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Introduction

Overview: This report covers the activities of the Indiana Water Resources Research Center IWRRC) for the
period March 1, 2013 to February 28, 2014 and was written by Ronald F. Turco, Director of the center. The
report is provided to meet requirements and obligations under the 104 (B) of the USGS water centers
program. The objectives of the fiscal year 2013 program of the IWRRC have been: (1) to continue to engage
the water community in the State of Indiana as related to water research and education; (2) to chair the
dedicated water community at Purdue University—the Purdue Water Community
(http://www.purdue.edu/dp/water/about.php); (3) foster a research programs that encompass water issues
related to: contaminants that is primarily focused on the Wabash River and in support of the projects aid in the
development of grant submission for major efforts; (4) continue to support an outreach program related to
water and water quality (in particular rural water protection/safety) and (5) to strengthen interactions with
State regulatory agencies and Federal Agencies via active participation in a series of well water protection
education programs, meetings with USGS, and Indiana Department of Natural Resources. In the last year we
have supported externally reviewed 104(B) projects, maintained a functional website (www.iwrrc.org) been
involved in the development, submission and management of number of grant proposals including a record
number of 104g submissions. In terms of web resources we have maintained the digital library of most of our
back issues of water center reports and made them available via the Purdue University Library at “IWRRC
Technical Reports”(http://docs.lib.purdue.edu/watertech/). This year for the first time we made raw data from
our river sampling program available to the public (https://purr.purdue.edu/search/?terms=publications:turco\
). This site includes three years of water data from 5 sites and data from Purdue Water Quality Field Station.

The IWRRC and Wabash River Enhancement Corporation (WRRC) have maintained a strong relationship
over the past year. We are now in the third year of our 319 project entitled "Region of the Great Bend of the
Wabash River Implementation project” where IWRRC is active with WREC in helping to evaluate projects
for potential cost-share under the implementation effort and we engaged in number of new project startups.
The IWRRC-WREC collaboration led to project entitled “Deer Creek-Sugar Creek Watershed Management
Plan and Implementation Program.” Work on this effort has been almost completed. The relation with WREC
led to the development of student grant effort that was submitted to the Ford College Community Challenge
(C3) community grant supports student-led, community-based projects around the theme “Building
Sustainable Communities.” The effort has engaged a number of undergraduate and graduate students in three
local water quality projects. The students have completed service projects at: Oakland High School, Purdue
University, and Cary Home. The IWRRC has been active with the Purdue University water community
(PWC) and have facilitated a number of campus wide meetings to engage this group. We have been primarily
interested in developing grant applications. International, we have continued to work with Purdue’s office of
global engineering on a number of water projects with efforts in China, India and Mexico. We have worked
with the Purdue University Ecopartnership (http://www.purdue.edu/discoverypark/ecopartnership/) and have
recently initiated efforts with a possible project in Colombia. Our goal has been the development of effective
partnerships leading to real improvements in water quality. For this reporting period, we continue the strategic
outreach alliance with the Purdue Pesticide Program office for the development of document and educational
materials on methods to prevent water contamination. By leveraging our funds with the Purdue Pesticide
Program office’s core efforts we are using the opportunity to include the IWRRC in many of their programs.
Our efforts have established a constant and vital outreach effort that is associated with prevention rather than
remediation of environmental problems. In the future we are increasing our support of the PPP office.

Project 01: Program Administration and State Coordination
The administrative portion of the project has been used to support the management of the IWRRC's research

projects and to facilitate the development of other research projects. We have also stepped up our efforts to
coordinate campus level interactions (helping to create the Purdue Water Community) with state and federal
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agencies. All of these efforts have the ultimate goal of improving the quality of water resources in the State of
Indiana. We have used a limited amount of money on the administrative portion but it has allowed the
IWRRC director some means to invest time in the efforts to integrate with state and federal agencies. Most of
IWRRC funds are used for projects and the director’s time is contributed to the project. The IWRRC director
has worked with state and federal environmental agencies, the governments of Indiana's cities and counties
and key citizen groups on water education and water resources planning activities. In this way, the results
from the research projects can be transferred to interested individuals in the state. The IWRRC director will
participate in important national and international meetings related to water and environmental protection.

