
























































Studies of Seasonal Succession of Cyanobacteria and Green Algae
at Heinrich-Martin Impoundment, North Dakota

The purpose of this study is to identify populati@riation of cyanobacteria and green algae in
relation to their growth requirements. The speaifijectives are; (1) To collect water and phytoktan
samples to determine seasonal variation of nugrilewel and phytoplankton abundance; (2) To detemi
seasonal variation of total phytoplankton biomasd eelative abundance of cyanobacteria; and, (3) To
determine the factors that affect on growth of ppidnkton, especially the seasonal growth and
succession of cyanobacteria.

This progress report discusses the progress | hede from March 1, 2010 to February 28,
2011. Water samples were collected at the Heirvelntin Impoundment, (HMD) which is located in
north central Lamoure County, ND on biweekly schedat four depths of four sampling sites over the
summer, 2010. Water samples were analyzed foremig;i TSS, VSS, and biological parameters;
chlorophylla and phytoplankton counting and identification. thar; DO, DO saturation, water
temperature, specific conductance, turbidity, phtl secchi depth were measured on site.

Average water temperature in the HMD varied betwaeninimum of 13°C to a maximum of
24.5°C from June to October, 2010. Spatial andicadrivariations of water temperature were not
observed due to aeration in deeper part and windngiin the shallow part of the impoundment.
According to observed TP concentratiaffl@0 pg/L), secchi depth reading (<3m), and chloytiph
concentration (10-100 mg/L) the HMD showed hypetiio condition. Low TDN (370 pg/L) to SRP
(180 pg/L) ratio was observed over the summer 20l& suggested that the HMD is a N-limiting
impoundment. Seasonal variation of phytoplanktammainity structure was observed in the HMD. Total
phytoplankton cell densities were varied along diepths and spatially. Eight phytoplankton divisions
were counted and identified up to genus level. Agnitrem; Bacillariophyta, Crptophyta, and Dinophyta
were important of the phytoplankton community dgrimuch of the sampling period and contributed
greatly to the total phytoplankton cell densityadit depths. In addition, Chlorophyta and Cyanophyta
were also observed at all depths, contributedivelgtlittle to total phytoplankton cell density.

This research is a logical continuation from thgang work supported by ND WRRI in 2010.
The work to be completed is as follows; (1) Stuthe tseasonal variation of nutrients level and
phytoplankton abundance is in progress; (2) Sthdyseasonal variation of total phytoplankton bisnas
and relative abundance of cyanobacteria is in pgxgrand (3) The factors that affect growth of

phytoplankton, especially the seasonal growth aiedession of cyanobacteria are in progress.
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Basic Information

Title:

Plant-based Biopolymers for Entrapping Metal Nanoparticles for Arsenic removal:
Biodegradation and Treatability Studies

Project Number:

2010ND213B

Start Date:

3/1/2010

End Date:

2/28/2011

Funding Source:

104B

Congressional
District:

01

Research Category:

Water Quality

Focus Category:

Water Quality, Methods, Treatment

Descriptors:

None

Principal
Investigators:

Achintya Nayan Bezbaruah

Publications

1. Roy, D., Bezbaruah, A., and Khan, E. Biodegradation of Biopolymers used for Surface Modification
of Metal Nanoparticles. Poster presented at the Annual AWWA Surface Water Treatment Workshop.
Fargo, North Dakota. April 27, 2010.

.Roy, D., Bezbaruah, A., and Khan, E. Biodegradation of Polydimethylsiloxane (PDMS) in Aqueous
Environment. Poster presented at ND EPSCoR. Annual Conference, Grand Forks, North Dakota.
September 29, 2010.

. Roy, D.; Bezbaruah, A., and Khan, E. Biodegradation of Polydimethylsiloxane (PDMS) in Water
Environment. Poster presented at the 1st North Dakota Water Pollution Control Conference, Fargo,
North Dakota. October 13, 2010.

.Roy, D., Khan, E., and Bezbaruah, A. 2010. Microbial Degradation of Polysiloxane in Aqueous
Environment - A Laboratory Scale Study. Paper presented at the Eastern South Dakota Water
Conference, South Dakota State University, Brookings, South Dakota, November 9-10, 2010.
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Plant-based Biopolymersfor Entrapping Metal Nanoparticlesfor Arsenic removal: Biodegradation
and Treatability Studies

Introduction: Due to their high surface area (22-5%gm), reactivity and zero-valent iron (ZVI) core-
hydrous oxide shell structure, the use of nanosoale-valent iron(NZVI) particles has been attnaeti
for remediation of various contaminants includingemic However, they agglomerate in aqueous
environment and get oxidized by non-target compeurashd lose their unique characteristics. While
polymers are successfully used to overcome thelgmobf agglomeration and/or uncontrolled oxidation,
most polymers so far used are not biodegradablettzey themselves may become ‘pollutants’. This
project studied biodegradability of polymers useddoating NZVI, and will experiment with a few new
biopolymers and use them for contaminant (e.geric} remediation.

