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1. Introduction
The federal Clean Water Act requires each state to evaluate its water bodies and
determine whether they meet water-quality standards. For mercury, these standards
define how much mercury can be in the water and in fish. Water bodies that do not meet
water-quality standards are added to a list of water bodies referred to as the Impaired
Waters List. Minnesota’s 2004 Impaired Waters List included 820 lakes and 419 river
segments that were considered impaired for mercury, usually due to fish contamination.
Eating fish contaminated with mercury can damage the central nervous system. Children
and fetuses, whose nervous systems are still developing, are especially vulnerable.
To address impaired waters, states are required to evaluate the sources of pollution, the
reduction in the pollutant needed to meet water-quality standards, and allowable levels of
future pollution. This evaluation, typically done for each water body or watershed, is
called a Total Maximum Daily Load, or TMDL. Because the source of essentially all
mercury to Minnesota waters is the atmosphere, the Minnesota Pollution Control Agency
(MPCA) prepared a statewide mercury TMDL. This TMDL was approved by the U.S.
Environmental Protection Agency (EPA) in March 2007.
To meet water-quality standards, the TMDL determined that human-caused, air-deposited
mercury would need to be reduced by 93% from 1990 levels. Applying this to air
emission sources in the state established a 789-pounds-per-year air emission goal. The
TMDL also established a cap on wastewater discharges in the state of 24 pounds per year
(lb/yr). For more information on sources of loading and estimated load reductions
needed to reduce impairments, refer to Minnesota’s Statewide Mercury TMDL at
www.pca.state.mn.us/water/tmdl/tmdl-mercuryplan.html.
Once a TMDL is approved by the EPA, states are responsible for implementing measures
to achieve the goals established in the TMDL. This document is the plan for achieving
the goals of Minnesota’s Statewide Mercury TMDL. This implementation plan consists
of strategies to ensure that water discharges remain below 24 lb/yr and to reduce air
emissions to below 789 lb/yr.
To develop the key elements of the implementation plan, the MPCA called on
stakeholders to recommend source-specific reduction targets, strategies to meet the
targets, and interim and final time frames for achieving reductions. Two groups of
stakeholders provided input. The main stakeholder group, the Strategy Work Group,
consisted of 17 members who met once or twice a month for 12 months, ending in June
2008. A larger Partners Group of approximately 75 stakeholders met twice to review and
comment on the Strategy Work Group’s recommendations. The stakeholders presented
recommendations in their report, Strategy Framework for Implementing Minnesota’s
Statewide Mercury TMDL (referred to as the Strategy Framework). The Strategy
Framework is included as Appendix 1.

2. Implementation Plan Overview
This document is the Mercury TMDL Implementation Plan. It details the strategies the
MPCA will employ to meet the air and water goals established in Minnesota’s Statewide
TMDL for mercury. This section provides an overview of the MPCA’s approach to
implementation; discusses the implementation roles and responsibilities; and lists key
implementation milestones between now and 2025, the target date for final
implementation. Later sections describe the implementation plan strategies in detail.
This plan references mercury release goals established in the TMDL. The TMDL
implementation planning phase also identified interim and final targets for specific
emission source categories. In this plan, the terms “goal” and “target” have specific
meanings. The MPCA is using these terms to reference interim and final mercury release
levels. If the interim and final mercury release levels are not met, the plan provides for
additional measures that source categories will be required to take to assure that the
required TMDL reductions are made.
2.1 Implementation Roles
While the MPCA is the primary entity responsible for implementing strategies to meet
the goals of the TMDL study, the agency will work closely with a stakeholder
Implementation Oversight Group and Minnesota entities that release mercury to the
environment.
MPCA Role and Approach
To ensure that the goals of the TMDL are met, the MPCA will employ its full range of
program capabilities and authorities. Sections 3 and 4 of this implementation plan
describe the specific strategies and tools that the MPCA will use to achieve the water and
air goals in the TMDL. These include rule-making, permitting, compliance and
enforcement, monitoring, inventory development, pollution prevention, education,
outreach, and collaboration on voluntary reductions.
The best available information was used to develop this implementation plan, and the
MPCA fully expects that successful implementation of the stakeholder-identified
strategies will result in meeting the established targets. Nevertheless, uncertainty
warrants an adaptive approach to implementation. By setting source-category-specific
interim targets and periodic evaluation benchmarks, the plan incorporates opportunities to
evaluate progress and, if necessary, to intervene and modify strategies to ensure that
reduction goals are met and release targets are not exceeded. Table 1 is a timeline of key
implementation milestones, established checkpoints, and possible intervention dates.
In addition to effecting the implementation strategies, if reviews of monitoring data and
studies provide new information that would change any of the assumptions used to
establish the TMDL or that would change the allocation, the MPCA will revise the
TMDL and, if appropriate, develop water-body-specific TMDL strategies.
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Table 1. Mercury TMDL Implementation Milestones

Year
2009
2010

2011

Milestones
(Major implementation progress and state of knowledge review dates are in bold-face type.)
• First annual meeting of Ongoing Oversight Group
Monitoring, reporting and reduction planning rule are published by end of year.
• MPCA Triennial Mercury Inventory for 2008 (pre-rule reporting)
Improved mass balance, emissions estimates from crematory, petroleum, recyclers, smelters,
dental, product manufacturing
• Reduction plans due (proposed) for industrial boilers, petroleum refineries, smelters and
sewage sludge incineration.
• First year of emission tracking under proposed rule
•
•

First year of emission reporting under proposed rule
Reduction plans due in 2011 incorporated into permits

•
•

MPCA Triennial Mercury Inventory for 2011 (first version with required reporting)
Review to evaluate New and Expanding Source Policy, 2011 emission inventory and
reduction targets. Review progress of un-permitted air point sources.

2014

•
•

Enact requirements, if need, to compel reductions by unpermitted air point sources.
Mercury Reduction Act of 2006 final implementation target date

2015

•

Black Dog Units 3 and 4, Hoot Lake Units 2 and 3 reduction plans are due.

2016

•
•
•

MPCA Triennial Mercury Inventory for 2014
Taconite/ferrous mining reductions plans are due.
Major Reduction Progress Review in advance of 2018 goals

2017

•

Enact requirements, if needed, to ensure that 2018 goals are met.

2018

• Final goal for petroleum refining, industrial/institutional/commercial boilers, sewage
sludge incineration, product recyclers and miscellaneous products sources
• Interim goal for smelters, crematories, product manufacturing

2012

2013

•
•
•
•
•

MPCA Triennial Mercury Inventory for 2017
Major Reduction Progress Review of 2018 Goals
Austin Northeast Unit 1, Laskin Units 1 and 2 reduction plans are due.
MPCA Triennial Mercury Inventory for 2020
Major Reduction Progress Review in advance of 2025 goals

2023
2024

•
•
•

2025

•
•
•
•

Implement measures, if needed, to ensure that 2025 goals are met.
Implement measures, if needed, to ensure that 2025 goals are met.
Final goal for taconite/ferrous mining, smelters, crematories, utilities and product
manufacturing
MPCA Triennial Mercury Inventory for 2023
Major Review of reduction progress
2025 emission reports are due.
Preliminary review/evaluation of 2025 emissions and goals

•
•

MPCA Triennial Mercury Inventory for 2026
Final Progress Review to determine whether 2025 goal has been met

2019
2020
2022

2026
2028
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Implementation Oversight Group
Pursuant to stakeholder recommendations, the MPCA has convened an Implementation
Oversight Group to assist the agency with the adaptive approach to TMDL
implementation. This group, made up of one or two representatives from each key
stakeholder constituency, will serve in an advisory capacity to the MPCA. These
stakeholders will meet to review and evaluate progress toward achieving the goals of the
Statewide Mercury TMDL and to determine whether additional measures are needed to
meet these goals. During the first five years of implementation, the MPCA plans to
convene this group at least once a year, most likely each fall. After 2013, meeting
frequency will be determined in consultation with stakeholders and based on
implementation progress. At a minimum, meetings will be held every three years,
coinciding with the major review dates shown in Table 1.
Specific tasks of the Oversight Group are:
•

Review and evaluate progress on sector benchmarks and interim goals described
in the individual air emissions and water discharge strategies.

•

Gauge effectiveness of strategy implementation, including overall implementation
of strategy framework.

•

Determine the need for actions to ensure that source category goals are met.

•

Provide input to the MPCA on the need to modify the implementation plan, based
on the evaluation of progress.

•

Review changes to the air emissions inventory.

•

Review the implementation of offsets employed to accommodate new and/or
expanded sources of air emissions.

•

Review guidelines for new and/or expanded sources of air emissions and progress
towards goals in light of new permitted sources.

•

Review the latest scientific information that could affect implementation of the
TMDL.

•

Review Other Recommended Actions.

•

Review MPCA’s evaluation of the effectiveness of the TMDL.

An organizational meeting of the Implementation Oversight Group was held in April
2009. The objectives of this group and original membership are included in Appendix 2,
Mercury TMDL Implementation Oversight Group Charge.
Minnesota Release Sources
Specific facilities or entities responsible for air and water releases of mercury also play an
important role in implementing this plan. This includes improved measurement and
reporting of releases, investigating reduction potential, and developing and implementing
water minimization or air reduction plans. For sources in some sectors, it also means
working with other release sources within their source category to collaborate on
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research, ensure that interim and final emission reduction goals are met, and that water
discharge limits are not exceeded.
2.2 Sources and Water Bodies Not Included in This Reduction Plan
Out-of-state Sources
This implementation plan does not attempt to reduce emissions from natural sources,
man-made (anthropogenic) emissions outside the state, or re-emission of anthropogenic
deposition. While these sources clearly contribute the majority of mercury that
contaminates fish in Minnesota, the MPCA cannot reasonably expect to reduce these
sources. As described in section 4, the MPCA will make efforts to reduce total emissions
through its work with other states and in particular the EPA. The EPA has the ability to
enact requirements to reduce mercury emissions in the United States and, with other
federal agencies, is involved in efforts to reduce mercury releases worldwide.
Water Bodies Not Included in the Statewide TMDL
This implementation plan addresses the water bodies included in the Statewide Mercury
TMDL. Strategies identified in this document will benefit all mercury-impaired waters in
the state. However, not all mercury-impaired waters in Minnesota are covered by the
Statewide Mercury TMDL.
To be included in the Statewide Mercury TMDL, the MPCA must show that water bodies
will meet water-quality standards after the mercury-reduction goals are achieved. For
mercury-contaminated fish, this means that concentrations would be calculated to be
below the statewide fish-tissue criterion of 0.2 milligrams per kilogram (mg/kg) of
mercury per kilogram. Water bodies that are not expected to meet this criterion after
implementation remain on the impaired waters list. Currently, 998 impaired waters are
covered by the TMDL (671 lakes and 327 river reaches) and 298 (204 lakes and 94 river
reaches) are not covered by the TMDL and remain on the 2008 list for mercury.
For water bodies remaining on the list, the MPCA could not demonstrate that the
statewide criterion would be reached, either because existing levels are too high or
because of a lack of data. The MPCA is increasing monitoring on many of these lakes to
gather more data. With more data the MPCA may be able to include additional lakes in
the TMDL. Other lakes may not be added to the statewide TMDL, in which case an
individual TMDL may be required. Even if the TMDL implementation does not reduce
fish contamination in all waters to below 0.2 mg/kg, all waters will experience reductions
in mercury loading and fish will be less contaminated as a result of the TMDL.
2.3 Implementation Financial Assistance
Funding for activities contained in this plan and implemented by public sector entities
may be available from the State of Minnesota. Elements of the plan that may be eligible
for funding and potential cost estimates per project include:
•

development and implementation of mercury minimization plans for wastewatertreatment plants described in Section 3.1 ($10,000-$75,000);
5

•

government-led outreach, prevention and collection activities targeting
homeowners and small businesses to properly manage existing mercury products
and avoid future releases as described in Section 4.3 ($5,000 to $200,000); and

•

other government activities to reduce releases of mercury associated with
products.

Public sector entities interested in learning more about financial assistance should contact
Ned Brooks, the MPCA’s mercury coordinator (phone 651-757-2247, e-mail
ned.brooks@state.mn.us).
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3. Water Implementation Strategies
Minnesota’s Statewide Mercury TMDL established an annual allowable load of mercury
from point-source water discharges in the state of 11 kg, or 24 lb, per year. While
releases in 1990 were three times this level, by 2004 discharges had been reduced to
about 7 kg, or 15 lb, mostly due to reduction activities at the state’s two largest municipal
wastewater-treatment plants. In addition to specific mercury-reduction efforts, increased
use of the Bio-P process to meet phosphorus effluent limits at municipal treatment plants
in the state is expected to further decrease mercury discharges. Industrial facilities in the
state account for less than 2 lb of mercury water releases per year.
The MPCA sought stakeholder recommendations on strategies to ensure that facilities in
the state remain below the annual allowable load and to guide permitting of new and
expanding wastewater discharges.
3.1 Permitting Strategy
Since current point-source water discharges in the state are below the 24 lb annual
allowable load established in the TMDL (by approximately 9 lb/yr), the TMDL allows
for some growth due to new facilities or expansions at existing facilities. Stakeholders
recommended a strategy for distributing the unallocated load to new and expanding
facilities. Provided facilities are implementing a mercury-minimization plan and
monitoring effluent and meeting effluent limits, allocations are made by the MPCA on a
first-come, first-served basis through permit issuance.
In addition, stakeholders recommended that all permitted municipal wastewater-treatment
facilities with design flow of 0.2 million gallons per day or more be required to
implement a mercury minimization plan. The intent of this requirement is to reduce
mercury in municipal plant influent.
The MPCA revised its water permitting strategy to include stakeholder recommendations.
The MPCA fact sheet describing this strategy, Permitting Strategy for Addressing
Mercury in Municipal and Industrial Permits is included as Appendix 3. (See
www.pca.state.mn.us/publications/wq-wwprm1-16.pdf on the MPCA Web site for the
most recent version of this fact sheet.) The fact sheet describes how the MPCA will
address mercury during the permitting process and ensure that facilities in the state
remain below the annual allowable load.
3.2 Dental Clinic Discharges
Dental clinics are major contributors of mercury to municipal wastewater-treatment
plants due to the presence of mercury in amalgam fillings. Dental clinics are typically
included by municipal wastewater-treatment plants in mercury-minimization planning
described above.
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Extensive work at the state’s two largest wastewater-treatment plants has been successful
in reducing releases from clinics. Metropolitan Council Environmental Services
(MCES), operator of the largest plant, developed a voluntary program with the Minnesota
Dental Association (MDA) to facilitate installation of amalgam separators, filtration units
that remove 99% of mercury solids from dental clinic wastewater. Nearly all dentists in
the MCES service area have voluntarily installed amalgam separators. The program also
includes best practices for minimizing mercury releases from preparation and handling of
mercury-containing dental amalgam.
In 2007, the MPCA signed a memorandum of understanding (MOU) with the MDA to
expand the voluntary program statewide and included air release goals and prevention
strategies. As part of mercury-minimization planning, municipal wastewater facilities in
the state are working with dentists to implement the elements of the MOU pertaining to
wastewater discharges. The MOU establishes a goal of installing amalgam separators at
every dental clinic and adherence to established best practices. A copy of the
MPCA-MDA agreement is included as Appendix 4.
3.3 Implementation for Nonpoint Water Sources
Because mercury in runoff is derived from atmospheric deposition, mercury in
stormwater is accounted for in the calculation of the atmospheric load. Separate
strategies for reducing nonpoint sources are not included in this plan because
implementation of the strategies in section 4 to reduce air deposition will ultimately
reduce stormwater loading.
Any efforts to reduce soil erosion will tend to reduce mercury entering a lake or river
from nonpoint water sources. Many of these practices are already employed for control
of sediment and nutrient loading and will result in reducing mercury loading to surface
waters.
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4. Air Implementation Strategies
The mercury TMDL established that 99% of the mercury contaminating Minnesota’s
surface water is attributed to air deposition, mostly emitted outside of the state. Humancaused deposition is to be reduced by 93% from 1990 levels to meet the TMDL target.
Consequently, implementing the TMDL means reducing air emissions from all
anthropogenic sources that deposit in Minnesota by 93%. Since some of this mercury
originates from sources inside the state, the TMDL established a final emission goal of
789 lb/yr from Minnesota sources. Figure 1 shows sources of mercury deposition to
Minnesota as well as sources of emissions in the state.
This section describes strategies the MPCA will employ to ensure that mercury emission
sources in Minnesota reduce emissions to meet TMDL-established targets by 2025. As
described in Section 2, the MPCA intends to use the full range of its program capabilities
and authorities to implement the measures necessary to meet the goals contained in
Minnesota. With respect to air emissions sources, this includes using its general
authority provided by Minnesota Statutes 116.07 Subd. 4a. This section describes
planned rule-making to implement reductions, the air permitting authority, compliance
measures as well as employing assistance, outreach and collaboration on voluntary
reductions for certain sources.
The MPCA divides mercury air emissions from man-made sources in the state into three
major categories: (1) emissions related to energy production, (2) emissions due to the
purposeful use of mercury in products, and (3) emissions incidental to material
processing, mostly taconite. For 2005, the MPCA estimates annual mercury releases of
3,314 lb, with 56% of this from energy-related sources, 21% from products, and 22%
from taconite processing. The remaining 1% of emissions is due to other sources that do
not fit into these three major categories.
Within the major categories, the MPCA estimates releases from individual point sources
and specific product-related uses, which are classified into 34 subcategories, referred to
in this document as “source categories.” For instance, two source categories within the
major category of Energy Production are Coal-fired Electric Utilities and Coal-fired
Commercial, Institutional and Industrial Boilers. Some source categories within the
major category of Purposeful Use of Mercury are Volatilization from solid waste
collection and processing, Cremation, and Shredders and smelters that recycle cars and
appliances. Minnesota’s mercury emissions inventory, Estimated Mercury Emissions in
Minnesota for 2005 to 2018, lists current and projected emissions from all 34
subcategories, including estimates for many individual sources within each subcategory.
This list is included as Appendix 5.
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Figure 1.
Stakeholders convened by the MPCA to recommend strategies identified emissionreduction goals for a majority of the emission source categories in the state. Interim and
final reduction deadlines were also established. The year 2025 is the final deadline to
achieve the emission level of 789 lb/yr from all sources in Minnesota. Some source
categories have an earlier target of 2018 to meet their final reduction goal. The MPCA,
with this implementation plan, has adopted the stakeholder-identified strategies as well as
interim and final lb/yr reduction targets for certain source categories. These strategies
and targets are summarized in Table 2. The full strategies are contained in the Strategy
Framework for Implementing Minnesota’s Statewide Mercury TMDL, included as
Appendix 1. Source categories not assigned reduction targets were deemed to be already
well controlled (e.g., municipal waste combustion) or emitting minute quantities (e.g.,
natural gas combustion).
For the purpose of implementing the strategies to meet the final emission targets, the
MPCA has grouped sources based on their current regulatory status and type, including
sources with an MPCA air emission permit, specific facilities that currently are not
required to obtain an MPCA air permit, and product-related sources.
4.1 Air Emission Sources with MPCA Air Permits
This plan describes implementation strategies to reduce emissions from six source
categories that are required to obtain an MPCA air emission permit:
•

Coal-fired Electric Power Generation
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•

Industrial, Institutional and Commercial Boilers (coal- and wood-fired)

•

Petroleum Refining (including releases from consumption of petroleum products)

•

Electric Arc Furnaces (Secondary Smelters)

•

Ferrous Mining and Processing

•

Sewage Sludge Incineration

For these sources, the MPCA is developing rules that will require the facilities to prepare
and submit a plan showing how they will reduce their emissions to meet the reduction
targets outlined in the Strategy Framework. The MPCA will incorporate reduction plans
in facility permits and make implementation of the plan a condition of the permit.
Compliance with the terms of the plan therefore will be accomplished through permit
enforcement. The MPCA may also use other enforceable documents, such as compliance
agreements or administrative orders, to compel the reductions outlined in the facility’s
plan.
In January 2009 the MPCA notified potentially affected sources and other stakeholders of
its intent to adopt reduction-planning rules. In June 2009 the MPCA published a request
for comments on these planned new rules. While the rule-making process will formally
establish deadlines, the preliminary notice established January 2011 as the due date for
reduction plans required by the rule. This deadline applies to industrial, institutional and
commercial boilers; petroleum refineries, an electric arc furnace, and a sewage sludge
incinerator that are subject to reductions in the Strategy Framework. Some facilities will
have later due dates, as specified in the Strategy Framework:
•

Black Dog Units 3 and 4 (plan due date 2015)

•

Hoot Lake Units 2 and 3 (plan due date 2015)

•

Austin Northeast Unit 1, Laskin Units 1 and 2 (plan due date 2020)

•

Ferrous mining and processing facilities will submit reduction plans by 2016.