Projects Areas

1. Work with community projects has continued including working with the Wabash River Enhancement
Corporation (WREC) on a Volunteer Water Quality Monitoring project to allow opportunities for volunteer
monitors to assess water quality conditions throughout the watershed. WREC its partners conducted a fall and
spring Wabash River Sampling Blitz in 2013. Connecting volunteers to the Wabash River: During each spring
and fall event, approximately 175 volunteers mobilize to collect water samples from 258 stream sites within
the Region of the Great Bend of the Wabash River and Wildcat Creek watersheds. The Wabash Sampling
Blitz is dedicated to helping watershed residents learn more about the quality of the Wabash River. This
portion of the Blitz provides information to the community through various media outlets, public information
discussions, the WREC Wire (e-newsletter), the Wabash Sampling Blitz website and via partner newsletters
and programs. During the previous 6 events (going back 3 years), volunteer groups sampled three to four
stream sites collecting field measurements for temperature and transparency, using test strips to analyze pH
and nitrate at a minimum, and filling sample bottles for laboratory analysis of E. coli, nitrate+nitrite,
orthophosphorus, and total organic carbon. Sample results were mapped by subwatershed drainage and posted
to www.wabashriver.net as soon as possible following the event. In total 600 unique volunteers participated in
the sampling blitzes.

2. We have also continued working along with the Wabash River Enhancement Corporation, our partners, and
education and outreach committees to provide numerous opportunities for watershed stakeholders to learn
about the Wabash River and the Region of the Great Bend of the Wabash River watershed; facilitated
education-based events; and coordinated programs to recognize the opportunities and commitments made by
businesses and individuals throughout the watershed. Public meetings, the Clear-Blue-Green business
certification program, field days, workshops, and the Wabash Sampling Blitz are just some of the activities
used to educate our stakeholders.

3. In conjunction with the Tippecanoe County soil and water conservation district office, we have been
developing a new theme area related to the use of cover crops to reduce N leaching and runoff as well as to
improve soil health. This links to the use of infield anaerobic bioreactors as a means of reducing soluble N
that can be discharged to surface water.

4. The Wabash River runs some 764 km (475 mi), is situated across five 8-digit Hydrologic units (HUC),
crosses 19 counties and at its full distance stretches from the Ohio border in the Northeast corner of the state
to the Southwest corner where it combines with the Ohio River below Mount Vernon on its way to the
Mississippi River. Our goal is simple: develop a coordinated research and management agenda for work on
the Wabash River. The long-term goal of the effort is to help re-establish the Wabash River as a healthy water
body that provides quality recreation and economic value to the state. In December we hosted a one-day
meeting in December entitled: The Wabash River Workshop at The Campus Center @ IUPUI. Our keynote
was given by Dr. Bill Richardson, Research Aquatic Ecologist, U.S. Geological Survey and was titled:
Interactions among geomorphology, nutrients and foodweb productivity of the Upper Mississippi River: a
case study with speculation. This was followed by 10 other presentations with over 50 water scientist from the
around the state were in attendance. A second meeting is in the planning stages for Fall 2014.
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5. Dr. Turco has been an active participant in educational programing related to well water and aquifer health.
He given 6 Ground water talks to various groups at six different locations in the state of Indiana.

Grant Applications Submitted thorough/with IWRRC:

a. (Funded and ongoing) USDA-CIG $165,000 Using cover crops to improve soil health and moisture
retention. b. (Funded and ongoing) IDEM-319 $240,000 Region of the Great Bend of the Wabash River
Implementation Project with L. Prokopy, S. Peel and R. Goforth.

c. (Funded and ongoing) USDA-CAP: $2,875,642 Sustainable Production and Distribution of Bioenergy for
the Central USA with J. Volenec, S. Brouder, others

d. (Funded and ongoing) IDEM-319 $132,000 Deer Creek-Sugar Creek Watershed Management Plan and
Implementation Program. Project with S. Peel and R. Goforth.

e. (Funded and ongoing) SUNGRANTS: Optimization of biomass productivity and environmental
sustainability for cellulosic feedstocks: Land capability and life cycle analysis. $875,000 S.M. Brouder, PI,
R.F. Turco, J.J. Volenec, D.R. Smith and G. Ejeta CoPlIs

f. (Closed) USDA NRI, Managed Ecosystems. Ecological services of agro-biofuels: productivity, soil C
storage, and air and water quality. $399,999. Submitted Dec. 2007. S.M. Brouder, PI, R.F. Turco, J.J.
Volenec, D.R. Smith and G. Ejeta CoPIs. g. (Closed) ALCOA 95,000 Bauxite Residue in Soil. R. Turco.

