
of the pest can reduce the rate 
of its impact and the economic 
loss that eventually results.
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Over the past eight years, Bridgeman has 
regularly monitored water quality in Lake Erie 
and also worked to identify environmental factors 
responsible for the dramatic increase in the 
blooms. Two years ago, he and graduate student 
Justin Chaffin found that a significant part of 
the lake’s problems with Microcystis algae blooms 
comes from the sediment that enters the lake from 
the Maumee River and the tributaries throughout 
its 4.2 million-acre watershed. That sediment 
doesn’t stay put. Soil, sand and other debris from 
farms and urban areas ultimately end up at the 
bottom of Lake Erie. Spring rain and melting snow 
then combine to bring this mix to the surface and 
make the water turbid—muddy and cloudy—“a 
perfect incubator for Microcystis blooms,” as 
Bridgeman puts it.
 The pair became interested in establishing a 
link between agricultural-urban runoff and the size 
and density of algal blooms after viewing NASA 
satellite images that showed a large brown sediment 
plume that developed in the lake following a strong 
August rain storm. Then they noticed that a bloom 
grew over the plume within a week.
 The sediment is accompanied by nutrients like 
phosphorus that cause Microcystis and other forms 
of algae to grow wildly. Warm temperatures and 
winds also help fuel the growth of algal blooms. 
Algae blooms are followed by a die-off; as the 
material decays, it consumes oxygen, creating 
“dead zones”—areas without oxygen where no fish, 
plants or insects can live. 
 However, Bridgeman thought something 
else was at work. Microcystis bacteria contain 
chlorophyll; like plants, they photosynthesize light 
to live and, like fish, regulate their own buoyancy, 
descending to the lake bottom to collect nutrients 
and then rising again when filled. With the 

Blooming Algae
“Pea soup” is the way Thomas Bridgeman of the Department of Environmental 
Sciences describes harmful Microcystis blooms in Lake Erie’s shallow western basin. 
Although they are often called “blue-green algae,” Microcystis and its kin are 
actually photosynthetic bacteria known as cyanobacteria, a group notorious for the 
production of toxins that can be harmful to humans.

Aerial map shows areas 
of Microcystis bloom in 
western Lake Erie  
and Lake St. Clair.

Photo from noaa.gov

Photo by Ildar Sagdejev
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ability to regulate buoyancy, 
more than 90 percent of the 
cyanobacteria can be found 
at the surface of calm water, 
further shading other varieties 
of algae that aren’t buoyant, the 
researchers found. Therefore, 
the combination of suspended 
sediments that block sunlight 
and the floating carpet of 
Microcystis deal a double 
whammy to other species of 
algae and underwater plants. 
 Then the researchers 
uncovered a disadvantage to 
Microcystis’ floating ability: 
When the water is calm, direct 
bright sunlight damages or kills 
the blue-green algae, regardless 
of the water’s muddiness. But 
to counteract the effects of 
sunlight, cyanobacteria can 

float just below the surface of 
muddy, cloudy water and gather 
all the light it needs without 
suffering any ill effects. 
 The study also confirmed a 
longstanding hypothesis that 
the amount of phosphorus 
in the lake determines how 
much the cyanobacteria grow. 
According to Bridgeman,  
these results underscore the 
importance of determining 
the source or sources of the 
phosphorous and developing 
policies to limit its runoff. 
 Bridgeman also is directing 
his attention to a new, perhaps 
more menacing invader—a 
toxic alga called Lyngbya wollei 
discovered in 2006 on the shore 
near the Lake Erie Center. It 
grows as long, hair-like strands 

Supported by grants from Ohio Sea Grant, the Lake Erie Protection Fund, the National 
Oceanic and Atmospheric Administration, and the Environmental Protection Agency

on the lake bottom, where it 
forms thick mats. Eventually 
the mats break loose, float to 
the surface, and wash ashore 
where they can foul swimming 
beaches and clog marinas. 
He fears Lyngbya is severely 
damaging the lake’s fragile 
ecosystem. “My hypothesis,” he 
said, “is that somehow Lyngbya 
acts like nutrient sponges, 
soaking up nutrients that 
come down the river and into 
the lake. Then as the Lygbya 
decays, it releases nutrients that 
cause blooms of Microcystis.” 
That would mean, he says, that 
even in dry summers with fewer 
stormwater  runoffs entering 
the lake, large Microcystis algae 
blooms could  still occur.
 — by Jim Winkler

Thomas Bridgeman

Lyngbya wollei under microscope
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There are two drivers on carbon 
sequestration: climate variability or 
change (e.g., hot-cold, wet-dry) and 
human activities such as management 
practices. Chen is focusing on the human 
side of the equation: grazing, cultivation 
and agriculture, forest management. He 
has received national and international 
support from NASA, the National Science 
Foundation, the U.S. departments of 
Energy and Agriculture, the Natural 
Science Foundation of China, Chinese 
Academy of Sciences, and the State of 
Missouri. 
 In one study addressing timber harvests, 
Chen and colleagues examined how 
different management practices affect 
carbon capture of forests. Clearcutting 
significantly, and not surprisingly, 
reduces the sequestration capacity of the 
ecosystem, but what about other forest 
management practices? Even-aged stands 
have higher capacity than stands that have 
been thinned or than stands that have 
undergone prescribed burns—and all have a 
greater impact on carbon capture than does 
climate variability. 
 When it comes to grasslands, grazing 
by cows and sheep has a greater effect on 
carbon sequestration than does climate 
change itself. The same is true of different 
cropping systems, Chen adds: “All studies 
point to the fact that the effects of 
management practices far exceed the effects 
of climate change in terms of altering the 
ecosystem’s carbon sequestration capacity.”

Carbon Capture
Global climate change, caused largely by increasing atmospheric carbon dioxide, 
has become a major international focus. One issue affecting atmospheric carbon is 
the ability of terrestrial ecosystems to capture and sequester this ubiquitous element. 
Jiquan Chen of the Department of Environmental Sciences has been conducting 
research on the ability of various terrestrial systems to capture carbon. “It is critical 
to understand the variation among different ecosystems and their sequestration 
capacity,” he says.

Jiquan Chen explains the flux tower operation to  
LaRae Sprow, Oaks Openings Preserve Metropark employee.

Photo by Daniel Miller
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 Chen took a different 
approach when he studied 
conditions on the Mongolia 
Plateau. Here he looked at 
photosynthetic capacity, or 
gross primary product (the 
amount of carbon assimilated 
through photosynthesis), of 
grazed land and water loss from 
land to air. Statistical analysis 

of variance, a technique that 
allows a comparative separation 
of the two drivers (humans 
and climate), permitted 
Chen to statistically separate 
observed changes and then 
examine the interaction 

“All studies point 
to the fact that 
the effects of 
management practices 
far exceed the effects 
of climate change 
in terms of altering 
the ecosystem’s 
carbon sequestration 
capacity.”

between climate and land use. 
Data analysis showed that the 
effect of human activities on 
photosynthetic capacity is 2.8 
times greater than the effects 
of climate change. In other 
words, if we were to fix one ton 
of carbon, 72 percent would be 
caused by land use and only 28 
percent would be affected by 
climate change. A whopping 
86 percent of water loss can be 
attributed to land use.
 “It is impossible, however,” 
Chen remarks, “to summarize 
these studies with numbers. 
Conclusions can only be made 
at specified scales.”  Results at 
one scale—say a year or even 
ten years, wet years or dry 
years—may be significantly 
different and could even show 
opposite trends at other scales.
 “The bottom line,” says 
Chen, “is the need to pay more 
attention to human activities 
on top of the emphasis on 
climate change. This message 
is not new, but it is the major 
message to policy makers.”

15

This research has been supported by the National Science 
Foundation, Department of Energy programs, U.S. Department 
of Agriculture, NASA and the U.S. Forest Service.
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 Some of the pollution is the 
soil itself because it is silty and 
light and doesn’t drop to the 
bottom of streams but makes its 
way into Maumee Bay. Nitrogen 
and phosphorous fertilizers and 
pesticides also run off into streams 
and drainage ditches and end up 
in the bay.
  Crop data—type and 
tillage practices—are the most 
important information, notes 
Czajkowski. The crop type 
determines how much pollution 
runs off of a field. Corn generates 
more pollution because the 
plants are further apart and less 
able to halt or absorb water and 
chemicals, Czajkowski remarks. 
Tillage practices also play a 

Layered Data
At more than 6,000 square miles, the Maumee River 
watershed is the largest in the Great Lakes region.  
The river itself is formed at Fort Wayne, Indiana, from 
the St. Joseph River flowing south from Michigan 
and the St. Mary’s River flowing north from Ohio. 
It produces 50 percent of the sediment entering the 
western basin of Lake Erie. 

“This is a significant nonpoint 
source of pollution,” says Kevin 
Czajkowski of The University of 
Toledo’s Department of Geography 
and Planning. Nonpoint pollution 
is largely from agricultural lands, 
run-off of soils and sediment 
whose origin cannot be precisely 
determined.
 Multiple groups have studied 
the Maumee watershed—including 
the U.S. Geological Survey 
(USGS), the Environmental 
Protection Agency (EPA), the 
U.S. Department of Agriculture 
(USDA) and even The University 
of Toledo, Czajkowski said. “But 
no one has tried to pull together 
data for the entire region and its 
waterways.” 

major role. The USDA promotes 
no-till agriculture, which involves 
planting the new crop in the 
stubble from the preceding year’s 
crop. Leaving the stubble in place 
effectively puts a cap on the land to 
help slow run-off even if it does not 
prevent it. 
 “But farmers like to till because 
the dark soil warms faster, melts 
the snow faster and allows earlier 
planting in the spring so that 
plants can take advantage of the 
snow melt and are not subject to 
drought,” Czajkowski said. “Plant 
residue, on the other hand, is lighter 
in color and absorbs less sunlight, 
keeping a snow cover longer.” 
Conservation tillage, a technique 
that falls between no-till and 

The 2007 corn crop with significant residue still 
remaining between the rows

Photos courtesy of The National Fish and Wildlife Foundation (NFWF)

Conservation tillage using discs and tines
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Kevin Czajkowski

This project is supported by the U.S. 
Depaartment of Agriculture. URL for 
Web site: maumee.utoledo.edu

collection. Additionally, he 
said, the data is available in an 
easy-to-use online GIS system 
that anyone can use, even if that 
person is not familiar with GIS.
 Ultimately, Czajkowski will 
be able to use the collected data 
to model the erosion potential 
of a field depending on soil 
composition, elevation, slope, 
crop type and tillage practices. 
This information will help in 
efforts to control pollution 
entering Lake Erie. Additionally, 
the data will permit researchers to 
examine agricultural ecosystems, 
their effect on land temperature, 
and their contributions to the 
energy budget and climate 
feedback loop.

into a publicly available online 
repository. This work has 
helped a number of groups in 
the Great Lakes region access 
the data and has reduced 
duplication of efforts in data 

traditional tilling, leaves some 
stubble (from 30 to 90 percent) 
and is also practiced in the 
Maumee watershed. 
 Czajkowski’s project uses 
remote sensing to determine 
where farmers use these different 
techniques. The collection of 
these different layers of data 
has allowed the researchers to 
identify hot spots where no-
till practices should be used. 
The USDA can then target 
farmers and provide incentives 
for them to adopt conservation 
techniques.
 Czajkowski, his colleagues 
and his students have brought 
data on soils (from the USDA), 
elevation (USGS) and crops 

Aerial photo shows silt 
entering the western 
basin of Lake Erie.
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“The crop type 
determines how much 
pollution runs off of a 
field. Corn generates 
more pollution 
because the plants 
are ... less able to halt 
or absorb water and 
chemicals”
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The story begins several years ago when 
Daryl Dwyer of the Department of 
Environmental Sciences thought that 
he could solve a problem with aging and 
leaking landfills. That was the beginning of 
what has become almost a crusade for him—
coming up with solutions to seemingly 
intractable environmental problems.
 “Landfills operate under strict federal 
regulations,” Dwyer explained. In total, 
they cover hundreds of acres just in 
northwest Ohio and most are lined with an 
impermeable plastic barrier. Unfortunately, 
many landfills do not have these barriers, 
and for those that do, the liners eventually 
break down; then water seeps into the 
landfill contents, courses through, exits 
and finds its way into the water table, 
streams, rivers and lakes. In the Toledo 
area, that contaminated water can end up 
in Maumee Bay. Dwyer thought that an 
evapotranspiration cover might be a good 
answer. For existing landfills, this type of 
cover is created by adding soil and native 
grasses and wildflowers. “This is not a new 
idea,” he said. “It has been used in the 
dry Southwest. It was always thought that 
northwest Ohio was too wet.” But why not 
look at it, he thought. 
 So he and Kris Barnswell, a former 
PhD student and now a postdoc, tested soil 
mixtures and plants in the Plant Science 
Center and in the outdoor laboratory at the 
Stranahan Arboretum. They found that an 
appropriate layer of soil with long-rooted 
prairie natives that use the water falling 
on the landfill as rain prevent the water 
from reaching the contents of the landfill; 
at the same time, the plants may take up 
contaminants that come their way. As 

Going Native
Landfills, industrial sites, drainage ditches—they all are different, but they all 
have something in common: contaminated water. That water seeps into the 
ground and enters wells or finds its way into a stream or river and, in northwest 
Ohio, ends up in Maumee Bay. 

Daryl Dwyer and Kris Barnswell prepare 
to test the ability of native plants to absorb 
arsenic and other contaminants.

Photo by Daniel Miller
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an added advantage to this 
process, the soil used in the 
cover was constructed using 
dredged material from the 
shipping channel of the Toledo 
harbor. By removing soil from 
the harbor, this means that less 
material would get dumped 
back into the bay during the 
yearly dredging process, which 
could eventually result in a 
decrease in the amount of 
dredging necessary, thereby 
saving money and protecting 
the environment.
 With the success of 
these studies, Dwyer and his 

colleagues convinced the Ohio 
Environmental Protection 
Agency (EPA) that this kind 
of landfill cover would work 
in Ohio. One such cover will 
be installed soon at an old, 
closed landfill near Toledo. 
“This large-scale application 
of scientific research has other 
benefits,” Dwyer said. “By 
using this type of landfill cover, 
Lucas County will save several 
million dollars compared to 
what would be spent on a 
more conventional cover. The 
installation will also create jobs 
and provide recreational space 

by restoring vanishing habitat 
through the utilization of plants 
that are native to Ohio.”

