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Sustain. Monthly news from NRRI.
This month we're introducing a new blog series by NRRI Sustainability Program Coordinator,
Tiffany Sprague. She has long entertained and enlightened NRRI staff with her witty and useful
tips to help us live out our mission of sustainable and resilient communities. We want to share.

At the personal level, walking the path of sustainability can be confusing. Can we have a green
lawn and care about clean streams? Is there a way to eat local and healthy and keep food
waste at bay? Is there a better way to do laundry? (Sign me up.)

But this month it's all about eco-friendly bbq-ing.

Sustainability can also be confusing at the industry and state-wide scale. But our researchers
will keep working to help Minnesota make the best, most sustainable use of its resources.

Welcome to summer!

June Breneman
NRRI Manager, Marketing & Communications
nrriinfo@d.umn.edu
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NRRI prepares Minnesota for the
'Iron of the Future'

June 10, 2021
June Breneman

Changing ore bodies and expanding ore products require research
and development.

"The long-term objective of our Iron of the Future program is to develop a portfolio of high value
iron-based products." - Rodney Johnson

Given the solid and sedentary nature of rocks, it may surprise some that Minnesota’s Iron
Range ore bodies are changing.

And it means that mining practices and iron products will also need to change.

“After some 140 years of mining, the iron ore is getting deeper and more expensive to mine,”
said Rodney Johnson, NRRI’s endowed taconite chair. “At the same time, energy costs are
going up, markets are changing and concerns about environmental water and land impacts are
changing.”
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NRRI is addressing these concerns by launching a new program called Iron of the Future.
Efforts will focus on developing and introducing a portfolio of practices, processes and iron
products that require less energy and water while also reducing effluents. It aims to provide
research and development into areas that iron ore mining companies don’t have the resources
to fully investigate.

“Mining companies focus on the ore bodies and surviving day-to-day,” said Johnson. “We’re
analyzing the formation from top to bottom to better understand its untapped potential while
reducing environmental impact.”

Photo: Rodney Johnson, endowed taconite
chair at NRRI

Waste not

An important area of research is generating
value from – and finding markets for – the
waste material. For every ton of iron ore mined,
about two tons of waste are mined and placed
in waste piles. Three to four tons of iron ore are
needed to produce one ton of taconite blast
furnace pellets. The remaining two to three tons
are set aside as mining byproduct in tailings
basins. But there’s iron in those piles. The
challenge is developing viable technology and
techniques to get at it.

The central and east end of Minnesota’s
Biwabik Iron Formation is currently being mined for magnetite, but toward the west end there’s a
large resource of mixed magnetite, goethite and hematite. NRRI’s Iron of the Future program
will develop new processing technologies for the mixed iron resources that may extend the life
of current taconite operations and provide iron for a portfolio of higher value, iron-based
products.

Beyond the blast furnace
NRRI is also focused on developing iron pellets for electric arc mini mills, currently 70 percent of
the steelmaking market. Producing these higher-value direct reduced grade (DRG) and/or direct
reduced iron (DRI) pellets on the Iron Range would be an economic boost for Minnesota.
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“At three-times the value of taconite pellets, we could make less product, extend the life of the
mines and reduce the environmental impact,” Johnson said.

More than pellets
Iron is now finding applications in high-value batteries for long-duration energy storage. As
renewable energy sources – intermittent wind and solar – expand and need large storage
capacity, batteries are rising in value. Iron-based batteries are relatively cheap and can be
produced with Minnesota resources and reduce U.S. reliance on foreign critical metals. NRRI is
actively assisting a high-tech company with material and technical knowledge to build a
renewable energy battery by 2023.

“We’re working with current Iron Range operations to help them be more efficient,” said
Johnson. “But the long-term objective of our Iron of the Future program is to develop a portfolio
of high value iron-based products that can reduce the current boom-bust cycles on the Iron
Range. We’re working to prepare Minnesota for that future.”

Well-loved, Well-studied: Decades of NRRI
research spans all five Great Lakes
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June 9, 2021
June Breneman

From its formation in the early 1980s to today, NRRI has collaborated
across the institute, the University and the globe to contribute to
Great Lakes understanding.

Carved from glaciers and filled with their melting water, lakes Superior, Michigan, Huron, Erie
and Ontario make up the largest freshwater system in the world, with shorelines longer than the
East and Gulf coasts combined.