Certain facilities will be exempt from the plan-development requirement because they are
subject to other requirements. For example, reduction plans for units at the Sherco,
Boswell and Black Dog power plants are specified in the Mercury Reduction Act of
2006.
Some facilities, such as industrial boilers, may be affected by pending federal rulemaking or other federal requirements prior to their source category deadline. If federal
requirements result in reductions consistent with the reductions specified in this plan,
then facilities in the source category would not be required to submit plans as stated
herein.
The rule being developed by the MPCA will specify guidelines for plan submissions.
The plans will most likely detail the control technologies, operational changes, or
prevention strategies the facility will evaluate to reduce emissions in a manner that will
result in the source category meeting its reduction target.
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Each affected facility is expected to reduce its emissions in proportion to the source
category’s reduction target or propose a plan that shows how emissions from the category
will not exceed the ultimate target. Acceptable plans may include:
•

a plan showing a reduction from a single facility in proportion to the source
category goal;

•

a joint plan with one or more facilities, showing that the combined emissions from
these facilities will reduce in proportion to the source category goal; and

•

an agreement with one or more facilities showing that the combined emissions
from each of the facilities will reduce in proportion to the source category goal.
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Table 2. Summary of Mercury Air Emission Reduction Strategies and Targets 2005-2025
Emission Source
Categories

Reduction Strategy Summary*

Source Categories with MPCA Air Permit
Coal-fired Electric
70-90% reduction at all units greater
Generation
than 5 lb/yr by 2025, mostly sooner
Industrial,
70% reduction at all units emitting
Institutional,
more than 2 lb/yr
Commercial Boilers
Wood Combustion at 70% reduction at all units emitting
Industrial Boilers
more than 2 lb/yr
50% reduction by 2018, improved
Petroleum Refining
mass balance
Petroleum Product
50% reduction by 2018, improved
Utilization
understanding of fate
Smelters & Shredders Reduce emissions to 10 lb by 2025,
That Recycle Cars
conduct testing and mass balance at
& Appliances
largest facility.
Ferrous
75% reduction (from 2010 estimates)
Mining/Processing
by 2025, research and reporting
Sewage Sludge
90% control at sole uncontrolled
Incineration
facility

Est. Annual Mercury
Emission and
Targets (lb)
2005
2018
2025

1,716

294

235

1,481 lb/yr, 86%

71

33

33

38 lb/yr, 54%

31

14

14

17 lb/yr, 55%

13

7

7

6 lb/yr, 46%

27

15

15

12 lb/yr, 44%

139

20

10

129 lb/yr, 93%

735

841

210

525 lb/yr, 71%

9

6

6

3 lb/yr, 33%

8

8

57 lb/yr, 88%

13

0.3

42 lb/yr, 99%

63

32

48 lb/yr, 60%

10

5

57 lb/yr, 92%

235

88

88

150 lb/yr, 64%

89

68

71

1 lb/yr, 20%

3,314

1,464

734

2,580 lb/yr, 78%

Specific Facilities/Source Categories Without MPCA Air Permits
Recycling Mercury
Reduce emissions to 8 lb by 2018,
65
from Products in
conduct mass balance
Minnesota
Mercury Product
Reduce emissions to .3 lb by 2025,
42
Manufacturing in
quantify current emissions
Minnesota
Reduce emissions to 32 lb by 2025,
Cremation
80
improve estimates
Reduce emissions to 5 lb by 2025,
62
Dental Preparations
improve estimate
Product-related Sources
Sale, Use & Disposal
Various strategies to improve end-ofof Mercurylife management and decrease use
containing Products
Emissions from
Sources not addressed by reduction
Other Sources
strategies
Total

Source
Reduction

* The full strategies are contained in the Strategy Framework for Implementing Minnesota’s
Statewide Mercury TMDL, included as Appendix 1. Reduction percentages are from estimated
2018 levels (unless noted) and are listed to explain the basis for the target. The final target is lb/yr,
not a percent reduction.
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Mercury Emissions Reduction Implementation for Ferrous Mining and Processing
The ferrous mining and processing industry, including the six existing taconite producers,
Essar Steel, and Mesabi Nugget has set a target of reducing mercury air emissions to 210
lb/yr by 2025 from all plants collectively. This would result in an estimated reduction in
mercury emissions of 631 lb/yr. However, plant-ready mercury-reduction technology does
not currently exist for use on taconite pellet furnaces. Therefore, achieving the mercuryreduction target will initially focus on research to develop the technology in the near term
and installation of mercury-emission-control equipment thereafter.
The Strategy Framework presents a schedule for implementing strategies to reduce emissions
including conducting research into potential taconite reduction strategies; evaluating
findings; conducting short-, medium- and long-term tests; and optimizing and implementing
technologies. To oversee this process, the ferrous mining and processing industry will create
and maintain a mercury-emissions-reduction research and implementation council. This
council will have possible representation from the industry, academia, the Minnesota
Department of Natural Resources (DNR), the MPCA, electric utilities, and technical research
entities with expertise in metallurgy, material processing, and emissions control. Its mission
will be to provide guidance for timely technology development and installation of mercuryemission control technology in the taconite industry. This council is being organized in 2009
and will meet periodically throughout the implementation phase. Progress reports will be
provided to the TMDL Implementation Oversight Group described in section 2.1.
The ferrous mining and processing industry emission-reduction target is not intended to
include new or expanding nonferrous mining and processing facilities. These facilities will
be addressed under 4.5 Emissions from Potential New and Modified Sources.
4.2 Specific Facilities/Sources Without MPCA Air Permits
The Strategy Framework includes reduction targets for four types of facilities that are not
currently required to obtain MPCA air-emission permits. These include facilities that recycle
mercury-containing products, facilities that manufacture mercury-containing products,
crematoria, and dental clinics. Since the confidence in emission estimates for these facilities
is low, the Strategy Framework also called for improving understanding of emission levels
through mass balance and potentially monitoring.
During 2009 and 2010, the MPCA will work with these facilities to better quantify emissions
and identify best practices for reducing emissions. These facilities will then be expected to
implement measures to meet interim and final reduction goals. The MPCA and stakeholders
will review progress in meeting goals in 2013 and consider whether additional requirements,
including rules or other regulation, are needed to ensure that 2018 reduction targets are met.
Source Category-specific Information and Approaches
Mercury Product Recycling Facilities: Three facilities in Minnesota process mercurycontaining products, such as fluorescent lamps, for recycling. The MPCA currently
regulates these facilities by means of a hazardous waste Compliance Agreement. The
current agreement includes provisions for annual reporting of quantities of material
14

processed and recycled but does not discuss air emissions reporting. The MPCA is
revising its approach to regulating these facilities and will incorporate reporting and
activities to improve air emission estimates in the future. With improved air emissions
estimates, the MPCA will work with these facilities to jointly develop best practices and
other strategies to meet the emission-reduction target established in the Strategy
Framework.
Mercury Product Manufacturing: The MPCA does not currently regulate facilities in the
state that manufacture mercury-containing products or components. The largest of the
three known facilities currently estimates and reports emissions as part of federally
required Toxic Release Inventory Reporting. The MPCA will work with these facilities
to better quantify emissions and develop strategies to reduce emissions, including phaseout of mercury use.
Crematoria: Approximately 50 crematoria operate in Minnesota under a license from the
Minnesota Department of Health. No environmental provisions are associated with
licensure or operation of these facilities although the MPCA has air-emission standards
relating to smoke and odor (7011.1215 subp. 3). Based on preliminary analysis, the
MPCA estimates that six facilities emit half of this sector’s 80 to 100 lb of emissions,
based on the higher number of cremations at these facilities. Several of these higheremitting facilities have agreed to assess emission levels, evaluate reduction strategies,
and implement reductions. The MPCA will work with the facilities and the University of
Minnesota Mortuary Sciences Department to identify possible reduction strategies,
implement these strategies, evaluate progress, and explore further action, if needed.
Dental Clinics: Several hundred dental clinics operate in the state, most of which install
and remove mercury-containing dental amalgams. In 2005, the MPCA, with low
confidence, estimated that these clinics combined release approximately 60 lb of mercury
to the air each year. Through its existing MOU with the Minnesota Dental Association
(described in section 3.2 and attached as Appendix 4), the MPCA will work with this
sector to better quantify emissions and to identify best practices to reduce and ultimately
prevent mercury releases.
4.3 Product-related Strategies
Stakeholder recommendations call for continued and enhanced efforts to reduce mercurycontaining product releases through a variety of voluntary, educational and regulatory
strategies. This includes improved end-of-life product management, product substitution,
and product bans. Since the mid-1990s, the MPCA has been actively involved in productreduction efforts and is considered a leader among state agencies working on this effort.
Stakeholder recommendations cite the need for a shared responsibility for reducing mercury
releases from products involving product end users, suppliers, retailers, manufacturers,
waste-management entities, governments and others involved in the introduction, use,
servicing and removal of mercury-containing products. Refer to pages 11-13 of the Strategy
Framework in Appendix 1 for more details.
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Given current resource constraints, the MPCA intends to prioritize the following areas during
the next three years: improved compliance with existing product requirements; improved
awareness of, and participation in, existing mercury-product collection programs; expanded
mercury-product collection programs, extended producer responsibility for mercurycontaining lighting; and improved removal of mercury-containing devices from scrap metal
prior to shredding and smelting.
Improved compliance with existing requirements. Minnesota has a comprehensive set of
laws and other requirements that ban the sale of most mercury-containing products and
require labeling of, and compel proper end-of-life management for, all products, including
manufacturer involvement in the case of thermostats and relays. Over the next three years,
resources permitting, the MPCA intends to pursue increased compliance with these
requirements through increased outreach, assistance and enforcement.
Increased participation in existing mercury-product collection programs. Publicly operated
collection programs, retailers and private companies offer management programs for
mercury-containing products, especially fluorescent lamps. The MPCA will continue work
on several initiatives to improve recycling rates for lamps and other products. For example:
•

Electric utilities that promote mercury-containing fluorescent lamps as energyefficient lighting are required to provide information about the need to recycle lamps.
The MPCA is working with utilities to ensure that this information is as user-friendly
and comprehensive as possible.

•

An extensive network of small hardware stores and a few larger retailers offer lamp
recycling, often supported by electric utilities. The MPCA will work to improve
public awareness of these programs and participation in them. One notable initiative
is a “lamp stakeholder dialogue” coordinated by Great River Energy and the Center
for Energy and the Environment (with grant support from the MPCA) that is intended
to develop partnerships and funding commitments to increase the availability of
convenient and low-cost, or free, recycling opportunities for compact fluorescent
lamps (CFLs).

•

Household hazardous waste (HHW) programs, operated by counties, serve citizens in
all areas of the state, at least on a periodic basis. Most of these programs accept
mercury-containing products or refer residents with fluorescent lamps to participate in
utility-sponsored programs. The HHW programs are the principal channel for state
and local governments to conduct outreach and education to the general public on
mercury products, disposal prohibitions, and the availability of HHW and other
recycling programs. The MPCA will work with counties to ensure that product
disposal is readily available to all urban and rural residents of the state and encourage
residents to segregate and properly dispose of mercury products.

•

The Mercury-Free Zone (MFZ) Program has established a strong track record
working with schools to phase out mercury-containing equipment and chemicals, and
to locate areas contaminated by spills through the unique talents of Clancy, the
mercury-detecting dog. Laws passed in 2007 require K-12 schools to remove and
properly manage all mercury-containing equipment and chemicals by the end of
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2009. It is expected that these requirements will spur strong interest on the part of
many schools that have not yet taken advantage of the MFZ Program and MPCA staff
expect to assist schools in removing mercury to comply with the law. Following the
successful phase-out of mercury from schools, the program is also well-situated to
provide similar assistance to laboratories (e.g., medical, scientific, engineering) and
postsecondary educational institutions that may have mercury equipment and spill
issues.
•

Thermostat and relay recycling through manufacturer-supported programs: State law
requires manufacturers of thermostats and relays to take certain responsibilities for
managing their products at end of life. Thermostats and relays are generated
primarily through the electrical, mechanical, and heating, ventilation and airconditioning (HVAC) sectors. The MPCA will work with manufacturers and others
to develop and conduct sustained outreach to sectors involved in installation, service
and removal of these devices, including the sales chain, trade associations,
contractors, unions and municipalities. HHW collection of HVAC thermostats will
also be publicized further in partnership with HHW programs and others. Following
a period of assistance, the MPCA will consider whether enforcement efforts are
needed to ensure compliance with manufacturer take-back laws.

Improved removal of mercury-containing devices from scrap. Vehicles, domestic and
commercial appliances, various types of industrial equipment, and other sources of secondary
metal for smelting may have had mercury-containing devices, such as switches and pressure
gauges, built in them. Unless removed, these devices release mercury when they are
shredded, heated and melted to recover steel and other metals. The MPCA will work with
this sector to develop a manual and training on the identification and removal of mercury
devices with the goal of reducing releases. This is directly related to the Strategy Work
Group’s recommendations for reducing emissions from shredders and smelters that recycle
cars and appliances.
Additional activities. Resources permitting, the MPCA may work on additional initiatives,
including but not limited to the following examples:
•

Mercury in Great Lakes shipping: Work with Lake Superior partners to identify and
phase out mercury-containing devices used in the shipping industry.

• Elemental mercury clean sweeps: Identify and carry out elemental mercury clean
sweeps for household, dental, educational facility, lab and other sectors. Partners will be
identified and recruited.
4.4 Summary of Air Implementation Strategies for Existing Sources
Implementation of the strategies described in this section are expected to reduce annual
mercury air emissions in the state from estimated 2005 emissions of 3,314 lb to 734 lb by
2025, a 78% reduction. Figure 2 presents a summary chart showing projected reductions from
all sources. Emissions from energy production, largely coal-fired electricity generation,
decrease substantially by 2015 due to requirements of 2006 Minnesota legislation affecting the
states largest power plants. Other power plants in the state follow suit, resulting in an 86%
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reduction in this source category by 2025. Product-related sources continue a steady decline
due to decreased use and improved capture of retired products. Emissions from material
processing are expected to be reduced after 2018, when the findings of ongoing research and
testing are applied to sources in the ferrous mining and processing industry.. A 75% reduction
from 2010 levels is expected by 2025 from the ferrous mining industry.

Chart of Projected Mercury Emissions 2005-2025
Based on Reduction Targets Established
by the Strategy Work Group
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Figure 2.
4.5 Emissions from Potential New or Modified Sources
With successful implementation, the actions identified in this plan will reduce emissions
from existing sources to less than 789 lb/yr by 2025. Between now and 2025, proposals
for increased mercury air emissions from existing sources, as well as from new facilities,
will come before the MPCA for consideration. Stakeholders acknowledged that
increased emissions are expected, so they developed recommendations to the MPCA on a
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process to ensure that these new sources do not jeopardize the state’s ability to reach
interim and final emission-reduction goals.
To fully develop guidelines, the MPCA convened a subgroup of stakeholders subsequent
to the completion of the Strategy Work Group’s recommendations. Together with this
subgroup, the MPCA prepared guidance for new or modified existing mercury-emitting
facilities and to guide MPCA decisions about allowing new or modified sources.
The full guidance is attached as Appendix 6. A summary is provided below.
These guidelines state that any new or modified mercury source will:
1. Employ the best mercury control available.
2. Complete environmental review as applicable, including evaluation of local and
cumulative impacts per MPCA guidelines.
3. Provide an assessment of whether its added emissions will impede progress
toward attaining air emission goals.
4. For new or modified facilities emitting more than 3 lb/yr (after applying best
controls) the facility will offset those new emissions by arranging a reduction
equal to the new emissions from existing sources in the state beyond those
otherwise required in the reduction strategy for the existing sources.
5. If mercury reductions from an existing facility in Minnesota cannot be identified,
a new or modified facility may propose alternative mitigation strategies in lieu of
in-state air emission reductions.
The MPCA will strictly scrutinize source category and overall reduction targets.
Increases due to a new or modified source should not jeopardize the specific source
category’s ability to reach its interim and final annual air emission goals or the overall
reduction goal.
The MPCA intends to implement this policy on a trial basis for three to four years.
Following the initial implementation of this guidance, the MPCA, with stakeholder input,
will consider changes to these guidelines, including potential adoption of rules covering
new and modified sources. An improved air inventory resulting from proposed rules for
measurement and reporting (discussed in Section 5) will be prepared that may also affect
policy discussions.
4.6 Out-of-state Sources
As noted in the Statewide Mercury TMDL and shown in Figure 1, about 90% of the
mercury that is deposited on Minnesota originates as air emissions from sources outside
of the state. While some of this mercury comes from naturally occurring sources, the
MPCA estimates that the remaining sources of human-caused deposition are about evenly
split between sources from within North America (mostly the United States) and the rest
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of the world. To fully implement the TMDL, these sources too must reduce their
contribution to Minnesota deposition by about 93% from 1990 levels.
While the responsibility for reducing these out-of-state emissions lies with others and is
not the focus of this implementation plan, stakeholder-recommended strategies call for
the MPCA to work with other states’ environmental agencies, the EPA, other federal
agencies, the Minnesota congressional delegation, and others as appropriate to establish
policies to achieve emission reductions from sources in the United States and other
countries. The objectives of this work shall be to establish policies and programs that
result in significant emission reductions and consistency of policies among states and
countries. This goal includes consistent policies among all U.S. states as well as
international requirements, and the international transfer of successful technologies and
programs.
National Efforts. To promote and support national mercury reductions, the MPCA will:
•

Comment on federal proposals that have the potential to reduce national mercury
uses and releases;

•

Through the governor’s office, work with Minnesota’s congressional delegation
to support enactment of legislation to reduce national mercury emissions.

•

Collaborate with other states in our region to develop and implement mercuryreduction strategies. The MPCA has long worked with other Great Lakes states,
and EPA Region V as well as Canadian counterparts on reducing mercury in the
region. Most recently, the MPCA worked with other states in the region on the
development of a regional mercury-added products phase-out plan facilitated by
the Great Lakes Regional Collaboration and EPA Region 5. With these same
partners, the MPCA is currently developing a regional mercury-air-emission
reduction strategy.

•

Actively participate in state environmental and media association groups seeking
to reduce mercury releases, such as the National Governors Association, National
Association of Clean Air Agencies, Environmental Council of States, Quicksilver
Caucus, Association of State and Territorial Solid Waste Management Officials,
Association of State and Interstate Water Pollution Control Agencies, and the
National Pollution Prevention Roundtable.

Examples of recent and current involvement with these organizations include:
•

National Association of Clean Air Agencies (NACAA): The MPCA participates on
the NACAA air toxics committee and provides input to and comments on
proposals for standards development. This committee has been very active in
national strategy and policy development to reduce mercury emissions. Recently
NACAA has addressed national regulations for several large mercury sources,
including cement kilns, electric arc furnaces, industrial boilers, and utility boilers.

•

Quicksilver Caucus: The Quicksilver Caucus is a coalition of state environmental
agencies and state agency associations concerned about mercury. The
Quicksilver Caucus is convened by the association of state environmental
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department heads, the Environmental Council of States (ECOS). MPCA staff
actively participates in Quicksilver Caucus activities. These activities include
conducting mercury workshops for state agency staff and administrators, policy
development with the EPA and other organizations, and program implementation.
In a special ECOS effort to minimize releases related to mercury switches in
vehicles, MPCA staff represents the states in the National Vehicle Mercury
Switch Recovery Program ― a joint initiative with vehicle manufacturers,
salvage yards and scrap processors, steelmaking facilities, and environmental
organizations.
•

Interstate Mercury Education and Reduction Clearinghouse (IMERC): The
MPCA, along with the environmental agencies of 13 other states, is a member of
IMERC, a center that collects and manages data on mercury product sales in the
United States. Several state laws require manufacturers to report such data, which
show a shift to mercury-free alternatives.

International Efforts. According to MPCA estimates, about 40% of human-caused
deposition of mercury to Minnesota originates from sources outside of the United States.
It is likely that this share will increase as regional sources decline and global emissions
remain constant or grow, at least in the short term. The MPCA will continue to seek
opportunities to provide input to international decisions and programs that have the
potential to reduce these releases. Examples of current and future activities include:
•

Lake Superior Binational Program: Since 1991, as called for in the Canada-U.S.
Great Lakes Water Quality Agreement, the Lake Superior Lakewide Management
Plan (LaMP) has sought to reduce mercury emissions from the Lake Superior
region. Along with Michigan, Wisconsin, Ontario, tribal groups, and the U.S. and
Canadian federal governments, the MPCA actively participates in this program.
Mercury releases in the Lake Superior basin have reduced by 71% since 1990.
The MPCA is currently working with Lake Superior partners on reducing mining
as a source of mercury emissions.

•

Great Lakes Binational Toxics Strategy: GLBTS is a result of the “Canada-United
States Strategy for the Virtual Elimination of Persistent Toxic Substances in the
Great Lakes Basin,” signed April 7, 1997. The strategy includes a Mercury
Reduction Challenge for each country. Public, private and nongovernment
partners work together on a voluntary basis to achieve the reductions. MPCA
participates in the GLBTS Mercury Workgroup.

•

North American Regional Action Plan for Mercury: The governments of the
United States, Canada and Mexico jointly developed a comprehensive regional
action plan for reducing mercury in North America. MPCA staff have been
involved in implementing this strategy since its development in 1999 and as a
member of the North American Mercury Task Force since 2004.
Quicksilver Caucus (QSC) International Mercury Work Group: MPCA staff
actively participate in the QSC’s international work group. This group has
provided input to the U.S. State Department and the EPA in advance of
international negotiations addressing mercury globally. At a meeting convened
by the United Nations Environment Programme (UNEP) in February 2009,

•
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environment ministers from around the world agreed to negotiate a treaty on
international mercury reductions. UNEP’s Mercury Programme also coordinates
mercury-reduction partnerships that seek to build developing countries’ capacity
to address mercury, and to transfer technology to reduce releases. The QSC has
formed the State Resource Network to offer state assistance to the EPA as the
United States engages in this effort. More information on the UNEP’s Mercury
Programme can be found at www.chem.unep.ch/mercury.
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5. Monitoring and Evaluation Plan
Over the course of the TMDL implementation period, the MPCA will use mercuryrelease measures and environmental-response indicators to evaluate the effectiveness of
this plan in meeting the goals established in the TMDL. To track progress in reducing
and minimizing releases by sources in Minnesota, the MPCA will compile individual
facility-reported release data and estimate total releases of mercury to the air and surface
water.
In addition, the MPCA will track two key environmental response indicators, mercury
deposition and fish tissue concentrations, to evaluate progress. Resources permitting, the
MPCA will also perform or oversee additional research, monitoring and assessment in
support of the mercury TMDL implementation.
The MPCA will periodically summarize mercury releases, key environmental response
indicators, and the findings of additional research, monitoring and assessment.
5.1 Air Emissions
To track progress in meeting the statewide air emission target of 789 lb/yr, the MPCA
will work with sources to estimate facility-specific emissions of mercury to the air. The
MPCA will periodically prepare an inventory that quantifies emissions by type and
provides a statewide total of estimated emissions.
Currently, only two source categories are required to report mercury emissions to the
MPCA: incinerators and electrical generating units that emit more than 3 lb/yr. For all
other facilities, the MPCA estimates emissions using emission factors based on activity
information or fuel consumption data provided by the facilities. To improve the accuracy
of the state’s emission inventory and allow for more precise tracking of progress in
reaching the TMDL emission target of 789 lb, stakeholders recommended that emission
sources take steps to improve estimates and report emissions to the MPCA annually.
The MPCA is in the process of adopting rules to require annual reporting from all
mercury-emitting facilities in the state starting in 2011, with improved verification of
emission factors. The rule-making process will establish source-category-specific
emission-reporting guidelines, including methods for determining emissions and
frequency of emission factor verification. A minimum reporting threshold will also be
considered. Rules are expected to be adopted by the end of 2009 and to first apply to the
reporting of emissions for the 2010 calendar year.
While reporting is expected annually, the MPCA will publish a comprehensive mercury
emissions inventory of estimated statewide emissions every three years, as part of the Air
Toxics Inventory. This triennial inventory will include MPCA estimates for facilities that
are below any minimum reporting threshold.
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The next Air Toxics Inventory for Minnesota will be completed in 2010 and will include
mercury emission estimates for 2008. The first comprehensive inventory prepared by the
MPCA that incorporates facility-reported data required by proposed rule-making will be
in 2013, based on 2011 emissions. Subsequent inventories will be prepared every three
years. The MPCA will compile annual updates in the interim years, but these updates
will not include emissions from facilities that emit less than a minimum reporting
threshold to be determined during the rule-making process.
The schedule for preparation of comprehensive triennial reports is shown below in
Table 3.
Table 3. Schedule for Preparation of Triennial Mercury Emissions Inventory
Emission Year