(continued on page 70)

“They found that an 
appropriate layer of 
soil with long-rooted 
prairie natives that 
use the water falling 
on the landfill as rain 
prevent the water 
from reaching the 
contents of the landfill; 
at the same time, the 
plants may take up 
contaminants that 
come their way.”
 But like all good research, 
more questions arise than 
there are answers. The next 
areas of research that grew 

19
Research supported by the U.S. Department of Agriculture
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But most lakes and rivers are “public 
goods” and therefore nonmarket 
goods. So how do policymakers 
weigh the cost of maintenance or 
improvements against the aesthetic, 
recreational or biodiversity value of 
these places?
 Economists use a concept of 
“maximum willingness to pay” 
(WTP), explains Egan, which is 
the maximum monetary value an 
individual would pay for a particular 
good. There are two primary ways of 
looking at this concept, he says; these 
are called “revealed” and “stated” 
preferences. For revealed-preference 
techniques, a common method—the 
travel cost method—analyzes data 
on the number visits to a site, the 

The Value of a Sunset? Priceless!
How do you measure the value of a sunset? A picnic with the children—
or grandchildren? A dip in the lake on a hot summer day?  “The various 
recreational services provided by lakes and rivers, or appreciation of nature  
in general, are enhanced by the presence of the natural beauty of the water,”  
says Kevin Egan of the Department of Economics. 

distance traveled, and time in transit. 
A statistical technique (regression 
analysis) explains trip variation as a 
function of site characteristics such 
as its aesthetic appeal and activities 
offered.
 For stated preferences, 
economists employ a technique 
called “contingent valuation” that 
uses survey questions to examine 
individuals’ willingness to pay for 
certain improvements to a site or 
service—such as improving the water 
quality of a lake. Such surveys often 
are in the form of a ballot on which 
respondents reply only yes, they are 
willing to pay $xx for something. 
Egan notes that a major difficulty 
with contingent valuation surveys has 

Kevin Egan talks to a Wildwood Metropark visitor about a survey.

P
ho

to
 b

y 
D

an
ie

l M
ille

r



21

the university of toledo   research 2010

been their failure to carefully 
consider the time horizon, 
such as a choice of a lump sum, 
annual, or graduated fee. 
 Using both methods, Egan 
and colleagues Daryl Dwyer  
(The University of Toledo),  
Jay Corrigan (Kenyon College), 
and former graduate student 
Sebastian Awondo, sent mail 
surveys to random samples of 
households in northwest Ohio 
and also directly surveyed 
beach visitors concerning 
proposed wetlands restoration 
near the Maumee Bay State 
Park beach. The benefits of 
this wetland restoration would 
be improved water quality 
and recreational swimming 
with fewer posted swimming 
advisories.
 In one study, the researchers 
found that, when asked about 
willingness to pay, respondents 
were more willing to pay an 

annual fee on either a ten-year 
or perpetual schedule than a 
one-time discounted fee. “This 
is a troubling finding,” Egan 
comments, “because it shows a 
lack of sensitivity to the time 
horizon in the payment bids.” 
He notes that further research 
can investigate what additional 
information is necessary to 
induce people to focus on the 
timing of payment options.
 Other studies, however, 
have not been as ambivalent. 
Actual visitors included in the 
on-site Maumee Bay beach 
survey indicated they would 
visit the beach an increasing 
number of times if the water 
quality improved. If these 
projected 37,000-plus people 
visited the beach each year 
at an average cost of $60 per 
person, that would translate 
to an annual income of $2.22 
million that is spent locally. 

When they asked visitors 
about their willingness to pay 
for the costs of restoring the 
wetlands, the researchers found 
that the median “willingness 
to pay” would be about $375 
annually; a conservative 
value of the total benefits is 
$5.5 million annually. Given 
that preliminary estimates of 
wetland restoration costs are 
about a one-time cost of $1.8 
million, such a restoration 
would be a significant economic 
boon to the region.
 The study results in each 
case are conservative, Egan 
says, but all indicate that the 
wetland should be restored as 
long as the costs are below $5.5 
million annually. So what is the 
price of the swimming beach 
and sunset? Surely more than 
you and I thought!

This research has been supported by the United States Department of Agriculture and the Ohio Coastal Management Assistant Grants program.

Kevin Egan

21

“Economists use a 
concept of ‘maximum 
willingness to 
pay’ ... which is the 
maximum monetary 
value an individual 
would pay for a 
particular good.”

Photo by Daniel Miller
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Water, Water . . . Everywhere?
Globally, one in three people endures some form of water scarcity, one-quarter 
of the world’s population lives in areas where water is not plentiful, and existing 
supplies may be limited in quantity or quality for meeting the increasing 
demands of population growth and industry expansion. The increasing lack 
of fresh water has been the driving force for seawater desalination, which is 
accomplished efficiently and reliably using membrane technologies. 

> CU Modified SpaCer

> Virgin SpaCer

Membranes used to filter water come 
in a variety of sizes, from those with 
relatively large pores (microfiltration) 
to nonporous materials (reverse 
osmosis). Reverse osmosis membranes 
are the ones used for desalination 
since they allow water but not ions to 
pass through. Seawater and brackish 
groundwater have become the most 
important sources of drinking water 
in a few arid countries of the Middle 
East—notably Kuwait or the United 
Arab Emirates, which depend heavily 
on desalination. Many industrialized 
and developing regions, however, have 
recently also started to use desalination 
to supplement and diversify their water 
supply options.
 It is the desalination membranes in 
which Isabel Escobar became interested. 
“They are very costly because they 
are very fragile and difficult to work 
with and require a lot of pressure to 
force water through them,” she says. 
“They are also subject to a process 
called fouling.” Anything that does not 
pass through the membrane—solids, 
organic substances, microorganisms—
accumulates on the surface. Most of 
this can be removed by other, less 
expensive forms of pretreatment, 
which is a process that removes fouling 
compounds from the water before it 
passes through the reverse osmosis 
membrane. However, a problem arises 
when bacteria survive pretreatment 
and then accumulate on the reverse 
osmosis membrane. There they set up 
shop—a sort of apartment complex 

Fragile desalination 
membranes are attached 

to rigid plastic grids called 
feedspacers. When spacers 

are impregnated with copper 
(Cu), the membranes show 
significantly less biofouling.

Photos courtesy of Isobel Escobar
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Isabel Escobar

for bacteria, explains Escobar. 
Bacteria on the membrane 
surface excrete a glue-like 
substance called extracellular 
polymeric substance (EPS) that 
creates a shelter where bacteria 
breed and multiply, eventually 
preventing the passage of 
any water at all through the 
membrane.
 Escobar knew that copper 
has antimicrobial properties 
and wondered what would 
happen if she could add copper 
to a desalination membrane. 
She got a small amount of 
funding (from the old NSF 
SGER program) to test her idea (continued on page 70)

“seawater and 
brackish groundwater 
have become the most 
important sources of 
drinking water in a few 
arid countries of the 
middle East—notably 
Kuwait or the United 
Arab Emirates, which 
depend heavily on 
desalination.” 

and got amazing results—well 
beyond her expectations. 
 During manufacture, 
reverse osmosis membranes 
are wound into a spiral; that 
is, they are enveloped within 
a polypropylene mesh called 
a feedspacer (polypropylene, 
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Unfortunately, says Timothy Fisher 
of the Department of Environmental 
Sciences, this scenario has been based 
on very little hard field data. Over 
a period of several years, and with 
substantial support from the Comer 
Science and Education Foundation, 
Fisher has investigated the extent 
of the ancient Lake Agassiz and the 
retreat of the glacier through time, 
correlating those results with the 
known dates of the Younger Dryas 
as determined by ice cores from 
Greenland. 
 Lake Agassiz was situated north 
and west of the current Great Lakes, 
sandwiched between the Laurentide 
Ice Sheet to the north and scoured-out 
depressions and higher topography 
to the south. To determine the 
paleogeography of Lake Agassiz, 
Fisher needs to obtain cores from 
the many small lakes beside and on 
moraines that record positions of the 
retreating ice. By dating when organic 
matter such as wood and seeds were 
first deposited in the lake, he can get 
an approximation of when the ice 
sheet retreated and exposed the land. 
Because plants colonize land almost 

Dating Glacial Meltdown
Earth has passed through numerous warming and cooling cycles. The last really 
extensive and frigid cold cycle was the Younger Dryas, which occurred between 
13,000 and 11,500 years ago. For many years, scientists have thought that a 
retreating glacier, the Laurentide Ice Sheet (LIS), had retreated far enough by 
13,000 years ago to allow melt water to drain rapidly and catastrophically through 
an eastern outlet from the ancient glacial Lake Agassiz, eventually emptying into 
the North Atlantic. Once in the Atlantic, this large influx of fresh water slowed 
the warm Gulf Stream current, resulting in colder temperatures across Europe and 
so producing the Younger Dryas cold period.

Courtesy of Timothy Fisher
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Timothy Fisher

from the moment it is available, 
the presence of organic material 
from the base of lakes is a good 
chronometer for the retreat of 
the glacier. 
 Landforms are also a 
good indicator of glacial 
retreat, Fisher says, and can 
guide researchers to the most 
promising sites. As glaciers 
advance, they carry with them 
soil and boulders bulldozed 
at the leading edge of the ice 
sheet. When the ice melts, 
that collected debris remains, 
forming moraines. The size of 
the debris field can indicate 
how long the glacier remained 
stationary. Looking from the 
air and with maps, Fisher can 
deduce the extent of the ice 
sheet and its direction of flow, 
thus determining the best 
places to take core samples.
 Earlier researchers originally 
inferred the opening of the 
eastern outlet of Lake Agassiz 

“We need to 
understand what 
happened in the 
past to cause abrupt 
climate changes. 
That knowledge aids 
our understanding of 
modern climate and 
strengthens future 
predictions.”

from radiocarbon analysis of a 
piece of wood found in a Lake 
Agassiz beach in North Dakota. 

That date placed the timing of 
the opening to the beginning 
of the Younger Dryas cold 
period. However, on further 
investigation, Fisher found 
a rooted tree stump beneath 
the beach deposit where the 
wood had been found. When 

radiocarbon dated, the stump 
turned out to be 1500 years 
younger, dating to the end 
of the Younger Dryas cold 
period, effectively negating 
any evidence for eastern 
drainage. “This means that the 
glacier was still in place after 
the beginning of the Younger 
Dryas,” he says, “so a rush of 
glacial water from Lake Agassiz 
into the North Atlantic could 
not possibly have caused this 
return to ice age conditions 
during the Younger Dryas cold 
period.”
 “If the Younger Dryas was 
not caused by water draining 
from Lake Agassiz, what did 
cause it?” asks Fisher. “We 
need to understand what 
happened in the past to cause 
abrupt climate changes. 
That knowledge aids our 
understanding of modern 
climate and strengthens future 
predictions.”

Funding by the Comer Science and Education Foundation

Photo courtesy of Timothy Fisher

Photo courtesy of nasa.gov
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Most headwaters in the Midwest today consist of ditches. Historically, however, 
these were small streams that conveyed water from swamps and underground seeps 
and springs to the nearest large river or lake. As the land was settled and farmed, 
these little streams were “ditched” or dug out to carry more water and prevent 
flooding. Over the decades, meandering little streams were dredged for drainage 
and more ditches created.

Of Fishes and Ditches

“Agricultural ditches have largely been ignored 
as habitat because, well, they are just ditches,” 
says Hans Gottgens of the Department of 
Environmental Sciences. “What people are not 
considering is that the ditch today performs 
important environmental functions that 
the historic streams once performed. There 
may be a real need to include environmental 
considerations into ditch management.” In 
particular, he says, at one time, fish spawned 
in the streams and used them as nursery and 
refuge habitat for young fish; now the fish use 
the ditches instead. Within northwestern Ohio, 
many ditches are under drainage maintenance. 
Some ditches are dredged every year; others 
haven’t been touched in 30 years. As such, these 
maintained channels show varying levels of 
naturally occurring recovery of stream habitat. 
“In essence, a natural experiment has been 
under way for decades in this region. Our goal 
is to understand if and how fish communities 
respond to ditch management practices and to 
the return of stream habitat,” he adds.
 A closely managed ditch is straight when 
seen from above and, in cross section, has steep 
sides and a flat bottom. This is not natural. A 
natural stream meanders, has gently sloping 
sides, some deep and some shallow areas and 
in-stream vegetation—they are, in a word, 
heterogeneous. Moreover, the natural ditch or 
stream moves just as much water as a straight 
ditch, explains Gottgens, but its sloping sides 
are less subject to collapse and allow more 
plants to colonize them.
 Working with colleagues and students at 
Heidelberg University, Gottgens is surveying 
the habitat and inhabitants of 20 ditches on 
private land in Sandusky, Seneca and Crawford 

Kristin Gardner conducts a 
ditch survey. An undergraduate 
assistant in Gottgens’ lab, 
she subsequently received 
her master’s from Indiana 
University and now is an 
environmental specialist with  
the Army Corps of Engineers.

All photos courtesy of Hans Gottgens
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of the fish caught in his or her 
ditch. “Landowners have been 
really supportive and curious,” 
Gottgens notes. “They come to 
watch our work and look at the 
abundance and diversity of fish.”
 So far Gottgens and 
his students and colleagues 
find that the heterogeneous 
ditches—the ones that have 
not been heavily “managed” 
and so allowed to become 
more natural—are richer and 
more diverse with more robust 
communities of fish in them. 
The most heavily managed 
ditches have the least diversity. 
With increased use of best 
management practices on 
farmland adjacent to these 
ditches, erosion into the ditch 
is reduced, thereby decreasing 
the need to dredge. The 
results of this study will lead 
to developing management 
practices that are optimal for 
the landowner as well as the 
fish community and the lake 
downstream. 

This research has been 
supported by a grant from the 
U.S. Environmental Protection 
Agency Targeted Watershed 
Grants Program.

counties. Each ditch gets 
monitored twice a year for 
its resident fish community 
and a number of water 
quality and environmental 
variables: flow and discharge, 
pH, oxygen content, water 
conductivity, invertebrates, 
ditch heterogeneity, width of 
the ditch, depth of the water, 
sediment depth and plant 
inventory.
 The fish community in a 
ditch is an important indicator 
of habitat quality, Gottgens 
notes. So a major effort has been 
to count every single fish in a 
50-meter area in every ditch 
monitored. The researchers 
want to record the age, species 
and condition: Is it gravid? Does 
it have lesions or torn fins? All 
fish are released unharmed. 
“Sometimes we get 1,600 fish in 
seine nets; sometimes we don’t 
get any,” he says. “It is a lot of 
hard work.” At the end of each 
season, the researchers send to 
the landowner a photo collage 

Hans Gottgens

Four students during aquatic ecology lab 
examine the contents of a fish seine.

Phil Mathias, Todd Crail and Justin Selden (left to right)  
collecting a seine after surveying an agricultural stream for its fish community.  



Blooming Sources
Microcystis is a blue-green algae, a cyanobacteria. It can be found, among other 
places, on the surface of Lake Erie. During a period of algal bloom, massive growth  
can seriously affect water quality, recreational use and human and environmental  
health. But where does the algae come from? asks Cyndee Gruden of Civil Engineering. 