And while researchers studied the lakes’ fisheries and deep waters, the coastal and nearshore
waters were not so well studied. This changed 20 years ago when the Environmental Protection
Agency launched a program to study coastal areas across all of the United States’ coastlines.
The obvious ones -- Pacific, Gulf, Atlantic -- but also the Great Lakes.

NRRI scientists huddled, brainstormed and proposed an ambitious program to develop
bioindicator “tools” for assessing the condition of the coastal zones across all five Great Lakes.
It had never been done.

In 2001, NRRI was awarded $6 million by the EPA Science To Achieve Results (STAR) program
to lead this multifaceted endeavor called the Great Lakes Environmental Indicators project --
gleefully acronymized GLEI. NASA later funded an additional $1 million. This collaborative
project launched NRRI to national stature in the freshwater science world.

From 2001 to 2016, terabytes of data were collected, some 100 peer-reviewed papers
published and countless metrics and methodologies developed. Out of this effort, standardized
methods were developed to assess the condition of the entire Great Lakes shoreline. The first
GLEI study used mostly biological indicators -- algae, bugs, fish, birds, amphibians, plants and
contaminant levels -- to assess coastal ecosystem health and identify causes of impairments. It
was a much needed step forward in understanding this valuable system and spawned many
other studies.

“Even before GLEI, NRRI had a reputation for monitoring and data collection in lakes and
streams across Minnesota,” said NRRI’s Lucinda Johnson, associate director and water
research lead. “Not only do our scientists put boots on the ground -- or in this case, waders in
the water -- we translate data to answer questions and provide needed information to resource
managers.”
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The success of GLEI launched GLEI 2 in 2010, collaborating across the border with Canada.
And from there, NRRI’s Great Lakes research expanded to advance freshwater science for state
and federal agencies to inform resource decision-making for this great glacial gift.

Corralling the data
So how can those reams of data be made more user-friendly? NRRI scientists were early
adopters of computer technologies that translate data into maps. Out of the Indicators project,
scientists discovered -- with unprecedented precision -- exactly where, how and what impacts
humans have on the health of the Great Lakes watershed and its coastal waters. And with that
information, NRRI used Geographical Information Systems (GIS) to develop environmental
threat maps. At a glance, the maps allowed immediate understanding of how environmental
stressors -- agricultural runoff, dense human population, invasive species -- are shaping the
state of the ecosystem.

“Our entire study design was built around the premise that if we understand the full range of the
human footprint, we can measure the biological impacts corresponding to that footprint across
that gradient -- from the best of the best to the worst of the worst of conditions,” explained
Johnson. “Those ‘indicators’ are shorthand for the condition of the ecosystem.”

Given the scope and scale of the Great Lakes coastline, much of this work couldn’t have been
done without advancing technologies, like satellites. NRRI was able to gather detailed
information about submergent vegetation across all five lakes that had never been mapped
before. This clearly showed the spread of aquatic invasive plants and impact to native plants.

In a unique partnership, NRRI scientists used NASA satellite systems to gather data in even the
most remote locations. Basin-wide maps were developed showing 207 different variables, such
as where sediment and nutrients were entering the Great Lakes from the watershed.

Monitoring change
A large and looming threat to the Great Lakes wasn’t included in the early 2000’s GLEI project --
climate change. At the time, it wasn’t clear how quickly and profoundly the warming world would
impact the Great Lakes.

Today, NRRI scientists can use the GLEI data to see increases in bacteria and harmful algae
blooms, and document changes in water levels that impact the coasts and shipping channels.
Increased frequency and intensity of storms also send pollutants into the lakes, impacting water
quality.
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Sometimes change is imperceptible to the casual observer. How do scientists know when an
ecosystem is impacted? Noting changes in aquatic flora and fauna is key. Each year, with
funding from the EPA and other agency partners, NRRI scientists collect data on the population
changes of algae, bugs, birds, amphibians and plants that depend on Great Lakes’ freshwater
resources. Changes to which species are present and population increases or decreases signal
environmental change, often due to human activities and climate change.

Even the tiniest creatures signal big changes. EPA funding allows NRRI’s ecologists to compare
microscopic algae found in today’s lakes with those in the sediment hundreds of years ago to
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understand human impacts on the Great Lakes since European settlement. Recently,
warmer-water species started showing up in cold Lake Superior, revealing the first known
biological impact of warming temperatures in the lake.

