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Introduction

In 2015, the Illinois Water Resources Center secured over $2.5 million in base and leveraged funding to work
on water resources issues in Illinois. Leveraged funds include an award from US EPA to conduct research and
Extension throughout the Great Lakes on projects such as nutrient loss mitigation, community support for
sediment remediation projects, Great Lakes monitoring and research integration, and emerging contaminants
research and outreach. Other leveraged funding includes assistance to private well owners, small water supply
operators, the State of Illinois for its nutrient loss reduction efforts, and several research projects that connect
university researchers to USGS scientists.

The Illinois Water Resources Center is part of University of Illinois Extension and we share staff and
administrative functions with Illinois-Indiana Sea Grant. Our core USGS funds are used to support about
$40,000 in university-based research around the state. We host annual conferences to bring together scientists
from around the state to discuss emerging research and policy challenges. Our social media efforts target
students and young professionals.

The Illinois Water Resources Center holds the University memberships in organizations like National
Institutes for Water Resources, University Council on Water Resources, and Consortium for Advancement of
Hydrologic Sciences. We participate on the advisory board for the National Great Rivers Research and
Education Center and in the Extension-led North Central Region Water Network.
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Research Program Introduction

Illinois’ stream mitigation protocol falls short of Clean Water Act requirements

Relevance
A 2008 rule developed under the Clean Water Act Section 404 requires that permitted unavoidable impacts to
surface water be offset by the purchase of mitigation credits with the goal of achieving no net loss in
ecological function at a national scale. The Army Corps of Engineers St. Louis District is working with
regulators and scientists to improve Illinois’ stream mitigation protocol to better achieve this goal.

Response
University of Illinois at Urbana-Champaign graduate student Alex Peimer used IWRC funding to conduct a
multi-part investigation of the process of compensatory stream mitigation banking in the state and its
effectiveness in achieving no net loss.

Results
Using social science and biophysical methodology, this project revealed that permitted impact activities do
result in a net loss in functionality, in large part due to the structure and implementation of the Illinois Stream
Mitigation Method.

Risks of coal tar sealcoat in sediment may fade with time

Relevance
Americans apply roughly 99 million gallons of coal tar sealcoat to parking lots, driveways, and playgrounds
each year to maintain a clean look and protect the asphalt or concrete underneath from water and ice. The
abraded sealcoat particles carried into urban waterways by stormwater runoff are rich in polycyclic aromatic
hydrocarbons (PAHS) linked to mutations, birth defects, cancer, and death in animals.

Response
With support from the National Competitive Grants Program, Charles Werth and Michael Plewa from the
University of Illinois conducted bench scale and field experiments to measure the desorption rate and toxicity
of PAHs in Wisconsin’s Whitnall Park Pond.

Results
Their findings suggest that PAHs desorb off sealcoat particles and form stronger bonds with charcoal, soot,
and other materials found in sediment, decreasing the bioavailability of PAHs associated with coal tar
sealcoat.

Low-head dams do not directly hinder reproduction and dispersal of fish communities

Relevance
Decades of research has revealed that in-stream structures like dams alter habitat characteristics, change flow
regions and increase siltation upstream of the dam. However, less is known about the impacts of low-head
dams, which are more prevalent in Illinois and the country as a whole.

Response
Eastern Illinois University’s Robert Colombo and Shannon Smith sampled 12 riverine sites for habitat quality
and fish assemblages in the spring and fall of 2015.
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Results
While the presence of dams did alter habitat type and quality— which in turn impacts the makeup of fish
communities—the study revealed that low-head dams do not obstruct fish dispersal or hinder reproduction to
the point of genetic isolation.

Wastewater reuse offers sustainable energy and water management and increased reliability

Relevance
Thermoelectric power plants account for over 85 percent of freshwater withdrawals in Illinois, and fulfilling
energy needs is a crucial concern as the region prepares for a changing climate, growing population, and
additional demands on water supplies. This concern is heightened by the fact that water reuse for power plants
does increase water consumption through increased evaporation.

Response
With seed funding from IWRC, graduate student Zachary Barker modeled wastewater reuse at six
thermoelectric power plants in Illinois and estimated the watershed-scale implications and economic value of
transitioning plants to a reuse system.

