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Chapter 1. Introduction

1.1 Purpose of Report

This report presents the statewide Total Maximum Daily Load (TMDL) for waters within the
State of Florida that have been verified for the mercury impairment based on elevated mercury
levels in fish tissue. These impaired waters are included on the Verified Lists of impaired waters
that were adopted by Secretarial Orders for all hydrological basin groups across the state during
two water quality assessment cycles (2002-2006 and 2007-2011). According to the 1999
Florida Watershed Restoration Act (FWRA), Chapter 99-223, Laws of Florida, once a waterbody
is included on the Verified List, a TMDL must be developed. The purpose of the statewide
mercury TMDL is to establish the allowable loadings of mercury into Florida waters that would
restore these waterbodies so that the human health concern associated with the elevated
mercury in fish tissue impairment will be addressed.

1.2 Clean Water Act and TMDL Program

Section 303(d) of the Clean Water Act (CWA) requires states to submit to the United States
Environmental Protection Agency (EPA) lists of surface waters that do not meet applicable
water quality standards (impaired waters) after implementation of technology-based effluent
limits, and establish TMDLs for these waters on a prioritized schedule. TMDLs establish the
maximum amount of a pollutant that a water body can assimilate without causing exceedances
of water quality standards. As such, development of TMDLs is an important step toward
restoring impaired waters to their designated uses. In order to achieve the water quality benefits
intended by the CWA, it is critical that TMDLs, once developed, be implemented as soon as
possible.

Florida Watershed Restoration Act (FWRA), Chapter 99-223, Laws of Florida, sets forth the
process by which the 303(d) list is refined through more detailed water quality assessments
defined in the Identification of Impaired Surface Water Rule (IWR, 62-303, F.A.C.) It also
establishes the means for adopting TMDLSs, allocating pollutant loadings among contributing
sources, and implementing pollution reduction strategies.

Implementation of TMDLSs refers to any combination of regulatory, non-regulatory, or incentive-
based actions that attain the necessary reduction in pollutant loading. Non-regulatory or
incentive-based actions may include development and implementation of Best Management
Practices (BMPs), pollution prevention activities, and habitat preservation or restoration.
Regulatory actions may include issuance or revision of wastewater, stormwater, or
environmental resource permits to include permit conditions consistent with the TMDL. These
permit conditions may be numeric effluent limitations or, for technology-based programs,
requirements to use a combination of structural and non-structural BMPs needed to achieve the
necessary pollutant load reduction.
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1.3 State and Regional Air Regulations
1.3.1. Overview of Clean Air Act Requirements and Mercury Emissions

The Clean Air Act (CAA) Amendments of 1990 (Clean Air Act) and its implementing rules
regulate air emissions of mercury from most industrial sources. These regulations are codified
in 40 Code of Federal Regulations (CFR) Part 63 and also 40 CFR Part 60 (municipal solid
waste-to-energy facilities).

1.3.1.a Regulation of Mercury under the CAA

In Section 112 of the CAA, Congress identified a list of hazardous air pollutants, including
mercury, and directed EPA to develop a regulatory program to reduce these emissions from air
pollution sources that emit such pollutants over certain thresholds. This program is called the
Maximum Achievable Control Technology program (MACT) and requires EPA to establish rules,
by industry type, that require existing facilities in that industry to comply with air pollution
emission limits achieved by the best performing 12% in that industry. New sources in these
industry categories must meet the maximum reduction in emissions that is achievable and
cannot be less stringent than the best-controlled, existing similar source. The status of EPA’s
rules to implement MACT for the largest sources of air emissions of mercury is discussed
below.

1.3.1.b Coal-Fired Electric Utilities and the Clean Air Act

In establishing what industry types should be covered by the MACT program, Section 112 of the
CAA relied heavily on other CAA programs that had already identified specific industrial sources
for air emissions programs. Electric utilities, however, were separately addressed under
Section 112. In Section 112(n), Congress required EPA to conduct a study on those hazardous
air pollutants “reasonably anticipated to occur” from electric utilities and to regulate electric
utilities under Section 112 if EPA finds it is “appropriate and necessary” to do so.

In December of 2000, EPA determined it was “appropriate and necessary” to regulate
hazardous air pollutant emissions from coal and oil-fired utilities under Section 112 of the CAA.
However, in 2005, EPA altered its course and attempted to delist electric utilities from regulation
under Section 112 of the CAA. Relying upon its delisting action, in March of 2005, EPA
promulgated the Clean Air Mercury Rule (CAMR) which established an air pollutant cap-and-
trade system for mercury emissions from coal-fired power plants under authority of Section 111
of the CAA. This rule was promulgated in coordination Clean Air Interstate Rule (CAIR). CAIR
established a cap-and-trade program for the pollutants sulfur dioxide (SOZ2) and nitrogen oxides
(NOx). Under both CAIR and CAMR, many of Florida’'s electric utilities would not have enough
pollutant allowances to cover their NOx, SO,, and mercury emissions. Therefore, many of these
facilities would either have to install air pollution controls or purchase credits from other electric
utilities. EPA recognized in this rulemaking package that the air pollution control equipment
(electrostatic precipitator, selective catalytic reduction, and wet flue gas desulfurization or
“scrubber”) that would yield NOx and SO, reductions under CAIR would also result in the control
of mercury emissions necessary under CAMR. The CAIR’s NOx trading program was
scheduled to take effect January 1, 2009 with the SO, program to have begun in 2010.

Both CAIR and CAMR were challenged by states, industry groups, and environmental interest
groups. While litigation on CAIR and CAMR was pending, many of Florida’s coal-fired electric
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utilities proceeded to design and install air pollution control systems to reduce NOx, SO, and
mercury emissions in anticipation of the CAIR and CAMR programs.

On February 8, 2008, the D.C. Circuit Court of Appeals vacated CAMR, stating that EPA had
not properly delisted electric utilities from CAA Section 112’s industry list and, as such, it could
not regulate coal-fired electric utility mercury under Section 111 of the Clean Air Act. On
December 23, 2008, the D.C. Circuit Court remanded, but did not vacate, CAIR. Therefore, the
CAIR trading programs are still in place.

On August 8, 2011, EPA promulgated a rule intended to replace CAIR called the Cross-State
Air Pollution Rule. This rule was challenged and on December 30, 2011, the D.C. Circuit Court
of Appeals stayed the implementation of this rule pending a further decision on the full case.
The court also indicated the former rule, CAIR, would remain in place in the interim. On
February 16, 2012, EPA promulgated final rules for hazardous air pollutants for coal-fired
electric utilities under Section 112 of the Clean Air Act. This rule as currently written would
result in approximately a 90% reduction in mercury emissions from coal-fired electric utilities
based on pre-controlled emissions. Challenges to this rule are pending in the D.C. Circuit Court
of Appeals.

In light of the still pending litigation related to CAIR, CAMR and their replacement rules, it is not
certain what mercury emission reductions will ultimately be required under the CAA
implementation. However, in Florida, most of the coal-fired electric utilities have already
implemented air pollution controls that have significantly reduced mercury emissions from these
facilities.

1.3.1.c Portland Cement Facilities and the Clean Air Act

In 1999, EPA established MACT regulations for the Portland cement industry but did not include
emission limits for mercury. This rule was challenged and on December 15, 2000, the U.S.
Court of Appeals for the D.C. Circuit remanded parts of the 1999 rule and required EPA to set
standarees for mercury.

EPA amended this rule in December 2006 to include mercury emission limits and address other
issues raised by the Court. At the same time, EPA announced that it would reconsider the
emission limits for mercury for new cement kilns contained in the final rule and also granted
petitions to reconsider the mercury limits for existing cement kilns.

In September 2010, EPA again amended the MACT for cement kilns. EPA anticipates that by
2013, this rule will reduce mercury emissions from the Portland cement industry by 92% based
on projected 2013 emissions. In January, 2011, EPA clarified that existing cement kilns had to
comply with the mercury limits contained in the 2006 rules until such time as the new emission
limits for mercury in the 2010 rule take effect in 2013.

The mercury emission limit in the MACT rule is 55 Ib Hg/million tons of clinker, with compliance
required by the end of 2013. The estimated 2009 mercury emission from cement plants in
Florida is 395 Ibs. Under the new cement MACT, assuming the same production, the mercury
emissions would be 233 Ibs, a 41% decrease. It should be noted that 2009 was a depressed
year for this industry and that maximum clinker production in the state is 10,000,000 tons/year.
If production increased to this level, the maximum mercury emissions would be 550 Ibs/year at
the MACT limit.
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1.3.1.d Solid Waste to Energy Facilities and the CAA

Solid waste to energy facilities are regulated under Section 129 of the CAA and requires EPA to
establish emission limits for mercury. EPA updated rules for the solid waste to energy facilities
in May 2006. Mercury emissions from the solid waste to energy facilities in Florida have
decreased over the last 2 decades.

1.3.2 Florida State Air Regulations

Florida implements the federal CAA requirements relevant to this TMDL through its State
Implementation Plan (SIP). The Department regularly adopts federal rules and incorporates
them into chapter 62-204, Florida Administrative Code. These rules are then incorporated into
Florida’s air permits for these sources. In addition to the federal MACT requirements, new
major sources of air emissions in Florida that have the potential to emit more than 200 pounds
per year of mercury are subject to the prevention of significant deterioration (PSD) permitting
program which requires the best available control technologies. Alternatively, issued permits
can include mercury limits and measures to insure emissions are less than 200 Ib/year.
Examples include mercury permit limits set for certain waste-to-energy projects as well as
cement plants that triggered the Department’s PSD rules.

1.4 Applicable Water Quality Criteria

Florida’s surface waters are protected for five designated use classifications, as follows:

Class | Potable water supplies

Class Il Shellfish propagation or harvesting

Class I Recreation, propagation, and maintenance of a healthy, well-
balanced population of fish and wildlife

Class IV Agricultural water supplies

Class V Navigation, utility, and industrial use (there are no state

waters currently in this class)

The State of Florida has adopted (in Chapter 62-302 of the Florida Administrative Code, or
F.A.C.) a series of water quality criteria for its five classes of waters, each designed to protect
the associated designated use of the classification. These criteria require that the total mercury
concentration in ambient water should not be higher than 0.012 ug/L for Class | and Class Il
freshwater waterbodies, should not be higher than 0.025 pg/L for Class Il and Class Il marine
waterbodies, and should not be higher than 0.2 pg/L for Class IV and Class V waters. The US
EPA established protective criteria for total mercury prior to 1980, but the criteria were not
formally adopted into the Florida Administrative Code until January 28, 1990. There has been
recognition of the potential for elemental mercury to be transformed into other forms of mercury
(e.g., methylmercury - MeHg) which have been identified as being a human health risk.
However, so far, no ambient water MeHg criteria have been established. Florida has not yet
adopted criteria limiting the amounts of mercury in fish tissue. Instead, the Department’s rules
identify waterbodies impaired for mercury pollution based on fish consumption advisories issued
by the Florida Department of Health, which are in turn based on observations that mercury
tissue concentration in fish samples exceeds the 0.3 mg total mercury /kg of fish tissue
recommended by EPA for human health protection.
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1.5 Impaired Waterbodies in Florida Listed for Mercury Impairment

For assessment purposes, the Department has divided the entire State of Florida into 6638
water assessment polygons with a unique waterbody identification (WBID) number for each
watershed or stream reach. In the mid-1990s, several environmental groups filed “Notices of
Intent to Sue” with the US EPA for failing to take significant action to address the nation’s
polluted surface waters. In total, almost 40 actions were filed, many of which resulted in the
signing of court ordered Consent Decrees between the EPA and petitioning groups. In Florida,
a Consent Decree was signed in June, 1999, which laid out a 10-year schedule for the
examination of almost 2000 potentially impaired waterbody/pollutant problems identified on
Florida’s 1998 303(d) list. The EPA’s 1999 Consent Decree listed 102 Florida waterbodies
(freshwater and marine) as impaired for mercury based on fish consumption advisories issued
by Florida’'s Department of Health and therefore were presumed to need TMDLs (Figure 1.1).
Due to the acknowledged complexity and many unknowns of the science tied to mercury
moving through the environment, the mercury listings were identified as a parameter needing
considerable added data collection and study and, therefore, were to be addressed in the final
year of the Consent Decree (2012).

Table 1.1 summarizes the number of WBIDs listed by the Consent Decree for mercury
impairment by waterbody types. A complete list of waterbodies identified on this list is provided
in Appendix A.

Table 1.1 Number of Water Segments Listed on the 1998 Consent Decree List for
Mercury Impairment Based on Fish Consumption Advisory

Waterbody Number of
Type WBIDs Listed
Streams 63
Lakes 13
Estuaries 26

The Department assesses mercury impairments based fish consumption advisories issued by
the Florida Department of Health (DOH). The IWR (62-303.470) requires that at least twelve
fish be collected for the assessed waterbody with an average mercury concentration above the
DOH fish tissue concentration threshold to be placed on the Verified List for fish tissue mercury
impairment. For the case of marine fish advisories, the Department lists all coastal waters in
acknowledgement that marine fish are highly mobile and could be caught/consumed in all
coastal WBIDs, regardless of whether or not fish tissue data are available for each costal WBID.
This is based on Rule 62-303.470(2), F.A.C., which states “Waters with advisories determined
to meet the requirements of this section or waters where scientifically credible and compelling
information meeting the requirements of Chapter 62-160, F.A.C., indicates that applicable
human health-based water quality criteria are not met shall be listed on the verified list.”
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Figure 1.1 Consent Decree Listed Waterbodies for Mercury Fish Tissue Impairment in
Florida
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Currently in Florida, there are a total of 1101 WBIDs listed for mercury impairment based on fish
tissue data, which represent 12,994 square miles of lakes, estuaries, and coastal waters, and
2,903 miles of streams and rivers. Table 1.2 presents a breakdown of the number of WBIDs
and miles/square miles assessed with mercury fish tissue impairments for different waterbody
types. Figure 1.2 shows the WBIDs on Department’s Verified List for Mercury Fish Tissue
Impairment. A complete list of freshwater waterbodies verified for mercury impairment is
provided in Appendix B. Data presented include WBIDs from the most recently completed
cycle of the basin rotation (i.e., Cycle 2). Appendix C includes regional maps showing WBIDs
verified for mercury fish tissue impairment using the IWR listing process.

About two-thirds of all freshwater fish analyzed in Florida exceed the EPA MeHg criterion (0.077
milligrams per kilogram [mg/kg]) for fish-eating wildlife (such as wading birds, osprey, otters,
and Florida panthers). One-third of the freshwater fish sampled in Florida exceed the EPA-
recommended MeHg criterion (0.3 mg/kg) for human health. Currently over 300 freshwater
waterbodies in Florida have a consumption limit on recreationally caught fish. Twenty species
of freshwater fish are under some level of DOH advisory (FDEP, 2012).

Table 1.2 Number of WBIDs and Miles/Square Miles Impaired for Mercury (in Fish
Tissue) by Waterbody Type

Waterbody Type Number of WBIDs Impaired Miles Impaired
Streams/Rivers 249 2,903
Waterbody Type Number of WBIDs Impaired Square Miles Impaired
Lakes 127 1,344
Estuaries 504 5,163
Coastal 221 6,487
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1.6 Other Mercury TMDLs in the United States

Within the United States, 26 states have EPA approved mercury TMDLs (Figure 1.3). These
TMDLs are based on either mercury contamination in fish tissue, water column mercury
concentrations, or both. This section provides a synopsis of some of those completed mercury
TMDLs, specifically those TMDLs that set a target based on mercury in fish tissue.

Legend
|:| States_with_EPA_Approved_Mercury_TMDLs

Figure 1.3 States with EPA Approved Mercury TMDLs (2012)

1.6.1 Minnesota Statewide Mercury TMDL (MPCA, 2007)

The Minnesota Statewide Mercury TMDL used a regional approach. The state was divided into
two regions northeast and southwest. The two regions are separated by ecoregion boundaries.
Land-water mercury transport processes and concentrations in fish differ between the two
regions. A statewide mercury TMDL was developed because there were similarities between
the two regions. In Minnesota, the 1,239 impairments by mercury consist of 820 lake
impairments and 419 river impairments. Twelve lakes and 20 river reaches are impaired for
mercury in fish tissue and in the water column; 808 lakes and 399 river reaches are impaired for
fish tissue only.
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Minnesota’s target level for mercury in fish is 0.2 mg/kg (parts per million, ppm). Minnesota’s
fish tissue mercury criterion is lower than EPA’s 0.3 ppm criterion because of the higher fish
consumption rate in the state. The 0.2 ppm corresponds to the Minnesota fish consumption
advisory threshold for one meal per week. Above that mercury concentration the consumption
advice is one meal per month for women who are pregnant or intending to become pregnant
and children under 15 years of age.

For these regional TMDLSs, target levels of mercury concentrations were determined in standard
size top predator fish: northern pike (Esox lucius) and walleye (Sanders vitreus). Because
mercury bioaccumulates and biomagnifies, concentration is highest at the top of the food web;
therefore, achieving the mercury target concentration in the top predator fish will result in the
whole food web, including the water column, achieving the target level. The target level of 0.2
ppm was applied to the 90th percentile mercury concentration. By protecting for the 90th
percentile we expect to achieve the target level for other biota and for water concentrations of
mercury. The difference between the regional 90th percentile concentration for the standard
size fish and 0.2 ppm is the reduction factor (RF) needed to meet water quality standards. The
RF is greater for the NE than the SW for both walleye and northern pike. Mercury
concentrations in walleye were slightly higher than northern pike levels in both regions and,
therefore, the RF for walleye was selected for load reduction calculations to provide a margin of
safety. The resulting RFs are 65% for the NE and 51% for the SW.

The total source load (TSL) is the sum of the point source loads (PSL) and the non-point source
loads (NPSL). Point source loads include the NPDES permitted facilities in the state, excluding
cooling water discharges. PSL for the region is the product of facility design flow and the
average measured effluent mercury for wastewater treatment plants in the state (5 ng Hg/L).
Non-point source load is the product of atmospheric deposition flux in 1990 (12.5 g km-2 yr-1)
and regional surface area. The subsequent 1990 TSLs for NE and SW regions were 1153 kg/y
and 1628 kgly, respectively. About one percent of the TSL is attributable to PSL. Ten percent
of the mercury deposition is attributed to anthropogenic sources within the state. Since natural
sources cannot be controlled and are not expected to change, all mercury reductions must
come from anthropogenic sources. The state’s percentage of the anthropogenic sources is
14.3% (10% of total divided by 70% of total). The state’s contributions to the load allocations
(LA) are 0.16 kg/d for the NE and 0.31 kg/d for the SW. The out-of-state contributions to the LA
are 0.94 kg/d for the NE and 1.86 kg/d for the SW.

Mercury load reduction goals for each regional TMDL were calculated by applying the RF to the
baseline mercury load. Reductions can only come from anthropogenic sources; therefore, load
reduction goals require anthropogenic source reductions of 93% (65% reduction goal divided by
70% of total that is anthropogenic) in the NE region and 73% (51% of reduction goal divided by
70% anthropogenic) in the SW region. Mercury load reduction goals are applied to emission
reductions for the state. Atmospheric deposition of mercury is considered uniform across the
state, and in-state emissions disperse across both regions; therefore, the emissions goal is
applied statewide rather than by region. The northeast’s greater regional reduction goal (i.e.,
93% of anthropogenic sources) determines the TMDL'’s emission reduction goal. In 1990, the
total mercury emissions from in-state sources were 11,272 |bs (5513 kg); the TMDL emissions
goal is seven percent of the 1990 emissions: 789 Ibs (358 kg). Minnesota’s 1990 mercury
emissions were reduced 70% by 2005, which is equivalent to 76% statewide emissions
reduction goal, leaving 24% of the emissions reductions goal remaining. Going from 3,341 Ibs
mercury emissions in 2005 to the emissions goal of 789 Ibs constitutes another 76% reduction
in mercury emissions.
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1.6.2 Northeast Regional Mercury TMDL (NE Regional TMDL, 2007)

The Northeast Regional Mercury TMDL is a plan to reduce mercury concentrations in fish so
that water quality standards can be met. The plan covers the states of Connecticut, Maine,
Massachusetts, New Hampshire, New York, Rhode Island, and Vermont and was developed in
cooperation with the New England Interstate Water Pollution Control Commission (NEIWPCC).
Based on statewide fish advisories and monitoring data 10,192 lakes, ponds, and reservoirs,
46,199 river miles, and an additional 24 river segments were listed as impaired for mercury.

Using the existing fish concentration 1.14 ppm, and the initial target fish tissue mercury
concentration of 0.3 ppm, a reduction factor of 0.74 was calculated. It should be noted that the
TMDL was calculated in a way that sets multiple target endpoints that are geographically based.
The goal of this TMDL was to use adaptive implementation to achieve a target of 0.3 ppm for
Massachusetts, New Hampshire, New York, Rhode Island, and Vermont; 0.2 ppm for Maine,
and 0.1 ppm for Connecticut. The total existing source load was calculated from the point
source load (wastewater discharges) and nonpoint source load (atmospheric deposition based
on modeling of mercury emissions), and is equal to 6,647 kg/yr. Modeling produced an
estimate of the amount of mercury deposited to the region from regional, national, and
international sources. Based on this modeling, the baseline mercury atmospheric deposition
load to the region was 6,506 kg/yr with 4,879 kg attributable to anthropogenic sources. As a
result, 141 kg/yr originated from wastewater discharges. The TMDL was then calculated using
the total source load and the reduction factor. The wasteload allocation was determined by
keeping the wastewater contribution equal to the same percentage as it was in the total source
load. The load allocation was calculated by subtracting the wasteload allocation from the TMDL
and then was divided between natural and anthropogenic sources. Because over 97 percent of
the total load is due to atmospheric deposition, reductions focus on the load allocation.