Another indicator of a changing ecosystem are the plants and wildlife that live in the Great
Lakes coastal wetlands. NRRI is a co-leader of the Great Lakes Coastal Wetland Monitoring
program, which grew out of GLEI and the companion Great Lakes Coastal Wetland Consortium.
The first two projects created the background research necessary to implement a long-term
program to monitor the health of coastal wetlands across the whole Great Lakes using aquatic
invertebrates, fish, birds, amphibians, wetland vegetation and water chemistry. This monitoring
program samples one thousand coastal wetlands every five years, now in its third cycle.

“Eighty percent of recreationally important fish species -- fish that humans want and need -- in
the Great Lakes use wetlands at some point in their lifecycle. They’re so important,” explained
Johnson. “But because of the shallow and vegetation-rich environments of wetlands, they’re
hard to get to for research. And that’s likely why they’re so understudied.”

The loss of some 50 percent of Great Lakes wetlands over the decades impacts bird species,
too. Over the past 30 years, NRRI ornithologists annually count birds in Great Lakes wetlands to
monitor increasing or decreasing populations. Among their findings are increases in
double-crested cormorants, ring-billed gulls, and Caspian terns, while populations of common
terns and black-crowned night herons have been declining.

Environmental Impacts
Along with temperature increases, more big storm events due to climate change can cause
excessive nutrients to flow off the land and into the Great Lakes, especially in agricultural areas.
On Lake Erie, NRRI scientists studied how invasive mussels have changed the way nutrients
cycle, exacerbating algal blooms and causing extreme oxygen depletion in the summer. Aside
from threatening all life that requires oxygen in those deep waters, low oxygen in the bottom of
the lake causes the release of even more nutrients from the sediments, making the problem
even worse.

Another problem is the threat to fisheries by aquatic invasive species – tiny critters like spiny
water flea and quagga mussel -- that disrupt fish food sources. In the Great Lakes, NRRI plays
a leading role in testing the effectiveness of technologies that are built to kill off these little ship
ballast invaders before the water is discharged in another port.

With increasing numbers of invasive species and habitat loss, maintaining biodiversity is doubly
challenging. NRRI led a study of fish biodiversity in the Great Lakes which showed hotspots of
diversity as well as 'bright spots' -- where species diversity is high in spite of human stressors.
These ‘bright spots’ and hotspots indicate high resilience and conservation potential.
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Even with all the research taking place, there’s still a lot to learn. For example, the amount of
legacy and emerging contaminants in the sediment of the Great Lakes is still unknown. Starting
this year, NRRI scientists are leading the Great Lakes Sediment Surveillance Survey for the
Environmental Protection Agency. NRRI researchers will collect samples and analyze over 250
different contaminants across the entire Great Lakes system.

Chemicals showing up in water supplies, like PFASs, are widely used in consumer products
such as nonstick cookware and grease-resistant food packaging. Elevated levels of industrial
chemicals -- mercury, PCBs and DDT -- have been detected in shorebirds, according to studies
by NRRI ornithologists.

NRRI also plays an ongoing role in monitoring the restoration efforts in the St. Louis River
Estuary which feeds into Lake Superior. In 1987 it was designated as one of 43 Areas of
Concern on the Great Lakes by the Environmental Protection Agency. Efforts to remove that
designation have required meeting targeted goals -- like, restoring fish populations and
improving wildlife diversity. Many NRRI scientists have also been involved in committees that
oversee the restoration process.

Inform and educate
Starting in the early 2000s, NRRI researchers realized the opportunity and power of websites as
an information dissemination tool. DuluthStreams.org (currently being redesigned) was
developed in 2001 to share information about the watershed that feeds into Lake Superior. The
site included data management, decision modeling and data visualization tools, so that changes
to water quality could be easily monitored in real time. Through 2020, DuluthStreams.org
generated 69 million successful server requests. It is now in the hands of new managers who
plan to modernize the site. That early effort led to many other web-based tools developed to
share freshwater information about the St. Louis River estuary and Lake Superior beaches.
NRRI researchers even expanded their web reach with data sites about great lakes around the
globe, like Baikal in Russia and Victoria in Africa.