Although it has been established that algal 
blooms are related to river flow, nutrient 
influx, and other favorable environmental 
conditions (e.g., temperature, wind), there 
must also be an original source of Microcystis 
present in the environment. Gruden is 
currently investigating lake sediments as 
well as feeder streams as possible sources of 
Microcystis. 
  To test this hypothesis, Gruden 
is collaborating with Tom Bridgeman and 
Christine Mayer of the Department of 
Environmental Sciences to sample water and 
sediment from several sites in the Maumee 
River and Lake Erie. “The collaborations 
possible through the Lake Erie Center are 
exciting,” she remarks of her work with 
Bridgeman and other faculty and students at 
the center. The researchers want to get an 
idea of how Microcystis counts change over 
time, but collection using a boat is affected 
by weather, wind and waves. Although 
they can’t always go out on the boat, 
Gruden notes that last summer they used an 
automated sampler to collect 90 days’ worth 
of samples on the Maumee River.  

28

Photos courtesy of the Florida Fish and Wildlife Conservation Commission (FWC).

Photo by Jason Oyadomari
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Cyndee Gruden

 Once samples are collected, 
Gruden’s methodology is 
unique—she counts the 
bacteria using a fluorescent 
microscope. “It is tricky 
to count them,” she says. 
“Microcystis likes to float, so 
we first have to go through 
a lengthy settling process.” 
Then, since they tend to stick 
together, “We have to shake 
them up a bit to separate them 
for counting.” Fluorescent 
microscopy is a standard 
technique for counting 
microscopic organisms, and 
these bacteria produce their 
own fluorescence. So after 
the settling and shaking 
regimen, Gruden processes the 
cyanobacteria onto black filter 
paper for counting.
 Gruden and her colleagues 
are collecting a great deal of 
data at the time of water or 
sediment collection: water 

temperature, air temperature, 
pH, depth of collected sample, 
wind speed and direction, 

“Microcystis is a 
blue-green algae ... 
found on the surface 
of Lake Erie. During a 
period of algal bloom, 
massive growth can 
seriously affect water 
quality, recreational 
use and human and 
environmental health.” 

oxygen concentration. Some 
samples will even go to 
Heidelberg University’s Water 
Quality Laboratory for nutrient 
analysis, including phosphorus. 
 She says she has not done 
enough data analysis yet to 

Research reported here has been funded 
by the Lake Erie Protection Fund and 
U.S. Environmental Protection Agency 
(Great Lakes National Program Office).

determine the definitive source 
of the algal blooms. Although 
Microcystis was detected both 
in the Maumee River and Lake 
Erie sediments, there are many 
other questions to be answered: 
What other events might be 
contributing to algal bloom 
formation? Weather? Turbidity? 
Nutrients in the water? The 
ultimate goal, Gruden notes, 
is to compare what is going 
on in the river to what is 
occurring in the lake, to draw 
conclusions, and, she hopes, 
solve the problem by predicting 
or preventing the occurrence of 
algal blooms.

Photo by Daniel Miller
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View of blue green algae bloom (Microcystis or Cyanobacteria) at southern tip of Pelee Island, Ontario
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“Our lab has broadened our focus in recent years, 
trying to understand how global environmental-
change factors will influence the ability of plants to 
protect themselves from heat stress,” Heckathorn 
says. “We are asking how elevated carbon dioxide, 
nitrogen availability, drought and increases 
in average temperature—individually and in 
combination—affect the ability of plants to handle 
a heat wave. And one piece of that puzzle is how all 
of the above factors influence heat-shock protein 
production and other adaptations to heat stress.”
 Heat poses a danger to humans, plants and 
other living organisms because it can unfold the 
proteins that perform normal biological processes, 
thereby severely compromising cell function and, 
in turn, cell viability. All species produce heat-
stress proteins, which act as molecular chaperones 
to ensure that newly formed proteins are folded 
properly. Under stress—and not simply heat stress—
these specialized proteins help to protect or repair 
other proteins or degrade broken ones so that they 
do not impair cell function.
 Heckathorn initially discovered that an 
abundant, small-sized, heat-shock protein located 
in chloroplasts and mitochondria functions to 
protect electron transport during photosynthesis and 
respiration in plants and animals. Photosynthesis 
and respiration are the two primary energy-
generating processes in cells; protecting these 
processes was one of the first specific cell functions 
shown to be executed by these important general 
stress proteins. Heckathorn and collaborators from 

Stressed Plants
As the air becomes increasingly rich in heat-trapping atmospheric carbon 
dioxide, causing the Earth’s climate to warm, a University of Toledo scientist 
is studying the dramatic changes in plant function that global climate 
change might bring. Scott Heckathorn, associate professor of ecology and an 
ecophysiologist in the Department of Environmental Sciences, is studying stresses 
that plants experience during heat waves and whether plants—which are the 
world’s main source of food, fuel and medicines—will be able to provide these 
services to the same extent in the face of hotter weather, altered rainfall patterns and 
elevated carbon dioxide levels.

Funding for Heckathorn’s climate-change studies has come from National 
Science Foundation and the U.S. Department of Agriculture.

Photo by C. Kevin Boyce, University of Chicago
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UT and Virginia’s Washington 
& Lee University subsequently 
uncovered evidence that 
elevated carbon dioxide can 
improve heat tolerance in some 
kinds of plants but decrease it 
in others.
 They examined the 
effects of elevated carbon 
dioxide on the tolerance of 
photosynethesis to acute heat 
stress in several types of plants, 
which are classified as C3, C4 
or CAM—“three flavors” as 
Heckathorn says with a wry 
smile; this classification is 

based on the photosynthetic 
pathways the plants employ. 
The majority of plants are 
of the C3 type (e.g., peas, 
chenopodium, wheat, soybeans, 
sunflowers and tomatoes); the 
C4 plants are often grasses 
(such as corn, sorghum and 
pigweed), including many 
important crops; CAM plants 
(the century plant and fish-
hook cactus are two) are 
important in many deserts. 
 They found that increases 
in atmospheric carbon dioxide 
changed plant photosynthesis 

under hot conditions: C3 
plants get more of a boost 
from increased carbon dioxide, 
except when heat stress occurs 
on top of increases in average 
temperatures or at low nitrogen 
levels, while C4 and CAM 
plants were often harmed by 
elevated CO2 during heat stress, 
especially at higher pre-stress 
growth temperatures.
 Heat and elevated carbon 
dioxide also affect interactions 
between plants and soil. In 
healthy soil, a small zone 
around the roots contains a 
constantly changing mix of 
organisms: bacteria, fungi, 
nematodes, protozoa and other 
organisms. Bacteria and fungi 

(continued on page 70)

Scott Heckathorn, right,  
with collaborator John Gray
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“But the education of students is a 
less promising situation,” says Andy 
Jorgensen of the Department of 
Chemistry. “It has been said that 
glaciers are melting faster than 
college curricula are changing.” 
Working with a consortium of 160 
educators from institutions across 
the country who are members of 
the Council of Environmental 
Deans and Directors of the National 
Council for Science and the 

Education for the Future
Six hundred college and university presidents have signed the American 
College and University Presidents’ Climate Commitment; The University 
of Toledo is one of them. Public and private organizations across the nation 
are sponsoring events of all kinds on the topic of climate change: workshops, 
seminars, theater, contests, fairs and debates. 

Environment, Jorgensen is creating 
a virtual, Internet-based toolbox of 
resources to help teach climate change 
causes, consequences and solutions. 
This  toolbox will be based on the 
best available scientific information 
and help faculty in higher education 
institutions as they teach students 
about climate change issues and 
solutions. More importantly, the 
project will help build a community of 
researchers, educators and students and 

Photo courtesy of NASA
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develop an infrastructure to 
support this community. Built 
into the effort is an evaluation 
component that will identify 
the requirements of a successful 
cyber community.
 Along with creation of the 
online toolbox and a vibrant 
online research and education 
community, Jorgensen and 
his colleagues are partnering 
with NASA to provide specific 
data, software and educational 
resources that would be freely 
available to professors and 
students. Students will learn 
how to interpret scientific 
data and how such data can 
guide decisions about complex 
problems.
 Jorgensen explains that 
this pedagogical research has 
three major components. 
First, it will evaluate different 
approaches to integrating 
content and pedagogy. Second, 
it will evaluate which content 
and teaching strategies are 
most effective in informing 

and motivating students of all 
kinds. Third, it will expand our 
understanding of how learning 
communities develop and 
change over time.

“students will learn 
how to interpret 
scientific data and 
how such data can 
guide decisions about 
complex problems.”

 “The online community 
will encourage faculty to 
learn from one another in 
a collaborative effort that 
integrates current content with 
state-of-the-art educational 
practice,” says Jorgensen.
As contributors to the online 
toolbox and experts in their 
areas, faculty themselves will be 
resources for others around the 
globe.”

Photos courtesy of NASA

Photo by Daniel Miller
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Great Lakes Shores:  
 Mine, Yours or Ours?
The shores of the Great Lakes are among the most valuable parcels of land in this region. 
Economically important to industrial and residential lakefront property owners, the shores 
also are ecologically and recreationally vital. They are a precious habitat for a wide variety 
of flora and fauna, an important resting spot for migrating birds, and an enjoyable venue 
for walking and fishing. But these lakeshores have recently turned into legal battlegrounds 
between landowners and the public. 

Lakefront owners, armed with deeds 
showing their property extends to the 
water’s edge or even further, claim broad 
rights to use the shore as their private 
property—excluding the public and 
destroying habitat. Members of the 
public, on the other hand, argue that 
the shore is too vital to be left to the 
exclusive control of private owners. 
Brandishing the “public trust doctrine,” 
they contend that the state holds the 
shores in trust, with a duty to preserve 
them for the use and benefit of all 
citizens. 



Great Lakes Shores:  
 Mine, Yours or Ours?
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from walking along privately 
owned Lake Erie shores 
above the water’s edge, it also 
indicates that the shores are less 
protected from development 
and habitat destruction.

 Kenneth Kilbert of the 
College of Law, spurred by 
inconsistent approaches and 
court decisions in resolving 
these important disputes, 
has waded into the fray. “It 
is vital for the public and 
the landowners that the 
law be applied correctly and 
predictably to the Great Lakes 
shores,” he says. The Michigan 
Supreme Court upheld public 
rights in the Great Lakes shores 
up to the ordinary high water 
mark, specifically ruling that 
lakefront owners could not 
exclude members of the public 
from walking on the privately 
owned shore below the 
ordinary high water mark. In 
Ohio, by contrast, an appellate 
court recently sided with the 
lakefront property owners and 
ruled that the Lake Erie shore 
is not encumbered by the 
public trust doctrine above the 
water’s edge. Not only does the 
recent Ohio case bar the public 

Kenneth Kilbert

 Kilbert has developed a 
fresh approach to resolving 
these important disputes 
regarding the shores of the 
Great Lakes. He has proposed 
a uniform legal framework—
based on the core principles of 
the public trust doctrine—that 
each state could employ to 

“Lakefront owners, 
armed with deeds 
showing their property 
extends to the water’s 
edge or even further, 
claim broad rights to 
use the shore as their 
private property.”

ascertain the public’s rights to 
use and protect the Great Lakes 
shores. Kilbert’s framework, 
informed by research into the 
public trust doctrine from 
Roman times through today, 
uses a two-pronged approach. 
First, it determines where the 
public trust doctrine applies 
along the Great Lakes shores. 
Originally the doctrine 
extended to the ordinary high 
water mark, but states have 
a limited ability to change 
the geographic scope of the 
doctrine. Second, it determines 
the types of uses protected 
by the public trust doctrine. 
Kilbert’s framework includes 
both traditional uses of the 
shore (such as boating and 
fishing) and newer uses (such 
as walking and maintaining 
habitat) that are important but 
which do not unreasonably 
interfere with the rights of 
lakefront property owners. 
 – with Kenneth Kilbert
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Dong-Shik Kim of the Department 
of Chemical and Environmental 
Engineering has other ideas. Rather than 
pollute our lands and waters or find a 
dumping spot, Kim is working with a 
local small business to convert wastes 
into a biofuel with high energy values. 
The company, N-Viro International Inc., 
has a patented process that converts 
biomass waste, primarily cow manure and 
sewage sludge, into a solid “biofuel” with 
much of the water removed. The end 
product is only 50 percent water instead 
of 80 percent and looks much like cat 
scat, Kim says. That biofuel burns like 
coal, generating 2,000 – 6,000 BTU/lb. 

Waste Not
Waste comes in many shapes and sizes: agricultural plant residues, animal waste, 
municipal sewage sludge, to name three primary sources. Where do these wastes 
go? They get processed to remove pathogens and dangerous components (such as 
chemical carcinogens and heavy metals). They get spread on agricultural fields. 
They get washed into streams, rivers and lakes, contaminating drinking water 
resources. They get deposited in landfills.

N-Viro and Kim, however, are looking for 
a better way to use the biofuel to make it 
an efficient energy source. 
 The primary problem, Kim says, is 
to convert the solid biofuel into a gas, 
called syngas, which is a coined name 
for the combination of hydrogen and 
carbon monoxide. Syngas can be burned 
as a fuel just like natural gas or further 
processed into a polymer for plastics 
or other types of biofuels. “I prefer the 
latter,” Kim comments, “because it 
adds more economic value to syngas 
compared to burning it.“ But why use an 
energy source to create another energy 
source? “The new, artificial product is 

Right: cow manure
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a cleaner and more efficient 
fuel,” Kim explains, “but 
even more important, it turns 
waste material that is an 
environmental pollutant into 
something useful—a ‘value-
added’ product.”
 The N-Viro product can 
be converted to syngas in a 
standard gasification process, in 
which the biofuel reacts with a 
limited supply of oxygen or air 
to produce water and gaseous 
products such as syngas, carbon 
dioxide, methane gases. Kim 
and N-Viro are investing an 
advanced technique to gasify 
the biofuel, namely plasma 
gasification. Plasma itself is 
a high energy gas containing 
charged ions and electrons. 
Kim says the plasma process is 
the most effective and cleanest, 
but tests still need to be done 

to determine the amount of 
plasma (and hence electrical 
energy input) required to 
produce even more energy 
from the biofuel. He and his 
colleagues also want to know 

what the products of the 
process will be. “These products 
will be different depending 
on the source material of the 
original solid biofuel,” he 

“The company has 
a patented process 
that converts biomass 
waste, primarily cow 
manure and sewage 
sludge, into a solid 
“biofuel” ... that burns 
like coal.” 

explains, “but they include a 
high content of syngas and the 
other residual gases such as 
carbon dioxide, methane  and 
acetylene.”
 Current experiments with 
standard gasification processes 
have produced a gas that is 
25 percent hydrogen and 15 
percent carbon monoxide with 
the rest consisting of carbon 
dioxide and methane. “This is 
typical, and similar to burning 
coal,” Kim says, “but not good 
enough to be commercially 
viable. We want to get to 
70 percent hydrogen and 20 
percent carbon monoxide. That 
will make a great syngas that 
we are calling “super syngas.” 
Kim is convinced that plasma 
gasification at its much higher 
temperatures will enable them 
to reach that goal. 

