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Executive Summary:
Chemicals used extensively and intensively in our technological society are currently predicted to have
surpassed the 100,000 mark in numbers and depending on their properties, modes, and quantity of use,
a large number of these chemicals can reach the environment and have unpredictable but potentially
harmful environmental and health impacts. Accurate methods of monitoring the levels of these
chemicals, an understanding of their potential to damage natural inhabitants to these waters, and the
ability to properly develop a risk assessment strategy are all critical pieces to the maintenance of a
healthy aquatic ecosystem that does not pose a threat to human safety.
Current research in our laboratories has identified several emerging contaminants in Lake Erie beach
waters of Presque Isle State Park, including fluoxetine, triclosan, estradiol, and diuron, as well as the
artificial sweetener sucralose. All of these chemicals have been shown to have negative health
consequences in organisms from bacteria to humans. For most of these, the levels in the Park
approach or exceed levels known to cause harm to aquatic species. We have also demonstrated the
ability of these chemicals of concern to have genotoxic (and often synergistic) effects on sentinel
species, including E. coli. The aims of this study were extend our previous work through three
objectives:
•
•
•

Monitoring levels of contaminants in Lake Erie beach surface waters over a 15-month time
period.
Extending previous findings that have established a correlation between DNA damage and
contaminant concentrations to biologically relevant and commonly used laboratory species
Examining existing levels of DNA damage in environmental species through a novel
application of an established methodology in a new direction (unprecedented work in the
literature)

The chosen experimental methods (ELISA assay and Comet Assay) have a well-established history of
success for the examination of the presence and genotoxic potential of chemicals of concern in the
environment. The findings obtained from the objectives proposed in this research have complemented
existing data from our laboratories and that from others on the effects of chemicals of concern in the
environment and their potential to cause DNA damage in humans. Lastly, the proposed research here
shows an important, and as yet unpublished, combination of these established methods (Comet-FISH
assay) to create new knowledge to answer several important questions relating to water quality and the
potential impact to human health.
The objectives of the research allowed us to accomplish several goals. First, we examined the levels of
several emerging contaminants in Lake Erie Beach waters of Presque Isle State Park including
fluoxetine, triclosan, estradiol, and diuron. In the laboratory, we tested the extent to which these
chemicals can act negatively on standard sentinel species, including Euglena and Chlamydomonas
through a DNA damage assay. From these data, we are working to provide a clearer picture as to
levels, potential hazards of, and need for risk assessment management of these chemicals of concern in
the Lake Erie beach waters of Presque Isle State Park.

Introduction: Water pollution by
the consequence of human
activities (industry, agriculture,
and urbanization) is one of the
most critical problems concerning
drinking water resources and
environmental protection of water
bodies. As there are over 100,000
known chemicals with the
potential to find their way into our
environment,(1)
methods
to
properly monitor,(2) determine the
genotoxic potential of, (3) and
develop risk assessment strategies
	
   for these chemicals (4) must be a
top priority in water quality
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research in our laboratories has
identified
several
emerging
contaminants in Lake Erie Beach waters of Presque Isle State Park, including fluoxetine, triclosan,
estradiol, and diuron, as well as the artificial sweetener sucralose. (5-7) For most of these, the levels in
the Park approach or exceed levels known to cause harm to aquatic species. We have also
demonstrated the ability of these chemicals of concern to have genotoxic (and often synergistic) effects
on sentinel species, including Escherichia coli, Figure 1. (8) As fecal indicator bacteria (FIB), which
includes E. coli, are often used to assess recreational water quality, these organisms can serve as
indicators of the overall health of the aquatic ecosystem. As such, pollution by wastewater
contaminants can play a direct and significant role in the ability of these water quality indicators to
accurately reflect the quality of our recreational waters. This study aimed to extend our previous work
by examining the direct role these chemicals of concern may play in the ability to affect DNA damage
in several sentinel species, including Euglena and Chlamydomonas. From this work, by monitoring
levels of several chemicals of concern and their direct impacts on several aquatic species, we hope to
assess the impact of these chemicals on the diversity of the aquatic ecosystem and the potential health
risk for humans exposed to environmental levels of these contaminants. In addition, we are working to
be able to provide a more direct answer as to how well FIB levels may be able to accurately reflect
water quality, especially when one considers that the levels of these emerging contaminants are only
expected to increase significantly over the next decade. Through this research project, we have
attempted to address several important questions, including:
	