Coordinating effort
Photo: Lucinda Johnson, NRRI associate director and water research
lead

NRRI’s long time leader in water science, Lucinda Johnson, is a
sought-after advisor on many Great Lakes-related committees.
Notably, she has served on the International Joint Commission’s
Science Advisory Board and continues an active role in this U.S. and
Canada Great Lakes cooperative management commission. In 2021,
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Johnson was appointed to the Minnesota Governor’s Advisory Council on Climate Change.

“Being at the tip of the deepest and cleanest of the five Great Lakes here in Duluth, we consider
it a special responsibility to protect these important freshwater resources for future generations,”
said Johnson. “The long term data sets collected over the decades allows our researchers to
identify trends and help predict and manage future threats and stressors.”

Sustainability at NRRI: Eco-friendly BBQ

June 1, 2021
Tiffany Sprague

Introducing a new monthly series by NRRI’s Tiffany Sprague, Sustainability Program
Coordinator. She has long entertained NRRI staff with her witty and useful tips to live out
our mission of sustainable and resilient communities. Now, we’ll share them with you in
Sustainability at NRRI: Tiff's Tips for Eco-Living.

Discover the Economy of the Future | www.nrri.umn.edu
10

http://www.nrri.umn.edu


NRRI’s Sustainability Program Coordinator Tiffany Sprague

Tiff’s Tips for Eco-Living: 10 Tips for
Summer Grilling.
Chill and grill with panache!

With the warmer weather, many of us are likely considering hosting a BBQ. So, for our first ever
Tiff’s Tips, let's discuss options to keep the grillin' and chillin' and minimize the waste and land
fillin'.

First, consider the bins.
Make available a tiny trash can, a medium recycling bin (do not bag your recycling, it can
contaminate the recycling stream) and a medium-large compost bin (lined with a compostable
bag). If you do not compost at home, check with your community or sanitary district to see if
commercial-scale composting is locally available.

Second, double-check the compost bag truly is compostable.
Sometimes, bags may be labeled as eco, green, made from recycled materials or contain
post-consumer materials. This does not necessarily mean the bag is compostable. Read the
box thoroughly!

Third, DO NOT use compostable bags for trash and recycling...or in your home compost.
Jeez, so many rules about these compostable bags. I know. I know. Compost bags need that
lovely, hot, sauna-like condition provided by a commercial compost system. Otherwise, they'll
contaminate a recycling stream and just be another piece of ruddy garbage in the landfill.

Fourth, consider keeping it REAL.
At a minimum, use REAL silverware, since we tend to buy plastic, one-time-use, throw-away
silverware. Then, use paper or compostable plates and bowls. Consider your dish options as
well for serving dishes and utensils. Do you really need aluminum trays and big plastic spoons?
Sometimes you just can't with life, and you do. But sometimes, you might want to snazz it up
with a set of real serveware.

Fifth, love thy compostable dishes.
If using real dishes seems like a pain, then consider compostable dishes and silverware. Again,
be careful to read the labels, as many times they may be labeled as eco, green or made with
post-consumer recycled material. This does not mean compostable! Also, your old school basic
paper plate is commercially compostable, so it can be a great option.
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Sixth, I'm really stressed - how do I know if what I bought is compostable?
You can check for certified products at the Biodegradable Products Institute website. For
example, here is the list of compostable products by Eco-Products (what we use at NRRI - oh,
work-sponsored lunch meetings, how I miss you...but more than wearing sweatpants everyday?
Hmm, no. No. Sorry, not sorry, office, but you don’t compare to my Ultrasoft Sweats Slim-Leg
Jogger in Charcoal Heather).

Seventh, the red solo cup...
...is so 2008. Ball (the canning jar company) just came out with aluminum cups!! Sturdier than
your typical solo cup, can be reused, washed, and RECYCLED - and does not alter any cup
related games or activities you may partake in at your BBQ...

Eighth, bottled water vs. water jug.
You want folks to stay hydrated, but is bottled water really the best option? Think about all that
single-use plastic! What about your lovely giant sports jug?! You all know the one. Our trusty
friend the orange Igloo water jug. Fill it up, place your aluminum cups next to it, and you are
ready to party hardy while keeping thirst at bay.

Ninth, buy local food when possible.
Of course it isn't a BBQ without a suite of delicious foods. Consider the food miles of what you
buy, and plan your menu around what is available seasonally. You don't have to shop at the
hippie-dippie stores to get local produce. Many large grocery retailers -- like Cub and SuperOne
in the midwest -- carry local fruits, veggies, meats and cheeses. Also check out the CSA options
(Community Supported Agriculture) in your region. Skip the stress of grocery shopping and pay
a farmer directly to get local produce!