Biofuel 
Here
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This contradiction in health 
messages about fish was 
the most important issue 
identified by Detroit River 
stakeholders in a series of 
workshops developed and 
facilitated by Ann Krause 
of the Department of 
Environmental Sciences 
and her team of researchers. 
A subgroup of stakeholders 
lead by the MDCH worked 
on materials to convey a 
balanced and also easy-to-
understand message that 
would be accessible across a 
broad fishing community. 
 This effort was a part of a 
larger integrated assessment. 
“Integrated assessment merges 
environmental science, social 
science, and management to 
address ‘wicked problems’. 
It incorporates participatory 
research that transcends 
the passive transmission of 
information to become a 
process in which the recipient 
population is more engaged—
stakeholders participate from 
the beginning and guide the 
direction of the research,” 
explains Krause. For increased 
engagement, the researchers 

Fishing! 
We all read in the news about how fish are an important part of a healthy diet. 
Unfortunately, consumers of fish from the Detroit River can be very confused about the 
health benefits of fish when reading the fish consumption advisories developed by the 
Michigan Department of Community Health (MDCH). These advisories recommend 
the number of  individuals of a fish species that can be safely consumed given their 
levels of contaminates. Some species have high enough contaminant levels that 
recommendations say to eat them only once per month. Other species have contained 
only small levels of contaminants; advisories for these latter are directed only to sensitive 
populations, such as children and women of child-bearing age. 

explore relationship networks 
and identify resources, key 
issues, and stakeholder roles 
within three main themes:  
contaminant regulation 
and management, the river 
food web system, and fish 
consumption advisory (FCA) 
policy and end users.
 In the first capacity-
building workshop, members 
of each group interviewed each 
other, corrected misperceptions, 
identified strengths and 
opportunities and then agreed 
on the group’s most important 
issues. All the groups then 
voted on their top priorities. 
As it turned out, the number 

led stakeholders through a 
series of three workshops 
whose primary goal was to 
respond to the needs of the 
stakeholders as a group. The 
overall workshop goals were to 

“... fish are an important 
and healthy part of a diet, 
but you must be careful 
about what fish you are 
eating.”

Walleye are safer to eat than many other species 
taken from the Detroit River.
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Ann Krause

This work has been supported by the Michigan Sea Grant.

one issue was how to increase 
public awareness of fish 
consumption advisories. At 
that time, the fish consumption 
advisories were only available 
on the internet. The result? 
A subgroup of stakeholders 
representing industry, nonprofit, 
and government organizations 
all worked together to develop 
a sign and brochures that 
easily translated the current 
advisories and provided 
alternative fishing spots where 
safe fish are available. Krause 
says, “The take-home lesson 
was that fish are an important 
and healthy part of a diet, but 
you must be careful about what 
fish you are eating.” These signs 
are now at parks and popular 
fishing spots on the U.S. side 

of the river. Canadian agencies 
and organizations are looking 
into expanding coverage on 
their side of the Detroit River.
  “This is an issue of 
environmental justice, public 
health, science, and policy all 
rolled up together,” comments 
Krause. But more than that, 
Krause gets animated when she 
talks about the connections 
that were made during the 
workshops, the development 
of leadership, collaborations 
and an enlarged information 
network. “And the research 
took social science into 
account,” she says. Krause and 
her colleagues were able to look 
at how leadership roles changed 
through an analysis of the 
stakeholder network.

 “Participants’ perceptions 
of their knowledge about 
Detroit River fish consumption 
advisory issues, networks and 
resources increased significantly 
over the course of the project. 
Although our workshop 
process was unconventional by 
natural resource management 
standards, we even managed to 
win over some of the reluctant 
ones.” In the end, the group 
produced a tangible product 
that would not otherwise have 
happened without this process 
of engagement. And the process 
itself, guided by science, brought 
together stakeholders to improve 
public health, coordinate 
information, and cooperate 
across jurisdictional boundaries.

Informational poster developed as  
a result of participatory workshops
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But Ashok Kumar, professor in of the Department of Civil 
Engineering at The University of Toledo, wanted to know 
about particulate matter in closed environments and 
the difference between particles generated by biodiesel 
and those generated by ultra-low-sulfur diesel (ULSD). 
Kumar said evidence exists to support the belief that 
particulates from automobile traffic and other combustion 
sources have a more severe effect on human health 
than particulates from sources such as dirt, pollen, and 
industrial residues.

Inside Air  
We are all continuously exposed to particulate matter in the air—at 
home, at the office, at play in the park—it is virtually inescapable. Research 
over the past several years has demonstrated that inhaled particulates can have 
serious health effects and react with other compounds. The surface of airborne 
particles also plays a catalytic role in chemical reactions.

Ashok Kumar and PhD candidate Shandilya set up air quality testing equipment on a TARTA bus.

Photo by Daniel Miller
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  The damage that particulate matter causes 
depends largely on the shape of the particle and 
its chemical composition. To determine the 
characteristics of particulate matter generated 
by both biodiesel and ULSD, Kumar and several 
students monitored the air inside buses operated 
by the Toledo Area Regional Transit Authority 
(TARTA). Kumar and his Ph.D. student 
Shandilya discovered that the particles floating 
inside city buses come in 12 distinct shapes. The 
smallest sizes occurred the most often.  
 The particles were formed from a wide 
variety of elements that can be traced back to the 
industrial or environmental source.
  Of particular interest to the research team 
is the fact that particle shape distribution is 
essentially the same in buses powered by both 
biodiesel and ULSD, but particle size distribution 
is totally different. 
 “This suggests the particles may be of different 
composition and are coming from different 
sources,” Kumar said. “This point needs major 
investigation. Additionally, surface patterns on 
particles inside the bus fueled by biodiesel are 
quite different from those in ambient air.”

This work has been funded by grants from TARTA and the Michigan-Ohio University Transportation Center.

(a)

(b)

The most common particulate shapes are 
(a) oblong, (b) triangle and (c) square. 
Most particles have a coarse, cracked 
and holed surface that provides a suitable 
environment for secondary atmospheric 
reactions.

(c)

“Evidence exists 
to support the belief 
that particulates 
from automobile 
traffic and other 
combustion 
sources have a 
more severe effect 
on human health 
than particulates 
from sources such 
as dirt, pollen, 
and industrial 
residues.”

Photos courtesy of Ashok Kumar



42

Patrick Lawrence of the Department 
of Geography and Planning says that 
those problems have been identified 
along the whole length of the river. 
But for the three-quarters of a mile 
that the river runs through The 
University of Toledo grounds, efforts 
are under way to address those issues 
in addition to the loss of habitat 
and fish species. Lawrence and 
his colleagues with the President’s 
Commission on the River have two 

The main channel of the Ottawa River meanders almost 50 miles from its source in 
Fulton County, Ohio, to its mouth at Maumee Bay in Lake Erie. As with many urban 
rivers, it is polluted and in danger of dying. Three main problem issues face restoration 
of this river: (1) contaminated sediments from historical industries along its course;  
(2) contaminants that have shown up in fish; and (3) bacteria from sewers, septic 
systems, and both wild and domesticated animal populations.

Restoring a River

“This type of research 
and demonstration project 
introduces science to high 
school students, restores 
a degraded environment, 
and provides the means 
of comparing different 
approaches to river 
restoration.”

Patrick Lawrence

distinct projects underway: rain 
garden construction (of which there 
are three on the UT campus) and 
river restoration.
 “The rain gardens are really 
demonstration projects,” Lawrence 
says. “They are intended to show 
how such gardens can be placed, 
what they look like and how 
effective they are.” Rain gardens 

Photos by Daniel Miller
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PARKING LOT #10 RAIN GARDEN
the university of toledo

PLANT MATERIAL LIST
KeY – CoMMon naMe [BOTANICAL NAME]

TREES & SHRUBS:
aMCa –  Serviceberry [Amelanchier canadensis]
Cora –  grey dogwood [Comus racemosa]
Tadi  –  Bald Cypress
ropa  –  Swamp rose [Rosa palustrus]
VaBg –  Blue gold Blueberry [Vacinium cory. ‘Blue gold’]
Vide  –  arrowwood Viburnum [Viburnum dentatum]

GRASSES & SEDGES:
CaVU  –  fox Sedge [Carex vulpinoidea]
Hiod  –  Sweet Vanilla grass [Hierochloe odora]
paHM – Heavy Metal Switch grass [Panicum virgatum ‘Heavy Metal’]
SCSC  – Little Bluestem [Schizachtrium scoparium]

FORBS [WILDFLOWERS] & PERENNIALS:
aSin  –  Swamp Milkweed [Asclepia incsrnata]
aSna –  new england aster [Aster novae angliae]
aSSY  – Common Milkweed [Syriaca]
BoLa  –  false aster [Boltonia Iatisquama]
CHgL  –  Turtlehead [Chelone glabra]
eCMa –  Magnus Coneflower [Echinacea purpurea ‘Magnus’]
eUMa –  Joe pye Weed [Eupatorium maculatum]
irVa  –  Blue flag iris [Iris virginiana]
LiSp  –  Marsh Blazing Star [Liatris spicata]
LoCa  –  Cardinal flower [Lobelia cardinalis]
LoSp  –  great Blue Lobelia [Lobelia spicata]
Modi  –  Beebalm [Monarda didyma ‘Cultivar’]
Mofi  –  Wild Bergamot [Monarda fistulosa]
rUgo –  Black-eyed Susan [Rudbeckia fulgida var. ‘goldsturm’]
pedi  –  Beard’s Tongue [Penstemon digitalis]
Sori  –  ridell’s goldenrod [Solidago ridelli]
VeHa  –  Blue Vervain [Verbena hastata]

catch runoff from parking lots 
and buildings and, where they 
do not stop or hold all water, 
they slow it down enough to 
allow plants and soils to absorb 
water and contaminants. 
Students helped design and 
build these gardens using native 
plants because natives have 
deep roots and can survive both 
extremely wet and extremely 
dry conditions.
 The current primary thrust 
of Lawrence’s work, however, 
is the river restoration project. 
This three-year research project 
will involve local high school 
students, UT students, and local 
and national organizations in a 
combined education, research 
and demonstration effort.
 In the first year, Lawrence 
and his colleagues and 
students will work with the 
Early College High School 
at Scott Park Campus, a 
program of the Toledo Public 
Schools. Students will have 
the opportunity to take college 
credit courses and work with 
faculty and graduate students 
on environmental science 
and river restoration. The 
students will monitor water 
flow, storm water runoff, slope 
stability, invasive and non-
native plants, loss of aquatic 
habitat and the river channel 
itself. These preliminary data 
will provide a basis for the 
longitudinal research that 
will track this information 
over the next few years. 
And because students will 
do the actual data collection 
under the guidance of faculty 
and graduate students, the 
educational benefits of this 
project are tremendous. 
Lawrence anticipates that these 
activities will have a two-fold 
benefit: first, the students 
will learn proper scientific 
procedures, become fascinated 

by the science and elect to 
enter an environmental science 
program; second, they will be 
exposed to the damage we have 
done to our environment and 
become empowered to work on 
reversing that damage. 
 During year two of the 
project, Lawrence and the 
students will work with 
environmental consultants 
and state and federal agencies 
to develop a concept design 
for restoring river banks 
and channels. This concept 
design will be applicable 
to all environmentally 
degraded rivers and will 
create a generalizable plan 
of restoration. Such plans 
would be a combination of 
restoring the slopes of the river 
banks, adding rocks and other 
obstacles to the river channel 
to enhance aquatic life, 
removing invasive plant species 
and planting natives.
 Year three will see physical 
restoration of this short section 
of the Maumee River. The 
students will have continued to 
conduct monthly monitoring 
for water quality and aquatic 
species. Once restoration 
activities have been completed, 
these data will show the effects 
on plant and animal life over 
the period of the project. 
 This type of research 
and demonstration project 
has distinct advantages and 
benefits: it introduces science 
to high school students, restores 
a degraded environment, 
and provides the means of 
comparing different approaches 
to river restoration. Lawrence 
and his colleagues expect the 
results of this project to be 
widely applicable to many 
rivers that run through urban 
areas—with the accompanying 
benefits to local flora, fauna and 
human residents.

Work supported by President’s Commission on the River  
and the Toledo Rain Garden Initiative

Site Plan courtesy of Jay Brewster, RLA ASLA, Blanchard Tree and Lawn

LaWn riVerBanK area
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Scott Leisner, associate 
professor of biological sciences 
and director of the UT Plant 
Science Research Center, is 
rushing to their aid, studying 
ways to improve the natural 
ability of plants and crops to 
ward off viral invaders and 
better deal with heavy-metal 
stress. He is looking at the use 
of silicon to help plants better 
deal with stress caused by 
pathogens such as viruses.
Silicon is a nutrient and 
the second most abundant 
element in the earth’s crust. 
Compounds such as nitrogen, 
potassium and phosphorus are 
considered essential for plant 
growth. Silicon has not been 
determined essential for plant 
growth, but may be beneficial 
for many. Plants use a form of 
silicon called silicic acid.
Silicon reduces stress caused 
by viruses. Among the more 
common—and damaging—
viruses are “mosaic” viruses, 
which cause leaves to 
turn yellow or fold under 
themselves and occasionally 
stunt the growth of the entire 
plant. Viruses are a serious 
problem because infected 

Scott Leisner

Of Viruses and Stress
Viruses can be the worst enemy of farmers and commercial growers of 
ornamental and edible plants and vegetables. They can affect everything  
from geraniums to citrus trees. In addition, heavy-metal stress can cause 
toxicity symptoms in a variety of plants. 

plants have significantly 
reduced crop yields, costing the 
agricultural industry billions of 
dollars annually. 
 In experiments, Leisner 
and his colleagues found that 
silicon delays virus infection in 
tobacco and now are working 
to study how the response 
is mediated. They also are 
studying a gene implicated 
in antiviral defense that they 
identified from Pelargonium 
spp.(the common garden 
geranium). The scientists are 
focusing on interactions among 
the proteins of Pelargonium 
flower break virus, the most 
common and highly contagious 
viral pathogen of geraniums.
Interestingly, the beneficial 
effects of silicon extend 
to other types of stress as 
well, such as heavy-metal 
toxicity, specifically copper. 
Copper is an essential plant 
nutrient—protective against 
many pathogens—and is an 
active ingredient in pesticides. 
However, elevated doses of 
copper can damage plants 
because copper induces 
production of destructive 
oxygen radicals in the plant. 