  

•
•
•

•

What are levels of several emerging contaminants in Lake Erie beach waters of Presque Isle
State Park?
At what levels do those emerging contaminants have the ability to induce DNA damage in
other freshwater unicellular organisms, including Euglena and Chlamydomonas?
What are the implications of these findings on the continued use of E. coli as an indicator of
water quality, considering these contaminants have been shown to impact the survival of these
bacteria?
Do the mechanisms of DNA damage from contaminant exposure on these sentinel species
translate to what could be found in multicellular organisms, including plants, mussels, fish, and
humans?

Methodology:
Water Sampling: Water and sediment samples were collected in the surf zones of Presque Isle using
sterile bottles following standard procedures for the collection of water from aquatic environments.(9)
Water was collected from Beaches #1, 2, 6, and 10 to compare data with sampling performed
previously. Water samples were obtained every 2 – 4 weeks (weather dependent).
Competitive ELISA Assay: Water samples were analyzed for the emerging contaminants fluoxetine,
triclosan, estradiol, diuron, and sucralose (objective #1). This was accomplished using commercially
available ELISA kits with analysis using standard microplate assay methods. (Neogen) Briefly, 150
µL of water sample was added to a 96-well plate that was pre-coated with an antibody specific for the
target chemical. The use of environmental samples, containing low concentrations of target chemical,
leaves many antibodies unbound to any antigen. A chemical-enzyme conjugate was then added to
compete for any open sites. After a suitable length of incubation time, the plate was washed, leaving
antibody bound to either chemical from the water sample or the chemical-enzyme conjugate; this ratio
is dependent on the initial concentration of chemical in the water sample. The enzyme portion of the
conjugate produced a visible color change upon addition of substrate, and was used to determine the
concentration of analyte in the water sample when compared to a calibration curve. These levels were
compared to data obtained previously in our laboratories (5-7) and to other reports in the literature.
(10-13)
Cell samples for Comet Assay: For objective #2, cultures of Euglena and Chlamydomonas were
purchased commercially to obtain a homogeneous population suitable for Comet assay analysis.
Cell samples for Comet-FISH Assay: For objective #3, cultures of Euglena and Chlamydomonas
were obtained as a mixture from environmental water samples (see water sampling, above).
Unicellular algal samples were collected by filtration onto a 0.45 µm pore size filter followed by
resuspension in a phosphate buffered saline solution.
Comet Assay:(14-17) For homogeneous samples of Euglena and Chlamydomonas, alkaline comet
assay was performed using standard conditions. (Trevigen) Briefly cell suspensions were prepared by
centrifugation with cells resuspended at 1 x 105 cells/ml (as counted by hemocytometry) using ice cold
1X PBS (Mg2+ and Ca2+ free). Cells were mixed in a 1:10 ratio with low-melting agarose and
immediately spread on a microscope slide. After incubation in the dark at 4 °C for 10 minutes the
slides were immersed in lysis solution (proprietary formulation from Trevigen) for 30 minutes at 4 °C.
The slides were then immersed in an alkaline unwinding solution (200 mM NaOH, 1mM EDTA, pH >
13) for 20 minutes at 4 °C. Using a commercial electrophoresis unit (Trevigen), the slides were
electrophoresed for 30 minutes at 21 volts. Following electrophoresis, the slides were washed twice
with water and once with 70% ethanol before drying at 37°C for approximately 10-15 minutes. After
staining with SYBR-Green, the slides were viewed by epifluorescence microscopy.
	