2008
2011
2014
2017
2020
2023
2026

Facility Reporting Year

MPCA Inventory Published

2009
2012
2015
2018
2021
2024
2027

2010
2013
2016
2019
2022
2025
2028

5.2 Municipal and Industrial Wastewater Discharges
As discussed in section 3, the TMDL established a cap on point-source water discharges
in the state (the state’s waste load allocation of 11 kg, or 24.31 lb, per year). Current
point-source water discharges in the state, mostly from municipal wastewater-treatment
plants, are below that level by approximately 9 lb/yr, thus allowing for some growth.
This difference is referred to as the “unallocated load.” A strategy to distribute this
unallocated load to new and expanding sources is discussed in section 3.1.
To ensure that mercury discharges are not approaching the 24.31-lb annual limit, the
MPCA will track increased loading from new and expanding sources. In addition, the
MPCA will periodically estimate combined mercury discharges from all water pointsource discharges in the state (based on effluent monitoring required for facilities with
design flow of 0.2 million or more gallons per day) and compare the total to the waste
load allocation. The MPCA will prepare this estimate at least every three years starting
in 2010.
5.3 Environmental Response Indicators
The MPCA will use two key response indicators to track environmental mercury in
Minnesota: mercury deposition and mercury concentration in fish tissue. Since much of
the mercury that contaminates Minnesota originates from outside the state, these
indicators are not avenues to evaluate Minnesota’s air and water release strategies
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described in this plan, but rather a way to track progress in reducing overall mercury
pollution in Minnesota and the ecosystem response of mercury bioaccumulation in fish.
Deposition Monitoring. Since most of the mercury contaminating fish in Minnesota
enters watersheds as wet or dry deposition from the atmosphere, a key indicator of
progress in reducing fish contamination is the amount of mercury deposited in the state.
Wet deposition, the mercury in rain and snow, is relatively easy to measure. The MPCA
currently operates five wet-deposition-monitoring sites in Minnesota, part of a North
American network. As yet, there is no accepted protocol for the routine measurement of
dry deposition of mercury, which is of similar magnitude as wet deposition.
Minnesota’s TMDL deposition goal is based on total mercury — wet plus dry. Wet
deposition data should be a reliable indicator of progress in reducing total mercury
deposition, assuming that wet and dry are correlated.
For the baseline year of 1990, the total wet plus dry mercury deposition to the state was
estimated as 12.5 micrograms per square meter (μg/m2), based on lake sediment cores.
The deposition goal in the TMDL is an annual total mercury deposition of 4.4 μg/m2. At
that rate, MPCA scientists calculate that concentrations of mercury in key indicator fish
species will be reduced to target levels.
The MPCA periodically compiles wet deposition data and will track changes over time as
an indicator of progress in reducing mercury contamination of fish. At longer intervals,
the MPCA will evaluate trends in total mercury deposition through lake sediment cores.
Sediment core data have the advantage of quantifying total mercury deposition, but are
not suitable for frequent data production because of the significant effort involved and
because the sediment matrix naturally averages deposition over a number of years. The
MPCA estimates that it would take about two years of work to update the 1990 baseline
that was based on sediment cores. It would be desirable to complete such an evaluation
as part of the benchmarking to be reported in 2013.
Fish Contaminant Monitoring. The ultimate indicator of effectiveness of the Statewide
Mercury TMDL is mercury concentrations in fish in Minnesota lakes and rivers. In
partnership with the three other Minnesota state agencies, the Departments of Natural
Resources, Health, and Agriculture, the MPCA participates in Minnesota’s Fish
Contaminant Monitoring Program. This program routinely monitors fish for mercury and
other contaminants. Most of Minnesota’s larger lakes and many smaller lakes, as well as
river segments, are assessed.
Data from the Fish Contaminant Monitoring Program are used to determine whether
waters in the state are impaired, and the list of impaired waters is submitted to the EPA
every two years. During the implementation of the Statewide Mercury TMDL, fish
contaminant concentrations will continue to be monitored. With successful
implementation, mercury concentrations are expected to drop to a level that would allow
for the lake or river to be removed from the list of waters classified as impaired due to
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mercury contamination, although reductions in fish concentrations may lag behind
reductions in atmospheric deposition because of temporary storage of mercury in
watershed soils.
While the state’s Fish Contaminant Monitoring Program measures mercury in a variety of
species, Minnesota’s Statewide Mercury TMDL uses walleye and northern pike as
indicator species. The TMDL’s final implementation goal is based on achieving mercury
concentrations of 0.2 mg/kg, or parts per million (ppm), in 90% of standard-length
specimens. The MPCA will continue to assess long-term trends in these species as an
indicator of TMDL progress. A review of updated trends data is planned for 2013.
5.4 Additional Monitoring and Assessment
In addition to tracking air emissions, water discharges, deposition, and fish-tissue
concentrations, the MPCA performs additional research, monitoring and assessment in
support of the mercury TMDL implementation. Ongoing activities and specific issue
investigations are summarized in the Monitoring and Assessment Program for
Minnesota’s Mercury TMDL Implementation (MAP-Hg), which is provided as
Appendix 7. Goals of the activities described in the MAP-Hg include better
understanding the sources of mercury pollution in Minnesota and the conditions that
exacerbate fish contamination, including land and water use. Resources permitting, the
MPCA will continue ongoing programs and prioritize issues for investigation that aid in
assessing effectiveness of this implementation plan.
Two issues pertinent to TMDL implementation include the effect of sulfate
concentrations and water level fluctuations on methyl mercury formation.
Sulfate. Since most mercury methylation is accomplished by bacteria that consume
sulfate under anoxic conditions, any human activity that increases sulfate in surface water
(especially wetlands and lakes) has the potential to increase fish contamination. Sulfate
concentrations can be increased by acid rain, the use and discharge of groundwater,
disturbing sulfur-bearing geological deposits, wastewater discharges, and fluctuating
water levels. When water levels decline, sulfur compounds stored in sediment and peat
are exposed to oxygen in the air and sulfate (SO4) can form, which later readily dissolves
when water levels eventually rise.
Water Level Fluctuations. As noted above, fluctuations in water level can release sulfate
and thereby increase the methylation of mercury. Creation of impoundments, or
reservoirs, also has the well-known effect of increasing mercury contamination of fish for
several decades, probably through a number of synergistic effects. Creation and
operation of a reservoir can not only increase sulfate concentrations, but also inundates
soil, which is a major storage site for mercury in the environment, and also terrestrial
plant material, which serves as an energy source for the sulfate-reducing bacteria.
Mercury methylation is highest when these three ingredients are plentiful: organic matter,
mercury and sulfate.
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Water levels are not only affected by natural variations in weather, but by land use (e.g.,
development of impervious surfaces or subsurface tiling), stormwater design,
impoundment operation, pump-out of mines, and water withdrawals (e.g., for irrigation,
cooling and other uses). It is becoming clear that climate change is also affecting water
levels by changing the intensity of precipitation — even if overall precipitation is not
changing, it appears that more summer precipitation is occurring as larger rain events,
interspersed with longer dry periods, the combination of which causes more fluctuation in
water levels.
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2

INTRODUCTION
In March 2007, the U.S. Environmental Protection Agency (U.S. EPA) approved Minnesota’s
Statewide Mercury Total Maximum Daily Load (TMDL). To achieve the goals of the approved
TMDL, the Minnesota Pollution Control Agency (MPCA) is required to develop a detailed
implementation plan. Between April 2007 and June 2008, the MPCA contracted with the
Minnesota Environmental Initiative (MEI) to convene a stakeholder process to develop specific
recommendations for the state’s implementation plan. The result of the stakeholder process is
the following Strategy Framework, which includes five major elements:
•

Strategies and timelines for reducing air emissions that will meet the air emissions goal of
789 lb per year by 2025.

•

Guidelines for water point-source discharges to ensure that total statewide mercury
discharges remain below 24.2 lb per year.

•

A process for addressing new and expanding sources of air emissions.

•

A set of other recommended actions supported by the stakeholder groups.

•

Detailed recommendations for implementation of the strategy framework.

The work of the stakeholder groups was focused on specific criteria developed by the MPCA. It
included the development of strategies for limiting mercury releases to air and water from
Minnesota sources, including timetables and sector targets as well as decisions on how to
accommodate possible new sources of releases to the state’s environment. Specific elements of
the Mercury TMDL Implementation Plan to be developed by the stakeholders included:
1. Recommended strategies and guidelines for water point source discharges to ensure
that total statewide mercury discharges remain below 24.2 lb (11 kg), per year
including:
•

How to address existing sources as well as new and expanding sources. (this is
most likely a permitting strategy/guidelines)

•

How to allocate future reserve capacity of 8.8 lb (4 kg) among municipal and
industrial sectors.

•

How to account for chemicals or conditions that impact methylation including
sulfate discharges to mercury-impaired waters.

•

Mercury minimization plan guidance for municipal wastewater treatment plants
(considers adoption of EPA Region V guidance, other state’s guidance or propose
alternative).

2. Recommend strategies and timeframes for meeting the TMDL air emission goal of
789 lb annual emissions from Minnesota sources, including:
•

Establish air emission sector reduction targets for emissions from energy, taconite
and product-related sectors.

•

Develop sector-specific strategies to meet the overall and sector goals.
3

•

Develop interim and final timeframes for the sector and overall goals.

•

Determine how to accommodate potential new sources of air emissions. (Inform
development of guidelines/rules that will closely follow this process.)

3. The stakeholder-developed TMDL Implementation elements were required to meet
the following criteria:
•

Must demonstrate that point source discharge cap of 24.2 lb (11 kg) per year will
be met and air emission goal of 789 lb per year will be achieved in a reasonable
time frame.

•

Demonstrated commitment of a stakeholders to support and implement
recommendations.

•

Meet Clean Water Act and related federal and state regulations and guidance.

The sector-based strategies developed by the stakeholder groups were based on emissions and
discharge data compiled by the MPCA. Specific air emissions data and projected sector-based
reductions are summarized in the following table, and are shown in the attached chart.
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Projected Mercury Emissions After Adoption of Reduction Strategies
Estimated
2005
Emissions
(lb)

Sector/Category

Projected
2018
Emissions
(lb)

Projected
2025
Emissions
(lb)

1,716.0
71.3
0.0
12.9
27.1
30.5
0.0
0.3
1,858.1

294.0
33.0
0.0
7.4
15.0
14.0
2.1
0.3
365.4

235.0
33.0
0.0
7.0
15.0
14.0
2.1
0.3
306.4

169.0
40.0
24.0
2.1
0.2

69.3
5.0
12.0
1.6
0.1

69.3
5.0
12.0
1.6
0.1

1.6

1.0

0.8

138.7
65.0
0.9

20.0
8.0
1.1

10.0
8.0
1.1

62.4
80.0

10.0
63.0

5.0
32.0

49.2
8.5
0.4
0.3
0.0

38.3
6.0
0.7
0.3
0.0

38.3
6.0
0.8
0.3
0.0

42.0
10.0
0.8
695.1

13.0
3.6
0.5
253.5

0.3
1.0
0.4
192.0

734.8
0.8
735.6

840.6
0.8
841.4

210.0
0.8
210.8

4.3
1.1
13.8
0.2
5.1
24.6
3,313.4

4.3
1.1
13.8
0.2
5.1
24.5
1,484.8

4.3
1.1
13.8
0.2
5.1
24.6
733.8

Incidental to Energy Production
Electric utility- coal
Industrial - coal
Volatilization from coal ash
Petroleum refining
Petroleum product utilization
Wood combustion
Biomass other than wood
Natural gas combustion
Subtotal
Largely Resulting from the Purposeful Use of Mercury
Proportional to Hg content of Solid Waste
Volatilization: solid waste collection & processing
On-site household waste incineration
Volatilization from spills & land dumping
Landfill volatilization
Volatilization: land application of compost
Proportional to Hg content of Liquid Waste
Volatilization: land application of sludge
Recycling Activities
Smelters and shredders that recycle cars and appliances
Recycling mercury from products within Minnesota
Non-ferrous metal recycling (Al, Pb)
Dental Mercury
Dental preparations
Cremation
Incineration
Municipal solid waste combustion
Sewage sludge incineration
Medical waste incineration
Hazardous waste incineration
Class IV incinerators
Mfg. & Use of Non-dental Mercury-containing Products
Mercury product manufacturing in Minnesota
General laboratory use
Volatilization from dissipative use
Subtotal
Emissions Incidental to Material Processing
Taconite processing
Thermal treatment of soil
Subtotal
Difficult to Categorize
Asphalt manufacturing
Agriculture, food, & kindred products
Mineral products
Miscellaneous industrial processes
Wood, pulp & paper, & publishing products
Subtotal
GRAND TOTAL
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STRATEGIES TO REDUCE AIR EMISSIONS
Coal-fired Electric Power Generation
Emission Goal: Reduce sector emissions to 235 lb
Timeline: Achieved by 2025
Interim Emission Goal: Reduce sector emissions to 294 lb
Interim Timeline: Achieved by 2018
Description:
Mercury Reduction Plan Development
The following coal-fired electric generating units will file with the MPCA by 2012 a
mercury emissions reduction plan that is most likely to result in the removal of at least
90% of the mercury emitted from the each unit or an equivalent reduction by the end of
2014:
Sherco Units 1, 2 and 3
Clay Boswell Units 3 and 4
Allen S. King Unit 1
The following electric generating units are currently involved in voluntary mercury
reduction projects that are most likely to result in the removal of at least 70% of the
mercury emitted from each unit or an equivalent reduction by the end of 2009:
Taconite Harbor Units 1, 2, and 3
High Bridge Units 5 and 6
Riverside Units 6, 7, and 8
(Because the units at High Bridge and Riverside are being switched to natural gas, thus
eliminating the corresponding mercury emissions, the cumulative emission reduction
from this group of ten units is just over 90%, despite the fact that the overall emissionreduction goal is 70%.)
The following electric generating units will be required to file with the MPCA by 2015 a
mercury emissions reduction plan that is most likely to result in the removal of at least
90% of the mercury emitted from the each unit or an equivalent reduction:
Black Dog Units 3 and 4
Emissions from Black Dog Units 3 and 4 will be validated and reported to the MPCA
using a method and frequency approved by the MPCA by 2018.
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The following electric generating units will be required to file with the MPCA by 2015 a
mercury emissions reduction plan that is most likely to result in the removal of at least
70% of the mercury emitted from each unit or an equivalent reduction by 2025:
Hoot Lake Units 2 and 3
Emissions from Hoot Lake Units 2 and 3 and Taconite Harbor Units 1, 2 and 3 will be
validated and reported to the MPCA using a method and frequency approved by the
MPCA.
The following electric generating units will be required to file with the MPCA by 2020 a
mercury emissions reduction plan that is most likely to achieve the removal of 70% of the
mercury emitted or an equivalent reduction by 2025:
Austin Northeast Unit 1
Laskin Units 1 and 2
Emissions from Austin Northeast Unit 1 and Laskin Units 1 and 2 will be validated and
reported to the MPCA using a method and frequency approved by the MPCA.
De Minimis Units
Any electric generating unit within the state of Minnesota that emits less than 5 lb per
year of mercury (de minimis threshold) will be excluded from any emission control
requirements as long as emissions remain less than 5 lb per year. All electric generating
units that emit less than 5 lb per year must:
1. Conduct initial baseline testing using a method approved by the MPCA to verify
that the emission rate meets the de minimis threshold.
2. Re-validate emissions testing on a frequency specified by the MPCA.
3. Report to the MPCA annual mercury emissions based on methodology approved
by the MPCA.
4. If a change is made that increases mercury emissions above the de minimis
threshold, then offsets must be acquired from other sources within the state for the
amount of mercury emitted in excess of the de minimis threshold or excess
mercury above the de minimis threshold must be removed.

Industrial, Commercial, Institutional Boilers
Emission Goal: Reduce sector emissions to 33 lb
Timeline: Achieved by 2018
Description:
Follow recommendations of anticipated federal industrial boiler Maximum Achievable
Control Technology (MACT) standards, anticipated in approximately 2012. If federal
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standards do not require at least 70% control, then improve overall particulate matter
capture and/or apply activated carbon injection on all electrostatic precipitation or fabric
filter industrial, commercial, and institutional coal-fired controlled units where existing
mercury emissions are greater than 2 lb per year or emissions control is not at least 70%
(utility units excluded). Review federal MACT standards impacts in 2016 to determine if
further controls are needed to achieve at least 70% reduction in sector.
This strategy assumes industrial coal-fired boilers can be controlled by an additional 70%
over 2018 baseline. No control assumed for biomass.

Petroleum Refining
Emission Goal: Reduce sector emissions to 7 lb
Timeline: Achieved by 2018
Description:
Phase I – Data Gathering and Analysis
Sources will update and submit mercury mass balance testing for their refineries to the
Minnesota Pollution Control Agency by December 31, 2009. The mass balance will be
developed using currently accepted sampling and analytical methods. The mass balance
will include a discussion in the report of product distribution trends within the state
toward the goal of revising initial MPCA inventory assumptions that all unaccounted for
mercury is in refinery products or by-products and is released in the state to the air.
Sources will review their refinery process every two years after the 2009 update for
possible changes that would have the effect of significantly altering the mass balance.
Sources will submit each review to the MPCA. If in the future, sources determine that
the level of mercury emissions from their refinery is somewhat stable, they will at that
time propose a review timeline to the MPCA that better fits the variability of the data
(e.g., every five years).
Phase II – Adaptive Reduction Strategy
Industry proven technology does not currently exist for removing mercury from crude oil
or liquid fuels and technology to remove air emissions from the refinery point sources is
likely economically infeasible. Therefore, achieving a mercury reduction goal will rely
on the use of an adaptive strategy.
If sources identify a cost-effective and industry-proven option for reducing mercury from
the facility’s air emissions through discoveries made during the mass balance
reassessment, sources would implement that option to achieve a goal of 50% facility air
emission reduction by 2018. These estimates are subject to change upon completion of
the mass balance update.
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Phase III – Collaborative Strategy
Given the concern that industry-proven technology will not be available for mercury
reduction in petroleum streams, sector sources propose the possibility of partnership
and/or financial collaboration with a more feasible mercury-reducing sector to remove
the estimated mercury discussed above. Potential areas for partnership might include
funding assistance for education programs in the mercury products sector, control
technology research grants, or funding assistance for mercury sampling and analysis in
areas where better inventory data are needed. It could also include full or partial funding
of a mercury-reduction effort undertaken by another company or the MPCA.

P e t r o l e u m P r o d u c t U t i l i za t i o n
Emission Goal: Reduce sector emissions to 15 lb
Timeline: Achieved by 2018
Description:
Data Gathering and Analysis
Sources will update and submit mercury mass balance testing for their refineries to the
Minnesota Pollution Control Agency by December 31, 2009. The mass balance will be
developed using currently accepted sampling and analytical methods. The mass balance
will include a discussion in the report of product distribution trends within the state
toward the goal of revising initial MPCA inventory assumptions that all unaccounted for
mercury is in refinery products or by-products and is released in the state to the air.
Based on improved knowledge, sources will work with the MPCA to develop strategies
to reduce any remaining releases.

Wood Combustion
Emission Goal: Reduce sector emissions to 14 lb
Timeline: Achieved by 2018
Description:
Follow recommendations of anticipated federal industrial boiler Maximum Achievable
Control Technology (MACT) standards, anticipated in approximately 2012. If federal
standards do not require at least 70% control, then improve overall particulate matter
capture and/or apply activated carbon injection on all electrostatic precipitation or fabric
filter industrial/commercial/institutional coal-fired controlled units where existing
mercury emissions are greater than 2 lb per year or emissions control is not at least 70%
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(utility units excluded). Review federal MACT standards impacts in 2016 to determine if
further controls are needed to achieve at least 70% reduction in sector.
Federal MACT standards for industrial boilers will include wood boilers. This strategy
assumes units can be controlled by an additional 70% over 2018 baseline.

Sale, Use & Disposal of Mercury-containing Products
Emission Goal: Reduce sector emissions to 88 pounds
Timeline: Achieved by 2018
Description:
Reducing mercury releases associated with products in Minnesota is the shared
responsibility of product end-users, suppliers, retailers, manufacturers, waste
management entities, governments and others involved in the introduction, use, servicing
and removal of mercury-containing products, or the products or structures in which they
are contained.
These parties, their representative groups and others shall work together to implement a
variety of strategies to reduce release from spills and improper disposal of mercury
contained in products:
•

Implement and enforce Minnesota’s existing mercury product laws and
regulations to their fullest extent. Possible activities range from outreach to
targeted sectors to compliance checks and enforcement actions.

•

With the MPCA, coordinate outreach activities, and engage other parties in
outreach and education efforts, including but not limited to other units of
government, trade associations, product manufacturers and retailers.

•

Prohibit the sale of any product containing intentionally added mercury or
mercury compounds, with no de minimis amount or concentration, other than
dental amalgam, high-intensity discharge lighting, or fluorescent lighting
(including flat panel displays). A component or product manufacturer may
petition the commissioner for a limited term exemption and must demonstrate that
there is no feasible alternative for the specific product and application.

•

Manufacturers of mercury-containing lighting and dental amalgam must notify
the commissioner of the products and quantity of mercury sold in the state each
year.

•

For management of end-of-life lighting containing mercury (including flat panel
displays), establish an Extended Producer Responsibility program where each
party in the value chain has clearly defined roles, responsibilities and
accountability. Work with stakeholders to develop program principles and
guidelines.
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•

For management of waste dental amalgam, ensure that all dentists placing and
removing amalgam install and use advanced amalgam separators. Evaluate and
provide incentives to dentists and the general public to reduce the use of dental
amalgam in favor of safe non-mercury restorative materials.

•

Ensure that all Minnesota households and businesses are knowledgeable about
and have convenient low-cost access to mercury waste management programs.

•

For products that are already prohibited from sale in Minnesota, phase out
remaining uses to the extent possible and replace with non-mercury products.
Tools could include information, incentives, requirements, etc.
Targeted products could include:
- Most thermometers
- Barometers, manometers, sphygmomanometers and pyrometers
- Gastrointestinal devices
- Switches and relays
- HVAC thermostats
Targeted sectors could include:
- Great Lakes shipping industry
- Health care
- Laboratories
- Higher education

Support Strategies:
•

State level: Consider TIP-like program to support outreach and compliance.
Support prohibition on burn barrels. Ensure adequate level of funding for
activities. Monitoring to track TMDL reduction progress and ensure program
effectiveness and accountability.