Leisner’s research is funded by grants from the U.S. Department of Agriculture. 

Photo by Daniel Miller
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 In experiments using 
Arabidopsis, a cabbage relative 
with a known genome 
sequence, Leisner and 
Jonathan Frantz of the USDA 
Agricultural Research Service 
discovered that silicon appears 
to alleviate stress caused by 
copper toxicity. In the presence 
of high copper levels, plants 
fed a silicon supplement 
showed fewer yellowed leaves 
and shoots, roots grew better, 
and the activity of a stress-
induced enzyme disappeared. 
In addition, a number of genes 
that were turned on during high 
copper conditions were turned 
off when silicon and copper 
were present at the same time. 
 “One possibility is that the 
silicon may be creating copper-
binding sites in the cell walls of 
the plant, which prevents the 
copper from getting into the 
cells. Although we have some 
data that suggest that some 
of the copper-detoxification 
enzymes actually go higher in 

terms of their expression in the 
presence of silicon,” Leisner 
says. These findings suggest 
that use of silicon may allow 
copper-containing pesticides to 
be used more effectively in crop 
production. 
 “I’m starting now to look 
at silicon as a sensitization 
or a priming agent,” he adds. 
“Essentially when you provide a 
plant with silicon, it is as if the 
plant is saying, ‘OK, now we 
are going to get things set up so 
that if we are stressed, we will 
be ready for it.’ ”
 Among just a handful of 
scientists worldwide studying 
the role of silicon in plant 
growth and protection, Leisner 
has also studied the protective 
effects of silicon in ornamental 
flowers such as zinnia. He says, 
“It is naïve to think that if 
silicon is in such abundance 
in the earth’s crust, and plants 
grow normally in the soil, they 
wouldn’t find a useful way to 
use it.”

 Knowledge gained in 
his studies could point to 
new methods of controlling 
plant diseases and stress in 
economically important crops.

 — by Jim Winkler

“Essentially when 
you provide a plant 
with silicon, it is as 
if the plant is saying, 
‘OK, now we are 
going to get things 
set up so that if we 
are stressed, we will 
be ready for it.’”

Photo by Bruce Watt, 
University of Maine

Photos courtesy of 
The University of Tennessee Institute of Agriculture

Photo courtesy of 
The University of Tennessee Institute of Agriculture
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Collecting Groundwater Data
Underground water found in limestone crevices, sand and other geologic 
formations provides half the drinking water in the nation and a far higher share 
in rural areas. Data gathered from groundwater monitoring wells is invaluable 
in answering questions such as how often a particular body of water is renewed 
by Earth’s water cycle that centers on evaporation, rain, runoff and seepage; 
where it flows; and whether different bodies are physically linked through the 
underground flows. 

In addition, the data can be used to better 
map underground aquifers, conserve supplies 
and keep groundwater free of heavy metals, 
gasoline, solvents, septic-system wastes and 
other contaminants that endanger health. 
 James Martin-Hayden, a hydrogeologist in 
the Department of Environmental Sciences, 
says that thousands of monitoring wells 
operate near landfills, power plants, gasoline 
stations and other sources of pollution. 
“For samples to be accurate,” he notes, “the 
physical processes occurring inside the well—
things like temperature, conductivity, flow, 
mixing—have to be better understood.” His 
goal is to improve the accuracy and reliability 
of these data and has spent a number of years 
studying the distribution, circulation and 
properties of groundwater.
 Most groundwater is found in underground 
pores in sand and gravel or in bedrock layers 
that may be hundreds or even thousands of 
feet deep. It is sampled by drilling wells. One 
hole is first drilled to the bedrock and then 
a smaller hole for the well is created to a 
predetermined depth. The well is cased from 
the surface down to the bedrock, and the space 
between the casing and hole is sealed with 
grout. In sandy materials the bottom of the 
well is generally a polyvinyl chloride plastic 
(PVC) or stainless steel pipe that has a slotted 
section known as a well screen. The screen 
section has horizontal thin slits small enough A
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James Martin-Hayden

“That doesn’t sound like a 
big deal,” Martin-Hayden 
said, “but one important 
component of groundwater 

to keep soil and sediment out 
and allow groundwater to flow 
in for sampling. A sand pack 
placed around the screen helps 
filter the groundwater as it 
flows into the well. 
  “We need to understand 
the physical properties that 
are happening inside the 
device,” he explained. “In the 
case of groundwater, we don’t 
understand what goes on inside 
the sampling devices and how 
the water flows through it. My 
interest is in the environment 
that is created by installation of 
the well, the construction and 
the design, and how the natural 
groundwater environment 
interacts with the device. Ever 
since I started in this business 
20 years ago that has been a 
big question—is the sample 
representative?” he said. 
 He is primarily studying 
two important events that 
occur inside monitoring 
wells—mixing and through-
flow. Mixing occurs in the 
winter when temperatures 
drop and colder, denser water 
above the top of the screen 
will drop in the well and mix 
with the warmer groundwater. (continued on page 71)

Funding for Martin-Hayden’s studies has come from the Department of Defense and the  
U.S. Environmental Protection Agency’s Strategic Environmental Research and Development Program

“As water shortages 
intensify disputes 
between states 
and clean water 
moves closer to 
supplanting oil as 
the most contested 
natural resource, 
hydrogeology 
and hydrology 
will become more 
important.” 

is dissolved oxygen. Once a 
monitoring well is installed, 
we have a device that has a 
column of water exposed at the 
surface to oxygen—it doesn’t 
take much—just little bit of 
oxygen—to diffuse into the 
water. That mixing process 
is going to carry that oxygen 
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Green chemistry techniques emphasize the 
use of safer solvents, renewable raw materials 
such as biomass, energy-efficient processes and 
application of “atom economy”—a term that means 
incorporating as much of the starting material into 
the final product as possible.
 The researchers have created a collaboration in 
which they are sharing ideas, techniques, solvents 
and catalysts, even if their specific compounds and 
goals are somewhat different. For Mason, Schmidt 
and Tillekeratne, the goal is to create a specific 
atomic bond in a specified location on a molecule. 
Anderson’s work contributes to the general group 
effort because he creates ionic liquids that can be 
used as “designer solvents” in the effort to create 
molecules with the desirable configurations.
 Mason is looking for the most efficient catalyst 
to create a carbon-hydrogen bond and carbon-
carbon bonds on a styrene molecule. Molecules are 
often right- or left-handed, Mason explains. “If we 
can control that handedness, or chirality, then we 
can produce a series of drugs more economically.” 
And it is the catalyst that controls the reaction. 
Having spent time developing fundamentals of the 
research and constructing a small pressure chamber 
that can handle 24 simultaneous reactions, Mason 
is now well on the way to making a library of 
catalytic reactions to see which works best. “What 
is most important is the correct product—it’s chiral 
handedness—and speed is not so important. What 
we are really after is reducing waste,” he says. 
 Schmidt’s work is in some sense a mirror of 
Mason’s, except he is drawn to carbon-nitrogen 
bonds. “These are amine bonds and are prevalent in 

“Green chemistry is coming up with ways to change chemical processes, particularly 
in manufacturing, so that you minimize or reduce waste,” says Mark Mason, associate 
professor of chemistry. “Instead of using end-of-the-tailpipe approaches to chemical  
waste, what you do is minimize waste at the source.” Mason is working with  
Jared Anderson, associate professor of chemistry; Joseph Schmidt, assistant professor 
of chemistry; and Viranga Tillekeratne, associate professor of medicinal and biological 
chemistry, to develop new tools that would both shorten the route to a desired 
molecule and reduce the amount of unwanted and often hazardous byproducts. 

Turning Green

Clockwise from left, Mark Mason, Jared Anderson, Viranga Tillekeratne and 
Joseph Schmidt prepare a sample catalyst for analysis in the NMR.

Molecular structures of new 
catalyst precursors of zirconium 

(top right) and palladium 
(below) for metathesis, 

hydroamination, and C–C 
coupling reactions.

Molecular structure diagrams courtesy of Mark Mason

Photo by Daniel Miller
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pharmaceuticals,” he remarks. 
“In fact, approximately 40 
percent of the drugs being 
used regularly have an amine 
within their overall structure.”  
Whereas Mason uses a 
pressure chamber, Schmidt 
can run experiments at room 
temperature and atmospheric 
pressure. The ultimate goal is to 
save steps  to have one catalyst 
control several steps in a row in 
a cascade reaction. “We’ve got 
a nice system for the formation 
of carbon-nitrogen bonds 
developed so far,” Schmidt adds. 
“It’s got a unique and useful 
reactivity profile. What we are 
really striving for at present 
is the incorporation of the 
proper handedness into these 
molecules. We’ve got some ideas 
about how to do this, so I guess 
it’s just a matter of time before 
we get this working, too.”
 Tillekeratne is identifying 
catalysts that can create 
new carbon-carbon bonds, 
a reaction that is one of 
the most basic in making 
pharmaceuticals. Green 
chemistry principles are 
particularly apropos for the 

pharmaceutical industry—
drug manufacturing entails 
a tremendous volume of 
hazardous solvents, numerous 
reaction sequences, and large 
energy requirements. Solvents 
alone account for about 80 
percent of the waste in a typical 
drug manufacturing process. 
These are, for the most part, 
highly inefficient processes with 
considerable waste generation, 
as well as large energy 
requirements. Catalysts with 
high specificity and selectivity 
would have several desirable 
virtues: they would reduce 
the number of independent 
steps undertaken in a complex 
synthesis; they would reduce 
the waste generated in each 
step; and they would reduce, 
sometimes enormously, the 
total energy requirement of the 
process. As an example of how 
closely this group is working, 
Tillekeratne says, “One of the 
catalysts we are using now is 
one Joe Schmidt developed.” 
 Identifying new ionic 
liquids to replace noxious 
organic solvents such as 
acetone and toluene is the 

Research supported by The University of Toledo Research and Fellowship Awards programs and the National Science Foundation.

focus of Anderson’s studies. 
Ionic liquids are organic liquid 
salts (think table salt, but a 
liquid) that do not boil and 
so have no vapor, no odor 
and no dangerous health side 
effects. They are easily recycled 
and reused, thus eliminating 
many problems as well as the 
cost of solvent disposal. These 
substances are specifically 
created for individualized 
processes and reactions, 
and Mason, Schmidt and 
Tillekeratne are finding them 
valuable assets in the search for 
“green” model systems.
 So what is green chemistry’s 
future?  “Very green, financially 
speaking,” he says. “Companies 
that embrace green chemistry 
principles do so because 
minimizing waste and energy 
positively affects the bottom 
line and generates the kind 
of ‘green’ that keeps investors 
happy. Incorporation of green 
chemistry principles results 
in a win-win situation for 
all—society, industry and the 
environment.”
 — by Jim Winkler

“Companies 
that embrace 
green chemistry 
principles do 
so because 
minimizing waste 
and energy 
positively affects 
the bottom line 
and generates the 
kind of ‘green’ that 
keeps investors 
happy ...”
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But there are also native ecosystem engineers—
the mayfly and unionid bivalve mollusks 
are two that are common to the Lake Erie 
basin. Christine Mayer of the Department 
of Environmental Sciences and her student, 
Kristen DeVanna, are asking what happens 
when the aliens meet the local residents. 
The alien mussels compact sediment, but the 
locals mix soft sediment in a process called 
bioturbation, Mayer explains.  
 This activity is important because mixing 
the sediment  effectively makes nutrients more 
readily available to other bottom-dwelling 
species (benthic) and increases the oxygen 
content of upper sediment layers. 
 They expected that Dreissena would have 
a negative impact on both sediment properties 
and populations of benthic communities. To 
explore the effects of the invasive Dreissena 
species, the researchers set up experimental 

Christine Mayer

Ecosystem Engineers
The Great Lakes have been invaded by dozens of foreign species from bottom-
dwelling mollusks to alien fish. Several of these, namely the zebra (Dreissena 
polymorpha) and quagga (Dreissena bugensis) mussels, can have a significant 
impact on ecosystem function. These particular invaders, also known as 
ecosystem engineers, can cause dramatic physical changes to both living  
and nonliving components of the ecosystem.

Highly reproductive zebra 
mussels attach to the 
underwater surfaces of rocks, 
piers, and other structures in 
Lake Erie, such as this mussel-
encrusted buoy.

Photo by Daniel Miller
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plots in a natural lake habitat, 
in a controlled pond setting, 
and in a laboratory setting. As 
expected, fingernail clam and 
nematode density increased 
in the presence of burrowing 
mayflies but decreased in the 
presence of Dreissenids. 
 Mayer says, “Our results 
showed that Dreissena either 
had no effect or negatively 
affected infaunal invertebrate 
abundance, whereas addition of 
a native bioturbator (burrowing 
mayfly) tended to increase 
the density of most other 
invertebrates.” Surprisingly, 
the researchers found that the 
density of burrowing mayflies 
themselves actually increased 
in the presence of live (as 
opposed to dead) Dreissena 
colonies. And in the laboratory, 
mayflies preferred habitats 
covered by the invaders over 
bare sediment. Mayer notes, 
however, that the mayflies 
often occupied empty shells 

or the space just below live 
mussels and were not actually 
burrowing. Where they did 
burrow in the presence of 
Dreissena, their burrows were 
comparatively shallow.  
“This result was entirely 
unexpected based on basic 
knowledge of the biology 
and habitat of the burrowing 
mayflies,” Mayer remarks.
 “The habitat preference 
we observed for burrowing 
mayflies may have large impacts 
on the spatial distribution of 
the mayfly as they may select 
preferentially for Dreissena-
covered sediments,” Mayer 
observes. “This will affect 
native ecosystem engineer 
diversity, density and 
behavior and can have not 
only considerable impact on 
the benthos but a cascading 
effect on overall ecosystem 
functioning.”

This research has been supported the Lake Erie Protection Fund.

Mayflies: 
Immature mayflies spend up to two years 
burrowing in substrates, such as the bottoms of 
lakes, where they undergo several molts. When 
ready to leave their aquatic environment, they 
swim or crawl to the surface, stop only long 
enough on rocks or plants to molt, then fly quickly 
to nearby plants and molt into adults. Adults live 
only one or two days, mating in mid-air and laying 
eggs on the surface of the water.
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“Noise-induced hearing loss has 
been a common complaint among 
farmers,” says Sheryl Milz of the 
Department of Public Health and 
Preventive Medicine. “Farmers 
have been reported to be among 
the most hearing-impaired workers 
in the U.S., and most can expect 
a significant hearing loss by age 
50.” Milz wanted to find out what 
levels of noise farm families are 
really exposed to, so she developed 
a research project to measure both 
occupational and nonoccupational 
noise exposure of three farm 
families in northwest Ohio. For 
a week during each of three farm 
seasons—planting, growing and 

Can You Hear Me Yet?