  

Results: There were three objectives that were proposed for this project, which are provided below
along with a status update for each objective.
1.) Monitor levels of emerging contaminants in Lake Erie beach surface waters over a 15 month
period
June 2013-September 2014
Status-complete
Concentrations of four chemicals of concern (Fluoxetine, triclosan, estradiol, and diuron) were
determined in the waters of Presque Isle State Park in 2013/2014 and compared to data obtained in
2010/2011. A summary of these results is presented in tabular form below.
Chemical of concern
Fluoxetine
Triclosan
Estradiol
Diuron

Concentration in ppb +/- SE
in 2010/2011 (n=samples
analyzed)
0.09 +/- 0.03 (n=14)
3.38 +/- 1.56 (n=54)
0.0022 +/- 0.00089 (n=32)
3.31 +/- 2.13 (n=38)

Concentration in ppb +/- SE
in 2013/2014 (n=samples
analyzed)
Not detected (n=12)
Not detected (n=12)
0.0082 +/- 0.0021 (n=12)
0.1 +/- 0 (n=12)

The concentration of all chemicals of
concern decreased from 2010/2011 to
2013/2014 with the exception of
estradiol, which increased approximately
4-fold between the sampling timeframes.
All levels reported remain below
thresholds, which are known to cause
harm to aquatic organisms. To increase
the area sampled, we also monitored the
concentration of two chemicals of
concern, fluoxetine and estradiol, at Figure 1: Lake Erie Sampling Stations. 	
  
many additional locations in Lake Erie
in 2014. The map provided, Figure 1, shows each sampling location. The concentration of each
chemical of concern at each location is provided below.
Location
ER63
ER09
ER10
ER15
NER32
ER32
ER30
ER38
ER36
NSER36

Concentration of fluoxetine in
ppb +/- SE (n=samples
analyzed)
Not detected (n=3)
Not detected (n=3)
Not detected (n=3)
Not detected (n=3)
Not detected (n=3)
Not detected (n=3)
Not detected (n=3)
Not detected (n=3)
Not detected (n=3)
Not detected (n=3)

Concentration of triclosan in
ppb +/- SE (n=samples
analyzed)
0.15 +/- 0.07 (n=3)
Not detected (n=3)
0.29 +/- 0.13 (n=3)
Not detected (n=3)
0.13 +/- 0.13 (n=3)
0.19 +/- 0.17 (n=3)
0.26 +/- 0.027 (n=3)
0.2 +/- 0.024 (n=3)
1.37 +/- 0.16 (n=3)
1.15 +/- 0.37 (n=3)

Fluoxetine was not detected at any of the locations sampled. Triclosan was detected at various levels,
with the highest concentrations found at the ER36 and NSER36 locations. These concentrations were
higher than what was found at any of the previous locations sampled in the beach waters of Presque
Isle State Park. The results suggest that this household chemical abundance and distribution in Lake
Erie is variable and depends on local contributing factors.
2.) Extend previous findings that have established a correlation between DNA damage and
contaminant concentrations to biologically relevant and commonly used laboratory species.
June 2013-September 2014
Status-complete
Comet Assay reveals impact of DNA damage.
Comet assay, Figure 2, is a single cell gel
electrophoresis method to assay DNA damage in eukaryotic cells. Briefly, cell suspensions were
mixed with low melting agarose, smeared on a microscope slide, and lysed prior to electrophoresis and
staining. The resulting comet shaped nuclei (intact DNA in the head and damaged DNA comprising
the “tail”) allowed for a semi-quantitative assessment of DNA damage.

Figure 2: Comet Assay of Euglena. (A) Euglena gracilis is a freshwater unicellular flagellate protist and model single-celled eukaryote.
Their genetic material is compacted in a nucleous housed within a larger nuclear envelope (nucleus). (B, C) Comet assay analysis of
undamaged Euglena cells show a characteristic intact, circular nucleolus, while cells damaged by exposure to ultraviolet light show a
characteristic reduction in the size of the nuclear envelope as well as the appearance of a comet tail. (D) Negative control reactions for
water and ethanol (used to dissolve chemicals) suggest any nuclear changes or comets are due to chemicals.	
  

Figure 3: Induction of DNA Damage. (A) DNA damage was induced in Euglena by exposure to ultraviolet light using a benchtop
transilluminator. (B) The potential of chemicals to induce DNA damage was investigated by exposing Euglena to various concentrations of five
chemicals of concern (triclosan, estradiol, diuron, fluoxetine, and sucralose) for one week prior to standard comet assay. 	
  