•

Support federal actions to phase out mercury product sale/use and ensure proper
long-term management

Examples of Combined/Expanded Product Strategies
1. Improved Fluorescent Lighting Recycling (Compact and Tube Varieties)
Increase recycling rate of fluorescent lighting products through improved and
expanded outreach and collection involving government, retailers, wholesalers,
manufacturers, utilities and others in the supply chain.
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2. Elemental Mercury Clean Sweep
Short-term campaign to collect elemental mercury stored in homes, clinics,
businesses, universities, etc.
a. Implement intensive outreach and awareness/promotion to target
audiences
b. Work with trade associations, household hazardous waste programs, other
partners
c. Establish convenient collection opportunities, including mail-in options
for certain types of products where this can be done safely
d. Possible incentives/payment for participation
3. Electrical/Mechanical/HVAC/Demolition Sector Outreach
Conduct targeted and sustained outreach to sectors involved in installation, repair
and removal of mercury devices.
Product examples: Industrial/boiler controls, thermometers, thermostats,
manometers and barometers, other measurement devices, miscellaneous switches,
lamps
a. Conduct outreach regarding product bans, management requirements, removal
and storage procedures, etc.
b. Continuing education for contractors
c. Outreach through trade associations and unions
d. Involve distributors/wholesalers and manufacturers
e. Include municipalities (street lighting controls)
f. Work with above to facilitate collection and management, possible incentives
g. Enforcement of applicable laws following outreach phase.
4. Increase Compliance with Existing Laws
Outreach to product users, manufactures, retailers and suppliers regarding existing
laws and their purpose. Enforcement of existing laws related to mercury where
needed. Ensure adequate collection infrastructure. Laws in place that are
currently not widely known enforced.
a. Sales prohibition (most products)
b. Take-back requirements for relays and thermostat
c. Labeling (most products)
d. Disposal prohibition in solid waste and wastewater
e. Removal prior to recycling (appliances and auto switches)
f. Utility outreach for lamp recycling
g. School purchase and use prohibition, removal
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5. Phase Out Mercury Used in Shipping
Work with Lake Superior partners regarding mercury equipment. Identify
alternative equipment and cost of replacement. Seek opportunities to install
mercury-free equipment during ship building and maintenance.
a. Alternative products
b. Change-out opportunities
c. Need for coordination with industry and other partners

Smelters & Shredders That Recycle Cars & Appliances
Emission Goal: Reduce sector emissions to 10 lb
Timeline: Achieved by 2025
Interim Emission Goal: Reduce sector emissions to 20 lb
Interim Timeline: Achieved by 2018
Description:
To meet emission goals, smelters and shredders will plan to:
• Achieve 80% removal of mercury switches from automobiles shredded in
Minnesota as outlined in anticipated federal Electric Arc Furnace Rule for
Steelmaking Facilities.
• Update raw material specifications to include language requiring mercury switch
removal to remove mercury from raw material feed.
• Perform education and outreach to suppliers to encourage participation in the
National Vehicle Mercury Switch Recovery Program (NVMSRP).
• Audit suppliers’ yards to ensure compliance with specifications, as required under
the Electric Arc Furnace rule or the NVMSRP.
• Audit suppliers’ participation in NVMSRP to ensure participation and to achieve
80% switch removal rates.
• Continue to offer bounty program for mercury switch collection to provide a
collection point for any supplier not in NVMSP.
• Inspect shredder feed on a regular random interval.
Shredders and smelters will also update and monitor mercury emissions, and will
complete mass balance emissions testing every 5 years through 2025 to monitor progress
toward the sector reduction goal. This strategy only applies to smelters and shredders
and not to foundries unless they accept cars and appliances as feedstock.
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Recycling Mercury from Products in Minnesota
Emission Goal: Reduce sector emissions to 8 lb
Timeline: Achieved by 2018
Description:
The state supports the continued practice of recycling mercury from products used in
Minnesota, as these activities are an effective way to keep mercury-containing products
out of the solid waste stream, and avoid mercury emissions associated with solid waste
collection, handling and processing activities. The following strategies will be used to
limit emissions from recycling activities.
•

By the end of 2009, each product recycling facility will work with the MPCA to
develop a mercury mass balance for the 2008 calendar year. The types of
information that the MPCA will request may include:
o Inputs and outputs of materials and estimated mercury concentrations.
o Quantity of mercury recovered and the fate of that mercury.
o Suggestions for improving mercury recycling in Minnesota, regarding
collection, shipping, best management practices, and disposition of
recovered materials including mercury.

•

The mass balance is to be updated every five years, for the calendar years 2008,
2013 and 2018.

•

The MPCA should work with stakeholders, including product collection and
transport services, to identify appropriate product management, handling and
processing procedures.

•

By 2018, air releases of mercury from activities related to product recycling,
including collection, transportation, handling, processing and recycling, shall be
no more than 8 lb per year.

•

Mercury recovered from products in Minnesota shall not be sold to parties that are
likely to use the mercury in products or processes that have a high likelihood of
resulting in environmental release. Refer to the formal recommendation on
retiring mercury from products in Minnesota.
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Dental Preparations
Emission Goal: Reduce sector emissions to 5 lb
Timeline: Achieved by 2025
Interim Emission Goal: Reduce sector emissions to 10 lb
Interim Timeline: Achieved by 2018
Description:
Support and promote existing and new initiatives to prevent tooth decay, including
initiatives that provide equal access to health and dental care to all Minnesotans. Support
education and outreach efforts targeted to dentists and patients on alternatives to dental
amalgam. Support the increased use, and efforts to improve the efficacy and safety of
these alternative materials.
Support the goal of 100% voluntary participation in the Memorandum of Understanding
(MOU) between the Minnesota Dental Association (MDA) and the Minnesota Pollution
Control Agency (MPCA) for the statewide reduction of mercury from dental practices,
which includes installing and maintaining amalgam separators and adherence to
established best management practices. Work with MPCA to better understand
emissions. Support MDA and MPCA actions and responsibilities as outlined in the
MOU.
Support initiatives to ensure equal insurance coverage for all restorative materials and
preventive treatments, including alternatives to dental amalgam. Recommend that public
sector employers provide dental insurance policies that include these provisions.
Recommend and support outreach and education to the dental community and the general
public on the proper disposal of mercury-filled teeth.
If goal of 5 pounds is not on track to be met by 2025, reevaluate the goal, consider further
incentives to achieve additional reductions of potential release of mercury from dental
sources to the environment, and evaluate the potential benefit of further emission controls
at dental clinics in light of technology at that time.
Strategy assumes the use of dental amalgams will continue to decline over the next 20
years as indicated in research by Centers for Disease Control. Using the above
techniques and accepting the assumptions regarding decreased use and the resulting
removal of dental amalgams and an overall reduction in dental fillings due to prevention
of tooth decay, mercury emissions from the dental sector are expected to decline to 5 lb
by 2025.
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Cremation
Emission Goal: Reduce sector emissions to 32 lb
Timeline: Achieved by 2025
Interim Emission Goal: Reduce sector emissions to 63 lb
Interim Timeline: Achieved by 2018
Description:
•
•

Study emission rates and develop better understanding of future trends by 2010.
Study abatement alternatives and emissions-control options between 2008 and
2011. (Abatement options include alkaline hydrolosis, pulling or decoronating
teeth.)

•
•

Study social issues of abatement options.
Implement recommended alternatives to achieve reduction targets.

S e wa g e S l u d g e I n c i n e r a t i o n
Emission Goal: Reduce sector emissions to 6 lb
Timeline: Achieved by 2020
Description:
Upgrade emissions control at Metropolitan Council Environmental Service’s (MCES)
Seneca Plant through new carbon injection or equivalent technology system by 2020.
Install emissions control when incinerators and air pollution control equipment are
rehabilitated or replaced in 2020. 2005 emissions at MCES Seneca Plant equaled 6.1 lb;
strategy would equate to a reduction of 5.6 lb from Seneca Plant (equal to a 91.8%
reduction).
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Mercury Product Manufacturing in Minnesota
Emission Goal: Reduce sector emissions to 0.3 lb
Timeline: Achieved by 2025
Interim Emission Goal: Reduce sector emissions to 13 lb
Interim Timeline: Achieved by 2018
Description:
Given the potential for the release of mercury intentionally added to products in the
manufacturing process, phase out the use of mercury in product manufacturing. The
MPCA should work with industries to quantify emissions from manufacturing activities
by 2010, and should periodically review manufacturing operations to identify other
potential mercury emission sources

Taconite Processing
Emission Goal: Reduce sector emissions to 210 lb
Timeline: Achieved by 2025
Interim Goals:
•

Complete medium and longer-term testing of identified mercury-reduction
technologies on at least one straight-grate furnace and one grate-kiln furnace by
2013.

•

Begin the first full-scale installation of mercury emission control equipment on
one existing furnace in 2014.

•

Based on results of full-scale installation and optimization, provide schedule for
implementation at all other existing furnaces by 2016.

Description:
Mercury Emissions Reduction Target
The taconite industry is committed to doing its part to reduce mercury contamination in
the environment. For example, as part of a voluntary mercury reduction effort conducted
by the taconite mines, 2,901 lb of mercury contained in various devices were removed
from mine plants from 1990 through September 2005. This initiative is ongoing and
devices are continually being removed from service in order to prevent mercury from
being inadvertently released to the environment. In addition, to remain competitive all
mines continually strive to reduce operating costs by improving the energy efficiency of
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their taconite-processing operations, and this further reduces mercury and other air
emissions.
The goal of the Mercury TMDL is to reduce statewide mercury air emissions to 789 lb
per year. To assist in achieving this goal, the taconite industry has set a target of 75%
reduction of mercury air emissions from the 2010 Minnesota Mercury Emission
Inventory taconite emission level of 841 lb per year by 2025 from all plants collectively.
This would result in a reduction in mercury emissions of 631 lb per year. However,
mercury-reduction technology does not currently exist for use on taconite pellet furnaces.
Therefore, achieving the 75% mercury reduction target will incorporate the concept of
adaptive management by focusing on research to develop the technology in the near term
and installation of mercury emission control equipment thereafter. The technology
developed to achieve the target must be technically and economically feasible, it must not
impair pellet quality, and it must not cause excessive corrosion to pellet furnaces and
associated ducting and emission-control equipment. Criteria for determining economic
feasibility will be developed through a collaborative effort by the taconite industry and
the MPCA.
Research And Installation of Mercury Control Equipment
•

DNR mercury researchers will continue their current efforts through 2009 to
identify potential mercury reduction technologies for use on pellet furnaces.

•

The taconite companies will conduct additional testing by working in concert with
the DNR. The goals of these efforts will be to: further explore options during
short-term tests, continue development of mercury emission measurement
technology, and develop the pool of researchers to be utilized.

•

With input from the DNR, medium and longer-term tests of identified
technologies will be conducted on at least one straight-grate furnace and one
grate-kiln furnace from 2010 through 2013.

•

Beginning in 2014, the first full-scale installation of mercury emission control
equipment would proceed. This installation would be on one furnace and would
consist of the most promising technology developed to date. Operation and
probable subsequent modification of the system would then proceed for a period
of two years to fully commission and maximize its efficiency. This optimization
process is targeted form completion by 2016.

An implementation scheduled will be developed during the two-year optimization
process, which will provide the dates and types of equipment that will be installed on the
remaining taconite furnaces. The installation of mercury control equipment on all taconite
furnaces would be completed by 2025. This includes all 14 applicable pellet furnaces (13
existing furnaces and 1 permitted, new furnace) and one permitted, new technology iron
nugget furnace. This schedule assumes contractors and skilled tradespersons are available
to install the equipment in light of other major construction projects that may be in
progress in the region at the same time.
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Adaptive Management
•

Adaptive management will be used to manage the dynamic research and
technology development through continual review and evolution of decisions and
plans to meet mercury reduction requirements while maintaining balance in all
other factors including product quality, trade-offs against other environmental
concerns, and detrimental effects on processing equipment.

•

The taconite industry will create and maintain a mercury emissions reduction
research and implementation council. This council will have possible
representation from the taconite industry, academia, MDNR, MPCA, electric
utilities, and technical research entities with expertise in metallurgy, material
processing, and emissions control. Its mission will be to provide guidance for
timely technology development and installation of mercury emission control
technology in the taconite sector. This guidance will include: assistance on
research and development of mercury removal technologies, review of research
plans, and advice on implementation strategy and timelines. This council will
meet on a periodic basis after being organized during 2008. Progress reports will
be prepared accordingly.

•

An MPCA organized meeting will be held annually to present progress updates
and to discuss pertinent aspects of the mercury emission reduction efforts with all
interested parties.

Research Scope and Funding
•

Research beginning in 2010 will involve longer-term testing of potential mercury
reduction technologies. This will involve design and installation of equipment
that will be tested for progressively longer periods of time such as 1 month, 3-6
months, and 1-2 years to determine the effectiveness of the technology in
association with varying and seasonal operating conditions. Effects on product
quality and ore processing equipment will also be assessed.

•

Significant funding will be required, likely in the tens of millions of dollars, due
to the scale of emission control equipment to be fabricated, installed, and tested,
reagent quantities needed, and retention of contractors to conduct the tests.
Because taconite plant emissions have some unique characteristics, mercury
emission testing equipment must also be developed and in some cases improved.
Moreover, contractors must be trained in equipment use in order to ensure that
reliable emission data are collected to evaluate the effectiveness of each test.

•

Significant funding will be provided by the taconite industry. In addition, funding
will be sought from state sources including the following: Iron Ore Cooperative
Research (IOCR), Minnesota Minerals Coordinating Committee (MCC), and
DNR Environmental Cooperative Research (ECR). Identification of other
possible funding sources will also be pursued.

20

STRATEGY FOR NEW AND EXPANDING SOURCES
OF AIR EMISSIONS
With successful implementation, the actions recommended in this plan will reduce
mercury air emissions from current levels to below 789 lb per year by the year 2025.
Between now and 2025, new mercury air emission sources, as well as expansions at
existing sources will come before the MPCA for consideration. There must be a process
in place to ensure that these new sources do not jeopardize the state’s ability to reach the
2018 interim goal, or the final TMDL goal by 2025. To this end, the following guidance
framework is recommended:
After May 1, 2008, new and expanding air emission sources will be allowed provided the
following measures are employed to ensure that the new and expanding sources do not
result in an eventual exceedance of the TMDL goals.
Assumptions:
•

The strategy framework is implemented to reduce existing emission sources to
below the 789 lb per year goal by 2025.

•

New emission sources permitted as of May 1, 2008, but not yet operational are
counted as existing emission sources.

•

Existing emission sources and sectors will be assigned a final cap used to achieve
the 789 lb goal.

Description:
Proposed new or expanded sources:
1. Required to achieve best control.
2. Must complete environmental review as applicable, including evaluation of local
and cumulative impacts.
3. Submit a plan to the MPCA to account for the proposed emission. New sources
must first seek permanent offsets with an existing source or sources in Minnesota
at a 1:1 ratio.
If enough existing sources are not available, new sources must propose a plan to
achieve at least a 90% reduction of the proposed emission by 2025, and in
addition must secure temporary offsets prior to operation from either:
a. Existing sources in Minnesota at a 1:1 ratio.
b. Out-of-state sources at a ratio greater than 1:1, based on the
location of the source.
The plan will include research and reduction targets and timetables.
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If an expanding source can demonstrate no net increase from their
proposed project, no additional offsets are required.
By 2025, the new or expanding source must have secured a permanent
offset from a source or sources within Minnesota at a 1:1 ratio for the
remaining emission. If no Minnesota offsets are available, permanent outof-state offsets can be used but only if the emissions from the new or
expanding source do not result in an exceedence of the final TMDL goal.
The MPCA will issue permits with enforceable conditions for new or
expanded sources based on the MPCA-approved plan.
Prior to its application, the MPCA will further clarify through rulemaking or adoption of
guidance:
•

How proposals will be handled for new and expanding sources that are near water
bodies impaired by mercury, but not covered by this TMDL.

•

What constitutes best control for different regulated and unregulated sources.

•

A process for determining local and/or cumulative impacts for all new and
expanding sources.

•

The content and form of the plan to be submitted (under item 3. above), including
the demonstration of additionality, scientific equivalence, and accountability for
offsets from in-state and out-of-state sources.

•

A process to allow public comment on plans submitted (under item 3. above).

•

A de minimis emission level for all new and expanding sources.

•

A process to address emissions from new or expanded sources that do not require
emissions permits.

The ongoing Mercury TMDL Implementation Oversight Group will periodically review
these guidelines with the MPCA and evaluate progress toward reaching the goal in light
of new and expanding sources.
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STRATEGY TO DISTRIBUTE
UNALLOCATED POINT-SOURCE WASTE LOAD
The Mercury TMDL Implementation Plan should specify a process for the distribution of
unallocated mercury loading available from the waste load allocation to permit holders
that propose to discharge from new or expanding facilities to a water body that is
impaired for mercury and is on the Clean Water Act 303(d) list. This strategy identifies
criteria for distribution of unallocated mercury loading capacity but is not intended to
specifically define all mercury requirements in accordance with state and federal laws.
The mercury TMDL states that statewide, all point sources of mercury may discharge a
total of 11 kilograms (kg) per year or 24.31 pounds (lb) per year (4 kg per year or 8.84 lb
per year in the northeast region and 7 kg per year or 15.47 lb per year in the southwest
region).
Criteria for Distribution of Unallocated Mercury Loading Capacity:
1.

The facility must be implementing a mercury minimization plan.

2.

If the facility has a design capacity greater than 200,000 gallons per day, it
must be conducting effluent monitoring.

3.

The facility must be meeting either its interim mercury effluent limitation or
final water quality based effluent limitation, derived from the water column
water quality standard of 1.3 nanograms per liter (ng/l) (northeast region) or
6.9 ng/l (southwest region).

4.

If an effluent limitation is not needed because the facility does not pose a
reasonable potential to cause or contribute to a water quality standard
violation, it is still eligible to be allocated load if it meets criteria 1) and 2)
above.

Recommendation for distributing unallocated load:
First come first served, with no restriction on amount of additional loading capacity
utilized.
Allocations are made by the MPCA through permit issuance, in accordance with the
Mercury TMDL Implementation Plan. Once the load is completely allocated, new loads
must be offset.
Justification:
The criteria above are the best use of the state’s resources given the impact of all point
source direct discharges to mercury impairment in the environment. As stated on page 43
of the TMDL document, the total mercury allocation for all point sources (municipal and
industrial wastewater treatment plants and permitted industrial and municipal
stormwater) is less than 1% of the total allocation for all sources and is therefore de
minimis. As such, per the U.S. Environmental Protection Agency TMDL approval letter
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(p. 15), the permitting authority must evaluate whether the point source discharge will
cause or contribute to a localized exceedance of the water quality standard.
Additionally, there is more than adequate reserve capacity available for new or expanded
point sources. Simple calculations show that currently only 4.88 kg per year in the
southwest region and 2.48 kg per year in the northeast region are being or will be utilized
by point source discharges. This means that 2.12 kg per year and 1.52 kg per year are
available in the southwest and northeast regions, respectively. The calculation is based
on the following assumptions:
1. All wastewater treatment plants will discharge at an average of 5 ng/l at their
design flow.
2. All other discharges are at their current levels.
However, new regulations will have an added benefit of reducing mercury levels in new
or expanded municipal wastewater treatment plant discharges.
The phosphorus rule will be put into effect on May 1, 2008. New or expanded municipal
wastewater treatment plants that discharge more than 1,800 lb per year of phosphorus
will be required to comply with a 1 milligram per liter (mg/l) phosphorus effluent
limitation. As pointed out in the TMDL document, it can be conservatively assumed that
most facilities will probably have an average mercury discharge of 3.65 nanograms per
liter (ng/l) or less as a result of this phosphorus requirement. Implementation of this rule
will allow the discharge of an additional 726 million gallons per day compared to the
1,052 million gallons per day currently allocated through the National Pollutant
Discharge Elimination System, since mercury effluent values will decline from an
average of 5 ng/l to 3.65 ng/l. An additional 179 million gallons per day could be
discharged if the pulp and paper industries discharged 5 ng/l mercury versus the 13 ng/l
noted in the TMDL document. These two actions would nearly double the current
discharge capacity from 1,052 million gallons per day to 1,957 million gallons per day.
Should the phosphorus requirement be applied to all municipal wastewater treatment
plants, the cost to install phosphorus treatment for the purpose of removing mercury is
significant. If all municipal wastewater treatment plants met a 1 mg/l effluent limitation,
an additional 1.5 pounds of mercury would be removed and this load would become
available as a result of this additional treatment. However, this would result in a very
conservative cost estimate of $8.95 million per pound of mercury removed based on a
total allocated flow rate of 1,052 million gallons, an estimated $1 per gallon to upgrade
the plant, and a 20-year life cycle. This figure does not include the increased annual
operations and maintenance costs.
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OTHER RECOMMENDED ACTIONS
Retiring Mercury from Products in Minnesota
Mercury recovered from products in Minnesota should be retired rather than allowing its
use within the US or export for use elsewhere in the world. “Retired” means long term
storage or sequestration of elemental mercury recovered from products, at a site or sites
within the US. This would assure that recovered mercury in excess to US domestic needs
would not be reintroduced to the market or used in locales or applications where it is not
controlled and is released to the environment.
The MPCA should investigate the feasibility of and the financial and legal mechanisms
for contracting for the interim storage of mercury recovered from products in Minnesota,
and report on its findings. The MPCA should evaluate options for:
a. Mercury recovered from the public sector under the state’s mercury waste
management contracts, and
b. Mercury recovered from private sector waste generators in Minnesota by
companies located either within or outside of the state.
The purchase of recovered mercury will need to be addressed.

Watershed Management
Scientific studies indicate that manipulation of surface water levels and some land uses
may result in increased concentrations of methyl mercury in water and fish. Although the
vast majority of the waters in the state are not subject to water level manipulation
practices, the potential effects on mercury concentrations in those water bodies that are
subject to these practices should be addressed as part of the TMDL implementation
process.
•

The issue needs more analysis and on-going consideration by federal, state and
local units of government whose work includes watershed management and
management or regulation of water resources in the state.

•

Federal, state, and local agencies should participate in research efforts to better
understand and quantify the potential effects of watershed and stormwater
management on mercury methylation and mercury contamination of fish.

•

Scientific literature addressing this concern should be reviewed and a summary
should be incorporated into the Mercury TMDL Implementation Plan and other
programs as appropriate.

•

Develop an agenda and timeline for additional research if needed.
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Support for Regional, National and International
Mercury-reduction Policies and Initiatives
Because the TMDL identifies that 90% of the mercury comes from sources outside of the
state, it is recommended that the MPCA work with other states’ environmental agencies,
the US EPA, the Minnesota congressional delegation and others as appropriate to
establish policies and initiatives to achieve emission reductions from sources in the U.S.
and other countries to meet Minnesota’s Mercury TMDL targets for deposition. The
objectives of this work shall be to establish policies and programs that result in
significant emission reductions and consistency of policies among states and countries.
These objectives can be achieved through technology and program transfer, after
identifying model efforts globally.
Initiatives with these objectives should be considered for MPCA support and
involvement:
•

Reduce or eliminate releases of mercury through pollution control or the use of
alternative products and processes.

•

Reduce or eliminate the intentional use of mercury in products and processes.
This could include bans on the manufacture or sale of products with mercury.

•

Maximize the proper end of life management of mercury products currently in use
through outreach, readily accessible collection infrastructure and regulation.

•

Eliminate the sale and export of mercury recovered from products and processes
for uses that have a high likelihood of resulting in an environmental release.

The MPCA should seek ways to achieve the above outcomes by working with a variety
of individuals, organizations and programs including the following:
•

Minnesota’s representatives to the U.S. Congress

•

Other states in the region, e.g., the states in US EPA Region V, the Great Lakes
states and the Province of Ontario, and through regional forums such as the Great
Lakes Regional Collaboration.

•

National environmental, health, and media associations such as NGA, ECOS,
ASTHO, NACAA, ASIWPCA, and ASTSWMO

•

Offices and Regions within U.S. EPA

•

Great Lakes Tribes, Canadian Tribes, the EPA's American Indian Environmental
Office, and the Native American Fish and Wildlife Society.

•

International forums and organizations, such as the Great Lakes Binational Toxics
Reduction Strategy, North American Commission for Environmental
Cooperation, the biennial International Mercury Conference, the United Nations
Environment Programme, and others as appropriate.
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STRATEGY FRAMEWORK IMPLEMENTATION
The following elements are meant to serve as guidelines and overarching practices to
complement implementation of the air emissions and water strategies developed to meet
the goals of the Mercury TMDL. These elements include the following:
•

Incorporation of the Strategy Framework into the State’s Mercury TMDL
Implementation Plan

•

Implementation Schedule and Tools

•

Monitoring and Reporting of Air Emissions

•

Adjustments to the Mercury Air Emission Source Inventory

•

Establishment of an Implementation Oversight Group

Incorporation of the Strategy Framework
into the State’s Mercury TMDL Implementation Plan
This Strategy Framework includes strategies for limiting mercury releases to air and
water from Minnesota sources, including sector targets and interim timetables as well as
decisions on how to accommodate possible new sources of releases to the state’s
environment. It is the intention that these recommendations be incorporated into the
Mercury TMDL Implementation Plan for Minnesota, developed by the MPCA.