Progress Made: Biodegradation batch studies with polydimethytsdine (PDMS), polyethylene glycol
(PEG), and acrylic acid (AA) and PDMS(-PEG-AA)-bdsmpolymer have been conducted using mixed
bacterial cultures (activated sludge) for up to enenth under aqueous environmental conditions.
Composting of PDMS and PDMS-based copolymers haa benducted to see microbial growth. Very
limited biodegradation has been observed in aquenusonment but fungal growth has been observed
under composting environment.

(8)

Figure (a)-(h). (a) PDMS-PEG-AA copolymer coated NZVI; (b) Aeroldegradation studies for the
copolymer; (c) Composting studies of the copolyni@y;Growth studies of copolymer/PDMS degrading
microorganisms; (e) Microbial plate count for miorganisms from PDMS degradation reactor; (f)
Microbial plate count for microorganisms from PDNP&EG-AA copolymer degradation reactor; ()
Long-term composting experiment; and (h) Fungawginoin PDMS composted for more than six
months. Isolation of copolymer/PDMS degrading micganisms is under way.

Experiments Underway: Respirometric studies for PDMS and PDMS-based gopeis are underway
and new biopolymers are being tried.

Expected Outcomes from this Study: (a) Development of environmentally safe biopolymer appred
NZVI system of aqueous arsenic removal; (b) Isofatiof specific bacteria responsible for the
degradation of polymers used to coated NZVI.



Reference Evapotranspiration and Actual Evapotranspiration Measurements in ND

Reference Evapotranspiration and Actual
Evapotranspiration Measurements in ND

Basic Information

Title:|Reference Evapotranspiration and Actual Evapotranspiration Measurements in ND

Project Number:|2010ND214B

Start Date:|3/1/2010

End Date:|2/28/2011

Funding Source:|104B

Congressional District:[01

Research Category:|Climate and Hydrologic Processes

Focus Category:|Hydrology, Irrigation, Agriculture

Descriptors:|None

Principal Investigators:|Xinhua Jia

Publications

1. Rijjal, I, X. Jia, D. D. Steele, T. Scherer, X. Zhang, and X. Pang. 2010. Comparison of
evapotranspiration in subsurface drained and undrained field in North Dakota. ASABE 2010 Annual
International Meeting, June 20-23, 2010, Pittsburgh, PA. Paper No: 1009554.

2. Pang, X., X. Jia, T. M. DeSutter, T. F. Scherer, D. D. Steele, and I. Rijal. 2010. Effect of subsurface
drainage on water availability in the Red River Valley of the North. ASABE 2010 Annual
International Meeting, June 20-23, 2010, Pittsburgh, PA. Paper No: 1009921.
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Reference Evapotranspiration and Actual Evapotranspiration Measurementsin ND

Subsurface drainage (SSD) has been used to remove excess water from agricultural
fields. The water leaving from a SSD system can affect both the quality and quantity of a surface
water system. Therefore, determination of the water balance components is the first step to study
the impact of SSD on water quantity, while evapotranspiration (ET), one of the most important
components in the water balance, needs to be accurately measured. In this study, the ET for both
the subsurface drained and undrained (UD) fields was measured using eddy covariance system
for soybean in 2010. The SSD system showed a good control over the water table depth and
provided sufficient water for crop production throughout the growing season. However, the ET
values between the SSD and the UD fields did not yield any statistical difference for the entire
growing season. In 2010, frequent rainfall events in July have provided sufficient water for
soybean growth during its peak growing season.

The reference evapotranspiration (ET,) was estimated using ASCE-EWRI 2005 (both
grass and afafa) and Jensen-Haise 1963 methods. The ASCE-EWRI method is considered as
the standardized and recommended method, while the Jensen Haise (JH) method is the most
widely used method in North Dakota. The ASCE-EWRI method estimated a higher ET,
compared to the JH method. The JH method underestimated the ET values especially during the
windiest period in May, October and November. However, during mild wind conditions, the
ET.« rates by the JH method were comparable to that by the ASCE-EWRI (grass) method.

Crop coefficient (K.) was calculated for soybean under two different field conditions.
The K. was developed using the ET from the eddy covariance system and the ET,¢ estimated
using ASCE-EWRI (afalfa) method. The soybean K. curve had its highest values 0.76 for the
SSD and 0.65 for the UD in July, representing the highest water demand by soybean during that
period. During the early and late growing seasons, the K. values were about the same in both
fields.