	
  

Comet Assay performed on healthy and viable Euglena cells revealed healthy and intact nuclei and
nucleoli, Figure 2B. No observable DNA damage was present within the cells, however this presented
an experimental concern. Did no observation of DNA damage truly mean no damage is present? An
inability to lyse the cells could result in the same experimental observation. As such, a positive control
was sought out whereby Euglena cells could be predictably damaged and this damage confirmed by
the standard comet assay protocol. Cells were subjected to DNA damage through intentional exposure
to UV light using a benchtop transilluminator, Figure 3A. Euglena cells were exposed to UV light for
varying lengths of time and then Comet assays were performed on the samples. While DNA damage
was observed at early time points, Figure 2C, the comet assays were inconclusive, as the Euglena cells
clearly did not survive long-term UV radiation exposure. The temperature increased from 23°C to
48°C over the course of the time within the UV transilluminator and Euglena are known to be very
temperature sensitive, which could account for the death of the cells prior to induced DNA damage by
UV.
With confirmation that standard comet protocols could be used with Euglena cells to assay for DNA
damage, Euglena were subjected to a week-long exposure to varying concentrations of the five
chemicals of concern (triclosan, estradiol, diuron, fluoxetine, and sucralose), Figure 3B. Negative
control reactions for water and ethanol (used to dissolve chemicals) did not show any changes to the
nuclear region or presence of comets suggesting nuclear changes or comets are due to the presence of
the tested chemicals of concern, Figure 2D. Exposure of Euglena to environmentally relevant levels of
chemicals of concern indicated varying levels of both nuclear changes and appearance of comet tails,
both indicative of DNA damage events, Figure 4. For triclosan, nuclear changes in Euglena could be
seen at concentrations above 2 ppt (parts per trillion) and comets and obvious DNA damage could be

seen at concentrations above 20 ppb. For estradiol, nuclear changes in Euglena could be seen above
200 ppt and comets and obvious DNA damage could be seen above 20 ppb. For diuron, nuclear
changes in Euglena could be seen above 2 ppt and comets and obvious DNA damage could be seen
above 2 ppb. For fluoxetine, nuclear changes in Euglena could be seen above 200 ppt and comets and
obvious DNA damage could be seen above 20 ppb. Though an ELISA test was not done to determine
environmental levels of sucralose, the comet assay found that concentrations above 20 ppt caused
nuclear changes, yet we did not find DNA damage in Euglena samples exposed to concentrations at or
below 2 ppm.

Figure 4: PPCP Induction of DNA Damage. Comet assay of Euglena cells subjected to varying concentrations of five chemicals of concern
(triclosan, estradiol, diuron, fluoxetine, and sucralose respectively from top to bottom) were assayed by qualitative examination of the nuclear
region (nucleus, nucleolus). Exposure of Euglena to environmentally relevant levels of chemicals indicates varying levels of both nuclear
changes and appearance of comet tails, both indicative of DNA damage events. Images are from a representative cell of the population
examined. Changes in nuclear regions and appearance of comets are reported at the concentration where they were first observed.	
  

	
  

3.) Examine existing levels of DNA damage in environmental species through a novel application of
an established methodology in a new direction
June 2013-September 2014
Status-in progress (see additional research indicated)

Additional Research Indicated:
Comet-FISH Assay:(18-20) The Comet-FISH assay is very similar to the Comet assay, with the
exception of an additional step following the unwinding and electrophoresis steps but prior to drying of
the slides and staining with SYBR-Green. While this technology has been used primarily to study the
distribution of DNA damage and repair in a complete genome (19) or to detect DNA sequencemodifications in individual cells (18), we are currently investigating a new potential direction for this
technology; to selectively identify species of interest which can allow for the examination of complex
samples mixtures by this assay. The use of FISH technology to selectively identify individual species
with in a complex mixture is a well-established technique (21), suggesting there is a strong likelihood
of success with this approach. Fluorescent DNA sequences unique to Euglena or Chlamydomonas will
allow for the selective identification of these cell types within a heterogeneous population. These
DNAs are easily available commercially from Integrated DNA Technologies (IDT).
It is understood that using the Comet Assay on a
healthy homogeneous population of a single colony
of Euglena is hardly representative of the
heterogeneous population of aquatic organisms one
would find in a given water sample taken from the
environment. We have begun to examine
environmental water samples to test for DNA
damage in the Euglena within that sample. This can
be done using the Comet-FISH protocol (described
above) to allow us to fluorescently probe only the
Euglena in an environmental water sample, Figure
5, and be able to distinguish them from other
species. After fluorescent probing, a Comet Assay
could be performed to determine environmental
levels of DNA damage within the organisms.