h. (Closed) IDEM-319 Development and Demonstration of Outcomes-Based Evaluation Framework for the
Indiana Nonpoint Source Program. Developed with Jane Frankenberger, and Linda Prokopy.

i. (Closed) IDEM 319: Wabash River: Lafayette-West Lafayette Reach of the Wabash River Watershed
Management Plan. Submitted in conjunction with the Wabash River Enchantment Corporation $700,000. L.
Prokopy, L. Bowling, K. Wilson and R. Turco. Bridging grant approved for one year of additional support.

j. (Closed) USDA Conservation Effects Assessment Program. $660,000. Watershed-Scale Evaluation of BMP
Effectiveness and Acceptability: Eagle Creek Watershed, Indiana. Developed with Jane Frankenberg, Lenore
Tedesco, Jerry Shively, Linda Prokopy. This was an outgrowth of an effort submitted last year to EPA but
note funded: Creating sustainable drinking water supplies for Central Indiana: Innovations to achieve
reductions in watershed and reservoir nutrient levels

External Board of Advisors Membership: Dr. Jack Wittman, Ph.D., INTERA, Bloomington IN Dr. Bill
Guertal Director, USGS Indiana Water Science Center, Indianapolis IN Mr. Jeff Martin, USGS Indiana Water
Science Center, Indianapolis IN

Faculty Advisory Committee: Dr. Linda Lee, Professor and Director of ESE Dr. Indrajeet Chaubey,

Agriculture and Biological Engineering Dr. Larry Nies, Civil and Environmental Engineering Dr. Inez Hua,
Civil and Environmental Engineering
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Abstract / Summary

Agricultural pesticides have the potential to affect receiving aquatic ecosystems.
However, few studies have provided direct measures of pesticide movement within
freshwaters. Atrazine, metolachlor, carbaryl and chlorothalonil have high usage rates
throughout the Wabash River watershed and are potentially toxic to algae, aquatic plants,
invertebrates, fish, and humans. Thus, a more comprehensive understanding of their
transport and fate in freshwaters is needed to effectively manage these compounds.
Research provided novel and direct measures of contaminant transport and retention in
central Indiana streams. Specifically, in situ enrichment experiments of atrazine,
metolachlor, carbaryl and chlorothalonil were conducted to directly quantify dissolved
and sediment movement of these agricultural contaminants. Research was guided by one
primary question with related hypotheses: What factors affect transport and retention of
agricultural pesticides in lotic ecosystems? Enrichment experiments were conducted in
July and October of 2011 to coincide with summer and fall stream conditions. In July,
nitrate uptake length was longer relative to atrazine, carbaryl and chlorothalonil. In
contrast, for the month of October, atrazine and metolachlor uptake lengths were longer
relative to nitrate. Changes in nutrient uptake in response to atrazine, metolachlor,
carbaryl and chlorothalonil were observed for ammonium with increasing concentration
of metolachlor. Also, there was a decrease in remineralization of nitrate and decrease in
phosphate uptake with increasing concentration of chlorothalonil. This research enhanced
our understanding of atrazine, metolachlor, carbaryl and chlorothalonil transport and
retention in freshwaters and provided data necessary for effective management of these
agricultural chemicals and freshwater resources.

Problem:

This study will be conducted in the Upper White River Watershed, a tributary to the
Wabash River and one of the most degraded watersheds in the country (USEPA
2002). This watershed is ideal for studying the influence of agricultural activity on
aquatic ecosystems as the watershed is >70% agricultural land. Since the Clean Water
Act was passed by Congress in 1972, environmental managers and policy makers have
made substantial headway in identifying and reducing point source discharge in the
nation’s waterways (USEPA 2002). Yet, >40% of these water bodies remain impaired,
often because of nonpoint source pollution (Carpenter et al. 1998, USEPA 2002).
Nonpoint source pollution from agricultural activity poses a particular problem for water
quality management because the responsibility is spread among entire populations,
complicating source identification and reduction. Further, nonpoint pollution often
degrades freshwater integrity to a greater extent than point pollution (Atasoy et al. 2006).
Agricultural pollutants include nutrients, sediments, and trace organic compounds. Of
these contaminants, trace organic compounds are the least understood. Agriculturally
derived trace organics can be divided into functional categories including herbicides,
insecticides, and fungicides. These categories represent dozens of trace organic
compounds though their potential environmental effects are likely distinctly different due
to distinct chemical properties. The frequency of use, detection in freshwater, and
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potential toxicity varies with individual compounds (Murray et al. 2010). In the Wabash
River watershed, two herbicides (atrazine and metolachlor), one insecticide (carbaryl)
and one fungicide (chlorothalonil), have both high usage rates and high frequency of
detection in receiving waters. Further, these compounds have peak concentrations that
may adversely affect the aquatic community (Munn et al. 2006) and human health
(Margni et al. 2003; Yang et al. 2006; Ochoa-Acuna et al. 2009a), as well as potential
sub-lethal effects on fecundity, growth, behavior and metabolic processes (Fairchild et al.
1996; Kashian et al. 2002) of aquatic organisms at expected environmental
concentrations (Hashimoto et al. 1981; Ma et al. 2006; Larson et al. 1999; Myers et al.
2000). A more comprehensive understanding of how agriculturally derived trace
organic compounds are transported and retained in aquatic ecosystems is needed to
mitigate potential impacts on freshwater integrity including impaired function. Without
more comprehensive data to guide management programs, we may incorrectly assume
that these programs are adequate for maintaining or improving water resources. The
proposed research will address these concerns by directly quantifying trace organic
movement in streams. These data are essential for managers to make informed decisions
about current and future management of water resources.

Research Objectives:

Research was guided by one primary question: What factors affect transport and
retention of agricultural pesticides in lotic ecosystems? Research incorporated in situ
experimental enrichments of agricultural contaminants to directly quantify movement in
the ecosystem. Several research hypotheses guided data analyses:

H1: Transport of pesticides will be greater with increased discharge.

H2: Transport of pesticides will decrease with organic matter availability in
conjunction with increased sorption and microbial activity.

H3: Dissolved chlorothalonil transport will be lower relative to atrazine, metolachlor,
and carbaryl due to higher sediment sorption.

Methodology:

Enrichment experiments were conducted July 22", 2011 and October 18", 2011.
Experiments were conducted on a 1 km reach of a 2" order tributary to Jakes Creek
which is located on a Ball State University owned field station and has a history of
agricultural activity in the surrounding sub-watershed (Figure 1). The tributary is located
in the greater Wabash River watershed. During each enrichment experiment, sampling
sites were marked every 50 m along the length of the reach with one site located
upstream the enrichment to serve as a reference point. Commercial grade pesticides were
used to prepare an enrichment solution and include Atrazine 4L, Me-too-lachlor, Sevin
and Daconil. In addition, the enrichment solution included bromide as a conservative
trace and nitrate (as KNOg) to foster comparison. The enrichment solution was made in a
25 mL carboy which was dripped into the experimental reach for ~2h (until equilibrium
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was achieved) at ~0.016 L/min. Atrazine, metolachlor, carbaryl and chlorothalonil
concentrations achieved via the enrichment were an order of magnitude below toxicity
for any aquatic organisms but representative of concentrations measured previously in
aquatic ecosystems (1.0, 0.6, 0.05 and 0.005 ug/L, respectively).