Implementation Schedule and Tools
The MPCA should use the full range of its authority and program capabilities to ensure
that the goals of the TMDL are met, including the implementation of the water discharge
strategy, and the achievement of interim and final air emission reduction targets. These
implementation tools include, but are not limited to the following:
•

Compliance and Enforcement

•

Permitting

•

Administrative Orders

•

Rule-making

•

Education and Outreach

•

Program Development and Implementation

The final air emissions goal of 789 lb will be reached by 2025 with interim and final
sector goals as described in specific strategies.
The MPCA will monitor both air emissions and water discharges and will compare this
information to the TMDL goals. This information should be reviewed by the Mercury
TMDL Implementation Oversight Group (described below). The MPCA should make
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adjustments to the implementation plan as necessary to ensure that the goals laid out in
the Strategy Framework are met.

Monitoring and Reporting of Air Emissions
Objectives:
•

Accurately quantify, to the extent possible, emissions from all sources that are
likely significant in Minnesota.

•

Track progress in reducing individual facility and sector emissions.

•

Provide input to MPCA and the ongoing TMDL implementation oversight group
to consider new or modified strategies and sector implementation intervention.

•

Establish reporting schedule that coincides with triennial inventory development

•

Facilitate and track new source off-sets

Strategy:
Starting in 2009, all facilities in the state that emit mercury above a de minimis level
established by the MPCA shall provide an annual report to the MPCA that quantifies
mercury emissions and describes progress in reducing releases.
Strategy Specifics:
Report Content
Annual reports are expected to be brief summaries of a facility’s progress in reducing
mercury emissions and other reduction activities such as research. In some instances
sectors may report as a group. Reports shall include an estimate of total mercury air
emissions for the calendar year and are due by April 1 of the following year. The MPCA
will provide guidance on report content.
Schedule to Verify Emission Factors
Facilities and sectors will be required to verify the basis for their estimate at varying time
intervals depending on the type of facility as determined the MPCA, at least every five
years. The basis for determining emissions includes: emission factors based on facilityspecific monitoring, a facility mass balance or generic emission factors. The MPCA will
consider de minimis thresholds for emission factor verification.
Poorly Quantified Sources
For emission sources in Minnesota that are poorly quantified, testing and analysis or a
rigorous mass balance shall be conducted by 2010 to better quantify emissions.
Other Information Requested
To ensure that captured mercury is not re-released, (inside or outside the state) it is
important to track the fate of mercury that is captured by pollution control equipment,
recovered from product recycling, contained in by-products or otherwise diverted. For
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some facilities, other information is also requested that will allow the MPCA to track
progress in reducing mercury usage, disposal and emission in Minnesota. Annual reports
from facilities producing the following types of materials shall also provide information
on mercury concentration and throughput: sewage sludge, sewage sludge incinerator ash,
waste combustor ash, smelter flue dust, recovered mercury and petroleum products.
Report Distribution and Synthesis
The MPCA will post facility reports on the MPCA web site. At least every three years,
the MPCA will prepare and publish synthesis reports. Synthesis reports will evaluate
progress at meeting the TMDL targets including emission reductions and research goals.
While not a measure of Implementation Plan effectiveness, the agency will continue to
work with other state agencies to monitor mercury in fish and report on trends.

Adjustments to the Mercury Air Emission Source Inventory
It is expected that, as further research is done to better understand both known and
potentially unknown air emission sources, there will be periodic changes to the air
emission source inventory quantified by the MPCA. Changes resulting from policies,
including the Next Generation Energy Act and implementation of strategies
recommended as part of the Minnesota Climate Change Advisory Group, should be
tracked and evaluated for their effect on mercury emissions in the state. The MPCA
should track all emissions and inventory changes, and provide this information to the
group charged with overseeing progress on the Mercury TMDL Implementation
Oversight Group (described below).

Establishment of Mercury TMDL Implementation Oversight Group
It is recommended that an oversight group be established to review and evaluate progress
toward achieving the goals of the Mercury TMDL Implementation Plan and to determine
if additional measures are needed to meet these goals. The group is advisory to the
MPCA. The following describes the constitution and function of the group.
Membership:
A group of stakeholders made up of representatives from key stakeholder groups. Each
stakeholder group would recommend a member to represent their interest. At a
minimum, stakeholder groups might include: environmental advocacy groups, electric
power generation, mining/taconite processing, wastewater treatment plant/local
government, tribes, state government and environmental justice advocates.
Meeting frequency: Annually from 2009 to 2025.
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Specific tasks:
•

Review and evaluate progress on sector benchmarks and interim goals described
in the individual air emissions and water discharge strategies.

•

Gauge effectiveness of strategy implementation, including overall implementation
of strategy framework.

•

Determine the need for actions to ensure that sector goals are met.

•

Provide input to the MPCA on the need to modify the implementation plan, based
on the evaluation of progress.

•

Review changes to the air emissions inventory.

•

Review the implementation of offsets employed to accommodate new and/or
expanded sources of air emissions.

•

Review guidelines for new and/or expanded sources of air emissions and progress
towards goals in light of new permitted sources.

•

Review the latest scientific information that could affect implementation of the
TMDL.

•

Review Other Recommended Actions.

•

Review MPCA’s evaluation of the effectiveness of the TMDL.

MPCA Role:
The MPCA will convene and staff the group and provide neutral facilitation (through a
contractor if needed).
Relationship to Other Groups:
•

Mining Research and Implementation Group. The group described in the taconite
processing strategy would report to this oversight group.

•

Steering Committee. The MPCA and the oversight group may choose to establish
a steering committee to assist the MPCA with planning of oversight group
meetings and follow-up.

•

Other Technical Advisory Group. In addition to the mining sector group,
additional groups may be formed as necessary to consider technical and
implementation issues related to other sectors.

30

Transparency:
The MPCA provides for equal access to information by all sectors and the public. This
shall be accomplished by the following, at a minimum:
•

Publicly announcing the meetings in MPCA publications, including Minnesota
Environment magazine, the MPCA web site and the MPCA’s MPCA Send list
serve.

•

Seek the involvement of a steering committee to plan meetings.

•

Arrange for third party facilitation, if needed.

•

Publish all progress reports, meeting agendas and summaries on the MPCA web
site.

•

Prepare a periodic evaluation of progress in meeting the TMDL goals and other
activities at least every three years.
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Appendix 2

Mercury TMDL
Implementation Oversight Group Charge

Mercury TMDL Implementation Oversight Group Charge

3/26/09

In 2008, stakeholders recommended that an oversight group be established to review and
evaluate progress toward achieving the goals of the Mercury TMDL and to determine if
additional measures are needed to meet these goals. The group is formed to provide advice
to the MPCA on implementing the mercury TMDL. The following describes the make-up
and function of the group and is based on stakeholder recommendations.
Membership:
The group is made up of representatives from key stakeholder groups. Each stakeholder
group recommends a member to represent their interest. The MPCA has invited the
following stakeholder groups to designate a representative to the oversight group:
environmental advocacy groups (2 representatives), electric power generation,
mining/taconite processing (2 representatives), industry at large, wastewater treatment
plant/local government, tribes, public land manager, and environmental justice advocates.
These groups have identified the following representatives as of 3/16/09:
Nancy Lange, Izaak Walton League
Kris Sigford, Minnesota Center for Environmental Advocacy
Boise Jones, Environmental Justice Advocates of Minnesota
Tim Tuominen, Western Lake Superior Sanitary District
Nancy Schuldt, Fond du Lac Reservation
Trent Wickman, U.S. Forest Service
Tim Hagley, Minnesota Power
Dave Skolasinski, Cliffs Natural Resources
Chrissy Bartovich, U.S. Steel
Mike Robertson, Minnesota Chamber of Commerce
Meeting frequency:
This group will meet annually from 2009 – 2025. The MPCA expects to convene this group
in the fall of each year, allowing time for monitoring information, emission estimates and
reporting from the previous year to be gathered and analyzed. In the early stages of
implementation and leading up to sector deadlines in 2018 and 2025, the MPCA may wish to
convene meetings of this group more often.
Specific tasks of the Oversight Group:
•

Review and evaluate progress on sector benchmarks and interim goals described in
the individual air emissions and water discharge strategies.

•

Gauge effectiveness of strategy implementation, including overall implementation of
strategy framework.

•

Determine the need for actions to ensure that sector goals are met.

•

Provide input to the MPCA on the need to modify the implementation plan, based on
the evaluation of progress.

•

Review changes to the air emissions inventory.

•

Review the implementation of offsets employed to accommodate new and/or
expanded sources of air emissions.

•

Review guidelines for new and/or expanded sources of air emissions and progress
towards goals in light of new permitted sources.

•

Review the latest scientific information that could affect implementation of the
TMDL.

•

Review Other Recommended Actions.

•

Review MPCA’s evaluation of the effectiveness of the TMDL.

MPCA Role:
The MPCA will designate a representative to the group, convene and staff the group and
provide neutral facilitation (through a contractor if needed). MPCA’s primary participants
will be:
•

David Thornton, Assistant Commissioner, will serve as MPCA’s main representative
to the Ongoing Oversight Group

•

Frank Kohlash, Air Manager, will serve as David’s alternate and is the manager in
charge of air policy for mercury and implementing the air reduction strategies.

•

Marvin Hora, Water Manager, responsible for implementing water reduction
strategies.

•

Ned Brooks, Mercury Coordinator, will convene and staff the group, oversee
implementation and coordinate involvement of other MPCA staff.

Relationship to Other Groups:
•

Mining Research and Implementation Group. The group described in the taconite
processing strategy would report to this oversight group.

•

Steering Committee. The MPCA and the oversight group may choose to establish a
steering committee to assist the MPCA with planning of oversight group meetings
and follow-up.

•

Other Technical Advisory Group. In addition to the mining sector group, additional
groups may be formed as necessary to consider technical and implementation issues
related to other sectors.

Transparency:
The MPCA will provide for equal access to information by all sectors and the public. This
shall be accomplished by the following, at a minimum:
•

Publicly announce the meetings in MPCA publications, such as the MPCA web site
and the MPCA’s MPCA Send list serve.

•

Seek the involvement of a steering committee to plan meetings.

•

Arrange for third party facilitation, if needed.

•

Publish all progress reports, meeting agendas and summaries on the MPCA web site.

•

Prepare a periodic evaluation of progress in meeting the TMDL goals and other
activities at least every three years.
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Permitting Strategy for Addressing
Mercury in Municipal and Industrial
Wastewater Permits
Water Quality/Wastewater Permitting #1.16 • March 2009

T

he purpose of this document is to
describe the Minnesota Pollution
Control Agency (MPCA) strategy
for addressing mercury in municipal and
industrial wastewater permits. The
statewide mercury Total Maximum Daily
Load (TMDL) was approved by the U.S.
Environmental Protection Agency (EPA)
on March 27, 2007. The 2008 TMDL
implementation plan incorporated the
MPCA interim permitting strategy, plus
described how the MPCA would monitor
mercury reduction and available reserve
capacity.
The MPCA’s key consideration in
developing a strategy for TMDL
implementation is to ensure that National
Pollutant Discharge Elimination
System/State Disposal System
(NPDES/SDS) permits are:
• consistent with overall Waste Load

Allocations (WLAs) for the northeast
and southwest regions of the state;
• affirm that wastewater point source

discharges are insignificant on local
and regional levels; and
• avoid creation of mercury

concentrations in fish or water that is
obviously (1) higher than other
concentrations in the area and (2)
caused by a local source.

The strategy will be used to issue new and
reissue existing NPDES/SDS wastewater
permits. Although this is a statewide
TMDL, all waters of the state are not listed
in the TMDL. Areas of the state impaired
for mercury and not included in the
statewide TMDL are listed in the
spreadsheet available on the MPCA Web
site at http://www.pca.state.mn.us/
publications/wq-iw1-03.xls. The attached
map (Attachment B) highlights waters that
are and are not included in the statewide
TMDL. The guidance in this fact sheet
applies to all areas of the state; however,
permitted facilities discharging to waters
not covered by the TMDL may have
different requirements and timelines
specific to their situation.
It is important to note that the MPCA will
only consider variance requests based
solely on the infeasibility of technology to
remove total mercury if pilot or bench
scale testing verifies the infeasibility.
Several technologies, such as sand filters,
membrane filtration and adsorbents have
shown promise or are effective in removing
mercury.
New or existing wastewater permits to be
issued or reissued to municipal and/or
industrial facilities will, at a minimum,
include the requirements listed on the
following pages. Additional requirements
may be added. Exceptions to this strategy
will be determined on a case-by-case basis
via discussion between standards staff,
permit writers and their supervisors.

wq-wwprm1-16
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Existing municipal facilities

• Will be required to submit new or updated MMPs to

the MPCA 180 days prior to permit expiration. See
attachment A for MMP permit requirements.

Major municipal facilities and municipal minor
facilities becoming municipal major facilities –
average wet weather design flow >1.0 million gallons
per day (mgd)

• Lake Superior Basin only: will be required to submit

annual MMP updates per Minn. R. 7052.0250,
subp. 4.

Existing municipal major facilities with no reasonable
potential to exceed the applicable mercury standard:

Municipal minor facilities – average wet weather
design flow <0.2 mgd

• Will not be assigned an interim or a final mercury

limit.

• No requirements will apply unless specific

• Will be assigned quarterly influent and effluent

circumstances warrant. For those municipal minor
facilities that may have requirements, the
requirements will be determined on a case-by-case
basis and may include MMPs, monitoring, and
interim and final total mercury limits.

mercury monitoring throughout the five-year permit
cycle.
• Will be required to submit new or updated Mercury

Minimization Plans (MMP) to MPCA within 180
days of permit reissuance/issuance. See Attachment
A for MMP permit requirements.

Existing industrial facilities

• Lake Superior Basin only: will be required to submit

The strategy is to focus on activities and sectors with the
potential to add or release mercury. Sectors likely to be
subject to requirements include: metallic mining,
refineries, peat mining, and power plants.

annual MMP updates per Minn. R. 7052.0250, subp.
4.
Existing municipal major facilities with reasonable
potential to exceed the applicable mercury standard:

Industrial facilities not in the Lake Superior Basin
• Requirements and/or monitoring/limits will be

• Will be assigned an interim effluent mercury limit

determined on a case-by-case basis via discussion
between standards staff, permit writers and their
supervisors.

applicable at permit issuance and influent and
effluent monitoring throughout the five-year permit
cycle. This concentration limit will be determined
using existing discharge data.

• MMP requirements and/or monitoring/limits are

• Will be assigned a final effluent mercury limit

dependent on specific sector or permittee.

applicable at the end of five-year permit cycle.

Industrial facilities in the Lake Superior Basin

• Will be required to submit new or updated MMPs to

• Must comply with the requirements of Minn. R.

the MPCA within 180 days of permit
reissuance/issuance. See Attachment A for MMP
permit requirements.

7052 and the Great Lakes Initiative. These
requirements may include a final total mercury
concentration limit of 1.3 ng/L (or equivalent) by
end of the five-year permit cycle if reasonable
potential exists.

• Lake Superior Basin only: will be required to submit

annual MMP updates per Minn. R. 7052.0250, subp.
4.

• Required to submit new or updated MMPs to the

MPCA within 180 days of permit
reissuance/issuance (see attachment A) and annual
MMP updates per Minn. R. 7052.0250, subp. 4.

Municipal minor facilities – average wet weather
design flow ≥0.2 – 1.0 mgd
• Will not be assigned an interim or a final mercury

limit unless specific circumstances apply.
• Will be required to monitor twice per year for

influent and effluent mercury throughout the fiveyear permit cycle in order to establish a baseline and
to aid in the TMDL implementation process.
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nondegradation demonstration to evaluate additional
treatment, socio-economic impacts, and the effects of the
proposed discharge on the receiving water (see Minn. R.
7050, Subp. 4). The facility must also submit a MMP.

New or expanding facilities (all)
• Limits and monitoring will be determined on a case-

by-case basis based on reasonable potential and
nondegradation requirements.

Alternately, a freeze on TSS loadings (annual basis)
could serve the same purpose. A third choice would be
to accept a mass freeze for mercury.

• Interim mercury concentration limits may be

applicable at permit issuance.
• Final mercury limits based on a nondegradation

review may be applicable at start of operation.

Reserve capacity

• If no limit applies, will be assigned quarterly

The TMDL states that as long as actual loads are less
than those specified in regional WLAs, new and
expanding discharges may be permitted. The
implementation plan recommends that MPCA permit
new/expanding discharges that may include mercury as
long as sufficient WLA remains. The MPCA will review
loads on an annual basis, compare them to the WLAs,
and calculate the NPDES/SDS permittee contribution on
a watershed level. If the sum of the permittee mercury
contribution reaches the WLA, the MPCA may need to
reevaluate discharges from a specific watershed to see if
WLAs can be traded or reduced by another permittee.

influent and effluent mercury monitoring throughout
the five-year permit cycle.
• Will be required to submit new or updated MMP to

MPCA within 180 days of permit
reissuance/issuance. See attachment A for MMP
permit requirements.
• Lake Superior Basin only: will be required to submit

annual MMP updates per Minn. R. 7052.0250,
subp. 4.

Concentration only limits

If you have questions regarding this strategy or its
implementation, you may contact the MPCA at
651-296-6300 or toll free at 800-657-3864.

“Reasonable Potential” is a procedure specified by EPA
regulation that compares preliminary water quality-based
effluent limits for a pollutant with effluent monitoring
data to determine the need for an effluent limitation.
Federal regulations at 40 CFR 122.44(d)(1) require that
pollutants be evaluated for the potential to exceed water
quality standards using acceptable technical procedures,
and accounting for variability in the effluent. MPCA
staff evaluates reasonable potential based on
concentration-based limits. Because of this, all total
mercury monitoring and limits are expressed as
concentration values for those facilities located outside
the Lake Superior Basin. Minn. R. 7052.0220, Item G,
requires mass limits in addition to concentration limits
for facilities located in the Lake Superior Basin.

Nondegradation requirements
Construction of a new facility or increasing flow above
0.2 mgd at an existing facility may trigger
nondegradation. An expanding facility that sustains
current mercury concentrations can lead to increased
mercury loading. Municipal and some industrial
effluents contain mercury which is primarily associated
with total suspended solids (TSS) in secondary effluents.
An expanding facility must demonstrate to the MPCA
that TSS loadings are not expected to increase because
of an expansion. Absent that demonstration, an
expanding facility is required to complete a
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Attachment A: Mercury Minimization Plan (MMP) requirements
Mercury is present in all municipal and many industrial wastewater discharges. It is a powerful neurotoxin that affects
human health and the environment. A naturally-occurring element, mercury does not breakdown into less-harmful
substances over time. Instead, mercury released into the environment accumulates in fish and animal tissues, a process
known as bioaccumulation. Widespread mercury contamination has prompted the Minnesota Department of Health to
issue fish consumption advisories throughout the state. Most of Minnesota's impaired waters are contaminated by
mercury and other bioaccumulative toxins. The MPCA is carefully evaluating all mercury discharges in the state.
You are required to complete and submit a Mercury Pollutant Minimization Plan (MMP) to MPCA as detailed in this
section. If you have previously submitted an MMP, you must update it and submit the updated version to the MPCA. The
purpose of the MMP is to evaluate collection and treatment systems to determine possible sources of mercury as well as
potential mercury reduction options. Guidelines for developing a MMP are detailed in this section.
The specific discharge limits for mercury assigned to your facility are detailed in the limits and monitoring section of your
permit. Information gained through the MMP process can be used to reduce mercury concentrations to achieve the
specified discharge limit. If your facility is currently achieving this limit, the information gained through the MMP can be
used to further reduce mercury in your discharge. As part of its mercury control strategy, you should consider selecting
activities based on the potential of those activities to reduce mercury loadings to the wastewater treatment facility.
At a minimum, the MMP must include the following:
• A summary of mercury influent and effluent concentrations and biosolids monitoring data using the most recent five

years of monitoring data, if available.
• Identification of existing and potential sources of mercury concentrations and/or loading to the facility. As appropriate

for your facility, you should consider residential, institutional, municipal, and commercial sources (such as dental
clinics, hospitals, medical clinics, nursing homes, schools, and industries with potential for mercury contributions).
You should also consider other influent mercury sources, such as stormwater inputs, ground water (inflow and
infiltration) inputs, and waste streams or sewer tributaries to the wastewater treatment facility.
• An evaluation of past and present wastewater treatment facility operations to determine those operating procedures

that maximize mercury removal.
• A summary of any mercury reduction activities implemented during the last five years.
• A plan to implement mercury management and reduction measures during the next five years.
Annual report submittal (required in Lake Superior Basin permits only, if MMP is required)

If your facility’s discharge is located in the Lake Superior basin, you must submit an annual update of the MMP to the
MPCA Water Quality Submittals Center, for each year following MPCA approval of the MMP. The annual report must
include, but is not limited to:
• All minimization program monitoring results for the year.
• A list of potential sources of mercury.
• A summary of all actions taken to meet the effluent limit for mercury.
• Any updates of the control strategy.

All mercury monitoring collected during the previous year should be included with the annual report. This includes
tracking of source reduction activities; influent, effluent and biosolids data; and data collected from potential sources.

Permitting Strategy for Addressing Mercury in Municipal and
Industrial Wastewater Permits • wq-wwprm1-16 • March 2009
Page 4

Attachment B: 2008 lakes and rivers with mercury impairments

Only “needs TMDL” are labeled
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Appendix 4

MPCA-MDA Memorandum of Understanding

Memorandum of Understanding Between the Minnesota Dental Association and
The Minnesota Pollution Control Agency for the Statewide Reduction of Mercury
from Dental Practices

This Memorandum of Understanding is between the Minnesota Dental Association
(MDA) and the State of Minnesota, acting through its Commissioner of the Pollution
Control Agency (MPCA).

Whereas, Mercury is a known toxin and mercury contamination offish is a welldocumented problem in Minnesota lakes and streams and the leading cause of
impainnent of Minnesota surface water quality.
Whereas, the mass of dental amalgam mercury is a source of release to the environment
through wastewater and volatilization into air.
Whereas, Minnesota dentists and dental practices over the last several years have
significantly reduced the release of mercury from dental amalgam.
Whereas, today's dentists increasingly focus on preventive motivation, a healthier
population, and fewer dental restorations of any kind. In addition; there has been a clear
and persistent decline in the use of amalgam, and this trend is expected to continue.
Whereas, to protect human health and the environment, the MPCA has established goals
of reducing mercury in the environment that will require all sources to reduce their
releases to the air, water and waste streams.
Therefore, it is understood that the pragmatic goals at this point in time are for all
dentists to:
1. Be mindful of potential environmental impacts associated with professional
activities.
2. Understand and openly discuss choices and alternatives with dental patients, as
fundamental demonstrations of professionalism and infonned consent.
3. Take actions to minimize the release of mercury to the environment, including
installation of amalgam separators on wastewater systems and adherence to
established best management practices for air, water and waste releases.