Sheryl Milz

The U.S. Census estimates that 3,871,582 people live on farms, nearly half of whom 
reside in 12 states in the Midwest and northern Great Plains. Farm families are exposed 
to sounds, particles, chemicals and other substances that most people who live in urban 
areas seldom encounter. Noise in particular is an area of concern because those who live 
on or near farms are assaulted by noise from a variety of essential equipment—tractors, 
cultivators, combines, threshers—all with engines, motors and many moving parts.  
How does this cacophony of sounds affect the hearing of these people?

harvesting—members of each 
family “wore” a personal dosimeter 
and mini-microphone from the 
time they rose in the morning 
until going to bed at night. 
Participants also recorded their 
activities so that specific activities 
and equipment could be correlated 
with measured noise levels. To 
help with data analysis, a field 
investigator documented daily 
activities during each monitoring 
period.
 The Occupational and Safety 
Health Administration (OSHA) 
guidelines list 90 dBA as the 
permissible exposure limit (PEL). 
NIOSH guidelines are slightly 

lower at 85 dBA. Notably, 
OSHA does not regulate farming 
as it does other occupations, 
Milz remarks. Of the 11 exposure 
readings of children (three 
adolescent teens), one exceeded 
NIOSH guidelines; of the 45 
adult readings (three couples), 
10 exceeded NIOSH guidelines. 
No readings exceeded the 
OSHA standard. “Although the 
8-hour time-weighted averages 
of noise exposure indicate no 
extended excessive exposures, the 
data indicate that noise exposures 
could contribute to possible 
hearing loss among farm families,” 
Milz says.

Experimental equipment set 
up in a field near Toledo to 
measure noise levels

Photo by Daniel Miller

Photos courtesy of Sheryl Milz
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From left: Abishek Bhat, the College  
of Engineering and Obed Ombongi,  
the Department of Public Health  
and Preventive Medicine

 Since Milz is interested in 
examining multiple factors affecting 
the health of farm workers and 
families, she has not stopped with 
noise. She is working with Kevin 
Czajkowski, Von Sigler, Allison 
Spongberg, Ashok Kumar and  
Farhang Akbar to evaluate potential 
exposures from  biosolids applied to 
farm fields. She will be measuring 
exposures to dust, aerosols, ammonia, 
hydrogen sulfide and other compounds 

“Farmers have been 
reported to be among 
the most hearing-
impaired workers in 
the U.s., and most  
can expect a 
significant hearing 
loss by age 50.”
both inside homes and outside. 
What gets tracked into the house, 
she asks. This is a comprehensive 
study that, in addition to the farm 
workers themselves, will also include 
non-farm families who live in the 
vicinity of treated fields as well as 
control homes that are up to three 
miles distant.
 Public health has many facets, 
all geared to improving health and 
eliminating potential health risks. 
Milz’s work is contributing to a 
body of knowledge that will help 
farm families minimize exposures 
to health risks and improve their 
outlook for future health.

53

Funded by the National Institute for 
Occupational Safety and Health
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Cellulose, the material that comprises a plant’s cell walls, is the most abundant 
organic compound on earth. Lignin, the glue that holds the cells together, is 
second in line.  

To digest these compounds 
requires some very specialized 
enzymes that only microbes—
mostly just fungi and bacteria—
produce.
 “Both cellulose and lignin 
are very tough,” says Daryl 
Moorhead of the Department 
of Environmental Sciences. “In 
fact, lignin is an amorphous 
polymer and can be thought of 
as the natural world’s equivalent 
of plastic.” The actions of these 
microbes is essential in releasing 
the stored nutrients of dead 
plant material back into the soil 
to create the fertility that allows 
and promotes plant growth. 
Without those actions, plant 
growth would soon halt.
 The first conceptual models 
to explain the breakdown of plant 
matter were developed around 
the turn of the twentieth century, 
Moorhead explains.  
 But scientists did not have 
the tools to develop in-depth 
understanding of the processes 
involved in decomposition. 
“New tools in biochemistry 
and molecular biology allow us 
now to examine the process in 
minute detail,” he adds.

 Moorhead’s research focuses 
on building computer models that 
can describe these decomposition 
processes in mathematical terms. 
“This allows us to quantify 
the relationships among the 
microorganisms, the enzymes 
they produce and the litter 
they operate on,” he explains. 
For many years, the biggest 
unknown has been understanding 
what is going on in microbial 
communities. The patterns seen 
in nature seemed indecipherable. 
But with the models he has built, 
Moorhead has shown that by 
making relatively few changes in 
microbial growth rates and enzyme 
production, he can reproduce the 
patterns observed in nature.
 Different microorganisms 
have different modes of activity, 
Moorhead explains. Some degrade 
cellulose; some degrade lignin to 
get to the cellulose (which is an 
energy source for these minute 
organisms); and some depend 
on what others digest for them. 
But regardless of how these 
microorganisms perform their 
functions, the decomposition 
process releases nutrients required 
for plant growth—nutrients that 

Dead Leaves

Daryl Moorhead

Photo by Daniel Miller
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otherwise would remain bound up in 
dead plant litter.
 Another aspect of Moorhead’s 
models is their ability to examine how 
shifts in decomposition and nutrient 
availability can affect available 
atmospheric carbon.  
 The soil carbon content is the 
largest pool on earth, he says. Even 
a slight change in the process of 
decomposition and microorganism 
activities can create significant changes 
in global carbon cycling. 
 Recent research has demonstrated 
the importance of nitrogen to the 
microorganisms in the decomposition 
system. Moorhead says that nitrogen 
appears to be a regulator of sorts. 
During the early part of decomposition 
when the microbes need more 
nutrients, the presence of nitrogen 
speeds up the decomposition process by 
increasing the rate at which microbes 
use carbon. However, contrary to 
expectations, nitrogen slows the highly 
lignified later part of decomposition. 
This result is counter-intuitive and 
Moorhead’s next endeavor is to help 
solve the riddle.

“But regardless 
of how these 

microorganisms 
perform their 
functions, the 

decomposition 
process releases 

nutrients required 
for plant growth—

nutrients that 
otherwise would 

remain bound up in 
dead plant litter.” 
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Stacy Philpott of the Department of 
Environmental Sciences has asked if birds are 
really important in reducing insect damage 
to plants and, if so, how important? Several 
years ago, she says, scientists noticed a 
decline in bird populations because of tropical 
deforestation and began to look at agricultural 
areas, in particular the agroforests of Central 
America as alternative habitats. They found 
that coffee and chocolate plantations, where 
crops grow and thrive under the canopy of 
a mature forest, supported as many or more 

bird species as native forests; more intensive 
plantations, with fewer trees, did not. The 
next question was to look at what birds are 
doing in those agroforests. “Birds,” she adds, 
“are important predators of insect pests, but 
biological simplification of agroforests may 
reduce the effectiveness of this pest removal 
service by reducing bird diversity and activity.” 
 To test her hypotheses, she and colleagues 
used data from 48 studies from the tropics 
and temperate regions that had examined 
the impacts of birds on insect abundance 
and damage in both forests and agricultural 
systems. Each study excluded birds from some 
plants by the simple method of placing fishnets 
over the plants to keep the birds out, she says. 

Far from being a menace as in the Alfred Hitchcock movie, birds perform  
a number of ecosystem services that are valuable—or pleasing—to humans: 
They eat seeds that they then disperse; they eat insects that eat plants;  
they are beautiful to look at; and they serenade us with their songs.  
Plants, of course, provide food for both humans and domestic animals.

The Birds

Insect-damaged coffee tree and bean

“Birds ... are important predators 
of insect pests, but biological 
simplification of agroforests may 
reduce the effectiveness of this 
pest removal service by reducing 
bird diversity and activity.” 
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They then collected insects from 
plants with and without birds and 
assessed the amount of plant damage. 
Philpott and colleagues then used 
this data to ask whether birds reduce 
insect populations or plant damage 
in the two types of habitats. For 
the tropical studies, they examined 
whether bird effects were stronger 
during the winter when migrant 
birds were present. In addition, 
nine of the studies from tropical 
agroforests also included data on 
bird density and diversity. They were 
thus able to look at how changes in 
bird diversity altered bird effects on 
insects and plant damage. 
 The technique Philpott and 
her colleagues used allowed them 
to look at the data at a grand scale. 
Rather than qualitatively comparing 
the results from individual studies, 
they used a meta-analysis that yields 
a quantitative and more powerful 
analysis. For each of the original 
studies they calculated two ratios: 
first, the number of insects on plants 
with and without birds and second, 
the amount of plant damage on 
plants with and without birds. Those 
ratios were then used to compare 
the impact of birds in forests vs. 
agroforests and in the winter 
(migrants present) vs. summer. (continued on page 72)

They also correlated the ratios from 
different studies to the diversity and 
abundance of all birds, of migrants, 
and of tropical resident species to 
see whether impacts varied with the 
number of bird species present. 
 It turns out that birds reduced 
insects and plant damage in both 
forests and agroforests, and that 
bird effects in the tropics were 
much stronger in the winter with 
the influx of migratory species. 
Moreover, as Philpott expected, 
the negative effects of birds on 
insects and plant damage increased 
as diversity of all birds increased. 
This important result shows that 
biological diversity is important 
for pest reduction in coffee and 
chocolate plantations. “Agroforestry 
systems are ideal settings for research 

This work has been supported by the National Science Foundation, a Distributed Graduate Seminar of the National Center 
for Ecological Analysis and Synthesis, the University of California Santa Barbara, and the State of California.

Stacy Philpott

P
hoto courtesy of S

tacy P
hilpott

Left: Tennessee Warbler
Photo courtesy of Warblers
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Youngwoo Seo in the lab

What’s in Your Water?
Drinking water in the United States is generally very good. But many 
water utilities are reporting the presence of biofilm even in the presence 
of disinfecting agents. “This is a significant threat to public health,” says 
Youngwoo Seo of the Department of Civil Engineering, “and we are trying 
to understand why disinfectants are not controlling the biofilm.”

This work is funded under grants from the  
U.S. Geological Survey and the National Science Foundation.

Bacteria labeled with fluorescent dyes: 
viable cells are green; dead  

or compromised cells are red.

The needle type sensor shown above can be 
connected to a data acquisition system to 
monitor changes in chemical concentrations 
in microenvironments such as soil pores, 
sediments and biofilm.

Photos courtesy of Youngwoo Seo
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Seo explains that biofilm 
is essentially a colony of 
microorganisms that have 
adhered to a surface and also 
to each other. These microbes, 
which are frequently pathogens, 
secrete something called 
extracellular polymeric 
substance (EPS)—a mixture 
of DNA, large carbohydrate 
molecules and proteins. Seo 
suspects that EPS contributes 
to the resistance of the 
microbes to antimicrobial agents. 
Unfortunately, little is known 
about EPS interaction with 
disinfectants. He is determined 
to remedy this situation.
 Seo has been able to 
examine and characterize EPS 
and its protective activities for 
a particular microbial biofilm— 
an opportunistic pathogen 
called Pseudomonas aeruginosa. 
Three distinct mutant strains 
of this microbe, physiologically 
the same except in their ability 
to produce different levels of 
EPS, were initially exposed to 

three different disinfectants: 
chlorine, chlorine dioxide 
and chloramine. Seo and his 
students exposed the bacteria  
to the three disinfectants, 
timed the period from 
introduction of the disinfectant 

“... this research has 
direct impact on water 
utilities, industries and 
public health ...”
to inactivation of the bacteria, 
and then counted the cells that 
were either dead or alive—an 
incredibly tedious procedure 
but one made easier by labeling 
the cells with fluorescent dyes, 
one color for viable cells and 
one for dead cells. They also 
determined the density and 
characteristics of the EPS that 
remained in solution.
 When treated with three 
disinfectants, the mutant 
strains all reacted quite (continued on page 71)

differently. The EPS consumes 
the disinfectant, thus rendering 
it ineffective in killing or 
inactivating the microbe. 
The more EPS the microbe 
secretes, the more protection 
it has against the disinfectant. 
The microbes that were unable 
to produce EPS—algT—had 
almost no protection and were 
quickly rendered inactive. On 
the other hand, the mucA strain 
is a heavy producer of EPS and 
survived longer and to a greater 
extent than the other two 
strains in the presence of any  
of the disinfectants.
 To further examine 
microbial resistance, Seo also 
used infrared spectroscopy to 
detect changes in EPS after 
exposure to disinfectants. 
Infrared spectroscopy can 
detect the molecular makeup 
of a substance by measuring 
the frequency of absorbed 
radiation. Since every molecule 
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“The goals of this program are 
to train and extensively mentor 
underrepresented undergraduate 
student scientists for graduate study  
in environmental biology,” Sigler said. 
“Simultaneously, the program leads 
to greater understanding of human-
caused biodiversity, habitat and water 
quality crises.” The program’s ultimate 
impact is at both the individual level 
and the larger societal-environmental 
level.

Creating a Scientist

Lake Erie Center
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In recent years, a number of federal agencies have focused on 
developing programs encouraging African-American, Hispanic  
and other underrepresented minority groups to participate in 
research at the undergraduate level and then go on to graduate school 
in the sciences. Von Sigler and co-investigator Carol Stepien, both of 
the Department of Environmental Sciences, are leading the charge 
under the Undergraduate Research and Mentoring Program funded 
by the National Science Foundation.

 The program will enroll up to six 
students every year—each student 
remaining in the program for two years. 
Prospective students seek a potential 
mentor and submit an application 
package that includes a resume, a 
transcript, letters of recommendation, 
and a statement of purpose. In this 
first year of the program, two African-
American students are enrolled with 
an average GPA of 3.35. Sigler and 
Stepien said they anticipate enrolling 
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at least three or four more 
students for 2010. The 
program is currently funded  
for four years.
 Under the guidance 
of their faculty mentors, 
students learn how to conduct 
experimental techniques, 
develop hypotheses and 
perform independent research. 
Because students remain in 
the program for two full years, 
they have the time to analyze 
data thoroughly, ask questions 
and take their research in 
new directions, Sigler said. 
Additionally, students must 
present their work at local and 
state conferences and submit 
their data in first-authored 
papers to refereed journals and 
so contribute to the body of 
knowledge. 
 The students meet monthly 
as a group to talk informally 
about what science is and 
why participate in it, discuss 

how to design experiments 
and interpret data, examine 
the literature and how it is 
synthesized for the public, learn 
how to ask questions, and give 
presentations and updates on 
their research projects. Research 
ethics and the responsible 
conduct of research is another 
major discussion topic.
 On a broader level, Sigler 
and Stepien said the program 
develops young scientists and 
encourages their participation 

in graduate school. Furthermore, 
the URM students contribute to 
the restoration and conservation 
of degraded land, waterways, 
and habitats and will develop a 
fundamental understanding of 
the issues, thus fueling a desire  
to be part of the solution. 
 Even if they do not enter 
graduate school and become 
career scientists, Sigler 
comments, “Our program 
unites students with a real, 
impaired environmental system 
through which they can focus 
on beneficial interaction with 
the natural environment and, 
hopefully, improve their own 
local communities.”