Once bromide equilibrium was achieved at the most downstream station, water and
sediment sampling were conducted at each station along the reach. For dissolved
pesticide analyses, two filtered water samples (1000 ml) were collected at each sampling
site using a 60 mm syringe connected to a glass fiber filter (0.7 mm pore size) and placed
into amber baked glass bottles. These samples were delivered within 12h to the Indiana
State Department of Health (ISDH) Environmental Laboratories, Indianapolis for
analyses. Atrazine, metolachlor and chlorothalonil were analyzed following method
525.2. These pesticides were extracted from water samples by passing 1 liter of sample
water through a disk containing a solid matrix with a chemically bonded C18 organic
phase (liquid-solid extraction, LSE). The compounds were eluted from the LSE disk with
small quantities of ethyl acetate followed by Methylene Chloride. The sample
components were separated, identified, and measured by a gas chromatography/mass
spectrometry (GC/MS) system. Carbaryl analysis followed method 531.1. This pesticide
was injected into a reverse phase HPLC column. Separation of carbaryl was achieved
using gradient elution chromatography. After elution, carbaryl was hydrolyzed with
0.05N sodium hydroxide at 100°C. The methyl amine formed during hydrolysis was
reacted with o-phthalaldehyde (OPA) and thiofluor to form a highly fluorescent
derivative which was detected by a fluorescence detector. Separate filtered water samples
(200 mL) were also collected at each sampling site for analysis of nutrients (nitrate,
phosphate, ammonium) and bromide via ion chromatography (DIONEX 3000) and
carbon via combustion (Schimadzu TOC-VS) at Ball State University following standard
procedures. For sediment pesticide analyses, ~50 g homogenized sediment (top 5 — 10
cm) was collected into glass containers (150 ml) and also delivered to ISDH for analyses
following extraction. For analysis of organic matter in sediments, sediment sub-samples
were dried in a Model 30 GC laboratory oven for 48 h followed by combustion in a
Barnstead Thermolyne FB 1400 muffle furnace and weight. Physicochemical parameters
were also measured at each sampling site using a Hydrolab minisonde for oxygen, pH,
temperature, turbidity, and conductivity and a Watson-Marlow flow meter to estimate
discharge at each sampling site with measurements of depth, width and velocity.

Data collected in conjunction enrichment experiments were used to calculate water and
sediment-bound transport metrics (uptake length, velocity, rate, retention, export) and
compared among compound type and season using analysis of variance (ANOVA).

Results

Enrichment experiments were conducted in July and October (2011) in a 3rd order stream
(Jakes Creek, Muncie, Indiana). Ten sites were marked 50 m apart for a total reach length
of 500 m. A 25 L carboy was prepared with atrazine, metolachlor, carbaryl,
chlorothalonil, and nitrate, at concentrations of 2.0, 1.0., 0.01, 0.05 pg/L, and 2 mg/I,
respectively, and added to the stream reach at 0.016 I/min using a peristaltic geo-pump
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for 120 min (sampling at 100 min).Water and sediment samples were collected and
stream physicochemical parameters were measured using a Hydrolab® and Watson-
Marlow flow meter. Enrichment experiments in July quantified longer uptake rates for
nitrate (312 m) and chlorothalonil (222 m) relative to carbaryl (102 m) and atrazine (30
m) (Figure 1). In October, uptake lengths for metolachlor (188 m) and atrazine (98 m)
were longer, relative to nitrate (44m). Shorter uptake length for nitrate in October relative
to July, suggests lower concentration of dissolved nitrate, and greater retention of nitrate
relative to pesticides.
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Figure 1. Uptake length of (A) dissolved pesticides; and, (B) sediment bound pesticides for atrazine, metolachlor,
carbaryl, and chlorothalonil, relative to nitrate, in July and October enrichment experiments. * = Data not
available.

For the sediment microbial community experiment there was little variation of
ammonium, nitrate, and phosphate uptake within pesticides (Table 1). Also, there was a
preferential uptake of ammonium over nitrate and a net remineralization of phosphate
(Table 1). Uptake rate, loss of ammonium from the water column to the benthos, was
negative correlated (P < 0.05) to metolachlor and was nonlinearly associated (polynomial
cubic response) under increasing concentrations of this pesticide (Fig. 2). On the other
hand, NH4-N loss was not significantly correlated with increasing concentrations of
atrazine, carbaryl or chlorothalonil. Nitrate uptake rate was positively correlated (P <
0.05) with a negative uptake (remineralization, organic forms to inorganic forms of
nutrient) in response to increasing concentrations of chlorothalonil (Fig. 3). Nitrate
dynamics were associated with a polynomial cubic response to chlorothalonil. In contrast,
nitrate uptake of the sediment microbial community exposed to atrazine, metolachlor or
carbaryl were not significantly correlated. In response to exposure to chlorothalonil,
sediment microbial community phosphate uptake rate was negatively correlated with a
linear response, P < 0.0001 (Fig. 4). No other pesticides were correlated with phosphate
loss.