Tenth, panic! Someone vegan is coming. What do I do?
Boca burgers are elementary school “hamburger” lunch Thursdays (nothing compared to
chicken nug day anyways...and the tiny ice cream with the wooden spoon...did I mention I now
live in sweatpants -- you can see why). There are a lot of new alternative meats on the market.
Feeling creative? (No, remember how I said panic!) Carrots can make a great hotdog and giant
portobello mushrooms can sub for a hamburger. Labeling food can be a great option as well.
Place a stack of index cards and a sharpie on the meal table, and ask guests to label their food.
Typical things to note may include: gluten, dairy, eggs, nuts, and shellfish. This way folks don't
have to wonder what they are eating and can feel included in the eating festivities!

Until next month, happy grilling!
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Meet the Researcher: Sergiy Yemets

June 9, 2021
June Breneman

NRRI chemist enjoys the challenges of turning waste materials into
valuable products.

“We’re expanding our analytical capabilities even more by adding a lot of new equipment.”

In Sergiy Yemets’ world, waste materials are simply undiscovered treasures. As an organic
chemist and specialist in the chemistry of natural compounds, Yemets came to NRRI in 2004 as
part of a team to unlock the useful chemicals in birch bark being tossed aside at paper mills and
lumber yards.

In that bark are bioactive compounds with anti-inflammatory, anti-bacterial and anti-viral
benefits. The work of Yemets and the extractive chemistry team led to a birch bark chemicals
manufacturing operation in Two Harbors, Minn., called The Actives Factory that markets the
chemicals worldwide.

“Reducing the waste after biomass processing and creating new, value-added products is very
satisfying work for me,” said Yemets currently a Senior Research Scientist. “I apply analytical
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chemistry to analyze the properties of the natural materials – mostly biomass-based materials --
and synthetic chemistry to modify them into new materials.”

NRRI’s Materials and Bioeconomy Group has four chemists working on a variety of projects.
They have expertise in various chemical and physical analysis methods including liquid and gas
chromatography, mass spectrometry, nuclear magnetic resonance, ultraviolet-visible
spectrophotometry, and infrared spectroscopy.

“And now we’re expanding our analytical capabilities even more by adding a lot of new
equipment,” said Yemets. “It will increase our ability to perform analysis and characterization of
biochar and porous materials, syngas and gaseous substances, wood pyrolysis products and
other materials.”

His current focus is on developing a new bio-based plastic material using the lignin from
plant-based sources. The goal is to produce construction-grade thermoplastics from wood on an
industrial scale. Lignocellulose is found in all trees (lignum is the Latin word for wood) giving
plants shape and stability by strengthening the plants’ cell wall. Lignin is abundant but currently
does not have many applications.

“It’s exciting to help this material find its niche in eco-friendly and sustainable manufacturing as
a component of novel plastics, adhesives, coatings and more,” Yemets said. The thermoplastics
development is a collaborative effort with industry and research partners across the country.
Yemets works closely with NRRI’s hybrid poplar research team which is developing fast-growing
trees for new opportunities in lignin production.

Tapping expertise
Beyond lignin research, Yemets is also involved in research on biochar, pyrolytic processes,
wood protection technologies, controlled-release fertilizer coatings and more. The broad
spectrum of projects means relying on others in NRRI and across the University system to
access a variety of expertise and skills. Yemets works closely with UMD’s Advanced Materials
Center, Swenson College of Science and Engineering and the Department of Mechanical and
Industrial Engineering.

NRRI’s Quality Manager, Lisa Estepp, is especially helpful in documenting instructions and
analytical procedures for standardization and quality control, while the Purchasing Specialist,
Tammy Thomasson-Ehrhart, keeps the lab stocked with necessary supplies.

“Lisa and Tammy are always helpful, quick and thorough,” said Yemets. “I really appreciate
that.”
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Jazzed up
While Yemets enjoyed increased trail hiking and nature photography to pass the time over the
past year of social restrictions, he’s looking forward to music venues opening up again.

“I like to play guitar and listen to old and new jazz music,” he said. “It will be really nice to listen
to some live music when the restrictions are lifted.”
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