In furtherance of these goals, the MDA and MPCA agree to actions as follows:
MDAActions
1. By 12/31/08, work to meet the goal of 100% compliance with Minnesota
dentists to voluntarily install and maintain amalgam separators and adherence
to established best practices.
.
2. Provide continuing education and infonnation to its members on reducing
volatilization to air and capturing mercury and maintaining the usefulness of its
separators, and product alternatives
3. Provide data to track progress in reducing release of mercury to the environment
via volatilization to air and discharge to wastewater. The MDA will share data
which includes a) the number of dentists educated on alternatives to amalgam and
discussing alternatives with clients, b) data regarding the number of dental clinics
and the number with adequate wastewater separators, and c) the use of amalgam
and alternatives.
MPCA Responsibilities.
1. By 12/31/07, work with the MDA to establish criteria and a process to identify
approved amalgam separator models which considers wastewater flow rates and
treatment effectiveness. The list will be periodically updated.
2. Assist the MDA with educational efforts to discuss mercury and its impact on
Minnesota's lakes, streams and aquatic life and human health, and alternatives to
amalgam.
3. By 12/31/07, provide timely clarification of regulatory expectations regarding
management of amalgam including, but not limited to, wastewater discharges to
individual sewage treatment systems and handling of solid residuals.
4. By 6/30/08, explore use of this agreement and MDA actions as a pollution
prevention plan for municipal wastewater discharges.
Joint MDNMPCA Responsibilities.
1. Work with suppliers, manufacturers, educational institutions and other interested
parties to reduce the use of mercury in dental products and procedures where
pragmatic alternatives exist.
2. Work to improve confidence of air emissions estimates in MPCA's Mercury
Emissions Inventory and identify opportunities for reductions.
3. Work with employers, insurance providers and others to explore changes to
insurance coverage that would reduce barriers to non-mercury restorations by
providing equivalent compensation and coverage.
4. Annually evaluate progress in each party meeting the objectives of this
agreement.

Tenns and Conditions.
This is a voluntary agreement and can be nullified by either party at any time.
Authorized Representatives
a. The MPCA's Authorized Representative for purposes of administration of this
Memorandum of Understanding is:
Brad Moore
Commissioner
520 Lafayette Road
St. Paul, MN 55155
b. The MDA's Authorized Representative for purposes of administration of the
Memorandum of Understanding is:
Richard W. Diercks
Executive Director
Minnesota Dental Association
1335 Industrial Boulevard
Minneapolis, MN 55413-4801
In witness whereof, the parties have caused this agreement to be duly executed.
MDA
By

t/Jwy{}J

Date----:......£,--&....--_-+-------cl/tL07
MPCA
By

Date

.

<::'/1310
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Estimated Mercury Emissions in Minnesota
for 2005 to 2018
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Estimated Mercury Emissions in Minnesota for 2005 to 2018
Not Including Reductions Expected
from the 2007-2008 Mercury TMDL Stakeholder Process
April 22, 2008
Introduction
This document contains estimates of mercury emissions to the atmosphere from human activity
within Minnesota provide baseline information for the deliberations of the group of stakeholders
that are working toward the implementation of the goals of Minnesota’s mercury TMDLa. A
primary goal of the TMDL is to ultimately reduce Minnesota’s anthropogenic mercury emissions
to a total of 789 pounds (lb.) per year, an ambitious goal considering this document estimates
2005 emissions to have been about 3,300 lb. The TMDL requires that the state design an
implementation plan that will result in the 75% reduction in emissions, from 3,300 to 789 lb.
Specifically, the Mercury TMDL Stakeholder Processb has the mission to identify mercury
reduction strategies and to develop recommendations for the state's implementation plan.
The purpose of this document is to provide estimates of what mercury emissions would be if
none of the new mercury reduction strategies that result from the TMDL stakeholder process
are implemented. There are existing initiativesc and social trends that will result in reduced total
emissions, but projected reductions are not nearly sufficient to reach the TMDL emission goal.
For instance, initiatives in the electric utility sector are projected to reduce those emissions by
76%, but no such initiatives yet exist for most other activities that emit mercury, some of which,
without intervention, may increase emissions in proportion to economic activity or because of
social trends. New and expanded point-source air emissions are only included in the estimates if
they have received a permit from the Minnesota Pollution Control Agency (MPCA), but as a
result of normal economic activity there will be additional proposed air emissions.
This document estimates that, in the absence of new mercury reduction strategies, mercury
emissions will decline by about 40% by 2018, to about 2,000 lb., with negligible reason to
decline further after 2018. The MPCA is asking stakeholders to identify reduction strategies that
can decrease projected emissions by a at least a further 60% — from the 2018 projection of
about 2,000 lb. to the goal of 789, or lower. To facilitate economic change and growth, the
stakeholders are also asked to recommend strategies that will accommodate new emissions
without exceeding the statewide goal.

a

Statewide Mercury Total Maximum Daily Load (TMDL) Pollutant Reduction Plan.
http://proteus.pca.state.mn.us/water/tmdl/tmdl-mercuryplan.html
b
Mercury Total Maximum Daily Load Stakeholder Process. http://www.mn-ei.org/projects/mercury.html
c
Mercury. http://www.pca.state.mn.us/air/mercury.html
1

Table 1 Estimated mercury emissions (pounds) from human activity in Minnesota for the years 2005,
2010 and 2018
Mercury Emission Inventory for Minnesota (lb/year)
Updated by MPCA staff April 22, 2008
estimated
2005
emissions

projected
2010
emissions

projected
2018
emissions

Likely change in
same-facility
emissions by 2018

note

Confidence

1
2
3
4
5
6
7
8

high
medium
very low
medium
very low
medium
medium
medium

1716.3
71.3
0.0
12.9
27.1
30.5
0.0
0.3
1858.4
56%

1041.0
77.0

410.3
86.0

13.6
28.7
32.3
2.1
0.3
1195.0
46%

14.8
31.2
35.1
2.1
0.3
579.9
30%

9
10
11
12
13

very low
very low
very low
very low
low

169.0
40.0
24.0
2.1
0.2

152.8
36.2
21.7
1.9
0.2

126.8
30.0
18.0
1.6
0.2

down 25%
down 25%
down 25%
down 25%
down 25%

14

low

1.6

1.3

0.8

down 50%

15
16
17

low
very low
low

138.7
65.0
0.9

24.1
71.3
1.0

11.4
81.3
1.1

80% removal of fewer switches
up 25%
up 25%

18
19

very low
low

62.4
80.0

56.4
105.0

20.1
126.7

down due to less use, traps
increased deaths & % cremated

20
21
22
23
24

high
high
high
high
high

49.2
8.5
0.4
0.3
0.0

38.3
8.9
0.6
0.3
0.0

25
26
27

low
very low
low

42.0
10.0
0.8
695.1
21%

38.0
6.5
0.6
564.9
22%

31.5
1.0
0.4
502.0
26%

down 25%
down 90%
down 50%

28

high

734.8

840.6

840.6

several new facilities
(Keewatin controlled 28% in 2005)

29

low

0.8
735.6
22%

0.8
841.4
32%

0.8
841.4
43%

30
31
32
33
34

low
low
low
low
low

4.3
1.1
13.8
0.2
5.1
24.6
1%

4.3
1.1
13.8
0.2
5.1
24.6
1%

4.3
1.1
13.8
0.2
5.1
24.6
1%

3,314

2,626

1,948

Categories

Incidental to Energy Production
Coal -- Electric Utility
Coal -- Commercial, Institutional, & Industrial
Volatilization from coal ash
Petroleum Refining
Petroleum Product Utilization
Wood Combustion
Biomass other than wood
Natural Gas Combustion
Subtotal: Incidental with energy production
% of total state emissions

specific reductions
up 15% plus 4 lb Heron Lake
may become significant
up 15%
up 15%
up 15%
up 15%

Largely Resulting from the Purposeful Use of Mercury
Proportional to Hg content of Solid Waste
Volatilization: solid waste collection & processing
On-site household waste incineration
Volatilization from spills and land dumping
Landfill volatilization
Volatilization: land application of compost
Proportional to Hg content of Liquid Waste
Volatilization: land application of sludge
Recycling Activities
Shredders & smelters that recycle cars and appliances
Recycling mercury from products within MN
Non-Ferrous metal recycling (Al, Pb, )
Dental Mercury
Dental Preparations
Cremation
Incineration
Municipal solid waste combustion
Sewage Sludge Incineration
Medical waste incineration
Hazardous waste incineration
Class IV incinerators
Mfg & Use of Non-dental Mercury-containing Products
Mercury product manufacturing in Minnesota
General Laboratory Use
Volatilization from dissipative use
Subtotal: Associated with purposeful use of mercury
% of total state emissions

38.3
reductions at 2 facilities
11.9 Up 13%; new Buffalo facility 2 lb
0.8
up 100%
0.3
none
0.0
none

Emissions Incidental to Material Processing
Taconite Processing
(2005: includes 19.0 from dust + 6.6 lb from fuel)
Thermal treatment of soil
Subtotal: Emissions incidental to material processing
% of total state emissions

Difficult to Categorize (is the Hg from fuel or materials?)
Asphalt Manufacturing
Agriculture, Food, & Kindred Products
Mineral Products
Miscellaneous Industrial Processes
Wood, Pulp & Paper, & Publishing Products
Subtotal: Emissions difficult to categorize
% of total state emissions

GRAND TOTAL=

Unclear what trend is
Unclear what trend is
Unclear what trend is
Unclear what trend is
Unclear what trend is

Abbreviations: NA = Not Applicable; NQ = Not Quantified;
Confidence intervals: High +/- 10%; Medium +/- 25%; Low +/- 50%; Very Low +/- 100% or more.
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Notes to Table 1, estimated mercury emissions in Minnesota, 2005-2018.
Emissions Incidental to Energy Production

1. Coal — Electric Utility
Based on data submitted by electric utilities; projections are based on reduction goals and the
U.S. Environmental Protection Agency’s (U.S. EPA) Integrated Planning Model (IPM)
projections for unit utilization.
Table 2 Mercury emissions from coal-burning electric utilities
Owner

Plant name

Laurentian Energy
Authority
Municipal
Municipal
Municipal
Municipal
Cleveland Cliffs
Cleveland Cliffs
Minnesota Power
Minnesota Power
Minnesota Power
Minnesota Power
Minnesota Power
Minnesota Power
Minnesota Power
Minnesota Power

All Virginia &
Hibbing units
Austin Northeast
Springfield
Willmar
Willmar
Silver Bay Power
Silver Bay Power
Clay Boswell
Clay Boswell
Clay Boswell
Clay Boswell
Syl Laskin
Syl Laskin
Hibbard
Hibbard
Taconite Harbor
Energy Center
Taconite Harbor
Energy Center
Taconite Harbor
Energy Center
Hoot Lake
Hoot Lake
Hoot Lake
Silver Lake
Allen S King
Black Dog
Black Dog
High Bridge
High Bridge
Minnesota Valley
Riverside
Riverside
Sherburne County
Sherburne County
Sherburne County

Minnesota Power
Minnesota Power
Minnesota Power
Ottertail
Ottertail
Ottertail
Rochester
Xcel
Xcel
Xcel
Xcel
Xcel
Xcel
Xcel
Xcel
Xcel
Xcel
Xcel/SMMPA
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Unit ID

Total Hg
emissions
2005 (lb)

Total Hg
emissions
2010 (lb)

12.8
8.3
0.0
0.0
3.7
1.3
1.7
3.0
3.0
90.0
184.0
21.0
0.0
3.0
3.0

8.0
10.9
0.0
1.0
6.5
0.7
1.3
3.1
3.4
9.9
13.5
12.5
12.6
3.0
3.0

8.0
11.8
0.0
1.0
6.5
0.7
1.3
3.3
3.6
9.9
14.3
12.5
12.6
3.0
3.0

65

22.0

2.4

2.4

67

17.9

2.0

2.0

68
8
62
84
110
571
120
186

17.0
0.0
39.4
0.0
3.9
60.6
32.2
65.1
23.1
36.6
0.0
60.2
45.5
333.7
314.0
310.3
1716.3

2.0
0.0
17.3
23.8
6.0
8.8
57.8
80.8
0.0
0.0
0.0
0.0
0.0
352.5
356.0
42.0
1041.0

2.0
0.0
18.3
25.2
6.0
8.8
57.8
80.8
0.0
0.0
0.0
0.0
0.0
35.2
35.6
44.5
410.3

Capacity
(MW)

All units
NEPP
4
1
3
BLR1
BLR2
1
2
3
4
1
2
3
4

29
4
3
19
36
69
69
69
350
426
55
55

1
2
3
1
2
3
1, 2, 3, 4
1
3
4
5
6
4
8
6/7
1
2
3
Total

50

762
752
936

3

Total Hg
emissions
2018 (lb)

April 22, 2008

Table 3 This electrical generating project has the potential to emit mercury, has been proposed,
but has not yet received a permit (and is not included in the emission calculations):
Project

Type

Start-up date

Lb/yr

Mesaba Energy

EGU

2010

54

Status
Environmental Impact
Statement

2. Coal — Commercial, Institutional and Industrial
Future emissions from non-electric utility coal combustion are projected to grow by 15% by
2018, as a result of normal economic growth in Minnesota.
Table 4 Mercury emissions from coal combustors that are not electric utilities
Facility
Southern Minnesota Beet Sugar Coop
University of MN - SE Plant
American Crystal Sugar - E Grand Forks
American Crystal Sugar - E Grand Forks
ADM - Mankato
Verso Paper Co - Sartell Mill
Verso Paper Co - Sartell Mill
American Crystal Sugar - Crookston
American Crystal Sugar - Crookston
American Crystal Sugar - Moorhead
American Crystal Sugar - Moorhead
American Crystal Sugar - Moorhead
ADM Corn Processing - Marshall
ADM Corn Processing - Marshall
American Crystal Sugar - Crookston
District Energy St Paul Inc-Hans O'Nyman
District Energy St Paul Inc-Hans O'Nyman
Order of St Benedict/St John's Abbey
Order of St Benedict/St John's Abbey
University of Minnesota - Crookston
Order of St Benedict/St John's Abbey
University of MN - Twin Cities
Duluth Steam Cooperative Association
Wausau Paper Printing & Writing LLC
Wausau Paper Printing & Writing LLC
Duluth Steam Cooperative Association
Duluth Steam Cooperative Association
Wausau Paper Printing & Writing LLC
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Unit
Boiler No. 1
Boiler No. 5
Boiler No. 1
Boiler No. 2
Boiler No. 5
Bros Boiler
B & W Boiler
Boiler #1
Boiler #2
Boiler #1, North
Boiler #2, Center
Boiler #3, South
Coal Boiler #1
Coal Boiler #2
Boiler #3
Boiler 2
Boiler 3
Boiler #4
Boiler #1
Boiler 4
Boiler #2
SG201
Boiler 1
Boiler 4
Boiler 3
Boiler 2
Boiler 4
Boiler 2
Total

4

2005 mercury
emissions
(lb/yr)
8.70
8.50
7.92
7.82
6.08
5.93
3.59
2.84
2.84
2.69
2.36
2.31
2.16
2.16
1.59
1.03
0.78
0.72
0.30
0.25
0.24
0.16
0.09
0.08
0.08
0.06
0.06
0.02
71.35

April 22, 2008

The following new facility is expected to contribute mercury emissions by 2010, but is not yet
up and running (and is included in emission calculations):
Table 5
Facility
Heron Lake (ethanol plant)

Unit

Potential mercury emissions (lb)

Boiler

4

The following electrical generating project that has the potential to emit mercury has been
proposed but has not yet received a permit (and is not included in the emission calculations):
Table 6
Project
Agassiz Energy

Type
Industrial Boiler - Ethanol

Start-up date
2010

Lb/yr
4

Status
EIS

3. Volatilization from Coal Ash
Although emissions from coal ash are thought to be virtually zero in 2005, this category is
included because changes in pollution control equipment and the utilization of coal ash may
make this a significant category. In 2005 coal combustion constitutes the majority of mercury
emissions in Minnesota, at least partly because very little of the mercury contained in coal is
retained by pollution control equipment. Major consumers of coal in Minnesota have committed
to controlling mercury emissions, an effort that has the potential to greatly increase the mercury
content of coal ash. There also has been a great deal of interest in the beneficial utilization of
coal ash in a variety of ways, including soil stabilization for building construction, paved and
unpaved roads, as flowable fill, as a raw material for livestock pads, and as an agricultural
amendment. It is unclear whether mercury-enriched coal ash will be used in a way that allows
for the volatilization of the mercury from the utilized ash, and, if so, what the rate of release
would be. The MPCA has worked with Dr. Mae Gustin of the University of Nevada to predict
mercury volatilization rates from coal ash. Most current coal ash contains very little mercury, so
additional work will be needed to assess volatilization potential if there are proposals to utilize
coal ash that is enriched in mercury.
4. Petroleum Refining
The mercury content of crude oil is poorly known, so estimates of emissions have low
confidence. Minnesota has two refineries: Flint Hills Resources (formerly Koch Petroleum
Group) Pine Bend Refinery and Marathon Petroleum’s St. Paul Park Refinery. Flint Hills
Resources has conducted two mass balance studies of the mercury flow through its facility, and
its most recent study (2004) concluded that inputs of crude oil were 42.5 lb., emissions at the
facility 9.6 lb., and products contained 15.9 lb., of which 10 lb. is associated with sulfur, which
is sold as a commodity. Because virtually all of the sulfur is exported from Minnesota, none of
the mercury in the sulfur is assumed to be emitted in Minnesota. An additional 15.7 lb. could
not be accounted for in Flint Hills Resources’ mass balance, which, until clarifying information
is obtained, are assumed in this analysis to have been emitted at the facility. For the 2005 TRI
report, Flint Hills reported mercury emissions of 9.6 lb. from its Pine Bend facility. For the 2005
TRI report, Marathon Petroleum reported 3.3 lb. mercury emissions at its facility. If one scales
the inputs to Marathon to Flint Hills, one would predict inputs of 11.0 lb. to Marathon, and that
5.5 lb. mercury might be in the products from Marathon.
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The Flint Hills Refinery refines a much greater quantity of crude oil than the Marathon facility.
In 2007, Flint Hills Resources’ Pine Bend refinery in Minnesota completed a project that
increased its crude oil processing capacity by about 19%, from 270,000 to 320,000 barrels per
day. The refinery primarily refines Canadian crude oil, which it processes into petroleum
products such as gasoline, diesel, propane and butaned. Marathon’s facility has a capacity of
70,000 barrels per day. Crude oil from Canada and the United States is processed at the refinery
into gasoline, diesel, fuel oil, jet fuel, kerosene, propane and asphalt.e
Future emissions from this sector are projected to be proportional to change in capacity, which in
2007 increased 15% from 340,000 to 390,000 barrels per day.
5. Petroleum Product Utilization
From the calculations presented in note 4 (above), non-sulfur products, including mercury
missing from the mass balance, produced by Flint Hills Resources may contain as much as 21.6
lb. mercury, and products produced by Marathon Petroleum may contain 5.5 lb., a total of 27.1
lb. mercury. These estimates are quite uncertain, and it is not clear where these products are
consumed and if all the mercury contained in products is emitted to the atmosphere. For the
purposes of this state-wide mercury emission inventory, it is assumed that all the mercury that
may be in products is emitted in the state. A more detailed estimate of mercury emissions from
petroleum products would require data on all imports and exports of petroleum products from the
state, the mercury content of those products, and the fate of that mercury upon use of the
product, including fuels and sulfur. Such data are not available, so the simple analysis presented
here will be use. Future emissions from this sector are projected to grow by 15% by 2018 from
2005, in parallel to Minnesota’s increase in refining capacity.

d

http://www.fhr.com/refining/minnesota.aspx
http://www.marathon.com/Global_Operations/Refining_Marketing_and_Transportation/Refining/St_Paul_Park_Minnesota/

e

wq-iw1-21

6

April 22, 2008

6. Wood Combustion
Table 7
Facility

Unit

Sappi Cloquet LLC
District Energy St. Paul Inc. - Hans O'Nyman
Sappi Cloquet LLC
Boise White Paper LLC - Intl Falls
Norbord Minnesota
Blandin Paper/Rapids Energy Center
Blandin Paper/Rapids Energy Center
Georgia-Pacific - Duluth Hardboard
ISD 146 - Barnesville High School
Norbord Minnesota
Norbord Minnesota
Foldcraft Co
Georgia-Pacific - Duluth Hardboard
Boise White Paper LLC - Intl Falls
Potlatch Forest Products Corp Lumbermill
St Gabriel's Hospital
Alltrista Consumer Products Co.
Alltrista Consumer Products Co.
Alltrista Consumer Products Co.
Alltrista Consumer Products Co.
23 other smaller facilities

Power Boiler #9
Boiler 7
Power Boiler #7
Boiler #2
Wellons Burner
Boiler #6
Boiler #5
Boiler 4
Wood/Bark Waste
Konus Burner 2
Konus Burner 1
Primary Boiler
Boiler 5
Boiler #2
Steam Boiler
Wood/Bark Waste
Boiler 1
Boiler 2
Boiler 3
Boiler 4

Unit size
mmBtu/hr
430
563
300

Lb Hg
5.0
9.6
7.0
2.9
1.1
0.7
0.7
0.4
0.3
0.2
0.2
0.2
0.2
0.2
0.1
0.1
0.1
0.1
0.1
0.1
1.1
30.5

270
270
52

17

Total

7. Biomass Other Than Wood
New facilities that combust biomass other than wood are beginning to be constructed in
Minnesota. Fibrominn, which combusts turkey litter waste is operational. Koda Energy
received an air emission permit from the MPCA in August 2007 and is under construction. Koda
Energy will build a 308.18 MMBtu/hr combined heat and power biomass boiler to produce on
average, 120,000 lb./hour of steam for process heat at Rahr Malting and 17.8 MW of electricity.
Koda Energy will burn oat hulls and other biomass byproducts from the RAHR facility.
Table 8
Project
Fibrominn
Koda Energy
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Type
EGU
EGU & steam

Startup
date

Estimated
lb Hg/yr
0.1
2
2.1

2007
2010
Total

7

Status
Operational
Under construction

Hg emission range
in TSD for Air
Permit
1.8 to 8.1

April 22, 2008

8. Natural Gas Combustion
This estimate is based on an emission factor of 0.0008 lb. mercury/trillion Btu (Electric Power
Research Institute. Mercury in the Environment - A Research Update. TR-107695. Palo Alto,
December 1996). Future emissions from natural gas consumption are projected to grow by 15%
by 2018, but due to the extremely low emission factor, total projected emissions will remain at
0.3 lb./year.
Emissions Largely Resulting from the Purposeful Use of Mercury

Proportional to Hg Content of Solid Waste.
9. Volatilization: Solid Waste Collection and Processing
This estimate is based on the assumption that 5% of the mercury in solid waste is volatilized
during collection, transportation and mechanical processing. This estimate includes municipal
solid waste (MSW) that is landfilled, incinerated and composted, but does not include Problem
Materials Not Recycled (PMNR; washing machines, oil filters, tires, etc.), waste that is recycled
(newspaper, glass, cans), demolition, medical waste incineration, MSW compost or backyard
burn barrels. Emissions from steel-recycling facilities is calculated separately (see note 15).
Future emissions from solid waste volatilization are projected to decrease by 25% by 2018
because of decreased availability and disposal of mercury-containing products.
Table 9
Fate of Municipal Solid Waste

1990
1,381,690
30,000

Recycling
MSW Compost
Resource Recovery (combustion)
Landfill
Problem Materials Not Recycled
On-site Disposal
TOTAL (tons)

1995
1,766,528
67,997
1,379,329
1,145,067
110,868
95,226
4,565,015

2000
2,267,952
21,092
1,228,830
1,909,152
110,841
96,064
5,633,932

2005
2,490,000
20,000
1,240,000
2,120,000
120,000
80,000
6,250,000

3.66
2,200,000

0.97
2,592,393

0.62
3,159,074

0.5
3,380,000

16,104

5,029

3,917

3,380

805

251

196

169

403

92

60

40

5.9
2.2

2.2
1.3

2.4
0.3

2.1
0.2

800,000
110,000

Mercury Content (ppm) (calculated from incinerators)
Total landfilled, combusted, composted (tons)
Mercury content (lb) of Solid Waste (excluding recycling,
PMNR)
Volatilization during handling and transport (lb) (5% of
landfill, combustion, composting)
Emissions from on-site combustion, also known as "Burn
Barrel emissions" assuming 50% is emitted.
Volatilized during landfilling, assuming 0.1% is emitted
Volatilized during and composting, assuming 1% is emitted
From MPCA SCORE reports:
www.pca.state.mn.us/publications/reports/lrp-p2s-3sy07.pdf
Report on 2005 SCORE Programs
A summary of waste management in Minnesota (December 2006)
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10. On-site Household Waste Incineration
It is thought that a significant quantity of solid waste produced by households in Minnesota is
not introduced into any organized collection system, but rather is burned on site. This practice
could be a significant source of mercury emissions, given that there is no pollution-control
equipment and that we know from testing at large municipal solid waste incinerators that
household waste contains mercury. Much of household waste is paper, cardboard, and plastic,
materials that have a mercury concentration that is much lower than the calculated average for
waste. Therefore, the average mercury concentration must be maintained by the occasional
introduction of high-mercury items, such as older batteries, broken thermometers, fluorescent
lamps, thermostats, etc. In rural areas, on-site disposal often takes the form of an outdoor “burn
barrel.” In urban and suburban areas, older houses and apartments were often designed with a
basement incinerator, although the use of these incinerators has undoubtedly decreased since
regulation in the early 1970s. The MPCA estimates the quantity of waste not collected in
Minnesota, which is thought to be burned on site, commonly in burn barrels. The following
table outlines available data on the production and fate of MSW in Minnesota, and estimates
mercury emissions. These figures imply that about 2% of MSW is burned on site. This may be
an underestimate, given that at least two studies have shown much higher rates of on-site
incineration. Zenith Research Group (1997) found that 11% of residents in the Duluth area
affirmed that they use a burn barrel. A 2000 Zenith study of Minnesota residents in the Duluth
area found that 18% of residents surveyed admitted to the practice (Zenith Research Group.
2000. Increased Awareness. Prepared for Western Lake Superior Sanitary District.). Future
emissions from burn barrels are projected to decrease by 25% by 2018 because of educational
initiatives, a decrease that could be accelerated if additional incentives are provided.
Table 10
Emissions from on-site combustion, "Burn Barrel
emissions" assuming 50% is emitted.