1.6.3 TMDL for Mercury Impairments Based on Fish Tissue Caused by Air Deposition to
Address 122 Waters Statewide, New Jersey (New Jersey DEP, 2009)

The New Jersey 2008 List of Water Quality Limited Waters identifies 256 waters as impaired
with respect to mercury, as indicated by the presence of mercury concentrations in fish tissue in
excess of New Jersey fish consumption advisories and/or not complying with the Surface Water
Quality Standards (SWQS) for mercury at N.J.A.C. 7:9B. A TMDL has been developed to
address mercury contamination based on fish tissue concentration whose source is largely air
deposition in 122 waters. Waters where there are other significant sources of mercury in a
waterbody, as indicated by a water column concentration in excess of the Surface Water Quality
Standards, documentation of high levels of mercury in ground water or the presence of
hazardous waste sites where mercury is a contaminant of concern, are deferred at this time,
pending additional study. Tidal waters are also excluded because the approach used in this
TMDL is intended for waters not affected by tidal dynamics. In addition, those areas included in
the spatial extent of the on-going interstate effort to address mercury impairments in the New
York/New Jersey Harbor are excluded from this TMDL. A similar interstate effort is an
appropriate means of addressing mercury impairments in the shared waters of the Atlantic
Ocean and the Delaware River and Estuary, and these waters are deferred as well.

The target for the TMDL is a concentration of 0.18 pg/g in fish tissue, which is the concentration
at which the recommended rate of fish consumption for the high risk population is not more than
1 meal per week of top trophic level fish. At this concentration unlimited consumption is

11
Florida Department of Environmental Protection



appropriate for the general population. Methods similar to those used in the Northeast Regional
TMDL (2007) are employed below to calculate the TMDL.

To allow a consumption rate for the high risk population of one meal per week, the required
reduction is 84.3% (1 - 0.18/1.15 = 84.3%). The total existing loading from air deposition and
the treatment facilities discharging into non-tidal waters is 601.kg/yr. In this load, 6.8 kg/yr
(about 1%) comes from NJPDES regulated facilities with discharges to surface water in non-
tidal waters. Due to the insignificant percentage contribution from this source category,
reductions from this source category are not required in this TMDL. Therefore, individual WLAs
are not being assigned to the various facilities through this TMDL. Individual facilities have
been and will continue to be assessed to determine if a water quality based effluent limit should
be assigned to prevent localized exceedances of SWQS and to ensure that the aggregate WLA
is not exceeded. Based on results of several paleolimnological studies (NEIWPCC, et.al. 2007)
in the Northeast, the natural mercury deposition is estimated to range between 15% and 25% of
deposition fluxes for circa 2000. Natural sources cannot be controlled and are expected to
remain at the same long-term average. It is assumed, in this study, that 25% of the background
and background reemission is due to natural sources and cannot be reduced (Ruth Chemerys
and John Graham Pers. Comm. April 28, 2009). Twenty-five percent of the background and
background reemission load is about 81.5 kg/yr, which is 13.6% of the total existing load.
Including the load of 6.8 kg/yr attributed to surface water dischargers, the portion of the existing
load that is not expected to be reduced is about 14.7%. In order to achieve the overall 84.3%
reduction of the existing load to attain the target of 0.18 mg/kg in fish tissue, a reduction of
98.8% of the anthropogenic source load would be needed. An implicit margin of safety (MOS)
is used in this study.

1.6.4 Mercury in Fish Tissue TMDLSs for Watersheds in Arkansas TMDL (FTN Associates,
Ltd. 2002)

The Arkansas 1998 Section 303(d) List included stream reaches and lakes that were impaired
due to excessive concentrations of mercury in fish in several watersheds (Ouachita River Basin,
Lake Winoa and Lake Sylvia Watershed, Spring lake Watershed, Shepherd Springs Lake
Watershed, South Fork Little Red Watershed, Bayou Dorcheat Watershed and Fourche La
Fave Watershed). The waterbodies included in these TMDLs are located predominantly in
central and northern Arkansas, although there is a couple in the southwest corner of the state.
Waterbodies that were close together and had similar watershed characteristics were grouped
together because of similar causative factors such as atmospheric and geologic contributions.
There are fish consumption advisories in all of these waterbodies because of mercury
contamination of fish. The mercury Action Level for fish consumption advisories in Arkansas is
1 mg/kg. The safe target level for all fish species used in this TMDL study is 0.8 mg/kg. This
incorporates a 20% margin of safety (MOS) for the Action Level.

The predominant sources of mercury loading to the watersheds were watershed nonpoint
sources, watershed natural background, and non-local source atmospheric deposition. NPDES
point sources accounted for less than 1% of the watershed mercury loads. Half of the
watersheds did not have NPDES point sources of mercury.

The TMDLs were developed using a two step approach. The first step was to estimate the
mercury loads to the watersheds from NPDES point sources, local emission sources,

atmospheric deposition from non-local emission sources, watershed nonpoint sources, and
watershed natural background sources. In the second step, average largemouth bass fish
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tissue mercury concentrations measured in the watersheds were used to estimate the reduction
in fish tissue mercury needed to achieve the safe target level. A linear relationship was
assumed between mercury levels in fish and mercury loading to the watersheds. The reduction
in fish tissue mercury to achieve the target safe level was then used to determine the reduction
needed in the mercury load to the watersheds.

1.6.5 Mercury TMDLs for Subsegments within Mermentau & Vermilion-Teche River
Basins, Louisiana (FTN Associates, Ltd. 2002)

The Mermentau basin TMDL addresses four segments listed for mercury, including Bayou Des
Cannes (subsegment 050101), Bayou Plaquemine Brule (subsegment 050201), Seventh Ward
Canal (an unclassified subsegment of 050702) and a portion of the Gulf of Mexico (subsegment
050901). The Vermilion-Teche TMDL addresses two subsegments listed for mercury, including
Chicot Lake (subsegment 060203) and a portion of the Gulf of Mexico (subsegment 061201).
The sub-segments were listed by the state due to excessive levels of mercury in edible tissues
of one or more fish species. The data used to make this determination was collected as part of
a statewide study of mercury contaminant levels in Louisiana biota, sediments and surface
waters. Fish consumption advisories were issued by the state based on the risk from long-term
consumption by the general population and sensitive sub-populations. Issuance of a fish
consumption advisory indicates non-support of the state water quality standards. The standards
state that “no substances shall be present in the waters of the state or the sediments underlying
said waters in quantities that alone or in combination will be toxic to human, plant or animal life
or significantly increase health risks due to exposure to substances or consumption of
contaminated fish or other aquatic life.” These TMDLs are intended to achieve the “fishable”
beneficial use over time.

These TMDLs take into account mercury bioaccumulation observed in all six segments
collectively. This is justified since EPA and the state believe that atmospheric deposition is the
predominant source of mercury. Atmospheric deposition includes a combination of local,
regional scale and background (global) inputs. Here the highest average tissue concentration
for the species and water bodies sampled served as a “worst case” measure of
bioaccumulation. The water body and species with the worst case average tissue concentration
was bowfin in Bayou Plaquemine Brule. The ratio of this concentration (1.191 ppm) to the
“safe” tissue concentration of 0.4 ppm (the risk based fish tissue concentration of 0.5 ppm,
factoring in a 20% margin of safety) indicates that a three-fold reduction (67%) in loading is
needed. This assumes a linear relationship between atmospheric loading and resulting
bioaccumulation. The target wet deposition loading rate for both basins, calculated as one third
of the National Mercury Deposition Program (NMDP) wet deposition data was 79.6 ng/m2/wk
(11.4 ng/m2/day).

Additional EPA approved TMDLs for mercury contamination based on fish tissue concentration
that use a watershed approach are located in Appendix D.
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Chapter 2. Basis of Concern

2.1 Mercury Dynamics in Natural Environment

Mercury released into the atmosphere as a result of industrial activities (responsible for on
average about 70% of the mercury in the atmosphere globally) which eventually falls on land
and water where a portion of it is converted to a more toxic mercury form, MeHg. This form of
mercury readily concentrates up the aquatic food chain peaking in top predator fish. Almost all
of our exposure to MeHg results from eating fish.

Mercury is an environmentally persistent toxin in both metallic and organic forms. Estimates as
to the longevity of mercury cycling in the environment, i.e., prior to environmental sequestration,
range from 100 to 3,000 years depending upon assumptions made. (Selin, 2007; Selin, 2009)
The cycling longevity results from mercury’s unique physical properties, most notably being a
metal that readily and significantly volatilizes to different species. Metallic mercury is broadly
thought of as occurring in one of three speciated forms: elemental mercury (Hg®), ionic or
particulate mercury (Hg 1), and Reactive Gaseous Mercury (RGM). Each of these forms has
differing chemistries in the environment and different patterns of translocation in the
environment. Hg® when emitted to the atmosphere can readily travel for hundreds to thousands
of miles depending upon wind patterns prior to deposition. Hg Il, as a large ion, readily binds to
other materials from associated emissions as well as other materials otherwise in the
atmosphere. When bound to other materials Hg Il is often identified as particulate mercury
(HgP). Particulate mercury tends to have a shorter atmospheric residence time, due primarily to
the physics of being bound to a particle, e.g., larger mass, increased wind resistance, more
readily stripped from the atmosphere by precipitation. Hg Il is generally thought to be deposited
in a range of 30-50 miles from its point of emission to the atmosphere. RGM, as the name
implies, is highly reactive, reacting with other environmental constituents within a few miles of
an emission location.

2.1.1 Mercury Cycling

Mercury remains environmentally and chemically active on land and in the atmosphere. Once
deposited, mercury readily photo-reacts to shift between speciated types and re-volatilizes,
again entering the atmosphere. There are significant chemistries that occur with mercury while
in the atmosphere, including photochemistry, that are unique to mercury and differ significantly
from aquatic chemistries of mercury. While in the atmosphere mercury may switch between
speciated forms through reductive, oxidative, and absorption-desorption reactions. The manner
and specifics of these reaction categories depends upon the specifics of environmental
conditions, such as levels of ozone or halogens. The nature and species of these chemistries
are important to understand as they allow one to model movement of mercury, and the specifics
of speciation influence mercury’s deposition, and subsequent inclusion in terrestrial or aquatic
systems.

Figure 2.1 illustrates the emission, atmospheric chemistry, aquatic chemistries, transmission,
cycling and ultimate bioaccumulation and human exposure of mercury. The specifics of
mercury speciation and points of entry into terrestrial, wetland, and aquatic (freshwater and
marine) ecosystems, as well as specifics of ecological composition of systems, influence the
manner, degree, and speed with which mercury is transformed to MeHg (MeHg). The
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ecological compositions of systems also influence the bioaccumulation of mercury in food webs,
and thus the ultimate anthropogenic risk via exposure through fish consumption.
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Figure 2.1. Mercury Cycling and Bioaccumulation

2.1.2 Bioaccumulation of Mercury in Fish

Mercury entering the environment is distributed in water, sediments, and plants. (Chasar et al.
2009) Once in the environment, mercury enters food webs through multiple methods dominated
by single-cell organisms. (Miles et al. 200) In aquatic systems these form the basis of the food
web; the bottom level of the trophic pyramid (Figure 2.2). In the trophic pyramid, each level
consumes those below it in the pyramid. With mercury, it is accumulated up the trophic
pyramid. Unlike the ecological rule of 10% of the biological energy being passed between food
and consumer, mercury is retained being constantly more concentrated in the consumer with
each meal. There is almost no excretion of MeHg consumed. Instead it is preferentially stored
in muscle tissues.

Following deposition, ionic Hg (i.e., Hgll, oxidized mercuric species, including complexes and
particulate forms) may be reduced and reemitted to the atmosphere or converted to the more
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bioavailable form, MeHg. Through bioaccumulation, at a factor of up to 10 million, MeHg
accumulates to toxic levels at the top of piscivorous (fish eating) food webs. While implicitly
including aquatic food webs, other fish consuming species are impacted by the bioaccumulation
in fish, and the bioaccumulation can be passed to other animal groups and food webs external
to aquatic food webs. This occurs when birds or mammals have fish as a major component of
their diets, and then these piscivorous species are food sources for other wildlife or humans.
Examples of piscivorous mammals would include otters, raccoons, and minks, while in marine
systems this would include dolphins and toothed whales. Mercury entry into the food chain is
not exclusive to aquatic systems as recent studies show insects are a vector from plants to song

birds.
m Largemouth bass, Bowfin, Gar, other bass

Secondary Red-eared sunfish, Bluegills, Crappie,
Consumers , frogs, catfish

Plant eaters, plankton eaters,

Primary Consumers . .
! Gambusia, Crayfish, mussels, larvae

Plants, periphyton, phytoplankton,
chemotrophs

Figure 2.2 Example of a Trophic Pyramid

The term "bioconcentration” refers to the accumulation of a chemical that occurs as a result of
direct contact between an organism and its surrounding medium (e.g., uptake of water through
the gills and skin tissue) and does not include the ingestion of food contaminated with a toxin.
The term "bioaccumulation” refers to the net uptake of a contaminant from all possible pathways
including direct exposure and contaminated food. The term "biomagnification" refers to the
increase in chemical concentration in organisms at successively higher trophic levels as a result
of the ingestion of contaminated organisms from lower trophic levels. Mercury is known to
bioconcentrate, bioaccumulate and biomagnify. The bioconcentration factor (BCF) is the ratio of
a substance's concentration in tissues (generally expressed on a whole-body basis) to its
concentration in the surrounding medium (e.g., water or soil) in situations where an organism is
exposed through direct contact with the medium. The bioaccumulation factor (BAF) is the ratio
of a substance's concentration in tissue to its concentration in the surrounding medium (e.g.,
water or soil) in situations where the organism is exposed both directly and through dietary
sources. The biomagnification factor (BMF) is the factor by which a substance's concentration
in the organisms at one trophic level exceeds the concentration in the next lower trophic level.
MeHg and total mercury concentrations both tend to increase in aquatic organisms as the
trophic level in aquatic food webs increases. In addition, the proportion of total mercury that
exists as MeHg generally increases with trophic level. (May et al., 1987; Watras and Bloom,
1992; Becker and Bigham, 1995; Hill et al., 1996; Tremblay et al., 1996; Mason and Sullivan,
1997) The BCF in plankton can be 2,000 to 90,000. BAFs for trophic level 4 fish (largemouth
bass) are around 50. BCFs calculated for total mercury in aguatic biota ranged from 0.4 to
about 50 and, within a given system, and increase with trophic level (US EPA, 1997).
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The US EPA (2001) has devised water quality criteria based on fish MeHg concentration and
has derived bioaccumulation factors (BAF) for various trophic level fish to allow the estimation of
water column MeHg. The average value derived for trophic level 4 (piscivorous — fish eating
fish) fish is log BAF = 6.43; for trophic level 3, it is 5.83.(Sveinsdottir and Mason, 2005) The
bioaccumulation is more a factor of the age of the fish than the size of the fish, which makes
intuitive sense if one thinks that with age more meals have been ingested each meal being a
point of added exposure and bioaccumulation. Analogous a fish that is larger at the same age
may have a lower mercury concentration because there is more mass per unit mercury
consumed. In Florida fish are identified as being at risk for consumption by size because this is
a measure easily checked by anyone. For the mercury TMDL study we know the age of each
fish by the individual’s ear bone (otolith) which receives a new bone layer each year much like
the rings in a tree. Thus we know the age and the size of all the individual fish caught for the
study. From this data set, fish were normalized for size and age. This allows the variation in
fish to be standardized so the impacts of age and location can be controlled for statistical
analyses, allowing all fish to be grouped together for analyses.

To address areas with a dearth of largemouth bass (the study’s primary target species) black
bass (Micropterus salmoides), redear sunfish (Lepomis microlophus), and Spotted Sunfish
(Lepomis punctatus) were used as surrogate species in lakes and streams. To represent the
Everglades proper, i.e., regional external to Water Conservation Areas and Everglades
Agricultural Area, mosquito fish (Gambusia affinis) was selected as the study species. To
address that mosquito fish are a trophic level-2 fish (2-3 depending up methodology, consume
primary production, plant material) and of a much shorter age class (median age 1 year,
maximum 3 years) than LMB which live to a median age of 6 years and maximum age of 9
years, a walkover analysis was conducted. This walkover analysis allows the areas without
LMB in the Everglades to be included in the statistical analyses.

2.2 Human Health Effects

MeHg is a highly toxic substance (that is a direct quote from U.S. EPA IRIS
http://www.epa.gov/iris/subst/0073.htm ) with a number of adverse health effects associated
with its exposure in humans and animals. The most severe effects reported in humans were
seen following high-dose poisoning episodes in Japan and Iraq. These episodes demonstrated
that neurotoxicity is the health effect of greatest concern. Effects included mental retardation,
cerebral palsy, deafness, blindness, and dysarthria in individuals who were exposed in utero
and sensory and motor impairment in exposed adults. Chronic, low-dose fetal MeHg exposure
from maternal consumption of fish has been associated with more subtle end points of
neurotoxicity in children. Those end points include poor performance on neurobehavioral tests,
particularly on tests of attention, fine motor function, language, visual-spatial abilities, and verbal
memory. Young children exposed to fish high in mercury may also be at risk.

To determine an acceptably safe exposure rate to MeHg, the NRC (2000) derived a MeHg
reference dose; a reference dose is an estimate of a daily exposure to the human population
(including sensitive subpopulations) that is likely to be without a risk of adverse effects when
experienced over a lifetime. The NRC (2000) derivation of a MeHg reference dose for women of
childbearing age (0.1 micrograms of MeHg per kilogram of a woman’s body weight per day or
0.1 pg MeHg/kg-BW day) utilized 3-fold uncertainty factors each for toxicokinetic and
toxicodynamics; an overall uncertainty factor of 10. It is estimated that over 99% of women of
childbearing age exposed to MeHg at the reference dose level would have fetal (umbilical) cord
blood MeHg concentrations less than the benchmark dose lower limit (58 pg/L) — the
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concentration producing a predetermined increase in adverse neurodevelopment effects on the
fetus (NRC 2000; Stern, 2005).

Although developmental neurotoxicity is currently considered the most sensitive health endpoint
regarding chronic exposure, data on cardiovascular and immunological effects are beginning to
be reported and provide more evidence for toxicity from low-dose MeHg exposure. (USEPA,
2001a; Roman et al., 2011) Cardiovascular effects include coronary heart disease, acute
myocardial infarction (AMI), ischemic heart disease, blood pressure and hypertension effects,
and alterations in heart rate variability (Mergler, 2007).

Since 1980, the U.S. National Library of Medicine has listed more than 1,000 publications on
experimental toxicology of this substance. At present, MeHg is one of the environmental
pollutants with the most extensive toxicology documentation (Grandjean et al., 2010).

In 1989, the Florida Department of Environmental Protection (FDEP) through its environmental
monitoring program discovered elevated levels of mercury in the edible tissue of fish from
streams and lakes throughout the state. Further study has shown that unacceptable mercury
levels are also found in many of Florida’s marine fish.

The Florida Department of Health (FDOH) conducted a study in 2010 collecting hair samples
from 408 women between the ages of 18 to 50 who resided in Martin County, Florida (Nair,
2011). The results of the study showed that 25% of the women had mercury levels higher than
the EPA advisory level of 1 pg/g. A similar study in Duval County showed that 7% of women
had mercury levels higher than the EPA reference dose.

A study done in the Florida Panhandle analyzed hair mercury levels in women of childbearing
age from 16-49 (Karouna-Renier et al., 2008). The coastal population along the Gulf of Mexico
consumes locally harvested fish and shellfish. Hair mercury levels were significantly higher in
women who consumed fish within the 30 days prior to sampling. Mercury levels ranged from
below the MQL to 22.14 pg/g. Of the 601 women sampled, 15.8% were found to have mercury
levels that exceeded the EPA reference dose.

2.3 Florida Case Studies

Mercury poisonings in Florida have been reported to the Florida Department of Health (FDOH)
since 2005. From 2005 to 2008, there were 62 cases reported that were presumed to be
primarily related to fish consumption. In 2009, there was a change in case definition, which is
more stringent and requires clinical illness. Previously, only laboratory confirmation was
required to classify a case as confirmed. The new case definition classifies all cases reported
based on clinical illness, laboratory tests, exposure history, or epidemiologic linkage. Since the
change in case definition, the number of confirmed cases decreased to 14 in 2009.

There were 13 confirmed cases reported in 2010. The primary potential source of mercury
exposure was identified to be fish consumption. Twelve out of thirteen cases had eaten fish
within a month of reporting, while one patient had an unknown source of exposure. Three of the
affected people reported eating less than 12 ounces of fish in a week; six cases reported eating
12 to 30 ounces, and two cases ate 30 to 60 ounces per week. Two cases did not report the
amount of fish consumed.
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2.4 Wildlife Health Effects

The highly bioaccumulative form of mercury, MeHg, is a concern due to the neurotoxic threat it
poses in particular for wildlife that consume fish. Numerous studies document the toxic effects
of MeHg on wildlife (Scheuhammer et al., 2007) and piscivorous (fish eating) species have been
found to have greatest MeHg exposure. Recently, Evers et al. (2012) determined that
insectivorous (insect eating) birds and bats in the northeast U.S. are at risk of impairment of
reproductive success due to elevated MeHg exposures with the associated neurological effects.

Elevated levels of mercury (Hg) in biota in Florida were first reported by Ogden (1974) for the
Everglades National Park (ENP or Park), and by Bigler et al. (1985) for peninsular Florida. In
1988, reports of mercury levels in largemouth bass (LMB) (Micropterus salmoides) in the
Everglades Protection Area’s (EPA) Water Conservation Areas (WCAs) exceeding 1 part per
million (ppm) [1 ppm = 1 milligram per kilogram (mg/kg) or 1 microgram per gram (ug/g)],
prompted expanded sampling of fish and wildlife by state environmental and health agencies.
The risks of elevated mercury tissue concentration to wildlife, and specifically Florida wildlife
alligators, Florida panther, pig frogs, Burmese python, etc, are not fully established. It is known
that elevated mercury levels effect reproduction and behaviors in fish, insects, birds, and
mammals (Wolfe et al., 1998; Scheuhammer et al., 2007; Frederick and Jayasena, 2010;
Fredrick, 2000). Seasonal variations in mercury within systems have been shown to impact
seasonal migrants in California where nesting avifauna had elevated exposures as a
consequence of their consumption of fish species with greater concentrations of mercury during
spring nesting season (Farmer et al., 2010). Reductions in anthropogenic mercury loads, from
any and all sources, will reduce levels of exposure in wildlife. The affects of such reductions will
be seen most significantly in species lower in food webs, i.e., those species lower in trophic
pyramids. Birds that eat smaller fish, such as wading birds will see a faster and more significant
response as the small fish they eat will be more limited in exposure and uptake with reduced
emissions. Even with reductions in mercury loads, the exposure of top level predators remains
tenuous as bioaccumulation in longer lived prey species may still remain high. Thus, long-lived
high trophic feeders such as sharks and tuna may remain a concern.