Results
A comparison of existing operations and a reclaimed water system demonstrated that wastewater reuse
improves power generation reliability and offers an environmentally and economically sustainable approach
to energy and water management both locally and regionally.

Stream restoration alters makeup of fish communities

Relevance
Stream restoration projects are on the rise in Illinois and across the Midwest, but comparatively little effort
has been dedicated to monitoring, resulting in ambiguous restoration results, limited project success, and few
opportunities to boost future projects with lessons learned.

Response
Using IWRC funds, Eastern Illinois University PhD candidate Anabela Maia conducted field surveys and lab
experiments to monitor the restoration of Kickapoo Creek and examine the effects of sedimentation and
nutrient loading on fish and macroinvertebrate communities.

Results
The makeup of fish communities shifted significantly in the years following the addition of riffles, boulder
substrate, and rip-rap keys in Kickapoo Creek. Results suggest that this shift in ecology may be due to the
high energetic costs of navigating complex flows.
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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

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

Project Number: 2011IL239G
USGS Grant

Number: G11AP20211

Start Date: 8/1/2011
End Date: 7/31/2015

Funding Source: 104G
Congressional

District: 15 IL

Research
Category: Water Quality

Focus Category: Non Point Pollution, Sediments, Surface Water
Descriptors: None

Principal
Investigators: Charles J. Werth, Michael Jacob Plewa

Publications

There are no publications.
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IWRC FINAL REPORT SEPTEMBER 2015 
 
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.  
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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 
The deployment and retrieval of all field samples has been completed.  The field study was 
deployed on 5/30/13, and samples were collected 11/2/13, 5/20/14, 10/22/14, and 7/3/15.  Details 
on Task 1 are outlined in previous reports.  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.  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 Peter 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 
A series of lab experiments will be conducted to supplement the field study using a similar setup.  
However, the lab experiments will be scaled down and conducted in a controlled, well mixed 
environment.  The purpose of these lab experiments will be to quantify rates of intra-particle 
exchange, and to extend the field experiments past the two-year sampling period to equilibrium.  
All CM particles have been prepared and the experiments will begin October 2015. 
 
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: Samples retrieved from the lake were frozen and cut open.  Then divided into the 
original depths, and sieved to separate the particles from the sediment.  The particles were 

separated by hand and analyzed along with the sediment that was sieved away from the particles 
(credit: Victoria Boyd, UIUC) 

 
The sediment and particles are currently being analyzed for PAHs.  Sediment samples 

and soot and charcoal particles are dried using a Labconco Freeze Dry System prior to analysis.  



All samples except coal tar are extracted using EPA method 3534 for pressurized fluid extraction 
using a Dionex Accelerated Solvent Extractor.  Coal tar particles are extracted using a 
microextraction method in which samples are extracted three consecutive times with 1 mL of 
50% acetone and 50% dichloromethane, and sonicated for 3 minutes at 50 °C.  The resulting 
extract is cleaned following EPA method 3630c for silica gel clean up.  Finally, sample extracts 
are analyzed by gas chromatography/mass spectrometry with an Agilent 7890B GC with a DB5-
MS capillary column and 5977A inert MSD (EPA method 8270d).  All samples will be analyzed 
for EPA priority 16 PAHs as well as all deuterated PAHs used to spike the particles.  Quality 
assurance will be provided by using three surrogates (fluorene-d10, p-terphenyl-d14, and 
benzo[a]pyrene-d12) as well as an internal standard (naphthalene-d8).  The surrogate standards 
will be used to correct for PAH losses accrued during extraction and cleanup.  The internal 
standard will be added prior to GC/MS analysis to account for instrument errors. 
 
Task 4: Toxicity analysis of in situ cores 
Mutagenicity and cytotoxicity (survivorship) experiments were performed using a single colony 
isolate of S. typhimurium TA100 that was grown overnight in 50 mL LB medium plus 100 µL 
ampicillin stock solution at 37°C with shaking (200 rpm). The following day, the overnight 
culture of TA100 was used to evaluate an extract of coal-tar for PAH-induced mutagenicity 
using a plate incorporation assay.  For this assay, overlay tubes were prepared with 2 mL of 
histidine-biotin, supplemented over agar with 100 μL of overnight bacterial culture and ± 500 μL 
hepatic microsomal activation (S9) mix. The required volume of the test agent was added to the 
overlay tube, the tube was flamed sterilized and immediately poured onto a VB minimal plate. 
The plates were incubated at 37 °C for 36-72 h. Histidine revertant colonies were counted by 
hand or with a New Brunswick Biotran III automatic colony counter. To confirm the genotype of 
the TA100 cells, 100 µL of the bacterial cell suspension was added to an LB plate, and spread 
with a flamed glass rod. Flamed tweezers were used to place a crystal violet disk onto the center 
of the plate, and the disk was tapped lightly in place. Experiments are planned to evaluate the 
mutagenicity and cytotoxicity of coal tar extract surrogates containing only PAHs (not other 
components of the extract), and lake sediment extracts. 
 