1990

1995

2000

2005

403

92

60

40

(See Table in Note 8 for calculations)

11. Volatilization from Spills and Land Dumping
The MPCA estimates that large quantities of mercury are in use in Minnesota, and that a portion that is
removed from service each year (8%) is spilled, and that 5% of the mercury that is spilled volatilizes:
Table 11
Year
1990
1995
2000
2005

Hg in use (lb)
Hg removed from use (lb)
190,000
13,667
160,000
12,000
130,000
12,000
70,000
6,000

Spilled (%)
8.0
8.0
8.0
8.0

Hg volatilized (lb)
54.7
48.0
48.0
24.0

It may appear unlikely that such large amounts of mercury are being removed from use, yet these
estimates are supported by mercury content of the solid waste stream, as quantified by stack tests
at solid waste incinerators. Based on stack tests, the solid waste stream contained at least 16,000
lb. of mercury in 1990, 5,000 lb. in 1995, and 4,000 lb. in 2000. Although it is likely that more
mercury was properly disposed of after 1990, it also seems likely that as long as mercury is in
use, it will be accidentally spilled and volatilized.
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12. Landfill Volatilization
0.1% of mercury in landfilled municipal solid waste (MSW) is assumed to volatilize to the air
per year based on studies of MSW emissions in Florida by S. E. Lindberg and J. L. Price.
(Lindberg, S. E.; Price, J. L. Airborne emissions of mercury from municipal landfill operations:
a short-term measurement study in Florida. J. Air & Waste Manage. Assoc. 1999, 49, 520–532.)
See table in Note 9 for calculations.
13. Volatilization: Land Application of Compost
See table in Note 9 for calculations.
Proportional to Hg Content of Liquid Waste
14. Volatilization: Land Application of Sludge
After correcting for the water content, about 50,000 dry tons of sewage sludge are land applied
in Minnesota each year. This estimate assumes that 1% of the mercury applied to the surface of
the land volatilizes within a year, but does not attempt to calculate any carryover from previous
years. The mercury content of the sludge has been declining over time. Sludge averaged 3.6
ppm of mercury in 1990, 1.8 ppm in 1995, 1.4 ppm in 2000, and 0.7 ppm in 2005. Future
emissions from land-applied sludge are projected to decrease by 50% by 2018 because of
continued efforts to reduce mercury discharge to sanitary sewers, especially by dentists.
Recycling Activities
15. Shredders and Smelters That Recycle Cars and Appliances
Mercury is released by the recycling of cars and major appliances because of the presence of
mercury switches in some of these products. There are several shredding facilities in Minnesota
that process vehicle and appliance scrap, including Gerdau Ameristeel, Schwartzman Co. and
Bay Side Recycling Corp. Emissions from shredders have only been characterized at one
Minnesota facility (Gerdau Ameristeel, 10 lb./year) and further study is needed to identify all
facilities and characterize their practices. In 2007 Gerdau processed the equivalent of 64% of the
vehicles retired in Minnesota.
There is one electric arc furnace (EAF) mini-mill in Minnesota that melts steel from recycled
cars and appliances, Gerdau Ameristeel, formerly North Star Steel. In the national TRI, Gerdau
Ameristeel reported emissions of 255.3 lb. for 2005, which the MPCA believes overestimates
true emissions because (a) it was based on a 1999 stack test when vehicles contained 15% more
mercury switches and (b) the stack test was extrapolated to the total number of hours the bag
houses were running rather than the hours that melts of scrap metal occurred — the bag house
fans were left on when mercury was not being volatilized. Adjusting for just the hours that the
melting was occurring, total facility emissions for 2005 are now estimated to have been 138.7
lb., including 10 lb. from the shredder. While 138.7 may be a 15% overestimate (21 lb.) for
Gerdau facility alone because it is based on the 1999 stack test, 138.7 may be a fair 2005
estimate for Minnesota as a whole when including emissions from other shredders, and so that
number is used as a statewide estimate.
Data from the National Vehicle Mercury Switch Recovery Program (NVMSRP) project a 59%
decline in the quantity of mercury switches in the autos that are retired in Minnesota from 2005
to 2018, and 89% decline from 2005 to 2025 (Figure 1).
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A 59% decline in mercury switches alone would imply that state-wide emissions would be 56.9
lb. in 2018 and 15.3 lb. in 2025. However, the recent Electric Arc Furnace NESHAP Area
Source Rule for mercury, which includes the National Vehicle Mercury Switch Recovery
Program (NVMSRP) goal of 80% removal of switches from vehicles prior to shredding, means
that statewide emissions are projected to be 24.1 lb. in 2010, 11.4 lb. in 2018 and 3.1 lb. in 2025
(Table 13).
Future emissions are projected to decline from a combination of (1) reduced mercury in auto
scrap due to the NVMSRP and, and (2) a parallel reduction in the number of switches in other
scrap because the use of switches in appliances, such as washing machines, gas ovens, freezers
and residential boilers, was halted. The NVMSRP effort is scheduled to end on a national basis
after 2017, when 90% of the switches originally installed in vehicles are projected to have
retired. Figure 1 shows the estimated amount of mercury in vehicles available for recovery in
Minnesota, the estimated amount contained in Gerdau Ameristeel’s annual input, and the effect
of 80% recovery under the NVSMRP.
lb Hg in cars scrapped in Minnesota

300
275

lb Hg potentially received by Gerdau
Ameristeel in car hulks

250
225

lb Hg potentially received by Gerdau
Ameristeel if 80% switch removal goal
is achieved

pounds mercury

200
175
150
125
100
75
50
25
0
1995

2000

2005

2010

2015

2020

2025

2030

2035

Figure 1 Modeled calculations of the mass of mercury available for recovery from vehicles
retired each year in Minnesota and contained in vehicle scrap inputs to Gerdau
Ameristeel. The source of the data is NVMSRP Measurement Subcommittee, assuming that
Gerdau Ameristeel receives 64% of vehicles retired in Minnesota. Data, supporting information
and references are available at www.elvsolutions.org/model.html. Switch retirement forecasts are
based on several sources, including Polk vehicle registration data, vehicle population and
retirement studies and models from the Federal Reserve Bank, the Department of Energy, the
Society of Automotive Engineers, and the Michigan Mercury Switch Study.
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Table 12

Year

Lb Hg in cars
scrapped in
Minnesota

Lb Hg potentially
received by
Gerdau Ameristeel
in car hulks

2000
2005
2010
2018
2025

278.3
180.1
156.6
74.2
19.8

178.1
115.2
100.2
47.5
12.7

Lb Hg potentially
received by
Gerdau Ameristeel
if 80% switch
removal goal is
achieved

20.0
9.5
2.5

Statewide Hg
emissions (lb)
reflecting switch
decline and 80%
removal after 2008
138.7
24.1
11.4
3.1

16. Recycling Mercury from Products Within Minnesota
It is difficult to estimate the emissions associated with recycling mercury in Minnesota because it
is unclear what the emission factor is for recycling mercury. This estimate was made in the late
1990s by Brian Golob, who at the time was employed by one of the three mercury recycling
companies in Minnesota. Future emissions from mercury recycling are projected to increase by
25% by 2018 because of increasingly aggressive efforts to remove mercury from use and recycle
it.
17. Non-ferrous Metal Recycling (Al, Pb)
These emissions are calculated by the MPCA air emission inventory staff:
0.55
0.36
0.91

Industrial Processes
Industrial Processes
Total

Secondary Metal Production
Secondary Metal Production

Aluminum
Lead

Burning/Drying
Blast Furnace (Cupola)

Dental Mercury
18. Dental Preparations
Dentists have used mercury amalgam for over 150 years in the United States. Mercury
amalgams typically contain between 42 and 50% mercury. The mercury employed in the
amalgam has a variety of pathways to the atmosphere, including direct volatilization during
preparation in the dental office, from the patient’s mouth, after removal in the dental office,
during transit in wastewater pipes, from sewage sludge, from crematoriums, and a variety of
more subtle pathways. In this estimate, the MPCA includes direct volatilization from the dental
office, from the consumer, and during transit in wastewater pipes, but excludes all other
pathways, which are included in other emission categories. The MPCA based the estimates on
information in the report Substance Flow Analysis of Mercury in Products (August 2001,
www.pca.state.mn.us/air/mercury-mn.html#publications). However, the MPCA reduced
volatilization during transit from 10 to 5%, although no data on the subject are presently
available. 2005 projections are based on data from Cain et al. 2007, using the MPCA
assumptions that transit loss is 5% and that otherwise Minnesota can be estimated as 2% of
national figures.
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Table 13
Dental office (lb)
Customer breathing (lb)
Transit loss (lb)
Total Emissions (lb)

1990
46.2
11
46.2
103.4

1995
46.2
12.1
40.7
99

2000
46.2
13.2
35.2
94.6

2005
31.8
6.4
24.2
62.4

2018
15.9
3.2
1.0
20.1

19. Crematories
Cremation can release significant quantities of mercury because of the mercury amalgam that is
present as dental fillings, and cremation probably releases all of this mercury to the atmosphere. The
MPCA estimates for this source are based on calculations presented in Substance Flow Analysis of
Mercury in Products (August 2001, www.pca.state.mn.us/air/mercury-mn.html#publications), which
calculates that an average of 2.63 grams of mercury are emitted per cremation. Cremations are
expected to significantly increase in the future and the number of mercury fillings in people’s teeth
will decline after about 2025 due to better dental care (Fig. 2). Therefore emissions to the
atmosphere are projected to increase until about 2025 before declining (Fig. 3).
Percent Cremated
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Figure 2

Mercury Emitted from Crematoria
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Figure 3
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No. Deaths in MN

Hg emitted in MN (lb)

160

Table 14
Year
2005
2010
2015
2020
2025
2030
2035
2040
2045
2050
2055
2060

MN Hg
cremation
emissions
(lb)
83
105
118
133
151
134
113
81
52
31
17
9

%
Cremated
in MN

Deaths in
MN

Assumed g Hg
per cremation

Change in Hg from 2005
(Brown et al. 2002)

38
46
50
54
57
60
62
64
64
64
64
64

38,200
39,400
40,800
42,800
45,400
49,200
57,000
64,800
71,000
75,000
76,400
76,000

2.63
2.63
2.63
2.63
2.63
2.08
1.45
0.89
0.52
0.29
0.16
0.08

-21%
-30%
-39%
-42%
-44%
-46%
-48%

Notes:
Brown, L. J., Wall, T. P., and Lazar, V. 2002. Trends in caries among adults 18 to 45 years old. J. American Dental Assoc.
133:827-834
Bold numbers are from literature, others are interpolated.
CANA (Crematoria Association of North America) predicts that the national cremation rate will reach 64% in 2040, which
may be an underestimate for Minnesota, which in the past has exceeded national rates by about 7%.
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Incineration
20. Municipal Solid Waste Combustion

The mercury emissions in the following table are based on stack tests submitted to the MPCA
Table 15
Facility
Mayo Waste Management Facility
Xcel Energy - Key City/Wilmarth
Xcel Energy - Key City/Wilmarth
Pope/Douglas Solid Waste Management
Pope/Douglas Solid Waste Management
Xcel Energy - Red Wing Generating Plant
Xcel Energy - Red Wing Generating Plant
Red Wing Solid Waste Boiler Facility
Covanta Hennepin Energy Resource Co LP
Covanta Hennepin Energy Resource Co LP
Enviro-Chem Inc - Plant 1
Enviro-Chem Inc - Plant 1
Enviro-Chem Inc - Plant 1
Enviro-Chem Inc - Plant 1
Olmsted Waste-to-Energy Facility
Olmsted Waste-to-Energy Facility
Olmsted Waste-to-Energy Facility
Olmsted Waste-to-Energy Facility
Perham Resource Recovery Facility
Fergus Falls Resource Recovery Facility
Fergus Falls Resource Recovery Facility
Polk Cnty Solid Waste Resource Recovery
Polk Cnty Solid Waste Resource Recovery
Polk Cnty Solid Waste Resource Recovery
Polk Cnty Solid Waste Resource Recovery
Great River Energy - Elk River
Great River Energy - Elk River
Great River Energy - Elk River
Verso Paper Co - Sartell Mill

Unit
Pathological Waste Incinerator
Boiler #1 (with CE 001 scrubber and CE 002
baghous
Boiler #2 (with CE 003 scrubber and CE 004
baghous
MSW Incinerator Unit 1
MSW Incinerator Unit 2
Boiler 1
Boiler 2
Left and Right Incinerator and Common Auxiliary
Bu
MSW Incinerator
MSW Incinerator
Recovering Metals
Recovering Metals
Recovering Metals
Recovering Metals
Municipal Waste Combustor Unit #1
Municipal Waste Combustor Unit #1
Municipal Waste Combustor Unit #2
Municipal Waste Combustor Unit #2
South MSW Incinerator
MSW Incinerator 1
MSW Incinerator 2
Incinerator 1
Incinerator 2
Dump Stack for Incinerator 1
Dump Stack for Incinerator 2
Unit 1 Boiler
Unit 2 Boiler
Unit 3 Boiler
B & W Boiler
Total

Lb emitted
0.033
1.814
1.826
0.216
0.132
5.310
5.060
1.336
5.360
4.471
0.010
0.010
0.010
0.010
1.785
0.000
0.524
0.000
10.590
2.522
0.853
2.262
1.184
0.004
0.004
0.460
0.460
0.723
2.302
49.239

Perham experienced a malfunction of pollution control equipment in 2005, which allowed an
unusual amount of mercury to be emitted. Projections after 2005 assume that Perham emits 2.0
lb./year.
The Olmsted facility has a permit to expand, and construction is underway in 2008. The
Olmsted expansion is expected to increase mercury emissions at the facility by approximately
1.0 lb./year.
21. Sewage Sludge Incineration
Sewage sludge contains mercury from a variety of wastewater sources. There are two sludge
wq-iw1-21
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incinerators in Minnesota, the Metropolitan Plant, and the Seneca Plant. Based on data provided
by the Metropolitan Council, the MPCA estimates that 247 lb. of mercury were emitted in 1990,
160 lb. in 1995, 112 lb. in 2000, and only 8.5 lb. in 2005. In late 2004 a new incinerator with
about 97% mercury-control efficiency began operation at the Metropolitan plant (as calculated
by Balogh and Nollet, 2007, Sci Total Environ. Mercury mass balance at a wastewater treatment
plant employing sludge incineration with offgas mercury control.) In September 2007 the
Buffalo Wastewater Treatment Plant (Buffalo, Minn.) received an amended permit to construct a
sewage sludge incinerator that will control mercury emissions with activated carbon. It is
unknown what actual emissions of mercury will be from this new facility. The Air Quality
Permit limits mercury emissions to 4 lb./year, but emissions are likely to be much lower. For the
purpose of projecting emissions, 2 lb./year are assumed at startup in 2008. To account for
increased loading and emissions due to population growth, increases of 1% per year are
projected.
Table 16.
Facility

Metropolitan Plant
Seneca Plant
Buffalo Plant
Total emitted (lb)

1990
212
35

1995
136
24

2000
95
17

2005
2.4
6.1

247

160

112

8.5

2010
2.5
6.4
2.0
11.0

2018
2.7
6.9
2.2
11.8

21. Medical Waste Incineration
Emission data are based on stack tests submitted to the MPCA, as summarized in the following
table.
Table 17
Facility

1990

1995

Lb Hg
emitted

Lb Hg
emitted

2000
Lb
Hg/ton

Tons
burned

2005
Lb Hg
emitted

Tons
burned

Lb Hg
emitted

Mayo Foundation, Rochester
115
1
7.71E-05
5,292
0.40
5,300
0.4
Medical Safety Systems, Cannon
33
25
3.10E-03
1,851
5.70
0
0.0
Falls
Small Class IV incinerators at
hospitals (about 80 in 1990, 20
368
10
2.10E-04
200
0.04
0
0.0
in 1995, 6 for part of 2000)
Total mercury emitted
516
36
6.14
0.4
Notes:
After 1990, the Mayo Foundation Incinerator was replaced with a new facility that controls mercury emissions
with activated carbon injection.
The Medical Safety Systems facility in Cannon Falls closed permanently in August 2000.
Most hospital (Class IV) incinerators were required to close by February 2000 due to federal regulations; those
still operating in 2000 are listed below:

Table 18
Date operation ceased
January 2000
February 2000
February 2000
June 2000
October 2000
November 2000
wq-iw1-21
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Fairmont Community Hospital
Worthington Regional Hospital
St. Cloud Hospital
Lakewood Health Center, Baudette
NW Medical Center, Thief River Falls
Northcountry Regional Hospital, Bemidji
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23. Hazardous Waste Incineration
Minnesota has only one hazardous waste incinerator, 3M Chemolite. Based on data submissions
from that facility, MPCA estimates annual mercury emissions of 5 lb. per year. 3M did not
submit any data recently, and 5 lb. may be an overestimate.
23. Class IV Incinerators
Small incinerators were once commonly used at grocery stores and other small businesses to
incinerate waste, largely cardboard. All of these small incinerators, of which there were about
1,000 in 1990, closed by January 1996 because of new state regulations to reduce particulate
emissions. It is assumed that they mostly burned cardboard with mercury at 0.2 ppm. The
MPCA estimates that Class IV incinerators burned about 138,000 tons in 1990 and 70,000 tons
in 1995.
Manufacturing & Use of Non-dental Mercury-containing Products
25. Mercury Product Manufacturing in Minnesota
Mercury is released from product manufacturing processes. According to the IMERC database
of mercury product manufacturers, there are three mercury product manufacturing facilities
located in Minnesota. These include Anchor Scientific, Long Lake; Electro-Sensors, Inc.,
Minnetonka; and SJE Rhombus, Detroit Lakes. SJE Rhombus is the only facility that has filed a
TRI report for mercury. This mercury-switch manufacturing facility calculates that in 2005 it
emitted 42 lb. mercury (TRI report). Because of progressive bans on the sale of mercury
switches in states, now totaling about 15 states including Minnesota, SJE Rhombus projects a
decline in the manufacture of mercury switches. MPCA conservatively projects a decline in
emissions of 25% by 2018. The other two facilities have not filed TRI reports for mercury
releases. Further information is needed.
In addition to these three companies, there is a neon lamp industry in the state, a product line that
utilizes mercury. FMS Corporation (FMSneon.com, Minneapolis) manufactures a wide variety
of neon sign components for national and international distribution, and in addition there are a
number of small businesses engaged in neon lamp manufacturing for artistic and commercial
applications. Use and emissions of mercury in this sector have not been studied and warrant
further investigation.
26. General Laboratory Use
Chemical laboratories have traditionally used mercury for a variety of uses, including physical
measurements and chemical analyses. The EPA Mercury Report to Congress (1997) estimated
that in 1995, 2,200 lb. of mercury were volatilized from laboratories nationally. Given that
Minnesota represents 2% of all economic activity nationally, the MPCA estimates that 44 lb. of
mercury were emitted in 1990 and 1995, that this source declined to 22 lb. by 2000, 10 lb. by
2005, and 5 lb. by 2018. The decline is projected to occur as a result of continued education.
27. Volatilization from Dissipative Use
“Dissipative use” is the consumption of mercury in products that are meant to be used and
absorbed into the environment, such as fungicides and preservatives. The largest use of mercury
in this category was mercuric compounds used as a preservative in latex paints, a practice that
was discontinued in 1992. Mercury was legally used in some cosmetics as a preservative (up to
65 ppm) until a Minnesota law banned the sale in January 2008.
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Emissions Incidental to Material Processing

28. Taconite Processing
In Minnesota, the iron in taconite ore is concentrated and marble-size pellets are baked, or
indurated, for ease of handling before they are shipped for smelting outside of the state.
Induration volatilizes virtually all of the mercury that is present in the concentrate. For this
volatilization estimate, emission factors (lb. per million long ton) are calculated from Jiang et al.,
2000 (“Mercury Emissions from Induration of Taconite Concentrate Pellets – Stack Testing
Results from Facilities in Minnesota.” A presentation at the U.S. Environmental Protection
Agency conference, Assessing and Managing Mercury from Historic and Current Mining
Activities, San Francisco, Calif., November 28-30, 2000.).
Table 19
Facility
Northshore Mining Co - Silver Bay
US Steel Corp - Minntac
United Taconite LLC - Thunderbird Mine
Northshore Mining Co - Babbitt
Hibbing Taconite Co
Ispat Inland Steel Mining - Minorca
US Steel - Keewatin Taconite
United Taconite LLC - Fairlane Plant
Minnesota Steel Industries (MSI)
Mesabi Nugget
Total

2005
7.3
185.3
1.1
0.1
227.1
33.4
146.9
133.6
0.0
0.0
734.8

2010
7.3
185.3
1.1
0.1
227.1
33.4
105.8
133.6
77.0
70.0
840.6

2018
7.3
185.3
1.1
0.1
227.1
33.4
105.8
133.6
77.0
70.0
840.6

Note: Keewatin Taconite had pollution-control equipment installed in Oct 2005, which reduces Hg emissions by
28% after 2005

The following mining projects that have the potential to emit mercury have been proposed but
have not yet received a permit (and are not included in the emission calculations):
Table 20
Project

Type

Start-up date

Polymet
Keetac expansion
Mesabi Nugget II

Mining
Mining
Mining

2012
2013 est.
?