Fish and wildlife monitoring is necessary to (1) assess human and wildlife risks from
consumption of mercury-contaminated fish, (2) describe spatial and temporal trends in mercury
bioaccumulation, and (3) gain a better understanding of the ecological significance of mercury
bioaccumulation in fish and wildlife. Appendix E provides summaries of research on the status
and trends of mercury in the American alligator, Florida panther, some of Florida’s fish-eating
birds (white ibis, bald eagle, wood stork, great egret), pig frog, and the non-indigenous invasive
Burmese python.
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Chapter 3. Dynamics of Mercury in Natural

Environments and Source Identification

3.1 Introduction on Mercury Sources

Mercury loading to the environment occurs naturally and from anthropogenic sources. Natural
sources broadly can be divided between land and water in origin. Anthropogenic sources can
be broadly categorized into industrial processes, mining operations, and energy production.
Relative to Florida mercury sources are evaluated as (1) Florida sources, i.e., those located in
Florida; (2) United States Sources, and (3) Global Sources.

Mercury is emitted from a variety of natural sources, such as volcanoes and geothermal activity,
wildfires (especially wild peat and coal fires), and weathering of rocks and soils, as well as from
various anthropogenic activities. Major anthropogenic sources of mercury include burning of
fossil fuels, processing ores from mining especially gold (industrial and artesian operations), and
several industrial processes most predominantly in terms of emissions being the chlor-alkali
industry. Mercury is also used in commercial and consumer products, and often is released
when these products enter waste streams. The U.S. is the third largest emitter of anthropogenic
mercury, though this relates to roughly 5% of the total global emissions. Asia accounts for
approximately 2/3 of all anthropogenic emissions, with China is by far the largest source
globally, with India second (UNEP, 2008). Globally, coal combustion is the largest categorical
source of anthropogenic mercury emissions, accounting for 45-50% in the global attribution, all
gold mining being about 24%, and other mining activities emitting about 10% of the global load.
(UNEP, 2008)

Estimates suggest that US emissions of Hg peaked in the 1970s and have since declined
(Pirrone et al., 1998); however, atmospheric concentrations remain approximately three times
higher than pre-industrial revolution levels (Mason et al., 1994). “Pre-Industrial” means before
the end of the Industrial Revolution which ended between 1860 and 1900. Pre-industrial fish
samples from museum specimens have been evaluated to determine natural mercury
bioaccumulation. One such study found museum samples of tuna and swordfish, with elevated
levels of mercury above modern consumption guidelines (Miller et al., 1972). Similar studies
have been done with pelagic seabirds that show historic levels of mercury would have been a
concern, and that mercury levels have been increasing ( Anh-Thu, 2011). What these studies of
historic specimens show are two critical points: (1) bioaccumulation resulting in high levels of
biomagnifications, perhaps passing 10 million as a bioaccumulation factor, can result in a longer
lived top level piscivorous fish (fish eater, fish predator) having levels of mercury that are
unacceptable for at risk populations from natural levels of mercury; and, (2) naturally occurring
high levels of mercury in wildlife does not necessarily equal a risk to that population, that
species, nor to associated species. This research shows that bioaccumulation in some specific
food webs and the age of the top predators could contribute to a maximum exposure level seen
from even natural mercury levels. The increase of mercury in the environment, its subsequent
availability for conversion into MeHg, and this translating to an increase in bioaccumulation of
MeHg in many food webs is scientifically irrefutable. The questions are specifics of where
mercury originates, where it is deposited relative to the source, how long do differing speciated
forms of mercury cycle before becoming ecologically sequestered, and details of the science of
translation of mercury to MeHg; and, what are the synergistic or antagonistic interactions within
each of these parts of the mercury cycle.
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Thus the understanding of mercury sources, the origin, transmission, and ecological pathways
of mercury exposure, are each critical in understanding and managing mercury in the
environment, as well as understanding the potentials of human exposure. A worldwide
distribution of mercury sources was developed by the United Nations Environmental Program
and updated for 2005 emission estimates. The results of this emission inventory are shown in
Figure 3.1. The emissions geographic distribution reflects areas of industrialization and human
population densities. This is intuitively valid for large scale industries that require significant
worker populations, each of which require power generation. This allows one to understand the
comparatively isolated hot-spots seen in the northeastern Russian Federation, isolated areas
across Canada and Alaska, as well as South America, Africa, and Australia. Some of the
remote hot-spots are locations of extraction operations for fossil fuels or metals.
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Figure 3.1 Worldwide Distribution of Mercury Emissions (United Nations Environment
Program Global Atmospheric Mercury Assessment: Sources, Emissions
and Transport, 2008, using 2005 data, as presented by the Arctic
Monitoring and Assessment Program Secretariat)

3.2 Natural Sources

Natural sources of mercury are those that occur as part of natural systems external to
anthropogenic actions. The natural sources emit mercury mostly as gaseous Hg®. Major
natural sources include geothermal activity, such as volcanoes and geothermal vents.
Volcanoes and geothermal vents occur both on land and within oceans. Both locations
eventually result in mercury entering human environs. Ocean volcanoes and geothermal vents
emit mercury into the water column, mercury then is mixed with waters, moving via currents and
advection, mixing and cycling, eventually reaching surface waters. Ocean surface waters are
sources of mercury to the atmosphere through emissions, and re-emissions of mercury that has
deposited from the atmosphere or been loaded from surface water inflows. Land volcanoes and

21
Florida Department of Environmental Protection



geothermal vents directly emit mercury to the atmosphere. Ocean emissions are estimated as
1000 Mg Hgl/yr (range 400-1,300 Mg Hg/yr). The annual emissions from volcanoes and
geothermal venting /passive gassing is estimated at 30 Mg Hg/yr, and emissions from active
eruptions, which depends upon the level of activity, can be estimated at 800 Mg Hg/yr. Other
geothermal activities — vents, hot springs, convective transport — emit approximately 60 Mg
Hg/yr (Varekamp and Buseck, 1986).

Soils, high in metals, are also a source of mercury emissions to the atmosphere in some limited
areas. One such area is the high desert plateaus of the United States in Nevada, California,
Wyoming, Colorado, and other western states. The emissions from western soils has been
estimated to be up to 40 Mg annually, and globally this is 400 Mg Hg/yr (Gustin, 2008). Mercury
emissions from vegetation depend upon several factors, including vegetation’s original mercury
uptake from the atmosphere, levels of atmospheric deposition to foliage and mercury uptake
from roots (Rae et al. 2002); however, the proximity of vegetation to natural or anthropogenic
sources (hot spots or contaminated sites) may increase its mercury content (Lodenius, 2003).
Recent studies show that most of the mercury found in foliage tissue originates from the
atmosphere, so vegetation sources can largely be thought of as temporary storage and re-
emission sources for both natural and anthropogenic origins. Figure 3.2. shows the global
natural emissions.

Natural Emissions

Figure 3.2. Global Natural Emissions (Derived from UNEP, 2008)

3.3 Anthropogenic Sources
3.3.1 Global Sources

There is significant uncertainty in the estimates of mercury cycling at the global scale. This
uncertainty is due to the difficulty in measuring natural emissions, which are often remotely
located and difficulty in measuring all anthropogenic sources. Natural sources bring variability

22
Florida Department of Environmental Protection



in location of measures and issues of measuring this variability, for example variance in
measures of ocean emissions in the Antarctic ocean versus southern pacific ocean versus arctic
ocean, the sheer expanse and impacts of upwelling, seasonal currents, adds error to estimates.
Estimates in anthropogenic sources can also vary significantly due to differences in means of
measures, and missing measures in much of the developing world. Lacking direct measures
requires the application of estimates in the characteristics of the source then to apply an
estimated, or averaged, emission for a category. For example, the amount of mercury being
emitted from electric power production in China is influenced by and requires estimates of: the
type of electric generating unit and its operating history and efficiency, the fuel source, and the
installation, operation and efficiency of control equipment. What is known is that there are
significant uncertainties, and global estimates may be off by a factor of two.

Approximately 70% of atmospheric Hg emissions are derived from either direct or reemitted
anthropogenic sources. (Bergan et al., 2003; Lamborg et al., 2002; Mason et al., 2002; Pirrone,
2010). Anthropogenic emission sources primarily emit Hg in any of three forms: elemental
mercury (Hg®), gas-phase inorganic (RGM) and particulate HgP. Anthropogenic sources are
either large scale point sources that can be estimated individually such as fossil-fueled boilers,
or "diffuse" area sources that are typically small and too nhumerous to treat individually, such as
oil-fueled residential heating systems or vehicle emissions (broadly referred to as mobile
sources). There are some nonindustrial anthropogenic sources such as mercury released
annually to the atmosphere by uncontrolled coal-bed fires which have regional significance
loading, e.g. 32 Mg Hg/yr (Pirrone et al., 2010). Important sources of Hg to the environment
include electric utilities, incinerators, industrial manufacturing, wastewater treatment plants, and
improper disposal of consumer products (e.g., batteries, fluorescent light bulbs, Hg switches).
Mercury in batteries has almost been eliminated in consumer products in the west, but remains
in Asia. Figure 3.3 shows the geographic distribution of relative contributions of mercury from
different regions.

Anthropogenic primary sources (initial emissions not counting re-emission from anthropogenic
sources) are estimated to account for 2320 Mg of mercury emitted annually. The major source
categories of anthropogenic emissions are from fossil-fuel fired power plants (45% global
loads), artisanal small scale gold mining (18% global loads), cement production (10% global
loads), waste incineration and landfills (7% global loads), product use (4% global loads)
industrial gold production (6% global loads), and other mineral mining (10% global loads)
(Pirrone et al., 2010). Figure 3.4 shows the relative contributions from different types of human
sources.
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Figure 3.4 Global Anthropogenic Sources

As part of the Mercury TMDL Project, Florida contacted and participated in development of
global, North American, United States, and Florida air emission inventories for use within project
modeling efforts.

3.3.2 Sources in the United States

US EPA estimates are that ~45% of all mercury deposition within the U.S. comes from U.S.
sources. Coal-burning power plants are the largest anthropogenic source of mercury emissions
in the United States, accounting for over 50 percent of all domestic human-caused mercury
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emissions (Source: 2005 National Emissions Inventory). US EPA estimated about 25% of U.S.
emissions from coal-burning power plants within the contiguous US are deposited within the
contiguous U.S. The other 75% enters the global cycle. Other large US sources are cement
~18%, industrial boilers ~7%, burning hazardous waste ~4%, and electric arc furnaces used in
steelmaking ~7%, each percentage is the relative to total of US emissions.

US Emissions have decreased significantly since the early 1990s with emissions controls, and
source controls being implemented. These changes resulted from implementation of more
emission controls promulgated under the Clean Air Act starting in the late 1990s. Figure 3.5
shows relative mercury emissions the US as of the late 1990s. Specifics controls implemented
at national, and state scales such as in Florida, have dramatically reduced municipal waste
incineration emissions from both control of entering the waste stream and implementation of
emission control technologies.
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Figure 3.5 Percentage of US Emission Sources

This trend in reductions of mercury sources in the US is further illustrated in Figures 3.6 and
3.7, which presents changes both in total mercury and by category. One can see that mercury
from certain categories — paint, pharmaceuticals, agricultural products (largely pesticides) —
were predominantly eliminated by the year 2000, while the relative contribution of fossil fuels to
mercury mobilization crept up slightly, the relative contribution of fossil fuels to emissions was
more significant and became the overwhelming source category.
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Figure 3.6 Trend of US Mercury Mobilization in Industrial/Consumer Goods and Fuels
(Source: Husar and Husar, 2002)
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Figure 3.7 Trend of Estimated US Mercury Emissions to the Atmosphere (Source:
Husar and Husar, 2002)
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Speciation of Anthropogenic Sources

Given that most coal-fired utilities emit 50% to 70% of Hg as RGM and Hg (Table 3.1), local
sources are an important component of the deposition in areas within 30-50 miles of these
sources. An analysis of emissions and deposition in southern New Hampshire shows a local
region of high deposition associated with local electric utility emissions (Evers, et al. 2007). In
Florida, a study evaluated deposition patterns surrounding a coal power utility and found local
deposition patterns by tracking mercury isotopes and emission constituents unique to that
source type (Sherman, et al. 2012).

Table 3.1 Examples of Mercury Speciation from Emission Sources

Particulate LA Elemental
Source Gaseous Mercury

Mercury (%) (%) Mercury (%)
Coal-fired electric utilities (United 10 40 50
States)
Coal-fired electric utilities (Northeast) 2 68 30
Utility oil boilers 20 30 50
Municipal waste combustors 20 58 22
Medical waste incinerators 20 75 5
Pulp and paper production 20 30 50
Chlorine production 0 5 95
Hazardous waste incinerators 22 20 58
Primary and secondary metal 10 10 80
production
Municipal landfills 10 10 80

USEPA 1999, Pacyna et al. 2003, NESCAUM 2005; Driscoll et al. 2007

Recent Changes in Mercury Loading

Lake sediment studies in the Northeastern United States and Europe show Hg deposition
starting to increase in the late 1800s or early 1900s. This rate increases to 2.5- to 15-times pre-
industrial levels by 1970s to early 1990s. (Kamman and Engstrom 2002). Decreases in
sediment Hg deposition in the Northeast, by roughly 25% have been observed in recent years,
coincident with reductions in US emissions under activities such as the Acid Rain Rule, net
global emissions remained static or increased with increases in Asia during this same time
period. It is reasonable to correlate this reduction with controls on particulate matter and sulfur
dioxide from electric utilities which coincidentally reduced mercury emissions, and with
reductions in consumer and industrial Hg use limiting post-consumer sources. The reductions
realized in some emission categories are shown in Table 3.2, which shows the significant
reductions realized in the Municipal Waste Combustion and Medical Waste Combustion
categories between 1990 and 2005.

Table 3.2. Sources of Mercury Emissions in the U.S.

Industrial Category Sl [EhISEIE 1ol 2005 Emission tpy Percent Reduction
per year (tpy)
Power Plant 59 53 10%
Municipal Waste 57 5 96%
Combustors
Medlgal Waste 51 1 98%
Incinerator
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3.3.3 Sources in the State of Florida

Mercury sources have changed dramatically in the last 20 years, with the advent of material
controls and emissions controls. The 2005 emissions year (Table 3.3) shows relative loads in
pounds be year and relative percentage of emission categories.

Table 3.3 2005 National Emissions Inventory (NEI) - Florida (US EPA, 2005)

Total Mercury

Relative Percentage of

Source Category Emissions Annual Mercury
(Ibs/year) Emissions

Coal-fired electric generation 2,094 52.7%
Cement Industry 710 17.9%
Waste-to-Energy plants 692 17.4%
Oil-fired electric generation 314 7.9%
Waste water treatment plants 102 2.6%
All others 60 1.5%
Total 3,972

Mercury once a common constituent in batteries has been all but eliminated from the materials
and waste stream in Florida (Figure 3.8). Paints are another category in which mercury was
once common serving as an inhibitor to fungus, and now this source has been eliminated. The

overall trends of mercury sources has been on the decline in Florida (Figure 3.9).
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Figure 3.8 Florida mercury flow in electrical devices (source Husar and
Husar, 2002)

Trend of anthropogenic mercury flow in Florida

100

_ 80}

b e

=2 [

= L

F 60| Dental

=) [ Control

[T L

>\ -

S 40 X

hd [

§ [ Lab use
20 Coal

0
1930 1940 1950 1960 1970 1980 1990 2000

Figure 3.9 Trend of anthropogenic mercury flow in Florida (Source Husar
and Husar, 2002)

In the last decade even Florida’s consumption of coal has been reduced because many utilities

that relied on coal have constructed new faculties to take advantage of lower natural gas price,
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and operated those at higher capacity. There have been more than 10 EGUs that have been
converted from fossil fuels to natural gas as the fuel sources. The emission controls for natural
gas are less expensive and the amount of mercury is several orders of magnitude less.

Mobile emissions have increased (source category not identified in Husar and Hasar 2002),
which follows increases in population equating more mobile sources as well as some impacts of
relative loads. These mobile sources can be an important source locally, especially due to more
localized deposition associated with speciation and large constituents of HgP. The fraction of
municipal solid waste incineration (MSW_R) and medical waste incineration (MWI_R) have
been reduced dramatically both because of emission controls required at state and federal
levels, but also because of the dramatic reduction of mercury in the waste stream prior to
incineration. Trends in waste incineration emissions have also been reduced (Figure 3.10).
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Figure 3.10 Comparison of waste incineration emissions for Broward, Dade, and Palm
Beach counties (source: Husar and Husar, 2002)

Mercury emissions falling on Florida, do not follow the trends that the sources of mercury from
within Florida have followed in the last 20+ years. Figure 10 illustrates trends in mercury wet
deposition observed at the Mercury Deposition Network (MDN) site located in Everglades
National Park. Within each month’s display a trending up of deposition can be observed for
2002-2007. Figure 3.11, shows the trends for all of the previous MDN sites in Florida, which
show a flattening of deposition loads. However, the variability and spatial distribution of the
data, along with the impact of increased global source emissions in the last 5 years, does not
allow for a trend to be evaluated.
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Figure 3.11 Monthly Volume-Weighted Mean Hg at Florida MDN sites

Mercury emissions from Florida sources have been in decline with the installations of controls
on coal fired EGUs (Table 3.4). In several cases the controls already implemented on coal fired
EGUs are achieving the mercury emission limits required by the pending MATS controls for
mercury (Table 3.5). The table also compares mercury emissions from 2009, a time at which
only some mercury controls were fully installed and operational, with the anticipated limits under
MATS.
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Table 3.4 Estimated Mercury Reduction Associated with the Mercury Air Toxic Standards Rule (MATS) (Source DARM,

2012)
Unit Capacit On Wet/Dr Scrubber NOXx F',\Ioc;)t(_ SCR SNCR Approx. Hg
Plant Name D (II\J/IW) y Line Scrubb)e/r Online Comb Comb Online Online PM Control Reduction
Year Year Control Year Year (%)
Control
Seminole 2 658 1984 Wet 1984 LNBO SCR 2009 ESPC 75
Scrubber
Seminole 1 658 1984 Wet 1984 LNBO SCR 2009 ESPC 73
Scrubber
St. Johns River 2 626 1988 wet 1988 LNB SCR 2008 ESPC 75
Power Park Scrubber
St. Johns River 1 626 1987 wet 1987 LNB SCR 2009 ESPC 75
Power Park Scrubber
Stanton Energy 2 446 1996 wet 1996 LNB SCR 1996 ESPC 86
Center Scrubber
Stanton Energy 1 440 1987 wet 1987 LNB ESPC 57
Center Scrubber
Crystal River 1 379 1966 LNC1 ESPC 0
Crystal River 2 491 1969 LNB ESPC 0
Crystal River 4 722 1982 Wet 2010 LNB SCR 2008 ESPC 90
Scrubber
Crystal River 5 721 1984 Wet 2009 LNB SCR 2009 ESPC 90
Scrubber
Crist 7 472 1973 Wet 2010 LNB SCR 2004 ESPC 76
Scrubber
Crist 4 78.0 1959 2010 LNB SNCR 2006 ESPC+ESPH 76
Crist 5 78.0 1961 2010 LNB SNCR 2006 ESPC+ESPH 76
Crist 6 302 1970 Wet 2010 LNB+OFA SCR 2012 2006 ESPC 76
Scrubber
Scholz 2 49.0 1953 ESPC 0
Scholz 1 49.0 1953 ESPC 0
Lansing Smith 2 195 1967 LNC3 SNCR 2005 ESPC+ESPH 0
Lansing Smith 1 162 1965 LNB SNCR 2005 ESPC+ESPH 0
Big Bend BBO3 364 1976 Wet 1995 LNB SCR 2009 ESPC 87
Scrubber
Big Bend BBO1 391 1970 Wet 1999 LNB SCR 2009 ESPC 87
Scrubber
Big Bend BB04 447 1985 Wet 1985 LNB SCR 2007 ESPC 87
Scrubber
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NOx
. . On Scrubber NOx ) SCR SNCR Approx. Hg
Plant Name Unit CETEEsy Line EEDT Online Comb Post Online Online PM Control Reduction
ID (MW) Scrubber Comb
Year Year Control Year Year (%)
Control

Big Bend BB02 391 1973 Wet 1999 LNB SCR 2009 ESPC 87

Scrubber
Deerhaven Wet
Generating Station B2 228 1981 Scrubber 2009 OFA SCR 2009 ESPC 83
Northside Dry
Generating Station 2 275 2002 Scrubber 2002 SNCR 2002 B
Northside Dry
Generating Station L 275 2002 Scrubber 2002 SNCR 2002 B
C D. Mcintosh Jr 3 342 1982 wet 1982 LNB SCR 2011 ESPC 75

Scrubber
Cedar Bay CBC 83.3 1904 | Reagent SNCR 1994 B
Generating LP Injection
Cedar Bay cBB 83.3 1904 | Reagent SNCR 1994 B
Generating LP Injection
Cedar Bay CBA 83.3 1994 | Reagent SNCR 1994 B
Generating LP Injection
Indiantown AABO Dry
Cogeneration LP 1 330 1995 Scrubber 1995 LNB+OFA SCR 1995 B
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Table 3.5 Estimated Mercury Reduction Associated with the Mercury Air Toxic
Standards Rule (MATS) (Source DARM, 2012)

2009 Emissions controls reflect EGU operations for the base model year, and the projected
CAMD MATS limits are the projected emission loads allowed based upon the CAMD heat
inputs. Some EGUs had controls come online in 2009, which is not reflected in the 2009 loads.