Table 1. Mean and range of nutrients uptake rates (mg/gdm/d)
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Pesticides Ammonium Nitrate Phosphate
0.76 0.001 -0.002
Atrazine
(0.50-0.92) (0-0.002) (-0.004 - 0.003)
0.87 0.001 -0.001
Metolachlor
(0.40- 1.18) (0.0002 - 0.002) (-0.003 - 0.002)
0.67 0.03 -0.01
Carbaryl
(0.30- 1.07) (0.02 - 0.03) (-0.02 - 0.003)
0.67 0.001 -0.03
Chlorothalonil
(0.34-1.01) (-0.001 - 0.003) (-0.05 - 0.003)
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Figure 2: Mean Ammonium uptake rate after 24 h incubation (4 replicates,
10 treatments, N = 40) in response to increasing concentrations of
metolachlor. Bars: SE.
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Major Conclusions and Significance

These data suggest spatial and temporal variation in both abundance of pesticides as well
as transport and retention within the ecosystem. Atrazine and metolachlor were detected
in sediments suggesting accumulation from previous spraying seasons. Atrazine and
metolachlor dissolved concentrations were within range of sub lethal effects on aquatic
organisms. Atrazine had a shorter uptake length relative to nitrate, which could indicate a
nitrate saturated stream and/or fast assimilation of the pesticide.

The different effects of atrazine, metolachlor, carbaryl and chlorothalonil on nitrogen and
phosphorus uptake by sediment microbial communities are mainly influenced by
chemical characteristics of pesticides (modes of action, Kow) and species present.
Increasing availability of NH4-N and/or phosphorus (nutrient loss) could potentially
affect stream export, reduce water quality and increase eutrophication. Remineralization
of NO3-N in response to increasing concentrations of chlorothalonil could indicate
energy demanding detoxification processes that require the oxidation of organic
substrates. The equations generated in this research can be used to complement models of
nitrogen/phosphorus availability in streams and to determine the potential changes in
nutrient dynamics in the increasing presence of pesticides in lotic ecosystems.

Publications
Presentations

Elias, D, MJ Bernot. 2013. Abundance and transport of atrazine, metolachlor, carbaryl, and
chlorothalonil in central Indiana streams. 18" BSU Student Symposium. Ball State University,
Muncie, IN. March

Elias, D, MJ Bernot. 2013. Effects of atrazine, metolachlor, carbaryl and chlorothalonil on stream
sediment nutrient dynamics. Seminar Series ID 705, Environmental Sciences Program. Ball State
University. Muncie, IN. March

Elias, D, MJ Bernot. 2012. Abundance and transport of atrazine, metolachlor, carbaryl, and
chlorothalonil in central Indiana streams. Ohio Valley Society of Environmental Toxicology and
Chemistry.Oxford , OH. September

Elias, D, MJ Bernot. 2012. Abundance and transport of atrazine, metolachlor, carbaryl, and
chlorothalonil in central Indiana streams.Indiana Water Resources Association. Mitchell, IN. June

Elias, D, MJ Bernot. 2012. Abundance and transport of atrazine, metolachlor, carbaryl, and
chlorothalonil in central Indiana streams. Society for Freshwater Science. Louisville, KY. May.

Elias, D, MJ Bernot. 2012. Abundance and transport of atrazine, metolachlor, carbaryl, and
chlorothalonil in central Indiana streams. Indiana Academy of Science. Indianapolis, IN. March.
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Publications

Elias, D, MJ Bernot. In preparation. Abundance and transport of atrazine, metolachlor, carbaryl,
and chlorothalonil in central Indiana streams. Microbial Ecology.

Grant Submissions:

Elias, D. Transport of atrazine, metolachlor, carbaryl and chlorothalonil in freshwater
ecosystems. Sigma Xi Grants in Aid of Research. Total Request: $1000.

Elias, D. Synergistic and antagonistic effects of atrazine, metolachlor, carbaryl and
chlorothalonil on freshwater organisms. Ball State University ASPIRE. Total Request:
$500. 2012-2013.

Elias, D. Frequency and abundance of atrazine, metolachlor, carbaryl and chlorothalonil
in central Indiana freshwaters and sediment. Indiana Academy of Sciences. Total
Request: $3,000.

Elias, D. Environmental fate of atrazine, metolachlor, carbaryl and chlorothalonil in
central Indiana freshwaters. Environmental Protection Agency. Total Request:
$42,000/annually.

Students

A total of 5 graduate students and 2 undergraduate students were involved with this
project.
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