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Introduction

In 2014, the Tllinois Water Resources Center secured over $400,000 in base and leveraged funding to work on
water resources issues in Illinois. We helped shape state nutrient policy, supported almost 4000 rural well
owners, fund nine research projects, and provide opportunities for over 50 students.
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In 2014, IWRC funded nine research projects. Below are some of the notable results from of these projects.
Vegetation management impacts mosquito population

Relevance: Summer means mosquitoes. But in recent years, mosquitoes have gone from just annoying to
potentially deadly. With mosquito-borne diseases such as West Nile Virus on the rise, managing mosquito
populations is an increasingly important public health concern.

Response: Research conducted by Brian Allan at the University of Illinois looked the aquatic juvenile stage of
the mosquito life cycle to see if vegetation management and composition in urban water bodies impact
survival rates. Preventing juvenile mosquito development is considered one of the most effective strategies for
reducing adult mosquito abundance and risk.

Results: Allan’s research shows that mowing vegetation in stormwater detention areas during the growing
season can substantially increases the mosquito population. Ditches and dry detention areas with unmanaged
vegetation were associated with relatively low juvenile mosquito populations. Vegetation type seems less
important than management strategy in population control, and Allan’s research indicates the presence of cat
tails might even be associated with lower mosquito populations.

IWRC funding seeds larger research into Woody Perennial Polyculture research

Relevance: Conversion of the Midwest from native vegetation to intensive row crop agriculture has severely
altered the region’s hydrologic cycle. Restoring the hydrologic cycle of the region, along with other valuable
ecosystem services, has important implications for climate change adaptation and mitigation, water quality,
and agricultural production. While a complete return to native flora is unrealistic, a transition to a woody,
perennial polyculture that once dominated the parts of the region could provide both a profitable and
ecologically sustainable hybrid.

Response: Graduate student Kevin Wolz, University of Illinois, used IWRC funding to begin compare the
hydrologic impact of a woody, perennial polyculture to conventional agriculture.

Results: IWRC seed funding and the preliminary research results enabled the research group to secure funding
for a new research site that is over 10 times the size and will be able to answer much deeper questions on
hydrology, water quality, and other key environmental metrics of diverse agroforestry systems in the
Midwest.
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Results: IWRC seed funding and the preliminary research results enabled the research group to secure funding
for a new research site that is over 10 times the size and will be able to answer much deeper questions on
hydrology, water quality, and other key environmental metrics of diverse agroforestry systems in the
Midwest.

Flame retardants in Illinois urban waterbodies are among the highest in the world

Relevance: Flame retardants may be a good thing in a house fire, but they are not such a good thing in aquatic
environments. Some flame retardants are persistent, bioaccumulative, and potentially toxic. However, to date
an assessment of levels of flame retardants in Illinois waters has not been conducted.

Response: In 2013-2014, IWRC funded research Da Chen, Southern Illinois University, to examine the
sources and distribution of flame retardants in Illinois rivers and lakes. Fish were collected in 35 selected
aquatic systems across the state.

Results: This research revealed polybrominated diphenyl ether (PBDEs) are the most abundant flame
retardant pollutants in Illinois waters. The levels in fish collected for this research show that PBDE
concentrations in impaired urban waters are higher than comparative waterbodies in the US, Belgium, Spain,
and China. Although commercial PBDE products have been discontinued in 2004, their high environmental
concentrations merit continuing monitoring. Researchers also recommend continued monitoring of emerging
flame retardants as they replace PBDEs in many applications.

Research helps characterize microplastics and other litter in Illinois water bodies

Relevance: Our garbage often ends up in rivers and lakes in the form of microplastics and other anthropogenic
litter. That littler has both environmental and economic impacts, it clogs sewers, and can hurt animals and
possibly humans.

Response: In 2014, IWRC funded researcher Tim Hoellin, Loyola University of Chicago, to examine the
dynamics of anthropogenic litter (AL) in rivers and the abundance, sources, and microbial communities on
riverine microplastics.

Results: Hoellin found that the riparian zones typically had higher density of AL than benthic habitats, but
that riparian AL assemblages typically had a higher prevalence of light-weight materials. Hoellin also
demonstrated that riverine AL is highly mobile, and that hydrology influences the export of AL downstream.
Wastewater treatment plants are a key source of microplastic discharge to rivers.