From left: Kara Lindelof (URM Teaching Assistant)
Robert Hanlon, Von Sigler (URM Co-PI), Gabriella Pardee,
Lance Olsen, Dashanne Czegledy, Kris Koloini, Tammy Armstrong
and Carol Stepien (URM Co-PI)
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“There is an expanding use of pharmaceuticals and 
personal care products, PPCPs for short, in homes, 
medicine and on our livestock and pets,” Spongberg 
commented. These chemical mixtures get washed down 
the drain, flushed down the toilet, and seep into streams 
and rivers. Many of them undergo alteration through use, 
but residues often pass unchanged into our water systems 
and into our environment. In particular, Spongberg’s 
research on their fate during wastewater treatment 
indicates that efforts to eliminate these pharmaceuticals 
from effluent (the post-treatment liquid) and biosolids 

Small Pharma

Alison Spongberg (standing)

Several years ago, Alison Spongberg of the Department of Environmental Sciences 
acquired a very special piece of instrumentation called a liquid chromatograph with 
a double mass spectrophotometer (mass spec for short). “This allowed us to detect 
substances in the environment in extremely low concentrations—parts per trillion,” 
Spongberg said of her work with colleagues from Health Science Campus and  
Bowling Green State University. So what did she do? Naturally, she wanted to explore 
the capabilities of this new instrument and decided to look at what entered and exited a 
wastewater treatment plant to see what survived treatment. The results were surprising.

“These chemical 
mixtures get washed 
down the drain, 
flushed down the 
toilet, and seep into 
streams and rivers. 
... residues often  
pass unchanged  
into our water 
systems and into  
our environment.”

Photo by Daniel Miller
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(the post-treatment solids) are 
ineffectual for some PPCPs. 
 To begin with, Spongberg, 
her colleagues and students 
examined a small country 
water source and found high 
concentrations of some PPCPs 
in a few places. In particular, 
she said, concentrations 
of salicylic acid and some 
antibiotics and anti-
hypertension medications 
were elevated even 50 meters 
downstream from the treatment 
plant. “Our preliminary data 
show that effluents from 
rural wastewater treatment 
plants can both introduce and 
increase concentrations of these 
compounds in environmentally 
sensitive areas,” she noted.
 Problems exist, however, 
in sampling. Concentrations 
can be different at different 
times of the year and in 
different locales such as urban 

or rural. They found that 
concentrations of cotinine 
(a metabolite of tobacco) 
and caffeine were twice as 
high in rural as compared to 
urban areas. Additionally, lab 
testing has shown that some 
chemicals don’t degrade easily; 
for example, triclocarban has 
a half life of 87 to 231 days, 
while triclosan has a half life of 
only 20-56 days. The ultimate 
goal of the research has been to 
develop a one-step extraction 
process to simultaneously detect 
as many as 36 pharmaceuticals. 
 Spongberg is also intent 
on following these PPCPs 
through a complete cycle. 
The researchers are looking at 
what happens to the residues 
in plants such as soybeans and 
in animals such as mussels and 
fish. “But the recipes for this 
kind of analysis are unique 
for each medium,” remarked 

This research has been supported by the U.S. Department of Agriculture Cooperative State Research, Education and Extension Service 
with cooperation from the Oregon (Ohio) wastewater treatment plant and the R.A. Stranahan Arboretum of The University of Toledo.

Spongberg. “We had to develop 
an analytical process and a new 
methodology for each. No one 
had tried to do this before, so 
we had to figure out how to 
retrieve suspect compounds 
from plants and aquatic 
animals. It was frustrating  
at first, but fun!” 
 Ongoing research is 
looking at pharmaceutical 
concentrations in the leaves 
and beans of the soybean and 
other food plants. “We haven’t 
got any reportable results yet,” 
added Spongberg, “but we are 
seeing that the plants are taking 
up some compounds and storing 
them.” The next challenge that 
Spongberg is looking forward to 
is work on veterinary drugs and 
hormones. Manure is aerated 
and treated for disposal and 
even for packaging as fertilizer 
and soil amendments. What 
goes into the cow, however, also 
comes out of the cow. What 
happens to it?



64

But what brings them here and where do they 
come from? Carol Stepien, director of the Lake 
Erie Center, and her PhD student Joshua Brown 
have been working to answer those questions 
for the round goby (Neogobius melanostomus), a 
fish native to the region around the Caspian and 
Black seas in Eurasia. The round goby arrived 
in ballast water from ocean-going vessels, as 
did about 73 percent of Great Lakes invaders, 
Stepien said. But mode of transportation is the 
easy part—the hard part is sleuthing to find out 
where these creatures originated.
 Scientists have analyzed the genetic make-up 
of very few Great Lakes invaders, Stepien said. 
In the early 2000s, she determined that the ruffe, 
a small, spiny perch, originated from the Elbe 
River system in Germany. Other researchers have 
found that a water flea traveled to the lakes from 
Lake Ladoga in Russia. 
 To investigate the genetic history of 
the round goby, Stepien and Brown asked 
several questions: (1) Is it from a single 
source or multiple populations? (2) Does 
its genetic diversity reflect a founder effect 
or not? (3) Is the invasive population 

Invasion!
The Great Lakes rank as one of the world’s most invaded freshwater habitats; 
today they are home to more than 182 nonnative species, including fish, 
bivalves and insects. 

On a recent visit to Washington, 
D.C., Carol Stepien, left, met  
Joshua Brown for a good meal  
and to discuss their next paper.

Lake Erie Center

Photo by Daniel Miller
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genetically homogeneous or 
heterogeneous? (4) Do fringe 
populations have reduced 
or similar genetic variability 
compared to the original 
population center?
 In the process of answering 
these questions, Stepien and 
Brown analyzed a total of 744 
DNA samples from multiple 
sites in the Great Lakes and 
the St. Lawrence Seaway and 
328 from regions of Eastern 
Europe that are “home” to the 
round goby (the Baltic, Black 
and Caspian seas, Danube 
and Volga rivers and the Sea 
of Azov). The two found 13 
haplotypes in North America, 
six of which also occur in 
Eurasia. By comparing the 
haplotypes found in the Great 
Lakes to those reported from 
Eurasia, Stepien and Brown 
were able to determine that six 
occur in multiple locations in 
North America. Four of those 
six represent 97.5 percent of 
all North American round 
goby samples. Additionally, 
they note, those four represent 
100 percent of the genetic 

diversity found in the Dneiper 
River system where it empties 
into the Black Sea at the 
port of Kherson, Ukraine. 
Three of the most common 
haplotypes occur in generally 
the same proportions in both 
Lake St. Clair and at Kherson, 
indicating that (1) Kherson is 
the origin of the fish and (2) 
Lake St. Clair the original site 
of its introduction.
 Stepien and Brown 
comment that significant 
variability in populations 
in the Great Lakes indicate 
little gene flow among sites. 
Moreover, several sites have 
low genetic diversity, which 
would point to a founder effect 
for those populations. They 
suggest that the tremendous 
success of the round goby in the 
Great Lakes stems from its high 
genetic diversity combined 
with multiple sources and 
a large number of invaders, 
to say nothing of a ready 
supply of its traditional food 
source—the zebra and quagga 
mussel invaders—and an 
absence of native parasites and 

This work was supported by the National Science Foundation and the USEPA. DNA samples were contributed by numerous researchers worldwide. 
Joshua Brown just completed a Knauss postdoctoral fellowship at NOAA Sea Grant in Washington D.C.

predators. Stepien and Brown 
say in conclusion that “the 
round goby’s North American 
introduction provides an 
important model for exploring 
a range of demographic 
processes that occur during an 
exotic species’ invasion and 
expansion.”

Above: Round goby 
eating a zebra mussel “... four represent 

100 percent 
of the genetic 
diversity found in 
the Dneiper River 
system where it 
empties into the 
Black sea at the 
port of Kherson, 
Ukraine.”

C
ou

rt
es

y 
of

 r
es

ou
rc

es
fo

rh
is

to
ry

te
ac

he
rs

.w
ik

is
pa

ce
s.

co
m

Left: Both round goby 
(Neogobius melanostomus) 
and zebra mussel (Dreissena 
polymorpha) are aquatic 
invasive species present in the 
Great Lakes.

Photos courtesy of the Ministry of National Resources, Ontario, Canada
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“The magnitude of change is 
discouraging,” says Michael Weintraub 
of the Department of Environmental 
Sciences, “and we are trying to 
understand the impact of changing 
seasons.” He explains that the 
Alaskan Arctic is not only warming, 
with snow melt arriving sooner in the 
year, but the plant growing season 
is starting earlier as a result. Plants 
have evolved in this region to use 
stored nutrients for growth during 
the first half of the season. Then, as 
the soil thaws, they put down roots 
to collect and store nutrients for the 
next season. 

Arctic Warming
Climate on Earth is changing, but it is not changing evenly around the globe. 
And the pace of climate change is happening faster at the poles. Snow melt in 
the Arctic is already occurring two weeks earlier than it did in 1950.

 “One reason we care about what 
happens in the Arctic is the simple 
fact that soil stores twice as much 
carbon as the atmosphere,” Weintraub 
adds. Plants grow much faster than 
they can decompose in the Arctic, 
meaning that Arctic soils have been 
accumulating carbon for thousands 
of years. However, with longer 
thaw periods and warmer and drier 
soils (higher temperatures increase 
evaporation rates), the decomposition 
process will turn more carbon into 
atmospheric CO2—potentially a 
positive feedback loop.
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 Another piece of the 
puzzle involves nitrogen. It 
turns out that plant growth 
and decomposer organisms 
(bacteria and fungi) are limited 
by the amount of available 
nitrogen. Once plants start 
taking up nutrients—especially 

“One reason we care 
about what happens in 
the Arctic is the simple 
fact that soil stores 
twice as much carbon 
as the atmosphere.”

Mike Weintraub grew up 
in New York and, as an 
undergraduate, got a job 
washing dishes in a research 
lab. Working his way up the 
ladder enabled him to attend 
the University of California 
at Santa Barbara and also do 
research in Alaska: the best of 
all possible worlds.

nitrogen—there may not be 
enough nitrogen to provide the 
decomposers with what they 
need. The time of the growing 
season that plants become active 
thus has implications for the 
environment, Weintraub says. (continued on page 72)

 Weintraub and his 
colleagues have hypothesized 
that the growing season is 
divided into two phases: 
pre- and post-root-growth. 
As plants respond to a shorter 
pre-root-growth phase and 
longer root-growth phase, the 
implication is that the longer 
phase could limit decomposer 
activity due to nitrogen 
limitation. This could create 
a negative feedback loop 
limiting decomposition and 
the consequent release of huge 
amounts of carbon into the air.
 But how to test this? 
Weintraub, his colleagues and 
students are mounting a huge 
manipulative experiment with 
funding from the National 
Science Foundation. Using 
giant sheets of black fabric 
over 8 x 12 meter plots, they 
are altering the timing of snow 
melt. They are also warming 
sections of these plots with 
warming chambers. Thus they 
will be able to monitor plant 
growth under four different 
conditions: earlier snow melt 
alone, earlier snow melt plus 
warming, warming alone, and 
no treatment.

67

Research supported by the National Science Foundation

Clear plastic tubes—the tops 
have been painted white to 
reflect sunlight and prevent 
thawing—will be used to 
monitor plant root growth. 
They are placed in the ground 
in the marked plots, each of 
which is 10 x 100 meters.
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Building New Molecules     
 A University of Toledo assistant professor of chemistry is using 
nature as a model to create better catalysts that result in cleaner, 
quicker, more efficient and sustainable chemical reactions.

Yamamoto’s research focuses on  
use of oxidation/reduction reactions 
in amide bond formations and in 
aminoxyradical-catalyzed reactions. 
Oxidation/reduction reactions, 
known as “redox” reactions, involve 
the transfer of electrons from one 
molecule to another. As molecules 
react to form new molecules they 
rapidly pass through highly unstable 
phases called “transition states.” 
Catalysts stabilize these transition 
states and reduce the amount of energy 
needed to make reactions occur.
 Yamamoto tries to develop 
catalysts that are made of substances 
like nitrogen, oxygen, hydrogen, 
carbon, sulphur and phosphorus 

Kana Yamamoto with (from left to right) Chinmoy Pramanik, Haoyi Yao and Surya Adhikari

“We are looking for new 
principles that simplify available 
transformations,” says Kana 
Yamamoto, an organic chemist who 
studies things like carbon-hydrogen 
bonds, chiral centers, and multiple 
double bonds and then tries to put 
them together in new, beneficial 
ways. “My primary research focuses 
on the discovery of highly selective, 
sustainable, and robust oxidative 
transformations.” 
 Yamamoto’s studies are part of the 
“green chemistry” movement aimed 
at developing chemical processes and 
products that require fewer reagents, 
less solvent, and less energy while 
simultaneously generating less waste.

3-D model of camphor, 
a commercially available 
and inexpensive compound  
from which Yamamoto has 
developed a catalyst capable 
of mediating oxidative 
reactions.

Diagram courtesy of Kana Yamamoto
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and thus eliminate the use 
of transition metals such as 
platinum, palladium and 
rhodium. When transition 
metals are used in making new 
pharmaceuticals, they must be 
removed from the synthesized 
drug, which is sometimes 
difficult. 
 A widely used chemical 
process for making amide or 
peptide bonds generally requires 
a two-step procedure that starts 
with an acid and includes 
activation and treatment with 
the amine to be synthesized. 
The activation step, however, 
results in a large amount of 
chemical waste that has no 
subsequent use. To sidestep this 
waste, Yamamoto is applying 
the chemistry of vitamin B1 to 
form amide bonds. Occurring 
most widely in cereal grains, 

vitamin B1, also known as 
thiamine pyrophosphate 
(TPP), is a colorless, 
crystalline substance that acts 
as a catalyst in carbohydrate 
metabolism. Among other 
things, it facilitates Acetyl 
CoA biosynthesis, which holds 
the potential of identifying 
new methods for amide bond 
formation and helps her design 
analogues of TPP that are easier 
to use in experiments.
 In her search for green 
oxidative reactions, Yamamoto 
is also investigating new 
processes for producing “chiral” 
products. New oxidation 
methods could be useful in 
producing medicines because 
the active ingredients of many 
drugs are chiral, which means 
they have either a left-handed 
form or a right-handed form. 