Coal-fired Electric Iizgésésgonnstrv(v)lltsh CAMD Heat Cﬁm:?e':jﬂﬁgs'
Generation Unit (Ibs/yr) Input (MMBtu) (bshyr)

TECO Big Bend 106.3

Unit 1 65.5 20,504,228 24.6
Unit 2 18.7 12,866,303 15.4
Unit 3 10.9 31,424,714 37.7
Unit 4 11.2 31,965,301 38.4
LEC C.D.McIntosh 19.6

Unit 3 19.6 19,974,895 24.0
Cedar Bay Cogen 29.0

Unit A 7,058,495 8.5
Unit B 7,471,021 9.0
Unit C 6,849,345 8.2
GP Crist 327.2

Unit 4 29.0 2,448,587 2.9
Unit 5 28.5 4,135,866 5.0
Unit 6 96.4 10,635,530 12.8
Unit 7 173.3 22,037,348 26.4
PE Crystal River 528.0

Unit 1 83.0 20,859,374 25.0
Unit 2 110.0 23,734,375 28.5
Unit 4 158.0 42,114,153 50.5
Unit 5 177.0 30,288,500 36.3
GRU Deerhaven 5.3

Unit 2 5.3 14,576,952 17.5
Indiantown Cogen 19.6

Unit 1 15,651,993 18.8
GP Lansing Smith 150.1

Unit 1 70.7 5,486,938 6.6
Unit 2 79.4 9,602,261 11.5
TECO Polk Power 9.0

Unit 1 9.0 10,690,718 26.7
GP Scholz 13.6

Unit 1 7.3 278 0.0




Coal—fireq Electfic Ezrgésgsgonnstrv(v)llgh CAMD Heat Cﬁm:?e'(\jﬂﬁgs'
Generation Unit (Ibs/yr) Input (MMBtu) (bshyr)

Unit 2 6.3 125,240 0.2
Seminole Gen. Station 54.3

Unit 1 26.3 29,206,824 35.0
Unit 2 28.0 45,703,994 54.8
JEA SIRPP/NGS 72.0

SJRPP Unit 1 29.7 39,932,826 47.9
SJRPP Unit 2 28.6 49,271,796 59.1
NGS Unit 1 8.6 18,222,684 5.5
NGS Unit 2 5.2 18,438,274 5.5
OUC Stanton 135.0

Unit 1 106.5 33,123,155 39.7
Unit 2 28.4 29,156,501 35.0
TOTALS 1469.0 717.2

**Many of the above referenced units installed air pollution controls in the 2009 timeframe. 2009 emissions do
not necessarily represent the full operating capacity of these units. The CAMD information is based on information
submitted by the utilities to the EPA Clean Air Markets Division.

Cement production is another relatively significant source of mercury emissions (Table 3.6).
This is from the combined issues of coal being used as a fuel source in the cooking of the
klinker, the mercury in the limestone which is a major raw ingredient for clinker production and
also that coal ash from power utilities being a common ingredient used in cement production.

Table 3.6 2009 Florida Portland Cement Production and Estimated* Mercury
Emissions (source DARM, 2012)

American Cement
Kiln No. 1(New) 111 43 122/12- 55 21.08
month
CEMEX North
Kiln No.1 '\zflhg;t 55
Kiln No.2 '\:fl"zrg;t 55
TOTAL 0 0 ~240
CEMEX South
Kiln No.1 154 40 262.8 55 14.32
Kiln No.2 (New) 119 73 122 55 33.73
TOTAL 113 48.05
CEMEX Miami
Kiln No. 1 83 62 182 55 40.68
FRI
Kiln No. 1 50 23 200 55 25.31
Kiln No.2 (New) 111 24 122 55 12.05
TOTAL 48 37.36
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Sumter Cement
Kiln No.1
(delayed) 184/12-month
Suwannee
American
Kiln No. 1 89 53 97 55 32.55
Titan
Kiln No.1 80 78 229/12-month 55 53.52
Totals: Actual Hg: 395 MACT Limit Hg: 233.23

These source categories, emissions inventory, was updated as part of the Florida Mercury
TMDL project for the base case modeling year of 2009. Florida emissions, by category, were
derived from US EPA’s National Emissions Inventory 2005 (US EPA NEI, 2005), as presented
in Table 3.7. The table shows an estimated 30% and 50% reduction in coal-fired EGU and
waste-to-energy plant emissions, respectively. These reductions can be attributed to new
controls and adjustments to the waste stream. The table shows a reduction of ~50% by the
cement industry; however, this cannot be attributed to controls and is a result of having
identified a dramatically reduced level of production in response economic conditions and the
slowing of the housing market. The dramatic increase shown for Gerdau-Ameristeel is a
consequence of correcting errors in the NEI 2005 for accurate information on levels of
production and production methodologies at this facility.

Table 3.7 2009 Mercury Emissions Inventory in Florida (DARM & UMAQL, 2011)
|

. Relative
Source Category A0LSINIEL EI)\IAOQI{;I]TIJsgg?e PSRN
(Ibs/year) (Ibslyear) Annya! Mercury
Emissions 2009
Coal-fired electric generation 2,094 1,469 37.0%
Cement Industry 710 326 8.2%
Waste to energy plants 692 663 16.7%
Oil-fired electric generation 314 314 7.9%
Waste water treatment plants 102 102 2.6%
Medical waste incineration 4 2 0.1%
Gerdau-Ameristeel 13 250 6.3%
All others 43 43 1.1%
Total: 3,972 3,169

3.4 Mercury Deposition and Re-Emission

Mercury deposition can be thought of broadly as occurring under two circumstances: wet and
dry deposition. As the names imply wet deposition is that which occurs in precipitation events:
rain, sleet, snow, and dew. Wet deposition is measured by capturing the precipitation and
securing it so that the mercury cannot evaporate or sublimate from the collection. Wet
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deposition is especially important in Florida because of the high frequency of convection storms
(thunder storms), and the large size of these weather systems in Florida. Convection storms
can climb in excess of 10 miles which allows a stripping of atmospheric constituents, including
mercury, from these great vertical columns, thus the wet deposition often represents the
mercury in a very large volume of the atmosphere. Additionally, thunderstorms can produce
winds in excess of 55 mph pulling in still more volumes of air from which the rain, or hail, strips
atmospheric pollutants. Across Florida, thunderstorms are more common in inland areas by
~20%; and, across coasts to inland areas thunderstorms occur on average of 80 to 100 days
per year. The scale of rain from thunderstorms often in excess of 3 inches in an hour also
means that pollutants stripped from the air, and those already deposited on ground surfaces,
are washed into mesic, wetland, and aquatic systems.

Dry deposition as the name implies is that which occurs external to precipitation events. Dry
deposition characteristics and rates are far less studied than wet deposition. This is due to the
increase in complexity of capturing and measuring this form of deposition. Prior to the
Department’s efforts at examining dry deposition, estimates of dry deposition ranged as being
20% to being equal to wet deposition. The clear need to have accurate empirical measures for
dry deposition to quantify loading of mercury deposition required state of the art science to be
put in place across Florida to make dry deposition measures. Knowing only the net amount of
dry deposition while being an important measure would leave so many more questions as to the
nature and composition of dry deposition. The Mercury TMDL Project applied measuring
methodologies that provided fine time resolution, as well as speciation of dry deposition. These
provide critical understanding of atmospheric chemistries and which aid in understanding
mercury movement through the environment. The Department choose to measure primary
atmospheric pollutants continuously such as NOx, SO2, O3, CO, as well as total mercury (THg).
Mercury speciation was measured at two hour intervals continuously. These dry deposition
measures were collected at the four supersites (Pensacola, Jacksonville, Tampa, and Davie) for
14-18 months from 2009 to 2010. While rates of dry deposition varied spatially and temporally
across the state, it was always close to being equal to the event driven wet deposition in terms
of total mercury. The dry deposition mercury speciation and continuous measures are important
in understanding the specifics and dynamics of mercury cycling within Florida. Atmospheric dry
mercury is stripped by forests in leaf and needle uptake as well as in resistance knocking
mercury from the air to the forest floor. Atmospheric dry mercury is taken up by prairie, shrub,
and wetland plants, where this may be a critical avenue of entry into food webs, and of having
mercury bound to organic matter enter aquatic systems.

Based upon the literature, estimates of a mean volatilization rate of Hg® from soil is roughly 11
pg per square-meter per hour. This rate would reemit most of the atmospheric Hg° deposition
onto bare soils or hard surfaces. However, the uncertainty of this process identifies an area for
additional research on Hg re-emissions. This re-emission cycle would be especially important in
areas which can subsequently have deposition enter ecological systems, such as areas with
significant cover of wetlands or forests, and with high levels of rainfall and daily dew deposition.

3.5 Mercury Movement in the Environment
Before we get into the detailed discussion of mercury transport in different ecosystems, we can

use a general summary here to describe the major pools of mercury in natural systems and the
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dynamics of mercury among these pools. Figures 3.6, 3.7, and 3.8 show the movement of
mercury through natural systems.

Other studies that were looking at the environmental fate of mercury showed highest THg and
MeHg concentrations locations far from identified point source emissions. Instead what
uniformly identified the locations where mercury is accumulating in the environment is low lying,
flat areas (wetter systems, e.g., mesic and wetland systems) (Dennis et al., 2005). Also Total
Organic Carbon (TOC) correlated well with with THg and MeHg; and. For Florida this indicates
that environment — flat, wet, high in mesic forest and wetland cover — is very suitable in almost
all areas of the state and such cover is close to all emission sources. In Washington state, a
study looked at sediment profiles in three lakes of varying distance from the sole emission
source a coal fired power plant, and found mercury profiles in sediments reflecting the
emissions history of the regional source.

3.5.1 Mercury transport and fate in forest ecosystems

Studies of direct soil sequestration of Hg, immobilization of Hg in forest soil, show a correlation
with the retention of organic carbon (Schwiseg, 1999). Pools of Hg in upland soils in northern
temperate regions are about 7 mg per m2, with higher levels reported around the globe, so this
is only a reference number. The export of Hg by waters draining upland soils to surface waters
is generally low. Concentrations and fluxes of Hg in soil waters, analogously to the pattern in
soil, are closely related to dissolved organic carbon content. Concentrations of total Hg are
highest in waters draining the upper soil, coinciding with high concentrations of DOC. The
conditions optimal for this occurrence are shallow, flat systems with wet high organic soils as is
predominant in Florida. Concentrations and fluxes of total Hg decrease as DOC is immobilized
with depth in mineral soil (Grigal, 2002). Limited studies suggest that MeHg concentrations in
upland soils and groundwaters are generally low, although higher concentrations occur in upper
soil waters and decrease with soil depth. Low concentrations and fluxes of MeHg in drainage
waters suggest that rates of methylation are low, and freely draining upland soils are generally
not important in the supply of MeHg to downstream surface waters, with the possible exception
of recently harvested forests (Porvari et al., 2003).

3.5.2 Mercury in Wetlands: transport and transformation

Wetlands influence the composition and supply of different Hg species to adjacent surface
waters. Wetlands are typically net sinks of total Hg and sources of MeHg (Grigal 2002). Rates of
total Hg accumulation are greater in wetlands than in upland soils because of the strong
association of Hg with organic matter (Grigal, 2003). Annual rates of MeHg production in
wetlands are approximately 0.1 to 1 pg per m? per year (Galloway and Branfiruen, 2004). The
factors controlling methylation of Hg in wetlands are not completely understood, but they most
likely involve the amounts and types of organic matter, water and soils chemistries, hydrologic
flow paths, microbial composition, microbial locations relative to flow paths, and rates of
microbial activity. Organic matter produced in wetlands forms complexes with both ionic Hg and
MeHg, enhancing the transport of these Hg species to surface waters. There is debate on how
these complexes in some cases enhance later consumption by single celled organisms or are
perhaps incidental in consumption by first level secondary consumers. An elevated supply of
DOC to downstream surface waters may stimulate conditions for mercury methylation, and limit
mercury available for photodegradation and photoreduction of Hgll. Concentrations of MeHg in
wetland porewaters and surface waters vary seasonally, with the highest concentrations evident
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during the late summer, as a result of warmer temperatures, higher rates of microbial activity,
and longer hydraulic residence times (Galloway and Branfireun 2004).

3.5.3 Mercury in surface waters

Freshwater ecosystems are sensitive to Hg pollution. Total Hg concentrations in surface waters
in the Northeast vary by more than an order of magnitude across systems, from less than 0.5 to
12.7 nanograms per liter, the 5th to 95th percentile respectively (Dennis et al., 2005). Most of
the Hg in surface water occurs as Hgll, with MeHg ranging from 1% to 35% of total Hg. Under
conditions of high total Hg loading, MeHg production can vary widely, depending on the
methylation efficiency of a particular ecosystem (Figure 3.9).

Other factors controlling mercury in surface waters

Other factors, such as water chemistry, land cover and land use, and watershed disturbances,
alter the transport, transformation, and bioavailability of Hg in surface waters. Acidic deposition
and the associated sulfur alter the acid-base status of surface waters, thus influencing Hg
transformation potentials and associated bioaccumulation in fish. Sulfur chemicals are closely
coupled with Hg dynamics. The solubility of Hg increases with sulfide concentrations in anoxic
waters through complexation reactions, potentially increasing the pool of Hg available for
methylation (Benoit et al., 2005). The relationship of mercury to acidification is also related as
the required controls under Acid Rain Rules promulgated under the Clean Air Act serve to
control SO2 and NOx emissions which directly cause acid rain which brings about surface water
and soil acidification.

Watersheds with mixed agriculture and forest land cover had the highest methylation efficiency,
even where these watersheds had low total Hg in sediments. Waters draining agricultural
landscapes have relatively high concentrations of total Hg and MeHg due to mercury binding to
organic particulates and higher methylation rates. These can also have lower concentrations in
fish, due to algal "bloom dilution" associated with high phosphorus loading or elevated DOC
concentrations (which stimulate methylation but limit bioaccumulation), or both (Kamann et al.,
2004). Forest harvesting has been shown to increase export of total Hg and MeHg (Porvari et
al., 2003). Fire results in a complex pattern of Hg loss from watersheds. During and shortly
after fire, elevated Hg losses are associated with volatilization from soils and losses from
erosion, as well as increased porewater flushing (Grigal 2002). It is important to remember that
while forest harvesting increases turnovers and scales by anthropogenic actions, that human
initiated forest fires are reflecting natural fire ecology. Thus, forest harvesting can expose soils
increasing aspects of the mercury cycle, managed fires are merely mimicking natural fire
ecology and not increasing mercury loads. Deforestation efforts, especially areas without a
natural fire ecology, as seen in the developing world, are a source of mercury through both the
burning of above ground biomass and through the exposure, including associated tilling, of soils
which readily volatilize any associated mercury. Activities that manage water levels create
significant exposure-saturation patterns, especially systems such as reservoirs or soil
management programs as with rice, soybeans, or sugar cane, can be sources of increased
mercury emissions and increased pulses of MeHg formation. These often located in floodplains
and converted wetland systems, provide areas of mercury binding to organic matter enhanced
by soil management associated with planting and prime environments for methylation. In
reservoir systems the littoral zone can fluctuate wetting and drying, thereby varying natural
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cycles of reduction and oxidation both by location and extent, enhancing the production of
MeHg (Evers et al., 2007; Sorensen et al., 2005).

Habitat type also has an important influence on MeHg concentrations. Data for two-lined
salamanders (Eurycea bislineata) identified in headwater streams have significantly higher
MeHg concentrations than those in lakes (Bank et al., 2005). Larval insects in reservoirs have
been shown to have THg concentrations that are 3 to 10 times higher than those in natural
lakes (Tremblay et al. 1996). Crayfish (Orconectes virilis) in headwater streams have THg
concentrations up to five times greater than those in lakes (Pennuto et al., 2005). The
landscape position of each of these may explain the differences observed.

Forested regions with a prevalence of wetlands and of low productivity surface waters promote
high concentrations of mercury in freshwater biota and thus are particularly sensitive to mercury
deposition.

3.5.4 Mercury moving through organisms

Biota are exposed to MeHg primarily through fish and insect consumption. The Northeastern
Ecosystem Research Cooperative (NERC) data establish robust Hg exposure profiles for fish,
birds, and mammals and highlight the importance of habitat type, foraging guild, trophic
structure, and demographics on MeHg exposure (Evers et al., 2005). In general, THg
concentrations vary by species taxonomy. As a general rule MeHg increases with increasing
trophic position. Mercury in benthic invertebrates and larval insects has been studied in
northeastern lakes and reservoirs, where it was observed that even in invertebrates, increased
mercury per biomass is associated with an increase in trophic level (odonates > hemipterans /
coleopterans > trichopterans > dipterans / ephemeropterans) (Tremblay et al., 1996). The
NERC data on Hg in over 15,000 fish show that the mean fillet THg levels in 10 of the 13
species are above EPA guideline of 0.3 pug/g and highest in top level predators. Per g, with the
highest levels in large predatory fish such as walleye (Sander vitreus) and lake trout.
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Chapter 4. TMDL Approach

4.1 General Approach

To address the mercury impairment in Florida waters, the Department selected a statewide
approach for mercury TMDL development, rather than a waterbody-specific TMDL approach for
the following reasons. First, the predominant source of mercury leading to impaired waters in
Florida is from atmospheric deposition. Mercury in the atmosphere is transported across
multiple watershed boundaries, where it is deposited and biologically magnified through the food
web, resulting in high fish tissue concentrations. While a watershed-based TMDL approach is
typical for most pollutants, the phenomenon of atmospheric transport of mercury makes a
regional or statewide approach the only practical method for TMDL development.

Second, the statewide approach will be far more cost-effective than the waterbody oriented
approach. Using the IWR listing process, the Department has verified the mercury fish tissue
impairment in more than 1100 water segments, as shown in Table 1.2. Rather than attempting
to develop a mercury TMDL for each of these waterbodies, the proposed approach will focus on
reducing statewide mercury emissions to benefit all Florida waterbodies, especially those
susceptible to mercury bio-magnification (e.g., oligotrophic, low alkalinity systems). Although
the concept of conducting this type of regional TMDL analysis is relatively novel, a similar
predicate was established as part of the 1990 National Acid Precipitation Assessment Program
Integrated Assessment. For that program, EPA conducted regional simulations for thousands of
lakes in the Upper Midwest, the Adirondacks, and Florida to evaluate how lakes would behave
in response to Clean Air Act mandated changes in sulfate emissions, which in turn were
predicted to reduce acidic deposition.

Key elements that a mercury TMDL should consider were recommended by EPA (USEPA,
2008). These elements include:

(1) Identification of waterbodies, pollutant sources

(2) Water quality standards and TMDL target

(3) Loading capacity — Linking water quality and pollutant sources (including point and
nonpoint sources)

(4) Conducting load and wasteload allocations to nonpoint and point sources

(5) Establishing a margin of safety of the TMDL to address the uncertainties associated with
the target development.

A technical framework was established by the Department to address the TMDL needs listed
above (Figure 4.1). Technical components included in this frame work were designed to
guantify mercury loadings into Florida and establish the relationship between mercury loadings
and contribution from sources located in local areas, over the state, within the United States,
and from other countries. In order to quantify the mercury loading into the state, predictive
atmospheric models were established to simulate mercury loadings from different source and
guantify the atmospheric deposition flux. Air monitoring networks were also established to
measure wet and dry depositions at several strategic locations across the State to provide
measurements for model result verification, characterizing seasonal dynamics of the air
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deposition, and examining the spatial effects of major emission centers in the states. In
addition, fish tissue mercury concentrations, concentrations of total mercury, MeHg, and other
biogeochemical parameters (for both water column and sediment) that may influence the
mercury dynamics in Florida waters were collected in numerous Florida streams and lakes that
were chosen based on a statistical sampling design. Historic data, including fish tissue mercury
concentration data collected through the fish consumption advisory program jointly carried out
by the Department of Health (DOH), Florida Fish and Wildlife Conservation Commission
(FFWCC), and the Department, water chemistry data collected through Department’s Integrated
Water Resource Monitoring Network (IWRM) were also examined to identify the historic trend of
mercury impairment in the State of Florida.

Dry mercury deposition
Quantify Mercury
Loading to Florida

Wet mercury deposition

Develop Predictive
Quantify Relationships Atmospheric Models to

between Mercury Quantity Loads
Sources and Receptors )

Develop Regional
Aquatic Mercury Model

Conduct TMDL Analysis:
Determine needed
reductions to abate
impaired conditions

Figure 4.1 Overview of Technical Components of A Statewide Mercury TMDL

42
Florida Department of Environmental Protection



4.2 Mercury Atmospheric Deposition Monitoring

The atmospheric sampling sites were established to be able to collect wet and dry deposition
data. One of the variants for which little data or knowledge existed was characteristics of
continuous dry deposition data. To fill this need, the Department established four sites with the
moniker “supersites” to collect atmospheric conditions data at continuous to near continuous
intervals based upon the specific constituents. The extreme amount of instrumentation
involved, along with associated costs and expertise necessary to operate the equipment suite
limited the number of supersites to four. To extend this with at least additional wet only
deposition data two additional wet only sites were added to the atmospheric deposition plan.
The four supersites were located regionally close to Pensacola (also identified as OLF for
“Outlying Landing Field”), Jacksonville, Tampa, and Davie, with the two added wet deposition
only sites located in Orlando and the Everglades National Park (Figure 4.2). The Pensacola
site was jointly operated under a memorandum of agreement with Southern Company, Inc.,
which owns Gulf Power; the Department’s added, expanded, suite of equipment, were
collocated at operations managed by Southern Company under the Southeastern Aerosol
Research and Characterization Network (SEARCH) program. The memorandum of agreement
includes the sharing of data collected under these efforts.
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Figure 4.2 Supersite, Wet deposition only sites, and Intensive site locations
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One of the unknowns in atmospheric deposition is the variability of deposition at regional scales.
To address this need, the project plan established that sites surrounding the supersites would
be intensely monitored for a four week period during the rainy season (highest levels of mercury
deposition). The number of “intensive sites” around a supersite ranged from 4-6. To add to
information as to annual variability the baseline monitoring year actually ran ~20 months, and
the intensives were divided doing regions around Tampa and Davie in year one and Pensacola
and Jacksonville in year two. The dispersal of intensives sites is shown in Figure 4.2.