Restored wetlands may need time to perform as expected

Relevance: Wetlands are an important ecosystem for the biological removal of nitrate by denitrification.
Wetland mitigation is a common practice used to satisfy the “no net loss” requirements of the Clean Water
Act, but research indicates that restored wetlands often do not achieve similar rates of denitrification as
compared to more pristine wetlands. Since this is a process performed by microbial communities, it is
possible that there is an overlooked biological component.

Response: IWRC funded Angela Kent to (1) to show how denitrifying communities in restored wetlands can
change over time, (2) to compare denitrifier composition and denitrification capacity across a chronosequence
of restored wetlands, and (3) to identify environmental factors that may facilitate the restoration of
denitrifying services by affecting the microbial organisms involved.

Research Program Introduction 2



Research Program Introduction

Results: The denitrifier communities in the restored sites were very different from the core reference
community (Bray Curtis dissimilarity = 0.87 + 0.02), and communities in older restoration projects were no
more similar to the reference than those in younger restored wetlands. However, denitrification showed a
non-significant increasing trend as the age of the restoration increased, which may indicate a rapid response to
the development of wetland environmental factors, while the microbial community shows a lag in
development.
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Determining the Fate and Toxicity of Polycyclic Aromatic
Hydrocarbons Associated with Coal-Tar and Other
Carbonaceous Material Particles in Urban Lakes

Basic Information

Determining the Fate and Toxicity of Polycyclic Aromatic Hydrocarbons Associated
with Coal-Tar and Other Carbonaceous Material Particles in Urban Lakes

Project Number:|20111L239G

USGS Grant
Number:

Start Date:|8/1/2011
End Date:|7/31/2014
Funding Source:|104G

Congressional
District:

Research
Category:

Title:

G11AP20211

15 IL

Water Quality

Focus Category:|Non Point Pollution, Sediments, Surface Water

Descriptors:|None

Principal
Investigators:

Publications

Charles J. Werth, Michael Jacob Plewa

There are no publications.
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USGS-NIWR Project Title:
Determining the Fate and Toxicity of Polycyclic Aromatic Hydrocarbons Associated with Coal-
Tar and Other Carbonaceous Material Particles in Urban Lakes

Project PIs and Contact Information:

Dr. Charles J. Werth (PI)

Adjust Professor, Department of Civil & Environ. Eng., University of Illinois at Urbana-
Champaign, 205 North Mathews Ave., Urbana, IL 61801, werth@illinois.edu, 217-377-6063
Professor and Bettie Margaret Smith Chair in Environmental Health Engineering, University of
Texas at Austin, 301 East Dean Keeton Rd., Austin, TX, 78712, werth@utexas.edu, 512-232-
1626

Michael J. Plewa, Professor of Genetics and University Scholar (co-PI)
Department of Crop Sciences, University of Illinois at Urbana-Champaign, 1101 West Peabody
Dr., Urbana, IL 61801, mplewa@illinois.edu, 217-333-3614

Problem and Research Objectives:

Particle associated contaminants (PACs) have resulted in the impairment of thousands of
streams, lakes, and reservoirs; PACs were responsible for fish-consumption advisories for 39
percent of total river mileage and 43 percent of total lake acreage in the United States in 2008.
Results from recent water quality surveys indicate that metal, polychlorinated biphenyl, and
DDT concentrations in freshwater sediments have generally decreased since their peak in the
mid 1970’s, consistent with their use and regulatory histories. However, total concentrations of
polycyclic aromatic hydrocarbons (SPAHs) have increased, and generally with increasing
urbanization. PAHs are toxic to aquatic life, and many are probable or suspected carcinogens.
This is of special concern because many urban surface waters are used for human recreation
(e.g., fishing, swimming) and/or drinking water.

Sources of particle-associated PAHs in urban lake sediments are located both within and outside
the watershed. They include point (e.g., industrial emissions) and nonpoint (e.g., automobiles)
combustion sources, asphalt from roads and parking lots, vulcanized rubber products such as
automobile tires, and coal-tar and asphalt based sealcoats on parking lots and driveway pavement
and roofs. Results from a number of our recent studies indicate that coal-tar pavement sealcoat is
fluvially transported into urban streams and lakes with runoff, and can be the dominant source of
PAHs in urban streams and lakes.