Figure 5: Comet-FISH Assay. Work in progress involves in-situ
hybridization of fluorescent probes (FISH) with comet assay. This can
be used to examine DNA damage in environmental samples acquired
in the field.	
  

	
  

Conclusions: The chosen experimental methods (ELISA assay and Comet Assay) have a wellestablished history of success for the examination of the presence and genotoxic potential of chemicals
of concern in the environment. In the present work, we have monitored levels of several emerging
contaminants (fluoxetine, triclosan, estradiol, and diuron) in Lake Erie beach waters of Presque Isle
State Park over a four-year sampling period. While the levels of most chemicals have decreased over
the 4-year sampling period, and remain below the threshold known to cause harm to aquatic
organisms, that of estradiol has shown a 4-fold increase over the same sampling period. In the present
work, we have also used the unicellular algae, Euglena, to examine the genotoxic potential of these
environmental levels of contaminants. For some chemicals tested (triclosan and diuron), the results
indicated the presence of cellular changes consistent with DNA damage at environmental levels of
contaminants. For others (estradiol and fluoxetine), similar damage was seen at concentrations only
~10-fold greater than the levels observed in the environment. These findings complement existing data
from our laboratories and that from others on the presence and effects of chemicals of concern in the
environment. Ongoing research in the laboratory is using a combination of established methods
(Comet assay) with others (FISH) to examine environmental samples to continue to address important
questions relating to water quality.
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iv. Degrees Awarded – 1 (B.S. Biochemistry, G. Robbins-Welty)
c. Outreach/Extension
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Diegelman-Parente, Amy and Gregg A. Robbins-Welty. “Effects of personal care, prescription, and
other emerging contaminants on sentinel species in Lake Erie beach waters of Presque Isle
State Park.” Senior Research Seminar, Mercyhurst University, May 2, 2014. (30 attendees)
Diegelman-Parente, Amy. “Identification of Personal Care, Prescription, and other Emerging
Contaminants in Lake Erie Beach Waters and an Evaluation of their Effects on Aquatic Life.”
Poster presented at the American Society for Biochemistry and Molecular Biology (ASBMB)
Annual Meeting, San Diego, CA, April 26th – 30th, 2014 (
Diegelman-Parente, Amy and Gregg A. Robbins-Welty. “Effects of personal care, prescription, and
other emerging contaminants on sentinel species in Lake Erie beach waters at Presque Isle State
Park.” Seminar presented at the 90th Annual Meeting of the Pennsylvania Academy of Science,
Selingsgrove, PA, March 21 – 23, 2014.

ii. Number of public or professional presentations, and number of attendees – see above

Appendix B

Impact Statements:
RELEVANCE: Lake Erie beach waters of Presque Isle State Park are home to many organisms,
including microscopic aquatic organisms that are the start of the food chain. These small inhabitants
of this aquatic ecosystem can play an important role in an early warning system for chemical
pollutants, as they are often more susceptible to environmental contaminants than their larger
multicellular counterparts.
RESPONSE: While the presence of chemicals of concern has been known for some time, little is
known about the ability of environmental levels of these contaminants to cause harm in these
organisms. Mercyhurst researchers Dr. Amy Parente and Dr. Steven Mauro aimed to merge these two
concerns, continuing to test the environment for these contaminants while simultaneously examining
the ability of these levels of chemicals to cause harm.
RESULTS: In 2010, researchers at Mercyhurst University began testing the Lake Erie beach waters of
Presque Isle State Park for chemicals of concern, including fluoxetine, triclosan, estradiol, and diuron.
Four years into the project, levels of all chemicals but estradiol have seen a significant decrease, with
fluoxetine and triclosan dropping to below detectable limits. However, complementary work in the
laboratory has suggested these chemicals of concern have the ability to induce DNA damage in
unicellular aquatic organisms at concentrations at or just above these environmental levels.

	
  
	
  