Selection of each of the atmospheric sampling sites included assessments of regional weather
patterns as modeled through Weather Research and Forecasting (WRF) Model. This allowed
site selections that would be indicative of normal weather patterns, and landscape conditions
representative of the state. Site selection assessments included evaluations of area land use
activities, natural and anthropogenic emissions, identified planned regional activities Specific
locations had requirements of open space as not to have local turbulence from natural or
anthropogenic structures interfere with deposition or weather measurements.

4.2.1 Supersite and Wet Deposition Only Site Sampling

Meteorology

Continuous measures of meteorological conditions were made at each of the supersites.
Measures compiled were wind speed, wind direction, temperature, relative humidity, barometric
pressure, solar radiation, precipitation, and surface wetness. These data were assembled in an
integrated database along with continuous monitoring measures and dry deposition measures.
Dry deposition analytes were logged separately as part of the chemistry databases assembled
for the project.

Meteorological measures aid in subsequent assessments of sources for deposition at each
supersite, as well as in evaluation of transport modeling performed otherwise in this project.

Mercury Deposition and Speciation

The four supersites were operated through August 31, 2010. Atmospheric constituencies were
measured with varying time intervals depending upon equipment and constituent measured,
throughout the period of supersite operations. Table 4.1 shows the suite of analytes and
sampling interval. The Department’s contractor (Atmospheric Research and Analysis, Inc.,
ARA) handled operation and data management for continuous analyzers at each supersite
(speciated mercury, trace gases, and meteorology). Each Supersite collected a series of
continuous measures to aid in the deposition loading and source apportionment determinations.
These include measures of the PM, s mass and PM;q mass(Thermo Sharp Continuous Particle
Analyzer), trace gases O3, CO, SO,, NO, NO,, (continuous gas analyzers) as well as
meteorological determinations of wind speed, wind direction, temperature, relative humidity,
barometric pressure, solar radiation, precipitation, surface wetness, as well as a weekly-
integrated (day/night) discrete gas/particle sampler for determination of gases HNO3;, HNO,,
NHs, SO,, HCI, and major particulate ions sulfate, nitrate, nitrite, phosphate, ammonium, and
sodium were made.

! http://www.atmospheric-research.com/
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Table 4.1 TMDL Supersite Instrumentation Measures, through August 2010.

The table presents the class of analytes measured, the specific variant measured, the analyzer
used and the time resolution at which variant is measured or collected.

Measurement Variable Analvzer Time
Class y Resolution
Speciated Elemental mercury (Hg®) | Tekran 2537A 5-min, 1-hour
Mercury
Reactive Gaseous Tekran 2537A/1130 1-hour
Mercury (RGM)
Particulate Mercury (HgP) | Tekran 2537A/1135 1-hour
Trace Gas Ozone (Og TEI 49¢c 5-min, 1-hour
Carbon monoxide (CO) TEI 48ctl 5-min, 1-hour
Sulfur-dioxide (SOy) TEI 43ctl 5-min, 1-hour
Nitritic-oxide (NO) TEI 42 ctl 5-min, 1-hour
Nitrogen oxides (NOy) TEI 42 ctl 5-min, 1-hour

Meteorology | Wind speed sonic anemometer 5-min, 1-hour
Wind direction sonic anemometer 5-min, 1-hour
Temperature Paro-Scientific Met4A 5-min, 1-hour

Relative humidity

Paro-Scientific Met4A

5-min, 1-hour

Barometric pressure

Paro-Scientific Met4A

5-min, 1-hour

Solar reflectance Li-Cor 200x 5-min, 1-hour
Precipitation ETI NOAH-IV 5-min, 1-hour
Leaf Wetness (LWS) conductivity 5-min, 1-hour
Wet Speciated mercury, ASPS 24-hour
Deposition isotopic mercury, select
ions, select metals
Aerosols Fine particulate matter sequential dichot 24-hour
(PMfine/PMZ.S)
Coarse particulate matter | sequential dichot 24-hour

(P Mcoarse/P M 10)

Source: UMAQL and DEP Task Order 4 Supersite Monitoring

The long-term monitoring at Supersites included measures of:
e speciated atmospheric mercury
¢ elemental and organic carbon

¢ chemical characterization of particulates

e gas and particle major ion characterization

¢ fine and coarse particulate matter

e complete meteorological characterization.

ARA integrated particulate matter data analyzed gravimetrically by the Department’s central
laboratory into site captured flow information to provide loadings.

Characterization of Fine and Coarse Particulate Matter

Teflon filters were collected daily at each Supersite using automated dichotomous sequential air
sampler, Partisol-Plus Model 2025 (Rupprecht and Patashnick, Inc.), for subsequent mass and
elemental characterization of fine and coarse particles. The dichotomous configuration allowed
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for a differentiated mass determination and chemical composition of the fine (<2.5 pm
aerodynamic diameter) and coarse (2.5—-10 um) particles contained in PMy,. The size and
composition of these particulates are important in source identification for mercury, nitrogen,
and phosphorus species. The suite of trace elements analyzed for in the particulate matter is
presented in Table 4.2. UMAQL performed the filter preparation and chemical extraction, post
gravimetric analyses by the Department. The trace analyses were performed on chemical
extraction aliquots under the supervision of US EPA Environmental Characterization and
Apportionment Branch. The trace chemical analyses were performed using a Finnigan MAT
Element magnetic sector field high-resolution inductively coupled plasma mass spectrometer
(HR-ICP-MS) using the method previously described by Keeler et al (2006).

A subset of all filters, 985 subset, was selected for these analyses. The subset was made to be
representative of the suite of conditions observed at each supersite in terms of loads, seasonal

variations, and specific site variability. The detection and determination limits of these analyses
and further description of the analytic process can be reviewed in Appendix F.

Table 4.2 Trace constituent analytes from collected PM2.5 and PM10 filters

The table identifies the name and the periodic table abbreviation for the trace constituents that
were analyzed for using ICP-MS analyses in cooperation with the US EPA.

Aluminum (Al) Copper (Cu) Molybdenum (Mo) Strontium (Sr)
Arsenic (As) Iron (Fe) Nickel (Ni) Sulfur (S)
Cadmium (Cd) Lanthanum (La) Potassium (P) Titanium (Ti)
Cerium (Ce) Lead (Pb) Rubidium (Rb) Vanadium (V)
Chromium (Cr) Magnesium (Mg) | Samarium (Sm) Zinc (Zn)
Cobalt (Co) Manganese (Mn) | Selenium (Se)

Overall operations at supersites maintained continuous operation for all equipment. Exceptions
to this were most notably lightening strikes in Jacksonville and Pensacola (OLF). These sites
were knocked offline for approximately two weeks, while power was restored and sampling
equipment was repaired.

BASIS FOR COLLECTING FIELD MEASURES

Simultaneous measurements of Hg?, RGM, and HgP at each site were performed using a
Tekran suite of automated sampling equipment (2537A/1130/1135). The Hg speciation system
performed sampling at a constant rate of regardless of atmospheric conditions, and used a 60
minute sampling — 60 minute analysis for determining mercury species. A detailed description of
the method employed is described in a peer reviewed scientific literature (Liu et al, 2007; Lynam
and Keeler, 2005b; Landis et al, 2002). Ambient elemental and organic carbon were
characterized using a carbon aerosol analysis instrument (Sunset Laboratory). Knowing the
speciation of mercury is critical to understanding it movement through the atmosphere. The
measures collected provide data by which to evaluate the subsequent atmospheric modeling.
Perhaps even more importantly the mercury speciation data provide information to
understanding and predict mercury’s interactions in the landscape, as different species interact
differently in the environment. The different mercury species also act differently in the
atmosphere in terms of chemistry, and in terms of transport. Hg® can travel for hundreds to
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thousands of miles in the atmosphere, depositing and being readily re-volatized by photolysis
and other mechanisms to transport further distances. HgP falls from the air at shorter distances
of 30-80 miles, largely dependent upon the specific composition and size of the particulate on
which the mercury is attached. Additionally, depending upon the particulates composition this
may be readily acted with by environs on which it is deposited: reacting with water, entering
leaves and reacting with enzymes, reacting with soil matter, or even entering single cell food
webs. RGM falls from the air close to its emission source, usually less than 50 miles. RGM is
very reactive with constituents in the environment that can lead to faster entry into
environmental pathways.

Ambient elemental carbon (EC) and organic carbon (OC) were characterized using a carbon
aerosol analysis instrument (Sunset Laboratory). The time resolution capacity of the instrument
provided semi-continuous characterization (1-hour duration) of EC/OC. Identifying EC and OC
are important in efforts to determine source of atmospheric pollutants deposited. This type of
analyses are referred to as source-receptor modeling. The Source-Receptor Modeling portion
of the TMDL effort is described in Section 4.4.

Trace gases O3, CO, SO,, NO, NO,, meteorological measures, as well as a weekly-integrated
(day/night) discrete gas/particle sampler for determination of gases HNO3;, HNO;, NH3, SO,,
HCI, and major particulate ions sulfate, nitrate, nitrite, phosphate, ammonium, and sodium, all
are used to evaluate accuracies of meteorological modeling as well as atmospheric chemistry
and transport modeling. The constituents monitored are important in known atmospheric
chemistry for mercury.

WET DEPOSITION EVENT MONITORING

Discrete wet deposition samples were collected using the University of Michigan Atmospheric
Quiality Laboratory’s? (UMAQL) Automated Sequential Precipitation Samplers (ASPS) (Figure
4.3). This system is a computer controlled system that opens samplers in response to rain
sensors identifying a rain event, then secures samples, sealing them, post event sampling. The
samples were collected by each rain event so as to allow the scale and duration of rain events
to be identified and related to constituents captured by precipitation. The sampler utilizes
sampling racks with multiple bottles to automatically sequence to a new sampling bottle each
day to allow for discrete precipitation events recorded by metrological and common daily
perception volumes to be characterized on a daily basis. Each bottle is sealed before and after
the precipitation sample is collected using the computer controlled valves. The samples are
housed in the base of the sampler in a temperature-controlled chamber that is kept between 40-
47 °F (5-8 °C). The long-term monitoring at the six wet deposition sites (Pensacola, Jacksonville,
Tampa, Davie, Orlando, and Everglades National Park) included sample collection and analysis
for total mercury, major ions (sulfate, nitrate, nitrite, chloride, ammonium, and sodium), trace
elements (Mg, Al, P, S, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Rb, Sr, Mo, Cd, La, Ce, Sm,
Pb), and a subset of samples (based upon volume collected) for analysis for stable mercury
isotopic composition (§°%“Hg, 5°°*Hg, 5°°°Hg, 5'*°Hg, A*'Hg, A°Hg). While wet deposition
were sampled continuously each day at each of the six field sites for the duration of the field
study, it depended upon volume for suitability of analyzing for isotopes. The field methods to be
used to carry out the collection and analysis of the constituents in precipitation measures at
each site are listed in Table 4.3. The table also provides a listing of the individual constituents

2 http://www.sph.umich.edu/ehs/umagq/
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analyzed for in the wet deposition samples. Detection limits and Standard Procedures for the
individual constituents analyzed for the wet deposition samples are provided in the Quality
Assurance Project Plan (QAPP) for this project (Appendix G).

Figure 4.3. University of Michigan
Atmospheric Quality Laboratory’s (UMAQL)
Automated Sequential Precipitation Samplers
(ASPS) deployed in the field

Laboratory determinations for total Hg in precipitation were conducted at the Department’s
Central Laboratory. Laboratory analyses of trace elements (Mg, Al, P, S, Ti, V, Cr, Mn, Fe, Co,
Ni, Cu, Zn, As, Se, Rb, Sr, Mo, Cd, La, Ce, Sm, Pb) in precipitation were performed at UMAQL.
Laboratory analyses for major ions (sulfate, nitrate, nitrite, chloride, ammonium, and sodium)
were performed at UMAQL. Laboratory analyses of mercury isotope ratios (5°°’Hg, 8**'Hg,
5*®Hg, 5'°Hg, A ®Hg, A **Hg) were completed at the University of Michigan Analytical
Laboratories (Blum and Bergquist, 2007; Bergquist and Blum, 2007). All sample handling,
processing, and analysis methods employed ultra-clean techniques (Landis and Keeler, 1997;
Hoyer et al. 1995).

4.2.2 Intensive Site Sampling

For one four week period in 2009 at sites surrounding the Tampa and Davie supersites, and
analogously in 2012 surrounding the Pensacola and Jacksonville sites, “intensive sites” were
established to monitor atmospheric deposition and meteorological conditions. The field
intensives were conducted by UMAQL staff in coordination with the on-going long-term
atmospheric monitoring at the Supersites (including wet only sites). The purpose of the
intensives is to evaluate and characterize the spatial patterns and variability surrounding each
supersite. Efforts for intensive sites included both sample collection and analysis of samples.
Chemical analyses were performed for total mercury, major ions (sulfate, nitrate, nitrite, and
chloride), and trace elements (Mg, Al, P, S, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Rb, Sr,
Mo, Cd, La, Ce, Sm, Pb) in both wet and dry deposition. In addition, a subset of the wet
deposition samples with appropriate levels of total Hg were analyzed for Hg stable isotope ratios
(5°Hg, 8**Hg, 5*°°Hg, 5"°Hg, A**Hg, A Hg). With the exception of the Hg stable isotope
analysis, the specific analytes, methodologies and laboratories to be used to carry-out the
laboratory analysis of the constituents in deposition measures from the intensive periods at
each site matched those used for the long-term measurements at the Supersites. Wet
deposition and dry deposition were sampled continuously each day at each of the intensive
sites.
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Table 4.3 Analytes Quantified in Supersite Monitoring

The table presents the analytic group, the specific analyte, the mode of detection used, the
minimum sampling for project, entity assigned responsibility, specific analyte.

Minimum # of

Categor Variable(s Detection Laborator Analytes
gory (s) e s y y
Hg Speciation Hg0 CVAFS Daily (85% data capture) | ARA (in field) Hg0
RGM CVAFS Daily (85% data capture) | ARA (in field) RGM
Hg(P) CVAFS Daily (85% data capture) | ARA (in field) Hg(P)
uv . o S
Cont. Gas Analyzer O3 absorption Daily (85% data capture) ARA (in field) O3
uv . -
SO, fluorescence Daily (85% data capture) ARA (in field) SO,
NO NO 28'03 Daily (85% data capture) | ARA (in field) NO
NOy NONO-O3 | Daily (85% data capture) | ARA (in field) NOy
. HNO3/HNO,/NHy/ Weekly (85% data HNO3, HNO;,
Discrete Gas Sampler SO,/HCI IC capture) UMAQL NHs, SO,, HCI
sulfate, nitrate,
Discrete Particle Weekly (85% data nitrite,
PM, s Major lons IC UMAQL phosphate,
Analyzer capture) )
ammonium,
and sodium
sulfate, nitrate,
nitrite,
phosphate,
0 )
Cont. Particle Analyzer PM, s Major lons IC Weekly (85% data ARA (in field) ammonium,
capture) sodium,
calcium,
potassium and
magnesium
PM,s OC/EC NDIR Daily (85% data capture) | ARA (in field) OC, EC
Mass Light . o L
PMy Scattering Daily (85% data capture) | ARA (in field) PMy mass
: Mass . o PM; s mass,
Dichotomous Sampler PM,s and PM_s.10 Gravimetric Daily (85% data capture) FDEP PM, <10 Mass
Mg, Al, P, S, Ti,
V, Cr, Mn, Fe,
. Co, Ni, Cu, Zn,
Trace Elements ICP-MS Daily (85% data capture) | USEPA-NERL As. Se, Rb, Sr.
Mo, Cd, La, Ce,
Sm, Pb
Routine Wet Deposition Total-Hg CVAFS 75* FDEP Hg
Mg, Al, P, S, Ti,
V, Cr, Mn, Fe,
" Co, Ni, Cu, Zn,
Trace Elements HR-ICP-MS 75 UMAQL As. Se, Rb, Sr.
Mo, Cd, La, Ce,
Sm, Pb
5202Hg,
5201Hg,
" 5200Hg,
Hg Isotopes MC-ICP-MS 22 UMAQL 5199Hg.
A201Hg,
A199Hg
sulfate, nitrate,
Major lons Ic 75+ UMAQL nitrite, chl_orlde,
ammonium,
and sodium
Intensive Wet
g Total-Hg CVAFS 50** FDEP Hg
Deposition
Trace Elements HR-ICP-MS 50** UMAQL Mg, Al, P, S, Ti,
49

Florida Department of Environmental Protection




V, Cr, Mn, Fe,
Co, Ni, Cu, Zn,
As, Se, Rb, Sr,
Mo, Cd, La, Ce,
Sm, Pb

5202Hg,
5201Hg,
5200Hg,
5199Hg,
A201Hg,
A199Hg

Hg Isotopes MC-ICP-MS 15%* UMAQL

sulfate, nitrate,
nitrite, chloride,
Major lons IC 50** UMAQL ammonium,
and sodium

Intensive Dry

- %%
Deposition Total-Hg CVAFS 50 UMAQL Hg

Mg, Al, P, S, Ti,
V, Cr, Mn, Fe,
Co, Ni, Cu, Zn,
As, Se, Rb, Sr,
Mo, Cd, La, Ce,
Sm, Pb

Trace Elements HR-ICP-MS 50** UMAQL

sulfate, nitrate,

nitrite, chloride,
ammonium,
and sodium

Major lons IC 50** UMAQL

sonic

Meteorology Wind Speed anemometer

Daily (85% data capture) | ARA (in field) wind speed

sonic

Wind Direction
anemometer

Daily (85% data capture) | ARA (in field) wind Direction

Temperature thermistor Daily (85% data capture) | ARA (in field) temperature

Barometric manometer Daily (85% data capture) | ARA (in field) barometric
Pressure Pressure

Solar Radiation pyranometer | Daily (85% data capture) | ARA (in field) solar radiation

Precipitation rain gauge Daily (85% data capture) | ARA (in field) precipitation

surface
wetness

Surface Wetness conductivity | Daily (85% data capture) | ARA (in field)

* Per site for each full year, based upon climatological norms ** Per intensive, based upon climatological norms.

Source: UMAQL and DEP Task Order 4 Supersite Monitoring

Precipitation was collected “manually” each day at each intensive monitoring sites using
sampling trains identical to those used in the supersite ASPS units (Dvonch et al., 1998, Dvonch
et al., 1999, Dvonch et al., 2005). Each manual wet deposition setup included a Hg sampling
train, a separate polypropylene sampling train is used for collection of trace elements and major
ions (sulfate, nitrate, nitrite, and chloride). The intensive-site wet deposition samples were
collected a daily basis, with the exception during extreme events sites were visited more than
once per day.

Turf, vegetation, surrogate surface sampling

A “surrogate turf” approach (detailed in FDEP Contract AQ198 Task Assignment 04 Report)
was utilized for direct determination of Hg dry deposition. This approach used an artificial grass
surface that is fit into a well insert and used with aerodynamic airfoils. The surrogate turf
surface provides a controlled medium that simulates non-water surfaces for determining dry
deposition of mercury, trace elements, and major ions, as well as integrating wet deposition.
The ambient gaseous and particulate matter that is deposited to the turf surrogate surface is
washed into a collection bottle during periods of precipitation. This “turf throughfall” solution is
analyzed using standard UMAQL precipitation analysis procedures. In the absence of (or
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following periods of) precipitation, ambient gases and particles deposited to the turf surrogate
surfaces is extracted from the surfaces, put into solution and then analyzed using the standard
UMAQL protocols for precipitation sample analysis. The dry depositional loading to the turf is
determined from the difference between the “turf through-fall deposition” collected by the well
(including deposited material residing on the turf itself) and standard wet-only depositional
loading accumulated where a given turf sampler is deployed. For each of the four one-month
intensive monitoring periods, dry deposition will be collected manually each day at each
intensive monitoring site. A standard suite of meteorological measures (precipitation, wind
speed, wind direction, temperature) were collected at each intensive site.

Chemistry Analyses

The same suite of analyses performed for supersite wet deposition was performed for intensive
site wet deposition collections.

EPA Supplemental ICP-MS Analyses

To enhance analytical precision and applicability of measures for use in Source-Receptor
Analyses, US EPA agreed to provide the Department analytical support by performing analyses
of particulate filter extracts via High Resolution Inductively-Coupled Plasma Mass Spectrometry
(HR-ICP-MS). This work was performed on a subset of the filters (N = 985) collected in the
particulate measures made at the supersites. The subset of filters was selected to represent
the range of samples collected for each supersite. These analyses allowed for more accurate
and resolute measures of constituents collected in the filters.

UMAQL performed extraction of particulates collected on filters, post gravimetric analyses by
the Department’s Central Laboratory. Aliquots of extracted materials were provided to EPA
directly from UMAQL following standard protocols of chain-of-commend verification and
handling of samples.

4.3 Mercury Atmospheric Modeling
4.3.1 General approach

The atmospheric modeling follows scaled analyses starting at a global scale and concluding at a
4 km grid scale for Florida. This approach allows uncertainties specific to given scales to be
held to those scales, for examples details of information on sources are extremely well known
for Florida, and in some cases weakly known at a global scale. Using 4 success scales of
atmospheric modeling domains (global — North American — southeastern US — Florida), allows
the uncertainties that increase with model coverage to be limited in contribution to the next
modeling domain by only establishing the initial boundary condition. All systems have controls
upon them that are a consequence of organization and sources / inputs from the larger scale
domain internal to which they are a part (Odum, 1972). By having significantly large spatial and
temporal scales at which to have each model domain run before producing the inputs for the
next smaller model domains boundary conditions, this allows the more specific, more resolute
data, at the respective scale to have the greatest influence and contribution to developing the
next domain scale boundary files. Thus the final, most resolute, atmospheric modeling domain
of Florida-eastern Gulf of Mexico — near Atlantic at a 4 km scale has the best resolution of
modeling models outputs derived from the most specifics weather and emissions information
specific to the Florida domain.
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The modeling is performed based upon a model year of 2009. This model year is selected as
the field monitoring across Florida was conducted in 2009, and the greatest number of intensive
sites per supersite location, being for Tampa and Davie, were conducted in 2009. These
monitoring data will allow for model evaluation of the deterministic modeling, inferential
modeling, and supply the data input for source-receptor modeling.