Evapotranspiration (ET) for both subsurface drained and undrained fields has been evaluated for
soybean in 2010. The crop coefficient has been aso developed. The reference evapotranspiration
has been estimated using ASCE-EWRI 2005 and Jensen Haise methods.
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Basic Information

Uptake and effects of environmental estrogens on growth
of fish

Project Number:|2010ND215B
Start Date:|3/1/2010
End Date:(2/1/2011
Funding Source:|104B
Congressional District:|01

Title:

Research Category:|Biological Sciences

Focus Category:|Ecology, Non Point Pollution, Water Quality

Descriptors:|None

Principal Investigators:(Mark Sheridan
Publications

1. Hanson, A. and Sheridan, M.A. Effects of Environmental Estrogens on Organismal Growth and the
Growth Hormone-Insulin-Like-Growth Factor System of Rainbow Trout. Annual Meeting of the
Society for Integrative and Comparative Biology, Salt Lake City, UT, January 4-7, 2011.

2. Hanson, A., Kittilson, J.D., McCormick, S.D., Sheridan, M. A., 2011. Effects of 174a-estradiol, 4-
nonylphenol, and a-sitosterol on the growth hormone-insulin-like growth factor system and seawater
adaptation of rainbow trout (Oncorhynchus mykiss). Aquaculture, in press.

3. Hanson, A., Kittilson, J.D., Sheridan, M.A., 2011. Environmental estrogens inhibit growth of rainbow
trout (Oncorhynchus mykiss) by modulating the growth-hormone insulin-like growth factor system.
In preparation.
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Uptake and effects of environmental estrogens on growth of fish

The aim of this project isto advance our understanding of the fate of environmental estrogensin
aquatic ecosystems by measuring their uptake and metabolism and eval uating the impact as assessed
by organismal growth. The overall hypothesis of this project is that environmental estrogens are
taken up by rainbow trout from water and alter postembryonic growth by modulating the growth
hormone (GH)-insulin-like growth factor-1 (IGF-1) system.

First, we have evaluated the effects of environmental estrogens on feeding and food conversion,
and on postembryonic growth rate. In terms of overall organismal growth, the environmental
estrogens, estradiol (E2), B-sitosterol (BS), and nonylphenol (NP) were to shown to lead to decreased
organismal growth in terms of relative growth (both weight and length) compared to controls.

Next, we have completed work examining the effects of environmental estrogens on the GH-IGF
system in vivo. All environmental estrogens were shown to decrease hepatic sensitivity to GH, as
assessed by GH receptor 1 (GHR 1) mRNA expression. In addition to decreasing hepatic sensitivity,
it was a so determined that hepatic production of IGF-1 and |GF-2 decreased in environmental
estrogen-treated fish. In gill, E2 reduced expression of mMRNAs encoding GHR2, IGF-1, IGF-2, and
IGFR1A, whereas NP reduced the expression of GHR 1, GHR 2, IGF1, IGF-2, and IGFR1A
MRNASs. 3S had no significant effect on the expression of any GH-1GF system component in gill
filaments. The effects of EE on levels of GHR 1, GHR 2, IGFR1A and IGFR1B mRNA in red
muscle and white muscle were somewhat variable. BS and NP decreased GHR 1 in red muscle, while
GHR 2 mRNA expression decreased in white muscle. High concentrations of E2 reduced levels of
IGFR1A in white muscle and of IGFR1B in red muscle, whereas NP reduced the expression of
IGFR1A and IGFR1B mRNAs in red muscle.

These data support the hypothesis that EE reduce growth in fish by modulating the GH-1GF
system in terms of GH sensitivity, IGF production, and IGF sensitivity in atissue-specific manner at
the molecular level and in terms of overall organismal growth.

Experiments have been initiated to examine the effects of environmental estrogens on the GH-1GF
system in vitro as assessed by mRNA expression of GHR1/2, IGF-1/2, and IGFR1A/B in liver or gill.
E2, BS, and NP were not observed to affect the expression of GHRs in any tissues examined.
However, decreased expression of both IGF-1 and IGF-2 in atime- and concentration-dependent
manner was observed in the liver. Potency and efficacy of each of the environmental estrogens varied
with E2 and NP eliciting the greatest response. Similar results were observed in gill. Currently,
experiments are being conducted examining the in vitro response in muscle tissue of rainbow trout.
These current data, in addition to the muscle data, will allow usto fully characterize the time course
and efficacy of EE on IGF-1 binding characteristics and on the growth-promoting actions of IGF-1in
target tissues.
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Information Transfer Program Introduction

Information dissemination is done through an annual newsletter, and presentations and publications by grant
and fellowship recipients. A web site also helps disseminating institute research information. The institute's
website address is http://www.ndsu.edu/wrri. Past newsletters can be accessed through the institute web site.
Technical reports of Fellowship projects authored by the Fellows and advisers are also placed on the institute

web site.