Even though both forms contain 
the same atoms in identical 
connectivity, one form may be 
active, the other inactive or 
even damaging. So, because 
changing the “handedness” 
of a compound dramatically 
changes its properties, chemists 
often use only one form to 
make a medicine.
 Two known aminoxy-
radicals, which are catalysts 
that speed up a variety of 
oxidations, are the templates 
Yamamoto is using in her 
research. They have different 
reactivities and therefore 
are complimentary to each 
other. One advantage of these 
catalysts compared to others 
is that they are relatively safe 
and use green stoichiometric 

This research has been supported by University of Toledo Summer Fellowship funds.

(continued on page 72)
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The camphor tree, native to the 
Far East, has been used since 
ancient times as a flavoring 
for sweets, although today it 
is primarily used in medicinal 
preparations. It has become 
highly invasive in many other 
areas of the world for several 
reasons: it has a massive root 
system that invades drainage 
and sewerage systems; its leaves 
have a high carbon content that 
can degrade water quality and 
fish habitat; the camphor in 
leaf litter prevents other plants 
from germinating; and birds 
like the seeds, which pass intact 
through the digestive system, thus 
ensuring wide dispersal. The 
State of Florida has classified the 
camphor tree as a Category 1 
invasive species.
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Two monitoring stations were set up 
to measure the effects of lake seiches 
(i.e., the movement of lake water that is 
driven by wind) on water flow and the 
transport of bacteria to the bay. “No one 
has sampled a tributary in this manner, 
and the data that we are accumulating 
can be used both to design treatment 
wetlands as well as understand how 
different environmental parameters 
control the transport of bacteria,” Dwyer 
was pleased to say. 
 The researchers have used the data 
to create a preliminary model to predict 
the occurrence of E. coli on the beaches. 
Important environmental parameters in 
the model are wind, rain, temperature, 
lake wave height, sunlight and rates of 
water discharge from the watershed. So 
far, the model is better at predicting the 
occurrence of E. coli than the methods 
currently used by regulators. 
 These efforts demonstrate how basic 
research such as work with plants in 
a greenhouse can lead to large-scale 
projects that have promise for improving 
public health, recreational opportunities, 
fisheries and county budgets. “We work 
on restoration and remediation,” Dwyer 
said. “It doesn’t matter if it is a wetland 
or a prairie. We determine what will 
work and then just let the plants do 
their thing.”

evaporated and landfilled, piped into 
deep wells or into the ocean, among 
other methods. Escobar notes that Ben 
Gurion University in Israel is a leader in 
research regarding this waste water.
 The next step for Escobar is to work 
on the “why” of copper’s activity as an 
antifouling agent. She hypothesizes that 
adding charged, antimicrobial copper 
ions to the polypropylene feed spacer 
increases its hydrophilicity (or attraction 
to water). This increase of both charge 
and hydrophilicity is thought to decrease 
the propensity of cell adhesion, which 
is the first step in biofilm formation. 
Additionally, copper ions are known to 
have antimicrobial actions, generally 
attributed to their effect on cell 
membrane permeability and their ability 
to generate hydroxyl radicals, which 
can cause cellular damage imparted via 
oxidative stress. These properties result 
in a less hospitable environment for cell 
adhesion or growth. 
 Escobar has now won an unsolicited 
National Science Foundation award 
and has generated enough excitement 
from her membrane work to receive 
invitations to present a number 
of keynote talks and conference 
presentations. Two students have 
received their doctorates from work on 
this project, which has recently been 
patented and licensed by a membrane 
manufacturer from California.

from the initial endeavors involved the 
possibility of using wetlands and their 
native, floral inhabitants to help clean 
up industrial sites and act as a buffer 
between sources of pollution and Lake 
Erie. So in an extension (or two) of his 
original concept of restoring habitat 
to help remediate the ills of an old 
landfill, he began investigating the use 
of wetlands as a way to restore waterways 
to health and prevent the spread of 
contamination.

 One of the contaminants Dwyer 
dealt with was arsenic, an inheritance 
from Toledo’s glass-making industry. 
Research done at the Plant Science 
Research Center led to the discovery 
that some sedges, grasses and a few 
forbs (flowering plants) such as Virginia 
mountain mint, cardinal flower, lupine 
and sunflowers can accumulate arsenic. 
The toxic effect of arsenic to the 
plants was ameliorated by using silicon. 
“Arsenic also sticks to soil,” said Jordan 
Rofkar, a former PhD student and now 
postdoc, working on the project, “and it 
would take a very long time for arsenic 
to move all the way through a wetland. 
When the soil is saturated, then these 
plants will start taking it up, so it won’t 
find its way into the lake.”
 Wetlands are also capable of 
removing Escherichia coli from water 
entering Maumee Bay. The bay’s most 
popular swimming beach at Maumee Bay 
State Park was posted for contamination 
25 percent of the time in the last eight 
years. Dwyer and his colleagues and 
students set up monitoring stations to 
track contamination entering the Wolf 
Creek watershed, which feeds the bay. 

continued from page 19
Going Native

feast on root exudates; even larger 
microbes such as nematodes and protozoa 
then gobble up smaller bacteria and fungi. 
Nutrients not absorbed by microbes or 
liberated by decomposition are available 
for plant roots to absorb. More biological 
activity in the soil generally means more 
nutrients available to the plant and thus 
improved plant growth.
 The complex interaction between 
plant roots and biological species is 
termed the “soil food web.” Heckathorn 
notes that plants and soil microbes are 
closely linked: “Plants, for example, 
send a large fraction of their daily 

Stressed Plants
continued from page 31

Water, Water . . . Everywhere?
continued from page 23

“The bay’s most popular 
swimming beach at maumee 
Bay state Park was posted 
for contamination 25 percent 
of the time in the last eight 
years.”

the same #5 plastic found in everyday 
grocery store containers) to give them 
mechanical support and provide water 
flow channels. Escobar’s breakthrough 
was to incorporate copper into the 
polypropylene. “We add the copper 
in such a way that it keeps its charge 
instead of becoming neutral, as in paint,” 
Escobar comments. The copper then 
prevents the bacteria from attaching 
themselves to the membrane surface. If 
the bacteria cannot attach, they have 
no chance of creating a biofilm on 
the membrane and fouling it. Instead, 
the bacteria get disposed of through 
the waste stream, called concentrate. 
Ultimately, that waste stream can be 
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absorbs light at different levels, they 
produce a unique signature that can be 
captured by sophisticated equipment. 
Not surprisingly, the mucA strain 
showed the greatest changes under 
FTIR spectroscopy, indicating that the 
EPS was absorbing larger amounts of 
disinfectant, which in turn caused more 
extensive alterations to the chemical 
features of the EPS.
 Having determined that disinfectants 
work more or less effectively depending 
on the microbe’s production of EPS, Seo is 
now seeking to understand the mechanisms 
of the persistence of biofilm in water 
distribution systems. He will investigate 
how microbes affect the transport 
and reaction of disinfectant; how 
EPS governs pathogen colonization, 
protection and redistribution in water 
systems; and how EPS may play a role 
in multi-species biofilm disinfection. 
These new approaches are possible 
because of a minute microelectrode Seo 
has recently developed to detect the 
presence of specific chemicals. 
 “Beyond enlarging an academic 
understanding of biofilm control, this 
research has direct impact on water 
utilities, industries and public health,” 
Seo comments. “We hope to point the 
way to biofilm control strategies that 
will contribute to protecting public 
health.”

research has shown that heat stress has, 
to a large extent, a negative impact on 
this partnership and that microbes gain 
and plants lose.”
 Additionally, Heckathorn and his 
co-workers have found that elevated 
levels of carbon dioxide alone increased 
microbial growth and carbon use. This 
changes the community structure in 
response to increased levels of carbon  
in the soil, likely from root exudation. 
 Interestingly, elevated CO2 offset 
drought-related decreases in microbial 
activity, which likely resulted from 
decreased water use by plants at elevated 
levels of CO2. 
 Further investigations into the 
effects of heat and increased CO2  found 
that plants lose carbon dioxide to soil, 
presumably via fine-root turnover; plants 
increase the amount of nitrogen they take 
up due to increased root mass, but the 
efficiency of nitrogen uptake per gram of 
root deceases; and soil (root and microbe) 
respiration and root exudation decrease, 
but microbial biomass increases. 
 Putting all the clues together is an 
exciting endeavor for Heckathorn and 
his colleagues. 
 While global climate change has 
become an extremely complicated 
issue, the discoveries of UT scientists 
will help answer questions, solve 
problems and shape climate policies 
around the world.

                                — by Jim Winkler

hydrogeology and hydrology will 
become more important. That issue 
will make reliable information about 
the hidden world of groundwater more 
important than ever.

         — by Jim Winkler

photosynthate downstairs and release it 
from the roots to feed microbes living 
close to the roots. The job of these 
microbes is, among other things, to 
make nutrients more available through 
chemical reactions,” he explains. “So 
plants and soil microbes are strong 
partners that work together. Our 

down into well and drastically change 
the groundwater environment.”
 Obtaining accurate oxygen readings 
is critical because groundwater is often 
low in dissolved oxygen. The microbes 
and chemical reactions that exist in 
the groundwater environment are very 
sensitive to changes in oxygen content. 
“If the primary device we use to sample 
the groundwater significantly alters 
that environment, our sample will 
not be representative,” he explains. 
“Furthermore, if the device itself is 
altering the conditions we are trying to 
monitor, our understanding of subsurface 
environments will be confounded or 
erroneous.” 
 Through-flow is another issue. 
Typically, when sampling occurs, water 
first is pumped or purged from the well so 
that stagnant water is removed and fresh 
groundwater samples obtained. However, 
the process can disrupt the groundwater 
environment and alter the groundwater 
chemistry, making it unclear whether the 
samples were naturally occurring or due 
to disturbances caused by the sampling 
approach. These monitoring wells also 
sometimes produce water containing 
suspended solids that can came from 
adjacent geological formations disrupted 
during the initial development of the 
well. When precipitates containing 
metals are suspended in the well water 
and are not removed, they dissolve when 
the sample is preserved with acid. To 
address these issues, Martin-Hayden 
has constructed a model monitoring 
well complete with sand, a PVC tube, 
and a transparent faceplate. “We can 
control all of the variables that we can 
think of and test them in a controlled 
environment,” he said. 
  “The physical model that I have 
developed is a link between computer 
modeling, which is completely theoretical, 
and the real world,” Martin-Hayden 
noted.
 As water shortages intensify 
disputes between states and clean 
water moves closer to supplanting oil 
as the most contested natural resource, 

Groundwater data
continued from page 47

“more biological activity 
in the soil generally means 
more nutrients available to 
the plant and thus improved 
plant growth.”

continued from page 59

What’s in Your Water?
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 The researchers will track plant 
growth both above and below ground. 
A unique technique will enable them 
to monitor root growth. This system 
consists of a clear plastic tube with 
centimeter markings inserted in the 
ground (see photo). Once a week, a 
tiny camera called a minirhizotron 
will be inserted into the top of the 
tube and collect root images at precise 
locations within the tubes. An analysis 
of these images over time enables 
the researchers to track root growth. 
Additionally, an automated system that 
measures greenness will continuously 
monitor leaf growth and send the data 
to a data logger. At the same time, the 
research team will measure the amount 
of nitrogen available in the soil and 
examine how decomposing organisms 
are responding to nitrogen availability 
and changing temperatures. However, 
due to logistical constraints, the 
researchers will not be focusing on how 
the communities of decomposer bacteria 
and fungi are responding. “We are 
concentrating on what the decomposers 
are doing, not who they are,” Weintraub 
notes. “Because a single teaspoon of soil 
can contain a million or more individual 
organisms, and tens of thousands of species 
of bacteria and fungi, addressing this 
question is another project in and of itself.”
 Weintraub says that additional 
measurements across a latitudinal 
gradient will help them verify 
experimental results and place those 
results in a broader regional context. 
An ecosystem modeler will then 
be able to use this massive amount 
of data to predict how the Arctic 
ecosystem will respond to the 
changing seasonal dynamics of plant 
growth and soil nutrient availability 
with climate change.

 These studies are important in 
several ways: they are the first to study 
the diversity of vertebrate rather 
than just insect predators in relation 
to ecosystem services; they include a 
greater range of predator species; they 
start to answer major questions about 
bird diversity and the characteristics 
of the bird community that relate to 
insect abundance. But even more, they 
demonstrate how research in agricultural 
systems and this kind of meta-analysis 
research can guide management 
practices and environmental 
conservation and restoration efforts.

on the relationship between species 
diversity, bird predation, and agroforest 
production” she adds, “as well as for 
exploring factors that might limit insect 
populations.” 
 Knowing that species diversity 
results in greater insect removal, 
Philpott and her co-workers wanted to 
know why—what is it about the bird 
community that contributes to this 
finding? To investigate the mechanisms 
behind the positive relationship between 
bird diversity and insect removal, the 
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“They found that the 
abundance of one species 
(the Tennessee Warbler) was 
positively correlated with 
insect reduction.”

reagents such as bleach, hydrogen 
peroxide or even molecular oxygen  
with trace additives. 
 One of these aminoxyradical 
catalysts derives from camphor, a 
crystalline solid that consists of 10 
carbon and 16 hydrogen atoms and 
one oxygen atom. Found in wood of 
the camphor laurel, a large evergreen 
tree found in Asia, camphor is used for 
its scent, as an embalming fluid and 
for medicinal purposes. It is a chiral 
compound that is abundant in nature, 
has a strong, penetrating, pungent, 
aromatic odor; and is used in the 
manufacture of linaments, plastics and 
other items. Because a chiral catalyst 
can recognize only one form of the 
substrates, Yamamoto notes, using such 
a catalyst speeds up production of the 
desired active form of the compound.
 The new processes that Yamamoto 
is developing will contribute to cleaner, 
greener chemical reactions and 
pharmaceutical processes.

                   — by Jim Winkler
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researchers looked at the functional 
diversity of birds. Namely, they asked, 
with a greater diversity of birds, do you 
also get a greater range of bird functions? 
They classified birds into functional 
groups based on four specific traits 
related to bird feeding: size, foraging 
habits (where and how they forage), 
foraging location (canopy or shrub 
layer), and diet. When they tallied the 
number of functional groups present 
at each research site, they found that 
agroforests with more species had more 
functional groups and that sites with 
more functional groups had greater 
insect removal rates. They also examined 
the possibility that the presence of 
more bird species increased the chances 
of getting a single species that is a 
particularly good insect eater. They 
found that the abundance of one species 
(the Tennessee Warbler) was positively 
correlated with insect reduction. So, it 
is possible that bird diversity increases 
insect removal because birds with 
different traits complement each other 
in the removal of insects and because of 
the increased likelihood of having of a 
single important species. 
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