4.3.2 Spatial Scales of Modeling

Global

The team used a global mercury transport and fate model, ECHMERIT (Jung et al., 2008).
ECHMERIT is a fully-coupled model using the atmospheric general circulation model ECHAMS
and a MERcury chemistry module developed at the Institute for Atmospheric Pollution of the
National Research Council (IIA-CNR) of Italy. This model was used to provide representative
chemical boundary and initial conditions for UMAQLs North American scale regional chemical
transport and deposition modeling.

The meteorological fields for regional chemical transport and deposition modeling are created
through the Weather Research and Forecasting (WRF) Model (Shamrock and Klemp, 2007),
which is widely accepted as the state-of-the-art regional meteorological forecasting model.

For integration into the North American grid scale modeling, the chemical boundary and initial
conditions generated by ECHMERIT, and the meteorological wind fields generated by WRF, are
handled through a translator program written by UMAQL to adjust the 80 km global grid domain
to the 36 km grid domain of the North American scale mode.

North America, Southeastern US, and Florida

Community Multi-scale Air Quality (CMAQ) Model is a public domain software produced under
the leadership of the Atmospheric Modeling Division of the EPA National Exposure Research
Laboratory in Research Triangle Park, NC. It is considered the state-of-the-art in modeling of
atmospheric chemistry and transport for mercury and other atmospheric pollutants and
constituents.

CMAQ used to represent the atmospheric chemistry, regional transport, photochemistry and
deposition of speciated mercury, as well as other species of interest (Bullock and Brehme,
2002; Sillman et al., 2007). The model also performs source apportionment of speciated
mercury between elemental Hg (HgP), reactive gaseous Hg (RGM) and fine particulate Hg
(HgP). The CMAQ model includes chemistries and transport for major gas-phase species (e.g.,
03, OH, reactive nitrogen, volatile organics) as well as gas and aerosol versions of sulfates,
nitrates, reactive chlorine and bromine (including aqueous chemistry as related to atmospheric
moisture).

UMAQL started from the EPA released Version 4.7o0f CMAQ described in Sillman et al. (2007).
The madified version includes a new solver for photochemistry that accounts for gas-aqueous
exchange on small time scales. It also includes a more extensive representation of aqueous
reactions, including halogens, in comparison with previous versions. The formation of CIONO2,
the photolysis of HOCI, the self-reaction of CIO radicals, and the equivalent reactions for
bromine are included, along with the reaction of Cl with Volatized Organic Compounds (VOCS).
Additionally UMAQL advanced the modeling capabilities of CMAQ up to applying the most
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comprehensive studies of halogens and mercury. This enhanced modeling caOpabilities is
especially critical in areas influenced by marine systems, i.e., all of Florida and the coastal
southeastern states. Additional modifications for representing gas- and aqueous-phase
chemistry were integrated with the representation of formation of HgP as described by Bullock
and Brehme (2002). Other modeling enhancements included improvements to the handling of
soil emissions and re-emissions. Feedback loops were also implemented as to provide
enhanced forecasting that reflect interactions between pollution and weather® CMAQ was also
modified to handle tracking of tagged emission files allowing the tracking of specified source
categories as the model applied atmospheric chemistry and transport algorithms (see section on
CMAQ-Emissions Tagging for a further discussion). The CMAQ model is used to generate
estimates of the atmospheric deposition (wet and dry) of speciated mercury and other trace
species of interest to the State of Florida by grid location, as well as to each of the stream and
lake sampling sites for use in the Aquatic Modeling.

CMAQ MODEL DOMAIN SCALES

The CMAQ model domains are varied for the three different resolution scales for which
modeling was performed. For North American grid (mid-Canada to southern Mexico north-to-
south, Pacific Ocean to Atlantic Ocean east-to-west) the grid scale is 36 kilometers. The
southeastern US grid domain (mid-Texas to the Atlantic Ocean eat-to-west, Tennessee to the
Caribbean Ocean north —to-south) the grid scale is 12 km grid. For Florida (Alabama to the
Atlantic Ocean east-to-west, mid-Georgia to the Florida straits north-to-south) the grid scale is 4
km. The respective grid domains are illustrated in Figure 4.4.

Weather Research & Forecasting (WRF) Model
Community Multiscale Air Quality Modeling System(CMAQ)

[~ 36 km Hemispheric Grid

12 km Regional Grid

=l I

™~ 4 km Regional Grid

L

T

Figure 4.4 Relative UMAQL Modeling Domains for WRF and CMAQ

% These modeling enhancements as well as "bug” identification and corrections were all reported to US EPA through
portals supporting the CMAQ modeling community. Coding and comments were provided in public postings of both
enhancements and “bug” repair. It is the team’s understanding that all “bug” corrections and enhancements are
being integrated into the next version of CMAQ for public release.
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CMAQ adds modeling capabilities at the finest, 4 km, grid scale providing added modeling
details reflecting convection storms behavior, mimicking dew deposition, and finite handling of
vegetative and soil exchanges.

CMAQ OUTPUTS

Simulated deposition estimates are produced on a daily temporal resolution, which previous
days being input to later days. The meteorological fields, such as precipitation, wind and
thermodynamic fields, were obtained t from the Weather Research and Forecasting (WRF)
Model. While state-of-the-art regional numerical weather prediction models such as WRF
provide reasonable estimates of the areal coverage and magnitude of precipitation for a given
forecast period, the microphysical processes impacting these features often occur within a
single grid cell defined by the spatial resolution of the model especially a larger grid sizes such
as the 36 km grid; and, even within the fine resolution grid (4 km) as the rain falling on only one
side of the street being a familiar occurrence in Florida. For this reason, the modeled location
and magnitude of precipitation totals for a given forecast period can be geographically displaced
from those empirically observed. As to enhance the accuracy of rainfall locations in the model
UMAQL utilized high resolution “observed” precipitation fields which will be derived from a
combination of in-situ precipitation networks within the State of Florida and National Weather
Service Weather Surveillance Radar 1988-Doppler (WSR-88D) radar storm precipitation total
products to adjust the WRF model precipitation output fields for input to CMAQ.

In the same way that observed precipitation data and WSR-88D storm total precipitation
products will be used to ground truth/adjust the WRF model precipitation output fields, and thus
wet deposition estimates from the CMAQ Model, UMAQL used datasets to evaluate and adjust
the CMAQ model derived dry deposition output fields.

4.3.3 Modeling Inputs for Atmospheric Chemistry and Transport Modeling

Emissions

Direct atmospheric emissions from anthropogenic sources and anthropogenic source re-
emissions comprise approximately 70% of mercury deposition as a national average. To predict
how anthropogenic sources respond chemically in the atmosphere and the ultimate deposition
of these then a robust inventory of these sources needs to be developed. The US EPA has
developed mercury emission inventories at a national scale, the most recent being the 2005
National Emissions Inventory (http://www.epa.gov/ttnchiel). To have this data best be able to
represent the base model year of 2009, this inventory was updated for values across North
America. This update included making assessments of any new industrial or mining operations,
making assessments of current pollution control technologies being used by industries, and
verifying these for large sources. For the southeastern US and Florida, DARM worked with
UMAQL to establish the specifics of controls on critical sources such as coal fired EGUs, oil
fired EGUs, cement plants, waste-to-energy facilities, and incinerators still in operation. To
make the emissions files even more accurate for the immediate Florida region, the Department
coordinated and cooperated with Southern Company, Inc (http://www.southerncompany). who
operates several of the largest coal fired power plants in the southeast, including the Crist,
Scholtz, and Lansing plants in the panhandle. Southern Company provided predicted emission
outputs produced through a model developed by Electric Power Research Institute (EPRI)
(http://my.epri.com/portal/server), a nonprofit research entity with a focus on needs and
concerns of the power production and distribution industries.
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In addition to the anthropogenic sources, emissions from natural sources were also evaluated
and verified against the most current literature and field measure. In the case of the mercury
emissions from the high west deserts from Colorado, Wyoming, and Nevada, this source had
been underestimated such that soils would have served as sinks instead of properly being
sources and being especially important locations of re-emissions. Values were checked and
adjusted for the mechanistic behaviors of mercury being emitted/re-emitted from prairie and
forest systems, most recent measures of fire emissions, as well as making estimates of fires
size and locations for the model year. All these sources were integrated into a common format
necessary for input into the North American- Southeastern US — Florida atmospheric chemistry
and deposition model.

An analogous effort was undertaken by the team from the National Research Council Institute for
Atmospheric Pollution (CNR-IIA, )* led by Dr. Nicola Pirrone which developed the global
emissions inventory, and performed the global weather (WRF), atmospheric chemistry and
deposition modeling (ECHMERIT).

Weather

The models inter-operation is illustrated in Figure 4.5.

Global Chemical Model Regional Meteorological Model
(ECHMERIT) (WRF) (WRF Nested Domain) Figure 4.5
~ [Hg(1h)/4, B0OhPa (pg m) ’ g TR MRS Mercury TMDL
5 : Atmospheric
Modeling

Interoperability

Initialand Regional Thermodynamic Local Thermodynamic
Boundary Conditions and Wind Fields and Wind Fields

une 142000 17 :00:00

Regional Chemical Transport Model
(CMAQ)

4 CNR-IIA has an established history as a world leader in the understanding and pioneering science of mercury in the environment,
its sources, transport, chemistries, and fate. Efforts have included joint agreements with US EPA such as Co-operative Agreement
Between the US-EPA and CNR-IIA on Developing Strategies for Assessing and Reducing the Impact of Mercury Pollution on
Regional and Global Scales. CNR-IIA’s director has also been asked by China to make evaluations of mercury sources and
controls, this being one of the widest reaching and first such efforts with western scientists. CNR-IIA is also leading the joint effort
by the EU and UNEP for Global Observation System for Mercury establishing improved resolution and understanding of the global
mercury cycle.
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Inferential Dry Deposition

The inferential dry deposition model is based upon the traditional “resistance analogy” approach
first suggested by Wesely and Hicks (1977). The input data for the inferential modeling activities
will be derived from the meteorological and ambient chemical concentration measurements
performed at each of the supersites. The monthly speciated mercury dry deposition estimates
obtained from the inferential model will be compared with the observed dry deposition
measurements.

4.3.4 Source-Receptor Modeling

One of the primary goals of the Florida Mercury TMDL project is to estimate the loading of
speciated Hg to the State, including coastal waters, and to determine the relative contribution of
the major source categories and source regions (within-state, out-of-state) contributing to the
total deposition. Source apportionment is accomplished using establish methods of applying
multivariate modeling techniques, using as inputs the suite of dry and wet deposition monitoring
data. This approach is refered to as “receptor modeling.” It identifies source contributions at
deposition monitoring locations by partitioning out the contributors based upon knowledge of the
composition suite of given sources.

Positive Matrix Factorization (PMF) is a factor analysis technique, which is applied to source
attribution (Paatero 1997). The PMF uses realistic error estimates to dramatically improve
source assessment over the simpler Principal Components Analysis (PCA) approach.
Identification of the major source contributors (including the relative proportion of their
contribution) is accomplished as the major sources have distinct major and trace elemental
signatures that distinguish themselves from each other (Gordon, 1988). Sources or
combinations of sources may also be identified by characteristic mass dependent and mass
independent Hg isotopic compositions (Biswas et al., 2008). PMF compares well with other
source receptor modeling techniques (Hopke et al., 2006; Keeler et al., 2006).

To evaluate, validate and confirm modeling results from PMF, a second Source-Receptor
Modeling approach is implemented, Unmix (Norris et al., 2006) will also be applied to improve
assessment of uncertainties in the source apportionment results. This approach was
successfully utilized in previous Hg source apportionment study in Steubenville, Ohio (Keeler et
al. 2006). Both PMF and Unmix provide the source compositions, source composition
uncertainties, and source contributions to each sample based only on the measured data.
However, these two models use different algorithms and input data, with PMF using a
combination of concentration and uncertainty data and Unmix using only concentration data.
Source apportionment analysis was performed for each of the four Supersites and for each of
the intensives sites (for wet deposition only).

Utilizing the proposed receptor modeling techniques, the monitoring data will provide
determination of source contributions to the measured wet and dry deposition during the study
period. Independently, the deterministic modeling will allow for estimation of source
contributions to deposition across the state. Similar to the approach for spatial determinations
of Hg wet and dry deposition, the results of spatially interpolated receptor model results
provides information on regional patterns (utilizing the additional information gained on spatial
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patterns from intensive deposition monitoring). The results of the receptor modeling are
compared with the estimates from the deterministic modeling (CMAQ), specifically for the 2009
summer intensive period, identifying any large discrepancies that may be due to inadequate
emissions data for sources located near or upwind of the supersite monitors.

4.4 Mercury Aquatic Cycle Modeling

The Aquatic Modeling takes the approach of a statistical assessment applying partition analyses
for the lakes (more than 7,700 lakes greater than 4 ha in size) and stream/river reaches (more
than 83,400 km of stream and riverine reaches) within Florida. This is accomplished by
characterizing the relationship between water quality variables, specifically including mercury,
and fish Hg concentrations for lakes and streams. Then evaluating how changes in mercury
emissions would translate to changes in atmospheric loading of mercury to individual lakes and
stream reaches across the state (loading outputs from atmospheric modeling). Taking trends
from within individual lakes and streams and integrate these, aggregate these in a scaling up
from individual water bodies to a statewide level. An assigned assumption in this effort is that
fish tissue mercury concentrations are linearly related to atmospheric deposition of mercury, as
the modeling does not address any mercury loading through the landscape.

Ted Lange of FWC, looked at total mercury in 3 year old LMB versus water column mercury
level in 100 lakes in Florida (Figure 4.6). This figure shows that there is no relationship, of
significance, between THg in LMB and THg in the water column. This is as expected since
elemental mercury must be transformed to MeHg, and move through the food web, which is not
a linear relationship. Even applying graph theory provides no pertinent insight as to a
relationship between water column mercury concentration and concentration in fish tissue.
Thus the relationship must be driven by other aspects of system characteristics and functions,
which is why this effort looks at relationships of other water quality and sediment quality
parameters.
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The water quality sampling, as previously described, site selection was done through a stratified
random sampling system as to collect a range of conditions representing roughly 90% of the
variation in state waters (see section ## for further details). The empirical models were
developed from subsets of randomly selected lakes and stream segments that have been
previously assigned to a set of sampling bins. This allowed there to be both training data sets
and independent validation data sets. The bins, the groupings, were based upon a three
dimensional matrix, each dimension corresponding to a different water quality variable. Five
sampling intervals have been defined for each dimensional variable, leading to a total of 125
(three dimensions for 5 variables so 5 * 5 * 5 = 125) unique parameter interval combinations.
Using the data collected for the Mercury TMDL Project, no relationship is observed when
comparing total mercury in the water column to total mercury in fish tissues (Figure 4.7) No
pattern un terms of a linear regression nor an assessment by graph theory is observed for the
complete data set, nor either the lakes or streams data sets independently.
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Figure 4.7 Total Mercury in the Water Column versus Normalized Total Mercury in
Fish Tissue

4.4.1 Fish normalization

LMB are naturally variant in size (length and mass) by age group. This variation is extended
under varying environmental conditions (water quality, temperature, landscape position of
surface waters), i.e., the greater the range of environmental conditions then the greater variation
in LMB size by age class would be expected, and observed. Within Florida the system
conditions variation between the peatlands south of Lake Okeechobee, including the
everglades, the upper peninsula, and the panhandle have dramatically variant environmental
conditions affecting food sources, stressors, and refugia, which result in differing growth rates
and size characteristics for LMB. Size variation can be observed in looking at the state
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regionally (Table 4.4). Because of this variation, the fish tissue measures were normalized as
part of the correlation analyses developed in the aquatic modeling, across size variances of
individuals within a species, within a waterbody, and across different species. However, in the
assessment of reductions based upon LMB fish tissue concentrations the measures used are
not normalized, as there is no intent to correlate these with water column quality measures.

Table 4.4 Average Length of LMB by Region

This table presents the average length of LMB by region (panhandle, peninsular Florida outside
of the peatlands, and peatlands). The regional variation indicates the difference in size classes,
and thus may be inferred difference in age classes, which effect rate and amount of mercury

bioaccumulation.

Average Difference
Region length from statewide
(mm) average (mm)
Panhandle 324.8 1.8
Peatlands 293.7 -29.3
Peninsula non-peatlands 342.2 19.2
Statewide average length 323.0

The normalization had multiple internal components:
¢ Inclusion of Spotted Bass with the LMB measures to expand the data set

¢ Normalizing sunfish total mercury measures to a n assigned length (124 mm, median

value of N = 933)

e A cross normalization, translator, by which to relate sunfish measures to normalized
LMB, for sites of coincident collection and sunfish only sites (N =9)

e A cross normalization, translator, for total mercury measures of Gambusia affinis in the
everglades collected under other projects (e.g., REMAP), as to extend the spatial extent
of mercury assessment across the everglades

The results, i.e., normalized fish size and fish tissue mercury values are used in the inferential
modeling performed. The accuracy of fit is illustrated in Figure 4.8, from Task 5.2.D.
Normalized Concentrations of Hg in Florida Fish Report, SP673.

Ln Std LMB Hg

Ln LMB Hg

Figure 4.8 Comparison of Modeled LMB
Hg (In-Transformed) Concentrations
Standardized to 15 Inches Length vs.
Observed (In-Transformed)
Concentrations for LMB and SPBA




4.4.2 Correlation Analyses for Atmospheric Deposition, Water Quality, and Fish Tissue
Levels

Empirical modeling involved a number of different approaches to predicting LMB Hg
concentrations as a function of water quality. The water quality variables considered included

e majorions,

e trophic state variables (i.e., nutrients and chlorophyll a, turbidity, secchi disk transparency),

e color,

e mercury atmospheric deposition,

e specific conductance; and ,

e mercury chemistry (water column and sediment: dissolved and total mercury; dissolved

and total methyl mercury).

Modeling assessed a number of techniques, both linear and nonlinear, to identify relationships
between variables. The modeling performed was not deterministic. Significant efforts were
given to applying multivariate techniques, applying principle component analyses, and applying
partition analyses, to better identify relationships.

Modeling was applied to a subset of the data (~80%) randomly selected as to allow the
remaining data to used in validation of the developed models. In addition, validation techniques
of jackknifing, and k-fold cross-validation. For purposes of model development for this study,
the state initially was divided into the 28 freshwater basins for streams and rivers using the SMN
network basins, TMDL basins, (Figure 4.9) and subsequently into 47 eco-regions (Figure 4.10)
considered each to be relatively homogeneous for lakes (Griffith et al., 1997).

Figure 4.9 Florida Lake Regions (source USGS)
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Status Network Reporting Units
2004 - 2008

Rep Unit |[Year |Basin Name

NWFWMD-1 |Group 1 |Ochlockonee - St.Marks

SFWMD-1  [Group 1 |Everglades West Coast
SFWMD-6  |Group 1 |Lake Okeechobee
SJRWMD-1_[Group 1 |Ocklawaha

SRWMD-1  [Group 1 |Suwannee

SWFWMD-1 [Group 1 |Tampa Bay

NWFWMD-2 |Group 2 |Apalachicola - Chipola

SFWMD-2  |Group 2 |St.Lucie - Loxahatchee

SFWMD-7  |Group 2 |Charlotte Harbor

SJRWMD-2 |Group 2 |Lower St. Johns

SJRWMD-6 [Group 2 |Middle St. Johns

SWFWMD-2 |Group 2 [Tampa Bay Tributaries

NWFWMD-3 |Group 3 [Choctawhatchee - St. Andrew

SFWMD-3  |Group 3 |Caloosahatchee
SFWMD-8  |Group 3 |Lake Worth Lagoon - Palm Beach Coast
SJRWMD-3 |Group 3 |Upper St. Johns

SWFWMD-3 |Group 3 |Sarasota Bay - Peace - Myakka

NWFWMD-4 |Group 4 [Pensacola

SFWMD-10 |Group 4 |Southeast Coast - Biscayne Bay

SFWMD-4 |Group 4 [Fisheating Creek

SFWMD-9 |Group 4 [Kissimmee River

SJRWMD-4 |Group 4 |Nassau - St. Marys

SWFWMD-4 [Group 4 |Withlcoochee

NWFWMD-5 |Group 5 [Perdido

SFWMD-11 [Group 5 |Florida Keys

SFWMD-5  [Group 5 |Everglades

SJRWMD-5 |Group 5 |Indian River Lagoon

SJRWMD-7 |Group 5 [Upper East Coast

SWFWMD-5 |Group & |Springs Coast

i
(gﬂ"”
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Figure 4.10 Florida Strategic Monitoring Network Basins
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4.5 Sampling of Fish Tissue and Collection of Chemical and Biochemical Data from the
Water Column and Sediment

Developing Mercury Aquatic Models is an essential part of the statewide Mercury TMDL
development for impaired Florida waters. The goal of the modeling is to establish a functional
relationship between the mercury loading into receiving waters and the fish tissue mercury
concentration in these waterbodies. Past studies have demonstrated that, while fish tissue
mercury concentration for each individual receiving waterbody may show a linear response to
the change of mercury loading into the waterbody, the fish tissue mercury concentrations across
lakes and streams were dominated by biogeochemical variables other than mercury loadings.
Therefore, collecting water quality and sediment samples in tandem with the collection of fish
tissue mercury concentration is required in order to develop aquatic models. These needed
data were collected and analyzed by the Florida Fish and Wildlife Conservation Commission
(FWCC) and the Department jointly through a monitoring program conducted in a period from
September of 2008 through October of 2010.