Principal Finding and Significance: 
Background concentrations in sediment were measured in order to have a baseline to compare 
the initial conditions of the sediment to the in situ field samples.  Sediment samples at time zero 
are presented in triplicate to show the precision of lab techniques in Figure 5.  PAHs are stacked 
in order of molecular weight, heaviest at the bottom.  The PAH concentrations decrease with 
depth; the PAHs in deeper, older sediment has had more time to degrade and diffuse to the water 
column. 



Figure 6: Spiked PAH concentrations in the 
sample core after 1.5 years in the lake. 

(credit: Victoria Boyd, UIUC) 

 
Figure 5: PAH concentrations in original lake sediment (credit: Victoria Boyd, UIUC) 

 
The concentrations of the deuterated 
PAHs on different CMs and sediment 
in the sample core after 1.5 years in the 
lake are presented in Figure 6.  The 
graph is divided into the five material 
groups along the bottom: sediment, 
coal tar, asphalt, charcoal, and soot.  
Each color represents the collection of 
deuterated PAHs initially spiked onto a 
specific CM.  For example, the green 
bars represent the deuterated PAHs 
spiked onto coal tar particles (CT-D).  
All depths have been averaged in this 
figure.  Notice that concentrations of 
CT-D are seen in all material types.  
This means the PAHs initially spiked 
onto coal tar have transported from the 
coal tar particles to the other materials 
while in the lake.  All spiked PAHs moved from their original source to other materials.  The 
coal tar (green) and asphalt (red) spikes were the most mobile as they were detected in the 
highest concentrations in all materials, with coal tar spikes having a significantly larger 
concentrations in sediment and charcoal particles.  PAHs spiked to soot (grey) were the least 
mobile, and were only seen to move to the charcoal and coal tar particles.  These results are 
consistent with our hypothesis that PAHs associated with coal tar would be more mobile than 
those with charcoal and soot. 
 



A more detailed look at the deuterated PAHs measured in the sediment from the sample core is 
shown in Figure 7.  Triplicate samples from each sampling depth are displayed.  The PAHs are 
divided by the material they were originally loaded onto (same as Figure 6) as well as by 
molecular weight, the heavier the PAH the darker the color.  For example, deuterated PAHs 
originally spiked onto coal tar particles go from light green (acenaphthene-d at 164 g/mol) to 
dark green (benzo[b]fluoranthene-d at 264 g/mol).  Besides PAHs associated with soot particles, 
all deuterated PAHs were detected in the sediment, showing transport of a range of molecular 
weights from each CM.  Greater concentrations of heavier PAHs were detected in all samples.  
This is most likely due to the greater loading of heavier PAHs onto the original CMs due to their 
lower solubility and greater octanol water partitioning coefficients.  Comparison to of the 
original concentrations of deuterated PAHs on CMs must be completed to determine the extent 
of transport of spiked PAHs. 
 

 
Figure 7: Spiked PAH concentrations in sample core sediment after 1.5 years in the lake (credit: 

Victoria Boyd, UIUC) 
 
Concentration response curves are shown in Figure 8 for mutagenicity induced by 
benzo(�D)pyrene and coal tar extract containing polyaromatic hydrocarbons in S. typhimurium, 
strain TA100, with and/or without mammalian hepatic microsomal activation.  Benzo(a)pyrene 
with microsomal activation shows a linear increase in histidine revertants with increasing 
benzo(a)pyrene concentration.  Coal tar extract with microsomal activation shows high numbers 
of histidine revertants as compared to coal tar extract without microsomal activation.  Also, the 
response is nonlinear, showing a plateau at high loadings of extract. 
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