Information Transfer Program Introduction



Information Dissemination and Communication

Information Dissemination and Communication

Basic Information

Title: |Information Dissemination and Communication
Project Number:|2009ND175B
Start Date:|3/1/2010
End Date:|2/28/2011
Funding Source:|104B
Congressional District:|01

Research Category:|Not Applicable

Focus Category:|None, None, None

Descriptors:|None

Principal Investigators:|G. Padmanabhan
Publications

There are no publications.

Information Dissemination and Communication



Activities to disseminate institute and other reskainder this project included:

1. Maintaining a web site

2. Publishing a newsletter

3. Publication of Fellowship and other researchediimough the Institute
4. Presentation of research results to state aletdbwater agencies

5. Sponsor or co-sponsor local or regional confezen

The website of the Institute was updated at leaattgrly, and more often when a research projeshed
to provide updates or when a Fellow graduates \ilgtesite provides additional details on the research
The list of Institute Affiliate Faculty with the&xpertise was updated. Research reports publishdteb
institute were placed on this web site as and whey became available. The institute web site is
http://www.ndsu.edu/wrri

The Institute continued its annual newsletter, Whighlights the graduate research fellowship poygr
the research grants associated with it, and gesenainaries of ongoing research. The newsletter@dof
institute research and researchers and publisied oewsworthy water issues in the State

The Institute continued its efforts to enhance camication between the State and Federal agency
personnel and university faculty and students. saohg and fellows presented their research results t
State and Federal professionals in Bismarck. Thitle also encouraged its Fellows and faculty to
attend seminars and conferences held in the relfodest support for travel was provided by the
institute whenever appropriate.

The Institute continued to work toward establishimg Institute as a clearinghouse for
information on water resources research experfisgcalty and staff at NDSU and UND.

WRRI sponsored seminars:

1. Dr. Ed Dickey, former acting assistant secretarthefarmy for civil works, Washington, D.C.,
shared his insights on federal water projects odiW¥sday, Jan. 12, at 11 a.m. in the Memorial
Union Century Theater. Dr. Dickey focused on thesliagton perspective on Fargo-Moorhead
diversion project.

While working for the federal government, Dr. Digk@as responsible for a variety of policies
and programs related to federal water manageménitias, including new water resource
investments for navigation, flood damage reducéind ecosystem restoration. Two Presidential
Rank Awards, including Meritorious Executive in 83&nd Distinguished Executive in 1993,
acknowledged his successes as a member of thef&#arior Executive Service.

NDSU's School of Natural Resources, Departmentgsfbisiness and Applied Economics,
Environmental and Conservation Sciences Graduagr&mn and the North Dakota Water
Resources Research Institute sponsored Dr. Dickeggentation.

2. An annual seminar series “ND WRRI Annual Distindngd Water Seminar Series” was
instituted.

The first of this series took place on October@ ®at NDSU. The talk was co-
sponsored by the Agricultural and Biosystems Erging department and the
Environmental and Conservation Sciences prograloatf Dakota State University.



Dr. Vijay Singh, a leading hydrologist and Carolared William N. Lehrer Distinguished
Chair in Water Engineering aftofessor, Texas A&M Universitgpoke on
“Challenges, Opportunities, and Research Directinrt$ydrology and Water
Resources.”

Dr. Singh also had a talk “Water Resources and &enChange” at University of North
Dakota. This talk was also sponsored by the ND W&HRI co-sponsored by the
Department of Civil Engineering and Department E&ystems Science and Policy of
University of North Dakota.



USGS Summer Intern Program

None.
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Student Support

Category Section 104 Base | Section 104 NCGP NIWR-US.GS Supplemental Total
Grant Award Internship Awards
Undergraduate 0 0 0 0 0
Masters 3 0 0 0 3
Ph.D. 7 0 0 0 7
Post-Doc. 0 0 0 0 0
Total 10 0 0 0 10
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Publications from Prior Years

1. 2009ND187B ("Interactions Between Microorganisms and Metal Nanoparticles: A New Approach for
Groundwater Remediation (Final Phase)") - Dissertations - Rabiya Shabnam, M.S., Environmental
and Conservation Sciences Program, College of Graduate and Interdisciplinary Studies, North Dakota
State University, August 2011. Interactions of iron nanoparticles with microorganisms. Major
Professor: Dr. Achintya Bezbaruah.
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