In order to ensure a sufficiently broad data range and reasonably even distribution of data
across the gradient of each sampled parameter for statistical analyses, sampling sites for
needed parameters were chosen using a stratified random sampling design. Basically, the
concentration ranges of three target variables (pH, color, and chlorophyll a for lakes; pH, color,
and nitrate for streams) from lakes and streams included in the Department’s Status Monitoring
Network (SMN) were examined. The identified concentration ranges of these parameters were
divided into 5 concentration intervals for each parameter, which yielded a possible 125 unique
variable interval combinations (5x5x5) or sampling bins. The actual numbers of bins that were
populated by at least one lake or stream reach were 101 and 95, respectively. Additional lakes
and streams were sampled at random from individual bins to produce a total number of 133
lakes and 131 streams segments for the sampling.

For each selected waterbody, 12 large-mouth bass (LMB) were collected for total mercury
analyses. LMB were selected as representing a top level predator in systems in which they are
present, thus having the most greatest rates of bioaccumulation. Size of sample fish was
determined by the current (FY08/09) FFWC's size regulations for black bass; however, LMB up
to 2" less than the minimum size regulation up to approximately 20" were collected in order to
establish robust relationship between fish tissue concentration and fish size. Where it was
infeasible to collect 12 LMB, spotted sunfish (SPSU) were collected across a range of available
sizes. Preliminary analyses comparing concurrently collected LMB and SPSU indicated well-
correlated tissue mercury concentrations between these two fish species. These sample fish
were collected by FWCC and shipped to Eustis Fisheries Research Laboratory, or other FWCC
facilities for tissue sample preparation. Prepared fish tissues samples were transported to
Department’s Central Laboratory for total mercury analyses.

Other than fish sample collection, FWCC also collected concurrent water quality samples from
the same lakes and streams where fish samples were collected. Water quality samples were
collected for measurement of aqueous mercury species and ancillary water quality parameters
including major ion, dissolved organic carbon (DOC), color, total suspended solid (TSS), and
nutrients. Field measurements, including dissolved oxygen, conductivity, and Secchi depth,
were also collected. Water quality samples collected by the FFWC were shipped via overnight
courier to Department’s Central Laboratory in Tallahassee for analyses.
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In order to provide a complete dataset to describe factors that influence the mercury fish tissue
concentrations in Florida waters, sediment sample were also collected in lakes where fish and
water quality samples were collected. Lake sediment sample collections were conducted by the
Department and were in parallel to the sample fish and water quality sample collection efforts
made by FWCC. Sediment sample analyses were conducted by Department’s Central
Laboratory. These analyses focused on mercury and MeHg, metals (aluminum, arsenic,
cadmium, cobalt, chromium, copper, iron, potassium, magnesium, manganese, nickel, lead,
antimony, selenium, strontium, titanium, vanadium, and zinc and nutrients.

All sample collections were conducted in the period from September of 2008 through October of
2010. Sample collections were conducted once for each selected waterbodies. Figure 4.2
shows the location of sampling sites. Results from sample analyses were summarized in
Chapter 5 of this report. All field and laboratory procedures for collection of fish samples were
adhere to guidelines established in the Comprehensive Quality Assurance Plans for Collection
of Fish established for FWCC (FWC Chemistry Laboratory SOP, HGSOP 4/03) and FDEP
(DEP-SOP-001/01, FS6000 General Biological Tissue Sampling). All field and laboratory
procedure for collection and analysis of water samples and laboratory analysis of fish tissue
samples were adhere to the requirements set forth in Department’s Quality Assurance Rule,
Chapter 62-160, F.A.C), including Department’s Standard Operating Procedure (SOPs) for field
activities (DEP-SOP-001/01).

4.6 Historic Data for Fish Tissue Mercury Concentration and Water Column Chemistry

Other than the fish tissue, water column, and sediment data collected during the 2008-2010
monitoring program, historical data collected through the fish consumption advisory program
jointly carried out by the Department, FFWC, and DOH, and by the Department’s Integrated
Water Resource Monitoring Network (IWRMN) were also examined in order to identify the
temporal trend of mercury fish tissue impairment in Florida.

Since 1983, FWCC, DOH, and the Department have been jointly conducting investigations on
fish tissue mercury impairment in Florida waters. This effort primarily focuses on waterbodies
and fish species that are important for fishing activities. Samples of popular fish species, such
as LMB, bluegill, redear, sunfish, warmouth, spotted sunfish redbreast sunfish, black crappie,
catfish, some exotics such as Oscars, butterfly peacocks, and Mayan cichlids, and over 100 salt
water species such as Atlantic croaker, black grouper, dolphin, fantail mullet, gray snapper, gulf
flounder, king mackerel, spotted seatrout, and yellowfin tuna, have been collected by FWCC
from freshwater and marine waterbodies identified by FWCC and shipped to the Department for
tissue mercury analysis. Fish consumption advisories for specific water bodies are issued by
DOH if the mercury concentration found in fish is at levels that may pose a risk to human
health. Advisories for mercury in Florida waters have been issued since 1989. The DOH Web
site (www.doh.state.fl.us/floridafishadvice) offers regularly updated consumption advisories
containing specific advice about eating fish from Florida's fresh and marine waters. These
advisories are not intended to discourage fish eating but to provide a guidance for choosing the
right fish and also limit eating fish from waterbodies of high concern of mercury pollution. For
the statewide mercury TMDL, the Department obtained fish tissue results of over 30,000 fish
samples collected from more than 300 freshwater segments. Result summarizations of these
data are provided in Chapter 5 of this report.
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As mercury fish tissue concentrations can be influenced both by external mercury loadings into
the aquatic system and biogeochemical characteristics of receiving waters, it is desirable to
pair the analyses on mercury fish tissue concentration data with the analysis of water quality
data. The water quality data used in these analyses were primarily retrieved from
Department’s IWR Database, which included data collected by Florida’s Integrated Water
Resource Monitoring Network (IWRM, http://www.dep.state.fl.us/water/monitoring/index.htm).
This network was initiated in 1996 by the Department in an effort to refining its water resource
monitoring and include three tiers of monitoring programs. Tier | monitoring program include
status monitoring and trend monitoring. This monitoring networks primarily focuses on
providing the spatial and temporal water quality trend in Florida at the state level. Tier Il
monitoring program is watershed and waterbody oriented. It includes not only the monitoring
efforts of the Department on individual waterbodies, but also collects water quality monitoring
results from more than 90 other entities including other state agencies, county and local
governments, universities, and voluntary groups. Water quality results from the Tier Il
monitoring program constitute the vast majority of the water quality data that the Department
uses to conduct the IWR listing process and develop TMDLs for impaired waters. Tier lll
monitoring are primarily associated with the monitor activities required through the
Department’s regulatory permits, which is used to evaluate the effectiveness of point source
discharge reductions and implementation of best management practices required by TMDLSs.
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Chapter 5: Monitoring Results

5.1 Fish Tissue Results

Fish tissue data were collected from 133 lakes and 131 streams in Florida in the period from
September 2008 through October 2010. The fish tissue sampling focused on LMB, however, for
those waterbodies in which no LMB could be collected or not enough LMB could be collected,
spotted sunfish (SPSU) or spotted basses (SPB) were collected in place of LMB. Out of the
total 264 waterbodies sampled, fish samples from 90 waterbodies included SPSU samples and
from 7 waterbodies included (SPB samples).

Average fish tissue concentrations were calculated for each species in each waterbody and
median values of these waterbody-species average were then estimated. The median tissue
mercury concentration for LMB, SPSU, and SPB, based on fish samples collected in this project
were 0.40 mg/Kg, 0.25 mg/Kg, and 0.68 mg/Kg, respectively. The 90" percentile fish mercury
concentrations for LMB, SPSU, and SPB were 0.89 mg/Kg, 0.43mg/Kg, and 1.02 mg/Kg,
respectively. Figure 5.1 shows the distribution of fish tissue mercury concentration based on
data collected from the above sampling project after the fish tissue normalization was
conducted. Detailed information regarding the location of sampled waterbodies, general
sampling conditions, and water chemistry of the sampled waterbodies can be found in
Appendix H of this report.
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Figure 5.1 Accumulative Frequency of Fish Tissue Mercury Concentration in Lakes
and Streams.

Fish tissue concentrations were also collected through the Florida fish consumption advisory
program jointly carried out by FWC, DOH, and the Department since 1983. Based on the LMB
data collected through the program, there appear to be a general trend of decrease of fish
tissue concentration since the early 1980s (Figure 5.2)
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Figure 5.2 Dynamics of Fish Tissue Mercury Concentration in Florida Waters in the
Period from 1983 through 2011

5.2 Total and Methylmercury, and other Water Column Parameters

A suite of water column parameters were collected from the same waterbodies and at the same
time when fish samples were collected. These data include total mercury, MeHg, and other
water column parameters. Figures 5.3a and 5.3b show the accumulative distributions of total
mercury and MeHg in lakes and streams, respectively.
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Figure 5.3a Accumulative Frequency of Total Hg and Methyl-Hg Water Column
Concentrations in Lakes
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Figure 5.3b Accumulative Frequency of Total Hg and Methyl-Hg Water Column
Concentrations in Streams

The ranges of total mercury concentration in lakes and streams were fairly similar. The total
mercury concentration in sampled lakes ranged from 0.22 to 7.70 ng/L. In streams, the range
was 0.10 to 7.90 ng/L. However, stream total mercury concentration tended to distribute more
toward the higher concentration end than the total mercury concentration in lakes. Based on
Figure 5.3a, the 50" percentile of the lake total mercury concentration was 1.30 ng/L, which
means that the total mercury concentration in about 50% of the lake was higher than 1.30 ng/L.
In contrast, in more than 63% of the stream segments being sampled, the total mercury
concentration was higher than 1.30 ng/L(Figure 5.3b). Similar trend was also observed with
MeHg. The 50™ percentile of the MeHg concentration in lakes was about 0.08 ng/L, which
means that the methyl-mercury concentration is higher than 0.08 ng/L in about 50% of the
lakes. For streams, more than 78% of the stream segments being sample had MeHg
concentration higher than 0.08 ng/L.

To examine the methylation potential in streams and lakes, a ratio between MeHg and total
mercury was calculated for each waterbody sampled, and the accumulative frequencies of the
ratio were presented in Figure 5.4 for both lakes and streams. Again, the overall distribution
shows that, in stream segments, the ratio between MeHg and total mercury concentration
tended to be higher than in lake segments. While the 50™ percentile of the lake methyl to total
mercury ratio was about 7%, the ratio of stream segments at the same percentile was about
12%. Except for one point at about the 99 percentile, the entire accumulative frequency curve
of the stream methyl to total mecury ratio lain to the right of the lake methyl to total mercury
ratio, indicating higher methyl to total mercury ratio in most stream segments sampled than in
lakes.
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Figure 5.4 Accumulative Frequency Curve for the Methyl to Total Mercury Water
Column Ratio in Lakes and Streams.

Spatial distribution of total mercury, MeHg, and methyl to total mercury ratio in lakes and
streams across the State were also examined. Detailed spatial distributions of these
parameters can be found in Appendix |. Basically, no clear spatial distribution patterns were
identified from these analyses.

Statistics of other water parameters were summarized in Table 5.1. The raw data used to
calculate these statistics can be found in Appendix H.

Table 5.1 Mean and Standard Deviations for all Parameters Measured or Collected in
Waters Sampled for the Statewide Mercury TMDL

- = Sediment data were only collected for lake sampling locations

Lakes Streams

Parameter Mean Standard Deviation Mean Standard Deviation
Alkalinity (mg/L) 37.50 44.58 90.13 80.89
Field Measurements
Sample Depth 0.89 0.27 0.76 0.28
Secchi Depth 1.35 0.92 1.15 0.74
Site Depth 3.46 2.19 1.96 1.48
DO (mg/L) 7.52 2.10 5.88 2.48
pH 7.03 1.37 6.74 1.15
Specific Conductance (umhos/cm) 307.04 733.83 487.32 1185.85
Temperature (°C) 23.41 6.40 21.90 4.56
Redox (mvolt) 247.81 133.75 250.34 137.83
Major lons
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Lakes Streams
Parameter Mean Standard Deviation Mean Standard Deviation
Calcium (mg/L) 19.14 21.22 40.17 35.19
Chloride (mg/L) 58.81 215.07 79.48 336.51
Magnesium (mg/L) 7.02 15.57 10.79 27.15
Potassium (mg/L) 3.99 5.72 3.32 7.80
Sodium (mg/L) 32.48 120.72 49.53 215.91
Sulfate (mg/L) 25.03 47.12 29.07 55.74
Trophic Status Parameters
Carbon- Organic (mg/L) 13.43 10.09 16.57 14.65
Ammonia (N) (mg/L) 0.06 0.21 0.04 0.05
Nitrogen- Total Kjeldahl (mg/L) 1.23 0.90 0.85 0.57
NNOx (mg/L) 0.05 0.13 0.26 0.45
Phosphorus- Total (mg/L) 0.06 0.09 0.12 0.20
Chlorophyll a (ug/L) 18.78 36.33 4.32 11.54
Chlorophyll a- uncorrected (ug/L) 20.87 39.31 5.15 13.67
Pheophytin (ug/L) 2.61 5.64 1.28 3.40
Water Clarity Parameters
Color (PCU) 90.49 111.92 147.27 149.84
TSS (mg/L) 7.83 10.89 6.12 4.79

5.3 Sediment Mercury

Sediment total mercury, MeHg, and other sediment parameters were also collected for the 133
lakes. Figure 5.5 shows the accumulative frequencies of sediment total and MeHg
concentrations. Figure 5.6 shows the accumulative frequency of sediment methyl to total

mercury ratio.
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Figure 5.6 Accumulative Frequency of Sediment Methyl to Total Mercury Ratio

Compared to the water column methyl to total mercury ratio, which mostly fell in the range from
1% to 40%, the sediment methyl to total mercury ratio was significantly lower. It mostly fell in
the range from 0.02% to 5%.

Statistics of other sediment parameters were summarized in Table 5.2. The raw data used to
calculate these statistics can be found in Appendix H.

Table 5.2 Statistics Summary of Other Sediment Parameters (mg/kg)

Parameter Mean Star.‘d"?"d
Deviation
Al 19126.79 20204.63
Cr 28.28 27.34
Fe 8489.10 9354.47
Mg 1898.84 2453.72
Mn 82.37 103.47
Ni 9.78 8.52
K 1361.12 1559.38
Sr 158.88 280.10
Ti 1859.05 1622.37
\Y 28.35 27.64
Zn 51.58 118.80
Sh 0.99 3.54
As 4.41 3.59
Cd 0.52 0.55
Cu 78.40 651.48
Pb 26.96 22.87
Se 2.24 1.78
Org C 16.30 15.66
TotC 17.13 15.43
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Standard

Parameter Mean Deviation
TKN 11587.91 11330.35
TP 1284.14 1684.14

5.4 Wet/Dry Deposition of Mercury

Pending reports from University of Michigan Air Quality Laboratory
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Chapter 6. Model Results

6.1 Summary of Atmospheric Modeling Results
6.1.1 Overview

The mercury atmospheric cycling and deposition modeling performed approach used nested
scale models (Figure 6.1 CMAQ domains). This allowed different spatial resolution to be
applied based upon size of the model domain: 80km for the global model, 36km for the North
American model, 12km for the southeastern U.S. model, and 4km for the Florida model
domains. Two different atmospheric chemistry and cycling models were used in the modeling
ECHMERIT for the global domain, and ECHMERIT for the other domains. Each model cycles
mercury based upon meteorological inputs and handles atmospheric chemistries within each
grid cell of the model. The models are all 3-dimensional. This allows the differences in
atmospheric chemistry between surface conditions immediately above ocean or land surfaces
up to the different driving conditions in the troposphere, all to be modeled based upon horizontal
and vertical location. For example, the CMAQ model used 50 vertical layers to more accurately
model the varying chemistries, environmental conditions, and movement that exist in the
atmosphere. The mercury chemistries in the models include mercury speciation. Ultimately,
these models provide a mercury deposition onto Florida based upon the finest resolution 4km
grid.

Vacation Renter Solutions, LLC

Figure 1 Florida Mercury TMDL CMAQ Modeling Domain

Figure 6.1 CMAQ modeling domains

6.1.2 Global

The meteorological input files used to drive the ECHMERIT model were obtained from the
European Center for Medium Range Weather Forecasts (ECMWF). This is a public domain,
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i.e., open to any researcher, data set. The ERA-Interim Archive data files were subsequently
processed by IIA-CNR using the INTERA software (a free public domain software) to interpolate
the ERA-Interim Archive GRIB-formatted datasets to the ECHMERIT grid and binary format
used in the global modeling. For the global scale modeling effort using ECHMERIT, IIA-CNR
used the Arctic Monitoring and Assessment Program’s mercury (AMAP-Hg) emissions inventory
for the Year 2000 (Pacyna et al., 2006). The AMAP-Hg emissions inventory provides estimates
of anthropogenic emissions at a spatial resolution of 1° x 1° across the globe. Emissions, and
re-emissions, of mercury from soils are modeled as a function of soil temperature which is
directly computed within the ECHMERIT model. The simulation of mercury emissions from the
vegetation uses canopy evapotranspiration estimates . The main meteorological variables
affecting evapotranspiration are solar radiation, air temperature, humidity, and wind speed. A
leaf area index is used to estimate the amuont of evegation in each grid and is provided through
an public doamin input file. The specfics of canopy evapotranspiration calculation are found
within the meteorology part of ECHMERIT model (Roeckner et al., 1996). The mercury
concentration in the soil water, which relates to amounts of mercury emissions from soil, was
set to a constant of 1x10° ng/m3, (Xu et al., 1999). Emissions of Hg from oceans are based
upon a relating Hg emission to carbon monoxide emissions, scaled at 2.1x10” Hg®/CO emission
rate (Duncan et all 2003). Estimates of ocean CO emissions were obtained from the Precursors
of Ozone and their Effects in the Troposphere (POET) emissions inventory (Granier et al.,
2005). Direct re-emission over land surfaces of deposited mercury species (RGM, Hgll, and
HgP) is addressed through assigning a constant for re-emission of 20% for both wet and dry
deposition based upon the work by Jaeglé et al. (2008). Additional global emssions were taken
from the GEIA POET and GEIA EDGAR emissions inventories (public domain), which include
emissions from anthropogenic, biomass burning, biogenic and oceanic sources. These
emissions are then input into ECHMERIT which models chemistries and movement of mercury
at the global scale. The ECHMERIT results are used to set the boundary conditions for the
CMAQ North American grid (36km). Thus initial conditions for the CMAQ model represent
global conditions modelled for the base model year of 2009.

6.1.3 Meteorological modeling

Meteorological modeling is an input into the atmospheric chemistry and transport models. The
meteorology identifies atmospheric conditions which affect mercury chemistries such as light
and humidity, as well as is the basis of mass transport, i.e., wind and convections move
materials cell to cell, conditions such as precipitation strip materials from the air and deposit
them. The regional meteorological model used in support of the Florida Freshwater Mercury
TMDL was the Weather Research and Forecasting (WRF) model, Version 3.1, which utilized the
Advanced Research WRF (ARW) dynamic solver. This version of the model is public dmain
software, free for any user. The meteorological input files were obtained from the National
Centers for Environmental Prediction (NCEP) Final (FNL) Operational Model Global
Tropospheric Analyses. The data contained in the NCEP FNL are scaled on 1.0 x 1.0 degree
grids, with at six-hour intervals (valid 00, 06, 12, 18 Coordinated Universal Time (UTC, UT, GMT
or Z)) for each day. The WRF Preprocessing System (WPS) generated meteorological fields
used as input into the WRF model, which is three integrated programs that prepare input for
WRF meteorological model simulations. Sea surface temperatures were obtained from daily,
high-resolution, real-time, global, sea surface temperature (RTG_SST) analysis that has been
developed at the National Centers for Environmental Prediction/Marine Modeling and Analysis
Branch (NCEP / MMAB) (Marsik 2011). The only “project specific information” that was required
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as input into the WPS during the generation of the WRF model-ready input files pertained to the
specification of the model domains used for the Mercury TMDL Project .

6.1.4 U.S. Emissions Inventory

Emissions inventories identify the loads emitted to the atmosphere by both permitted and
unpermitted entities. Unpermitted entities can include anthropogenic sources not requiring
permits such as mobile sources as well as natural emission sources. Emission inventories
serve as the source loading for mercury and other air pollutants that interact with mercury in the
atmosphere. These are the added inputs that combine with the loads and conditions indentified
through the ECHMERIT modeling.

The majority of the U.S. regional chemical emissions inventory files used came from an update,
performed as part of this project, to the 2005 USEPA National Emissions Inventory (NEI)
Version 2. USEPA 2005 NEI Version 2 database provides EPA’s best estimate of emissions for
the Calendar Year 2005. To take these 2005 numbers and apply them to the 2009 base year
modeling effort, the project team, with specific critical inputs and cooperation from DEP’s
Division of Air Resource Management (DARM), updated the emissions estimates applying a
“best engineering estimates” approach. The updates had a scale of specificity where Florida
emission sources were individually looked at and national and international (Canada and
Mexico) sources were evaluated categorically. In further support of the accuracy of Florida
emissions, the Florida Electric Power Coordinating Group (FCG) provided estimates of
speciated mercury emissions from the coal-fired electric generating units (EGUs) associated
with the organization. These were cooperatively reviewed for the determination to include these
emission estimates in the emissions files. Mercury emissions from Mexico were not included in
the 2005 NEI Version 2 distribution, so an emissions inventory was developed for use in North
American grid domain. The updates to Florida emissions were made in the following
circumstances:

a. Facilities had shut down permanently since Calendar Year 2005

b. Facilities known to be non-operational during Calendar Year 2009

c. New facilities which opened between Calendar Years 2005 and 2009

d. Facilities whose emissions were estimated to have changed significantly since Calendar

Year 2005 as a result of changes in controls or operations
e. Estimates of reduced operating capacities in 2009 (these largely a result of economic
conditions)

Emission file updates included primary pollutants, not only mercury, as these are part of the
atmospheric chemistries being modeled. Estimates of gaseous elemental mercury emissions
from wildfires used a scaling of gaseous elemental mercury emissions with CO emissions from
wildfires. Wildlife CO emissions are part of NEI 2005.