Potential Hg
emissions (lb)
8
49 est.
?

Status
Env. Review
Announced
Announced

29. Thermal Treatment of Soil
An average of 5,000 tons of surface soil are heated annually in Minnesota to remove organic
contaminants as a method of soil remediation. A concentration of 0.08 ppm of mercury is
assumed in the soil, and it is assumed that all of the mercury in the soil is emitted to the
atmosphere, releasing about 0.8 lb.
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Difficult to Categorize (Is the mercury from fuel or materials?)

These four subcategories, totaling about 25 lb., are new to the mercury emission inventory,
appearing as output from the MPCA’s air toxics emission inventory. MPCA staff will
investigate these categories to determine if emissions are mostly associated with energy
consumption or material processing. With that knowledge, it may be appropriate to reassign the
emissions to one of the three major categories above, resulting from Energy, Purposeful Use, or
Material Processing. In addition, it may be possible to project time trends.
30. Asphalt Manufacturing
This category was responsible for the emission of 4.3 lb. of mercury in 2005, based on U.S.
Environmental Protection Agency (U.S. EPA) emission factors from plants that prepare hot
asphalt. In the plants tested by the U.S. EPA, it is not clear whether the mercury originated in
the raw materials or the fuel that was used to heat the materials. With further investigation, it
should be possible to assign these emissions to either of two major categories in this mercury
emission inventory, Incidental to Energy Production or Emissions Incidental to Material
Processing.
31. Agriculture, Food and Kindred Products
This category was responsible for the emission of 1.1 lb. of mercury in 2005, based on U.S. EPA
fugitive emission factors for activities classified under SCC code 30288801, which is usually
applied to facilities that handle grain. With further investigation, it should be possible to assign
these emissions to either of two major categories in this mercury emission inventory, Incidental
to Energy Production or Emissions Incidental to Material Processing.
32. Mineral Products
This category was responsible for the emission of 13.8 lb. of mercury in 2005, based on U.S.
EPA emission factors for activities classified under SCC codes 30588801 (fugitive dust
emissions, 10.0 lb.), 30501049 (wind erosion, 2.41 lb.), and 30500311 (firing of bricks, 1.42 lb.).
With further investigation, it should be possible to assign these emissions to either of two major
categories in this mercury emission inventory, Incidental to Energy Production or Emissions
Incidental to Material Processing.
33. Miscellaneous Industrial Processes
This category was responsible for the emission of 0.2 lb. of mercury in 2005, based on U.S.
EPA emission factors for activities classified under SCC code 39999999, for miscellaneous
industrial processes.
34. Wood, Pulp and Paper, and Publishing Products
This category was responsible for the emission of 5.1 lb. of mercury in 2005, based on U.S.
EPA emission factors for activities classified under SCC code 30700104 (emissions from Boise
Cascade recovery furnace, 3.6 lb.), SCC code 30701010 (Oriented strandboard rotary dryer, 1.1
lb.), and SCC code 30700106 (Lime Kiln, 0.4 lb.). With further investigation, it should be
possible to assign these emissions to either of two major categories in this mercury emission
inventory, Incidental to Energy Production or Emissions Incidental to Material Processing.
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Appendix 6

GUIDELINES FOR NEW AND MODIFIED
MERCURY AIR EMISSION SOURCES

GUIDELINES FOR NEW AND MODIFIED MERCURY AIR EMISSION SOURCES
SEPTEMBER 29, 2009

Based on stakeholder recommendations, the MPCA prepared this guidance for proposed new
mercury air emission sources and modifications to existing sources that result in increased mercury
emissions. The MPCA and stakeholders acknowledge that new emission sources are expected,
however, any proposal for increased mercury emissions in the state will be evaluated by the MPCA
in light of the state’s plan to decrease emissions to below 789 pounds (lb) by 2025. This plan
includes reduction goals for nearly all emission source categories in Minnesota. Source categories
with reduction targets include coal-fired electric utilities, industrial boilers, taconite processing,
metal smelters, and crematories. Details of this plan can be found on the MPCA’s Web site at
www.pca.state.mn.us/air/mercury.html.
The MPCA will strictly scrutinize source category and overall reduction targets. Increases due to a
new or modified source should not jeopardize the specific source category’s ability to reach its
interim and final pounds-per-year (lb/yr) air emission goals or the overall reduction goal.
The MPCA intends to implement this guidance until at least 2013 with periodic minor changes.
Following this initial implementation, the MPCA, with stakeholder input, will consider major
changes to these guidelines. Potential changes will be considered in conjunction with emissionreduction progress reviews based on improved source measurement and reporting.
New and Modified Source Guidelines
Any existing mercury-emitting facility with an MPCA air permit seeking to modify its permit or
any new facility with permitted potential mercury emissions of greater than 3 lb/yr or its equivalent
should implement the measures listed below to address the increases. These guidelines apply to all
sources of mercury emissions. Common sources are coal- and biomass-fired boilers, taconiteprocessing facilities, and other mineral-processing operations, medical and municipal solid waste
incinerators, and sewage sludge incinerators.
New emission sources permitted as of May 1, 2008, but not yet operational are counted as existing
emission sources.
New and modified sources should:
1. Employ the best mercury control available. The MPCA expects facilities to explore all
pollution-prevention opportunities and to utilize the best control technically feasible
considering environmental, energy and economic impacts. If best controls reduce emissions
by less than 90%, the MPCA will periodically review the source for opportunities for
improved control efficiency.
2. Complete environmental review as required by Minnesota law, including evaluation of local
and cumulative impacts per MPCA guidelines found at www.pca.state.mn.us/air/aeracumulative.html.
3. A modifying facility permittee should provide an assessment of whether its added emissions
will impede progress toward attaining the source category’s pounds-per-year air emission
goal. A new facility should provide an assessment of whether its added emissions will

impede progress in attaining the source category goal, if applicable, or the statewide goal if
the new source is not in an existing source category.
4. If actual emissions from a new or modified facility are greater than 3 lb/yr, the facility
permittee is expected to arrange for a reduction from existing Minnesota sources equal to the
new actual emissions. The MPCA will refer to these as “equivalent reductions” if they are
beyond those otherwise required in the state’s mercury emission reduction plan for existing
sources. Equivalent reductions can also be accomplished by reducing emissions ahead of
the schedule established in the state’s Implementation Plan.
5. If equivalent mercury reductions from another facility in Minnesota cannot be identified, a
new or modified facility permittee may propose alternative mitigation strategies in lieu of an
equivalent in-state air emission reduction. The MPCA views this approach as a last resort
after all other equivalent reduction possibilities have been fully explored. Alternative
mitigation strategies should demonstrate an environmental benefit related to mercury and
should be consistent with the objectives of the TMDL. Alternative mitigation strategies may
include air emission reductions from sources located outside of the state.
6. During permitting, the new or modified facility permittee should submit a plan to the MPCA
describing the facility’s specific plan for reductions described in 1 through 5 above. Plan
guidance and instructions are on the MPCA Web site at
www.pca.state.mn.us/air/permits/forms.html#9.
Implementation and Evaluation
The MPCA will issue permits with enforceable conditions for new or modified sources based on the
facility’s plan. Public comment on the plan may be sought during the environmental review process
and/or during permitting. The MPCA may also use other enforceable documents, such as
compliance agreements or administrative orders, to achieve the reductions outlined in the facility’s
plan. Facilities should be able to provide the agency with assurance that equivalent reductions can
be secured for the entire potential to emit, if greater than 3 lb, even if expected actual emissions are
below 3 lb.
New and modified facilities not required to obtain an MPCA air emissions permit will be handled
on a case-by-case basis applying a similar approach to 1 through 6 above. The MPCA will consider
if additional requirements are needed for unpermitted sources after emissions are reported to the
MPCA and published in 2013.
At least every three years, coinciding with preparation of the MPCA air toxics inventory and
improved mercury reporting based on pending rule-making, the MPCA, with stakeholder input, will
review progress in meeting source category reduction targets and the overall target. If sufficient
progress is not made, the MPCA will implement measures to achieve reductions and will consider
adjusting these guidelines or establishing rules to specify additional requirements for new and
expanding facilities. A major review of this policy will occur in 2013 at the latest.

Appendix 7

Monitoring and Assessment Program
for Minnesota’s
Mercury TMDL Implementation (MAP-Hg)

Ongoing Program

Issue

Monitoring and Assessment Program for Minnesota’s Mercury TMDL Implementation
(MAP-Hg; MPCA, December 18, 2008)

Mercury Bioavailability
and Food Web

Environmental Review
and Risk Assessment

The MPCA needs to assess waters
against Minnesota’s mercury WQ
standard, and to understand which
land use activities contribute to
exceedences. Only
methylmercury bioaccumulates,
so methylmercury concentration
data are valuable despite there
being no WQ standard for this
form.

Mercury would not be a problem if it
didn’t have an extraordinary
bioaccumulation factor in fish.
Monitoring fish and the aquatic food
chain is essential for environmental
protection and understanding which
conditions exacerbate fish contamination.

Almost every new or expanding
project with mercury releases has
the potential to exacerbate mercury
contamination of fish by increasing
loading of mercury, sulfate, organic
matter, (or even cobalt), or by
increasing water level fluctuation.
The MPCA has a responsibility to
minimize activities that contribute
to fish contamination.

River monitoring through
Milestones (each river 3 times
per year: spring, summer, fall)
River monitoring through
Ambient Toxics Program (Matt
Lindon)
Monitoring of MPCA
biomonitored wetlands
Sentinel Lakes: SLICE
(Sustaining Lakes in Changing
Environments) in 2009, both
epilimnetic and hypolimnetic
samples (fish collected 2007)

; Ongoing fish collection through DNR
; Expanded collection because of Clean
Water Legacy funding
; Ongoing fish collection through
MPCA biomonitoring staff from lakes
& rivers removed from impaired waters
list

; Support for risk assessments of
new projects; support for
Minnesota Mercury Risk
Estimation Model (MMREM)

Sources of Mercury

Atmospheric Processes

Water and Land Use

Implementing reduction
strategies and tracking progress
in achieving the TMDL
emission goal of 789 lb
requires accurate data from
every sector and realistic
reduction technologies.

Implementing reduction
strategies and tracking
progress in achieving the
TMDL emission goal of 789
lb requires accurate data from
every sector and realistic
reduction technologies.

; Facility monitoring with
mercury monitoring trailer
(shared with Mich. & ‘Wis.).
; Refine and update
statewide mercury emission
data. Work with sectors that
need to better quantify their
emissions of mercury (e.g.,
oil refining, recyclers,
crematoria)
; Support other MPCA
programs that reduce
sources of mercury and
educate citizens (e.g.,
schools, hazardous waste,
spills).

; Five precipitation sites,
including new urban site in
Blaine (Jan. 2008).
Set up MPCA’s total
mercury vapor monitor at
Blaine site.

Atmospheric Processes

Water and Land Use

How much mercury is
released by crematoria; how
can this be reduced?
How much mercury is
released during the handling,
transporting and recycling of
lamps and other mercuryadded products; how can this
be reduced?

;Lake sediment core
analysis in support of
Great Lakes States
mercury data synthesis
Measure reactive gaseous
mercury (RGM) in rural
Minn. for MMREM –
equipment needed.
New total Hg deposition
estimate via lake sediment
cores — need to
commission study.
Assess spatial trends in
dry deposition of mercury,
which can be of similar
magnitude to mercury in
precipitation.

; Small Streams: Current
Contract ending June 2009:
Streams across Minn. (U of M Martin Tsui)
; One-time single samples from
EPA national lake survey,
National Lake Assessment
Program (NLAP) (done; Hg data
summarized:
www.pca.state.mn.us/publication
s/wq-nlap1-02.pdf)
; Stormwater constructed
wetlands evaluation (done:
www.pca.state.mn.us/publiations
/tdr-g1-05.pdf)
Reservoir fluctuation – northern
Minnesota (MPCA has
contracted in recent years with
UMD - Sorensen)
Water level fluctuation effects
RE: both climate change and
reservoir operation (e.g., VNP &
SLRP)
Opportunity: backwater of St.
Croix River, synergy with USGS
nitrogen cycling study

Issue Investigations

Sources of Mercury

Items marked with the symbol ; are being carried out.
Items marked with the symbol

currently lack sufficient support to be assured of implementation.

Mercury Bioavailability
and Food Web

Environmental Review
and Risk Assessment

; Report on fish trends (completed 2008).
; Re-evaluate fish-Hg impairments for 2010
impaired waters list
; Biopsy sample pilot project (comparison
of biopsy samples with filet samples)
; Great Lakes Mercury Database and a
series of papers that follow from its
compilation
; Minnesota Power investigation into
reservoir operation on St. Louis River
(contract with Univ. of Toronto)
; Selenium analysis on existing fish
samples (to evaluate mercury:selenium
ratios)
Effects of water level fluctuation on
mercury bioavailability
Analysis of SLICE fish-Hg and water
quality data
Analysis of statewide fish-Hg vs. water
quality data, land use, wetland prevalence,
wetland type
Hg bioavailability in streams (e.g., fate of
Hg associated with TSS and DOC)
Influence of water quality on Hg
bioavailability (relationship between
change in trophic status and fish-Hg)
Influence of landscape changes on Hg
bioavailability (e.g., mining, logging, fire,
change in wetlands)
Studies that identify limiting
concentrations of the three essential
ingredients for mercury methylation:
sulfate, organic carbon, and inorganic
mercury

Time sensitive opportunity:
Monitor recovery after final
addition (occurred fall 2008) (Ongoing experiment since 2001at
Marcell Experimental Forest).
Most important: Monitor pore
water in S6 wetland, and compare
S6 vs. S2.
Sulfate stimulation of mercury
methylation (and enhanced
sediment phosphorus release)
; Sulfate addition to wetland;
contract ending June 2009:
Marcell (Science Museum of
Minnesota)
Sulfate from taconite tailings and
pits
Sampling north of iron range
(Rainy River basin) to evaluate
discharges from tailings basins
Controlled experiments to
quantify effects of sulfate on
mercury and phosphate (lab and/or
field)
Monitor Embarrass lake chain
after sulfate load declines
Sulfate from groundwater usage,
discharge to surface water
Develop Minnesota model that
would reveal locally elevated
nonatmospheric sources of
mercury (e.g., discharge or
contaminated sediment
; Sulfate loading; contract ending
June 2009: Taconite sulfate — St.
Louis River (DNR-Berndt)

Directives for Monitoring and Assessment Program
for Minnesota’s Mercury TMDL Implementation (MAP-Hg)
1. MPCA 2008 Strategic Plan
(See www.pca.state.mn.us/publications/reports/strategicplan.html.)

Goal A.3 Minnesota reduces its contribution to regional, national and global air pollution.
Objective A3a) Reduce mercury emissions from Minnesota air sources to meet TMDL air
emission target of 789 lbs/year. Track concentrations of mercury in fish tissue to better
understand how changes in state, national and international mercury emissions affect fish
mercury concentrations.
Goal W.2 Assess the chemical, physical and biological integrity of Minnesota’s lakes, streams
and wetlands to identify if designated uses are being met, and provide information on the
condition of waters.
Objective W2a) By December 31, 2017, sample and assess Minnesota’s 81 major watersheds
to determine if they meet designated aquatic life, recreation and consumption beneficial uses,
and to identify pollutant load trends.
Goal W.3 Protect and improve the chemical, physical and biological integrity of Minnesota’s
lakes, streams and wetlands.
Objective W3g) Restore impaired waters to meet designated uses.
2. Minnesota Statewide Mercury Total Maximum Daily Load, March 27, 2007
(See www.pca.state.mn.us/publications/wq-iw4-01b.pdf.)

10 Monitoring & Research Plan
Monitoring to detect environmental change to changing atmospheric mercury deposition will follow the
recommendations of Mason et al. (2004). Monitoring options that are being considered include the following:
• Fish contaminant monitoring of previously sampled lakes and rivers (this is ongoing)
• Sentinel lakes: 4-5 lakes around each of the MDN sites in Minnesota; monitor air, water, & fish tissue
(biopsy)
• Lake sediment cores and recalculation of mercury deposition for representative lakes
• NPDES upstream/downstream monitoring for traditional wasteload allocation studies
• Continued air monitoring for wet deposition; new monitoring stations required for dry deposition and
urban areas
The MPCA and its research partners in Minnesota are studying factors affecting mercury contamination of
fish. Widely cited Minnesota research in the 1990s analyzed lake sediment cores to estimate historical
mercury deposition and its sources. Current work is focused on understanding the local factors, such as land
cover effects and food chain structure, which might explain the observed variability in mercury
bioaccumulation among lakes. Another research project in the state is testing the effect of increased sulfate
deposition on mercury methylation in a wetland (Jeremiason et al. 2003). The outcomes of these studies will
help refine the implementation of the mercury TMDLs.

3. Mercury TMDL Response to Comments
(See www.pca.state.mn.us/publications/wq-iw4-01k.pdf.)

[J] Contamination of land; [AC] Proportionality principle challenged; [AE] Re-release from
sediments; [AJ] Stormwater issues
The proportionality principle is described in Section 5.2 of the draft Mercury TMDL. The agency
has adopted the principle as a tenet of the TMDL because it is the best available science on the
relationship between atmospheric deposition and mercury bioaccumulation in fish. We are not aware
of any published studies that contradict the proportionality principle and the commenters have not
provided any additional information to contradict it. There were several comments related to the
proportionality principle that challenged the draft Mercury TMDL’s focus on atmospheric deposition
mercury reductions as the way to achieve the target mercury concentration in fish and the
commenters proposed other issues that should be addressed as part of the TMDL.
The issues include water management, contamination of land, re-release from sediments, and
stormwater. These inter-related issues are not included in the TMDL because they are not mercury
sources for TMDL allocation; rather they are processes that influence the fate and transport of
mercury and for that reason they will be addressed in the TMDL implementation. They should not be
included as sources of mercury that need to be reduced as part of the allocation process.
An analogy would be phosphorus that originated from a wastewater treatment plant and was then
absorbed by algae. When the algae die, the phosphorus is released. It would be inappropriate to
claim that algae are the ‘source’ of phosphorus; they are just way stations as the phosphorus moves
downstream. That said, the Agency is aware that these areas can be intermediary sources and should
be an important part of implementation planning. Erosion management and stormwater quality must
be considerations for implementation planning.
4. Strategy Framework for Implementation of Minnesota’s Statewide Mercury TMDL, July 7, 2008
(See www.pca.state.mn.us/air/mercury-reductionplan.html.)

Monitoring and Reporting
An accurate understanding of emission sources in the state is needed to verify reduction strategies,
track individual facility emissions and report overall progress in meeting emission reduction goals.
Watershed Management
Scientific studies indicate that manipulation of surface water levels and some land uses may result in
increased concentrations of methyl mercury in water and fish. Although the vast majority of the
waters in the state are not subject to water level manipulation practices, the potential effects on
mercury concentrations in those water bodies that are subject to these practices should be addressed
as part of the TMDL implementation process.
• The issue needs more analysis and on-going consideration by federal, state and local units of
government whose work includes watershed management and management or regulation of
water resources in the state.

•
•
•

Federal, state, and local agencies should participate in research efforts to better understand
and quantify the potential effects of watershed and stormwater management on mercury
methylation and mercury contamination of fish.
Scientific literature addressing this concern should be reviewed and a summary should be
incorporated into the Mercury TMDL Implementation Plan and other programs as
appropriate.
Develop an agenda and timeline for additional research if needed.

5. U.S. EPA Approval Letter of Minnesota’s Statewide Mercury TMDL, March 27, 2007
(See www.pca.state.mn.us/publications/tmdl-mercury-att1.pdf.)

Monitoring Plan to Track TMDL Effectiveness
U.S. EPA’s 1991 document, Guidance for Water Quality-Based Decisions: The TMDL Process (U.S.
EPA 440/4-91-001) recommends a monitoring plan to track the effectiveness of a TMDL.
The TMDL recognizes the need for monitoring and further study of factors affecting mercury
contamination of fish tissue. On page 42 of the TMDL Report, the State identifies five monitoring
options that will be considered by the State. The TMDL Report also identifies two areas of current
study related to better understanding the impacts of local factors on mercury contamination. U.S.
EPA encourages the State to include more specific discussion of future monitoring efforts in the
State’s implementation plan for these TMDLs. If future monitoring efforts and the results of current
studies provide new information that would change any assumptions used to establish these TMDLs,
or which would change the allocations in these TMDLS, the State should take measures to revise the
TMDLs as soon as possible or if more appropriate, develop water body specific TMDLs.
Assessment: U.S. EPA finds the Mercury TMDLs submitted by the State of Minnesota adequately
describes recommendations for future monitoring to track the effectiveness of the TMDLs, although
U.S. EPA is not approving any recommendations for monitoring contained in this TMDL Report or
any other aspect of Minnesota’s monitoring program through this decision.
[Note: U.S. EPA refers to “these TMDLs” because there are officially two mercury TMDLs in the Statewide
Mercury TMDL report: NE and SW regional TMDLs]
6. MPCA Strategy to Address Indirect Effects of Elevated Sulfate on Methylmercury
Production and Phosphorous Availability, October 2006
(See http://intranet.pca.state.mn.us/programs/wqpermits/npdes-s04-strategy.doc.)

Although there is evidence that elevated sulfate loading can increase methylmercury production and
phosphorus mobilization, it is premature to develop specific sulfate concentration limits or other
regulatory responses based on these effects. The deleterious effects of sulfate may be restricted to
certain areas of the state, certain background sulfate concentrations, or other environmental
controlling factors. These factors will be explored in a multi-year data collection effort combined
with ongoing data analysis. It is anticipated that sensitive areas of the state will be identified and
appropriate controls on sulfate discharges will be developed if necessary. The primary focus of the
strategy is to pursue research to further understand impacts from sulfate on methylmercury

production and phosphorus mobilization and to use the research to guide the future need for
additional requirements or controls in environmental review and NPDES permits. This strategy was
approved by the MPCA Risk Managers on August 28, 2006 and by the MPCA WQ Policy Forum on
October 19, 2006.