The overall goal of this study is to determine the fate and toxicity of PAHs associated with coal-
tar particles in urban lake sediments. The specific objectives of this study are listed below.

1) Determine the sorption equilibrium and desorption kinetics of PAHs in coal-tar and other
carbonaceous material particles that comprise urban lake sediments. We hypothesize that
sorption capacities are low and release rates are high for PAHs in coal-tar and other less
condensed carbonaceous materials (CMs) compared to highly condensed CMs like black
carbon char and soot.




2) Determine PAH losses and redistribution associated with coal-tar particles in urban lake
sediments. We hypothesize that lower molecular weight PAHs are released from coal-tar
particles soon after burial (weeks to months) and taken up by more strongly sorbing black
carbon, and that higher molecular weight PAHs are only lost to black carbon over much longer
time scales (i.e., years) as phenolic and heterocyclic compounds that comprise coal-tar
degrade. As a result, we hypothesize that PAHs are largely conserved in lake sediments and
are not significantly released to the water column, and that sediment pore-water concentrations
of PAHs decrease with aging.

3) Determine the toxicity of PAHs associated with coal-tar and other carbonaceous material
particles in urban lake sediments. We hypothesize that toxicity of pore water in sediments
decreases with time as PAHs and other organic pollutants redistribute from less strongly
sorbing CMs like coal-tar to more strongly sorbing black carbon, and as less recalcitrant
pollutants are biologically degraded over time. Such information is important because these
lakes are sources of recreation and/or drinking water for large populations, and understanding
coal-tar contributions to toxicity is an important step in protecting the environment and public
health.

Methodology:
The proposed work combines bench scale laboratory experiments, field experiments, and

laboratory analysis of field samples. It is divided into four tasks that cover 1) lake core retrieval,
analysis, treatment, and in situ placement, 2) sorption isotherm and desorption kinetic profile
measurement, 3) PAH and CM analysis of in situ cores, and 4) toxicity analysis of in situ cores.

Task 1: Lake core retrieval, analysis, treatment, and in situ placement

Task 1 is complete and outlined in last year’s report. Briefly, in situ cores were amended with
carbonaceous materials (CMs) spiked with deuterated PAHs and placed into the top layer of
sediment at Whitnall Park Pond in June 2013. These in situ cores have been retrieved over the
past two years for analysis. The final set of samples is scheduled to be removed from Whitnall
Park Pond in June 2015. Images of the in situ cores as well as the four types of CMs are shown
below in Figures 1 and 2.

Figure 1: In situ core design and field deployment (credit: Victoria Boyd, UIUC and eter Van
Metre, USGS)



Figure 2: Carbonaceous materials, the scale bar is 1 cm (credit: Victoria Boyd, UIUC)

Each type of CM was spiked with three unique deuterated PAHs in a range of molecular weights.
This allows for the transport of PAHs from each CM to be measured. Using a range of
molecular weights in the spike makes is possible to determine the effects of PAH molecular
weight on transport.

Task 2: Sorption isotherm and desorption kinetic profile measurement
Efforts on this task have just begun.

Task 3: PAH and CM analysis of in situ cores

Retrieval of in situ cores was completed with the help of divers as shown in Figure 3. Analysis
of the in situ cores has started. During field deployment the samples were divided into different
layers in order to determine if sediment depth had an impact on PAH transport. Mesh screens
were added at that time to separate the different layers of sediment. This allowed for the samples
to be divided back into the same depths after retrieval. Samples retrieved from the lake were
frozen in order to preserve the layering of the sediment and cut open (Figure 4).

Figure 3: Divers retrieved in situ samples (credit: Victoria Boyd, UIUC)

Figure 4: left) samples were frozen and cut open, right) mesh screens were used to separate
sediment layers (credit: Victoria Boyd, UIUC)

The samples were wet sieved with nanopure water in order to separate the amended particles
from the sediment. The sediment and water was collected and the particles were divided by hand
(Figure 5).
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