The regional chemical emissions inventory files created, updated, were used as input into the
Sparse Matrix Operator Kernel Emissions (SMOKE) Modeling System (a public domain
software). The SMOKE Modeling System was used to create hourly emissions files that were
used as input into atmospheric chemistry and transport model (see below), which ultimately
provides the wet and dry speciated mercury deposition onto Florida at the 4km grid domain.
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6.1.5 Inferential Dry-deposition Modeling

An inferential modeling approach, as the name implies, indirectly assessed the amount of dry
deposition. This serves as a second basis of estimation to the CMAQ modeling (described
below), and as mode of evaluation, of comparison, between modeling approaches as well as
deposition measures collected. Model estimates of the dry-deposition of speciated-mercury at
each supersite (Figure 4.2) were calculated as the product of the monthly average ambient
concentration of the mercury species by respective monthly average rate of dry-deposition,
often refererd to as dry-deposition velocity:

Fi= Va,i -Ci

where Fiis the dry-deposition of a given species (i), Ciis the concentration of the species and
Vd,iis the dry-deposition rate, or velocity, for the species (RGM, Hgll, Hg%). The computed
deposition flux is considered to be deposition only, i.e., no re-emission is considered in this
analysis.

For gaseous elemental mercury (GEM) and reactive gaseous mercury (RGM), the modeling
reflects an analog to electrical resistance where deposition to a given surface is described
in terms of a series of “resistances to deposition” which arise due to meteorological,
chemical and biological processes that control pollutant delivery and capture at surfaces,
both anthropogenic and natural. Determinations of the dry-deposition velocity were made
using hourly meteorological data collected at each supersites, and then averaged to
produce monthly-averages. The specifics of calculations are dependent upon the mercury
species, and are describe in Marsik et al 2011. The modeling results are summarized in
Table 6.1.

Table 6.1 Inferential Dry-deposition model results for supersite locations

This table presents the estimated dry-deposition of speciated mercury (GEM = Gaseous Elemental
Mercury, RGM = reactive Gaseous Mercury, PHGF = Particulate Mercury) totals grouped.

Supersite: Davie Jacksonville Pensacola Tampa
Total Flux Total Flux Total Flux Total Flux Total Flux Total Flux Total Flux Total Flux

2009 [ng/m2/month] | [ng/m2/month] | [ng/m2/month] | [ng/m2/month] Ing/m2/month] | [ngim2imonth] | [ng/maimonth] [ng/m2/month]

Month GEM + RGM RGM + GEM + RGM RGM + GEM + RGM RGM + GEM + RGM RGM +

+ PHGF PHGF + PHGF PHGF + PHGF PHGF + PHGF PHGF
January 33458 64.3 3521.6 108.2
February 3442.2 99.7 3384.2 150.3
March 3998.1 51.7 3814.7 1159
April 3365.2 94.2 3503.0 62.6 4498.3 51.7 4226.1 82.3
May 4349.2 134.4 4296.9 345 4775.2 75.3 4961.4 107.7
June 42337 196.7 34444 52.2 3915.6 75.6 4434.9 110.8
July 4177.0 115.6 34319 60.0 4497.7 77.4 4279.8 69.3
August 3985.9 131.9 3502.9 17.1 4370.8 69.3 4247.0 63.6
September 3769.3 182.0 3138.8 30.1 3776.5 34.8 3866.6 39.8
October 3089.1 161.3 2937.5 32.8 3787.9 37.9 3602.8 67.7
November 2350.6 70.8 23448 318 3186.5 85.8 3254.7 43.0
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Supersite: Davie Jacksonville Pensacola Tampa
Total Flux Total Flux Total Flux Total Flux Total Flux Total Flux Total Flux Total Flux
December 2285.3 41.7 23935 225 3356.5 24.7 34142 96.3
Annual Total (ng/m2) 31605.2 1128.6 28993.8 343.6 46951.1 748.1 47007.9 1060.0
Annual Total (ug/m2) 316 1.13 29.0 0.34 47.0 0.75 47.0 1.06

The inferential dry-deposition modeling shows variations both seasonally and
geographically. The group totals indicate the significant load that can be from GEM.

6.1.6 CMAQ

The CMAQ modeling operated through three geographic domains (Figure 6.1) at increasing
model resolution: North America at 36km grid resolution, southeastern US at 12 km grid
resolution, and Florida at a 4km grid resolution. The model operated with 50 vertical layers
representing known variations in atmospheric chemistries, such as the increase in reactive
radicals that exist in the troposphere. The model moves chemical constituents based upon
reactive chemistries and physical parameters identified through metrological modeling. At the
finest, 4km, resolution CMAQ includes internal meteorological modeling to supplement
meteorological inputs from WRF, that provide enhanced representation of convection storms
and precipitation events.

The modeling domains serve to provide the boundary conditions to each more resolute domain.
Each model domain is operated across its entire extent to insure representation of weather
events moving in all directions. As the meteorological conditions are aggregated to each grid,
i.e., each grid cell is homogeneous, the increasing resolution provides improved resolution of
influencing forces such as marine boundary layer along coastal edges, variations in surface
roughness due to variations in land cover characteristics, resolution of storm events, and finer
representations of chemistries.

To date model results have only been reported for the aquatic modeling sites. This data set
allows a comparison. The modeling outputs show seasonal and geographic variation across
Florida for all categories (Figure 6.2).

Figure 6.2 Continuous Surface Derived from
Point Loads of Mercury Total Annual
Atmospheric Deposition to the Locations of
the Aquatic Modeling Sites. The
Continuous Surface Is Generated at 4km
Resolution.
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The figure shows the variations by stretching of the visual field by drawing the surface created
based upon a color map gradation linked to statistical breaks in the data identified through
increments of standard deviation.

The mass of Hg released from Florida source categories tagged in the CMAQ modeling was 25
kg for the base model year compared to a total atmospheric deposition loading of 6,043 kg for
2009. Using the subset of CMAQ outputs to the lake and stream aquatic model the fractional
deposition from Florida sources is small, below 5% . Looking at the sites with twice this
atmospheric loading, ~10%, these comprise roughly 3% of the sites. The maximum contribution
from Florida tags relative to other southeastern states rises above 90% for Florida sources in
~6% of the sites. Florida sources comprise between ~5-10% of the US loading at approximately
1/3 of the sites. Florida sources are ~5-15% of the global loading at~3% of the sites. This
variability reflects that local conditions affect local deposition patterns. Florida emission controls
provide protections to Florida, as well as reducing the loads that enter the global mercury cycle.
Further efforts will provide modeled loads for all of the Florida, 4km, grid, which will further
elucidate local deposition patterns, which will provide further elucidation to the relationships of
total mercury load from the landscape into lakes, and system load through dendritic stream and
river networks, as well as relationships of load and transport paths through wetlands and mesic
systems which strongly influence elemental mercury’s transformation into organic MeHg.

6.1.7 Summary of Atmospheric Modeling Results

University of Michigan Air Quality Laboratory (UMAQL) was contracted by the Department to be
the lead in conducting multiple air quality modeling and assessment efforts. This modeling was
performed at 4 scales: global (80km), North American (36km), southeastern United States
(12km), and Florida (4km). The global modeling efforts were led by Dr. Nicolla Pirrone at I1A-
CNR in Italy. Each modeling domain provided boundary conditions to the next more resolute
model domain. The model input parameters were developed by enhancing public domain
emission estimates for each model scale. At the Florida scale, the emission estimates were
updated by known conditions of control technologies and operating conditions at Florida
facilities. The primary modeling softwares for mercury atmospheric chemistry and translocation
were ECHMERIT for the global model and Community Multi-scale Air Quality (CMAQ) Model for
the three U.S. domains. For the purpose of global atmospheric mercury chemistry and transport
modeling the ECHMERIT model was developed. ECHMERIT, based on the global circulation
model ECHAMS, differs from most global mercury models in that the emissions, chemistry
(including general troposphere chemistry and mercury chemistry), transport and deposition are
coupled (Jung et al., 2009). The emissions processing for input into CMAQ was handled by
Sparse Matrix Operator Kernel Emissions (SMOKE) Modeling System to integrate emissions
data processing with high-performance computing (HPC) sparse-matrix algorithms. The
weather conditions and translocation were modeled using the Weather Research and
Forecasting (WRF) Model. All CMAQ model enhancements were posted through public domain
portal for the CMAQ community (except for the tagging algorithm implemented cooperatively
with SMOKE). CMAQ, and SMOKE, were both enhanced as to allow tracking of identified
emission categories through what is called “tagging.” The tagging allowed source categories to
be tracked from emission to deposition.

The modeling results are evaluated against the extensive environmental monitoring data set
compiled through the supersites, wet only deposition sites, and intensive sites operations during
the study. The CMAQ modeling was shown to represent the wet season conditions across
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Florida very favorably relative to monitoring data. The dry season modeling were not as
accurate and are being further assessed.

6.1.8 Source-Receptor

The Source-Receptor modeling utilizes the extensive monitoring data sets directly to identify
profiles of source emissions being received, deposited, at the supersite and wet deposition only
site locations. This effort uses public domain software UNMIX and PMF for identifying observed
profiles based upon the monitoring data collected. This effort is not yet complete.

6.2 Summary of Aquatic Modeling Results

The outputs from the atmospheric modeling (identifying the predicted mercury load to Florida’s
surface waterbodies) was utilized to assess the cycling of mercury in the aquatic environment.
To identify relationships between environmental conditions and the mercury in fish tissue, the
approach evaluated differing statistical mechanisms by which to ascertain correlation
relationships between water quality measures, sediment quality measures (for lakes only), and
fish tissue mercury levels. The modeling evaluated lakes, streams and rivers, and the
Everglades as separate model sets, based upon the significant differences in driving forces and
conditions organizing these systems. The models produced for each system did not uniformly
apply the same statistical methods, i.e., statistic methods were evaluated and applied as to
develop the best relationships of system measures.

The aquatic model results do support the setting a statewide reduction of mercury, for all
surface water systems. These modeling results also provide a foundation for conducting
subsequent work evaluating local area influences on mercury bioaccumulation.
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Chapter 7. TMDL Target Setting

7.1 Setting a Fish Tissue Target for Mercury

In Florida, waters are identified as impaired based upon The Florida Department of Health
(FDoH) fish consumption advisories that evaluate mercury concentrations in fish tissue (62-
303.470). FDoH is the lead state agency for providing fish consumption advisories, which are
published periodically to alert Floridians about possible contamination issues linked to fish
caught in Florida’s waters. A series of “Quick Facts” and the advisories can be viewed at:
http://www.myfloridaeh.com/medicine/fishconsumptionadvisories/index.html. FDoH provides
general and specific guidelines that discuss the benefits and risks of eating fresh water and
marine fish species, balancing the recommendation to eat sufficient fish (so as to benefit from
the vitamins and omega-3 fatty acids) against the risk of consuming too much fish of the wrong
species. FDoH provides detailed warnings for specific fish species in many of Florida’s lakes
and streams, including advice on portion size for women of childbearing age, young children,
and the general population. Included in the warnings are waters exhibiting excessive levels of
saxitoxin (generally limited to puffer fish in waters on the central east coast of Florida),
pesticides, and mercury in fish tissue. While the former should be avoided entirely, the FDoH
provides clear guidance on the quantities and frequency for consuming fish with elevated levels
of mercury for nearly 400 fresh waterbodies, as well as for all of Florida’s coastal waters and
many of its estuaries.

The Department works cooperatively with FDoH, the Department of Agriculture and Consumer
Services, and the Florida Fish and Wildlife Conservation Commission to gather and assess the
data and information needed to produce the fish consumption advisories discussed previously.
Based on the advisory levels issued by the FDoH for the general population, the DEP develops
periodic updates for its lists of impaired waterbodies. Over the last decade, the listing threshold
for impairment has been updated to reflect new science, going from 0.5 mg/Kg to 0.3 mg/Kg of
mercury in fish tissue. The result is over 1100 waterbody segments (both fresh and marine
waters) have been verified as impaired for excessive levels of mercury in fish for one or more
species in each listed waterbody (unlike the DoH, the DEP may evaluate and list multiple
segments within a single large lake or long river). It is important to note that there are significant
natural levels of mercury in the environment, including emissions from volcanoes, soils, ocean
emissions, and forest fires around the globe. Based on the impacts of this class of emissions,
several species (e.g., shark or orange roughy) known to have high levels of mercury in their
tissue would still have excessively high levels, even if all anthropogenic releases of mercury to
the environment were stopped. Florida fish species will benefit from this TMDL by having lower
amounts of mercury being deposited in the environment, and fewer species and waters will be
included in future FDoH'’s fish advisory reports. However, the ultimate objective of reducing
mercury is to prevent risks to public health. This requires additional holistic analyses of dietary
habits of Floridians and the expected resulting mercury levels within those populations.

Two approaches to setting a mercury fish tissue target are being presented. First, to more
clearly present the estimated level of risk associated to Florida’s primary high risk population
(i.e., women of child-bearing age), we examined the data distributions for a wide range of
women’s body weights combined with the actual likelihood of exposure to mercury based on the
likelihood of eating those fish species consumed in Florida. The second approach describes
work that has been done to broadly assess Florida fresh waters (thereby supporting the
statewide approach to setting the TMDL) using the Largemouth Bass (Micropterus salmoides)



http://www.myfloridaeh.com/medicine/fishconsumptionadvisories/index.html�

as the primary indicator species. In both cases, the concentrations of mercury in fish tissue, the
natural and anthropogenic fractions of mercury being emitted into the environment, the body
weight of people eating fish, and allowable reference dose of mercury in blood are all factors
used in setting the TMDL reduction to be required.

Both of Florida's approaches to setting a statewide Total Maximum Daily Load to address high
levels of mercury in fish tissues are dependent upon several assumptions, identified below:

1) The fraction of mercury being emitted to the atmosphere that comes from natural
sources (and cannot be abated) is 30%.

2) Mercury concentrations in fish tissue increase with trophic level, age, and size of the
fish.

3) The use of a top trophic level fish (LMB) in the TMDL analysis is a conservative
approach, as lower trophic levels will have bioaccumulated less mercury.

4) The FDOH mercury concentration in fish tissue set to 0.3 mg/Kg is protective of the
general population of people consuming fish, and a concentration of 0.1 mg/Kg is
protective of young children and women of childbearing age.

5) There is a long-term linear relationship between mercury being deposited on the land
and water with the concentrations of mercury in the water column and the resultant fish
tissue concentrations.

6) Almost all mercury in fish tissue is in the form of MeHg, and represents greater than 95%
of the mercury in most fish (Bloom, 1992)

7.2 Market Basket Approach:

Floridians eat a variety of fish including multiple species from in-state waters, out-of-state
waters, marine waters and shellfish. All of which have different concentrations of mercury. This
market basket approach accounts for different consumption patterns based on a Florida-specific
survey (Degner 1994). Risks were calculated based on consumption patterns among women of
childbearing age reported by Degner and species-specific arithmetic mean methyl mercury
tissue concentrations. Rather than simply evaluating overall total fish consumption, this
approach analyzed species/item specific consumption patterns. Because a substantial
database of tissue contamination levels exists for methyl mercury, including Florida species, this
market basket approach can accurately characterize exposure risks to the seafood consuming
population. Furthermore, the Degner survey provides a robust dataset of Floridians’ seafood
consumption patterns, including individual species or seafood items, which can be further
broken out into sub-populations, such as women of childbearing age.

Probabilistic risk assessment techniques are well suited for quantitatively estimating the range
of risks present among different individuals exposed to methyl mercury in fish tissue. Monte-
Carlo simulation using Crystal Ball Fusion Edition (Release 11.1) software was selected as the
probabilistic approach for the methyl mercury risk analysis. Probabilistic risk assessment
utilizes input distributions, rather than point estimates, to better represent the variability that
exists within a population; that is, instead of using one value for body weight and fish
consumption, the entire range of possible values (a probability density function) was used. This
probabilistic approach more accurately reflects actual populations and results in a better
assessment of risk than does a simple deterministic approach.

Distributions for fish ingestion rates were taken from the Degner survey, which provided 7-day
consumption data for 2,761 women of childbearing age (18-49). To convert weekly
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consumption data from the survey to daily average consumption rates needed for the risk
calculations, probability distribution functions were fit to the consumption data for each individual
species or food item. Probability distribution functions were successfully fit to survey data for 13
species. Robust probability functions could not be confidently fit to species/items that survey
respondents reported consuming only occasionally (less than 3% of the time, or <80
occurrences), therefore, an overall total consumption curve was fit to proportionally assign
consumption rates for these occasionally consumed items. Probability functions were
generated based on survey results for consumers, combined with an assumed probability that a
woman would eat fish/seafood on any given week. The number of women reporting consuming
a particular food item, divided by the total number of respondents (2,761) was assumed to
represent the probability of consuming that item during any given week of the year. This
calculation of consumption probability assumes that the decision to eat seafood in any one
week is a random process that is represented by the survey data. Given the fact that the survey
included a large sample of people, randomly selected throughout Florida, the data are
representative of the consumption and non-consumption patterns of the target population.
Furthermore, using the actual data is preferable to simply assuming a non-consumption rate,
such as used in previous analyses (e.g., Portier et al. 1995).

Best fit probability distribution functions (lognormal) were applied to the 7-day consumption data
(consumers only) for each species/item. Monte-Carlo analysis was used to simulate 52 weeks
of consumption. During any week a women either consumed, or did not consume an item
based on the consumption probability. For women that consumed fish, the amount consumed
was assigned based on the 7-day fitted probability function, or the weekly consumption rate was
assigned as zero grams. The total annual consumption was summed and divided by 364° to
arrive at an average daily consumption rate.

The analysis was run for 10,000 iterations and probability distributions were fit to the resulting
data. For example, 21% of women of childbearing age reported consuming canned tuna during
the survey, which in the current application is assumed to equate to a 21% probability that a
women would choose to eat canned tuna during any given week of the year. A lognormal
distribution (location=21.11, u=5.36, 0=0.85) was fit to consumer canned tuna data. Monte-
Carlo analysis was applied, based on the above assumptions, to simulate total 52 week canned
tuna consumption, which resulted in a fitted lognormal probability distribution function
(Location=-4.90,Mean=9.81,Std. Dev.=3.86, Figure 7.1).

>7 days multiplied by 52 weeks equals 364 days
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Run10,000 iterationsof 52 week
canned tuna consumption.

!

B0U000 Triske [Frnguery Wi JET2 Dinplaved
Awerage Daiky Consumplion
E
0
=ma
=y 0 3
4 md
= =
& L
12
Lo
«©
40
el 400 L1 L] L) (Fd R R 1800 LLE T ]
Yoy
—Fi Ligpawwad [ Foreces vaiea
[ ivity Costriy. [100.00 x o4 viewy

Develop mean individual daily
canned tuna consumption based
onthe output of the 10,000
Monte-Carlo simulations.

Figure 7.1 Example (canned tuna) process followed to generate species/item

specific and total seafood consumption rates for women of childbearing

age.
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As described above, species/item specific consumption rate probability density functions were
developed for canned tuna, shrimp, flounder, grouper, freshwater catfish, bread fish fillets,
dolphin, stone crab claws, salmon, crab meat, oysters and scallops. Additionally, a probability
distribution function was developed for total fish consumption. Consumption rates for the
occasionally consumed items were assigned proportionally based on the total fish consumption
distribution functions (Table 1). Species that individually accounted for less than 1% of the total
consumption, for women of childbearing age, were aggregated into either other Florida seafood
or other non-Florida seafood, based on whether the species occurred within Florida waters.

Mean species specific tissue methyl mercury contamination levels were assigned to each
species/item based on the best available data (Table 7.1). A distributional approach for
characterizing tissue concentrations was considered, but not pursued based on the assumption
that individual consumer exposure from any individual species would tend towards the mean
concentration over the long-term. Additionally, use of mercury contamination distributions would
be equivalent to assuming that some individuals consume only the most contaminated
specimens of a particular seafood item; an assumption that is highly unrealistic and overly
conservative. Instead, consumption weighted mean tissue methyl mercury concentrations were
calculated and used for the other categories of Florida and non-Florida seafood (Tables 7.2 and
7.3).

Table 7.1 List of market basket species, consumption probability distribution
function or proportion (for occasionally consumed items) and mean Hg
tissue concentration. Probability distribution functions are listed in
Appendix J. Consumption rates for the remaining items were assigned
based on proportion of the total consumption distribution (lognormal
distribution).

Florida . Percent Mean Methyl Mercury .
Species Species Total e Consumption Rate
P Consumption &/%8

N Canned tuna 24.00% 0.228 Distribution

Y Shrimp 9.97% 0.016 Distribution

Y Flounder 6.09% 0.115 Distribution

Y Snapper 5.92% 0.389 Distribution

Y Grouper 5.85% 0.489 Distribution

Y Freshwater catfish 4.20% 0.016 Distribution

N Breaded fish fillets 4.01% 0.010 Distribution

N Fish sticks 3.34% 0.010 Proportion of total
Y Mullet 3.13% 0.046 Proportion of total
Y Dolphin 2.53% 0.133 Distribution

Y Stone crab claws 2.45% 0.101 Distribution

Y Clams 2.23% 0.016 Distribution

N Salmon 2.09% 0.021 Distribution
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. Percent
;:l(;:;jei Species Total Mean I\?:]tlxl I;/Iercury Consumption Rate
P Consumption &/%8
Y Crab meat 1.91% 0.101 Distribution
Y Oysters 1.85% 0.011 Distribution
N Fresh tuna 1.61% 0.463 Proportion of total
Y Seatrout 1.44% 0.315 Proportion of total
Y Panfish 1.34% 0.204 Proportion of total
N Sardines 1.30% 0.013 Proportion of total
Y Scallops 1.07% 0.003 Distribution
Y Other FL Seafood 8.00% 0.428 Proportion of total
N Other Non-FL Seafood 5.65% 0.328 Proportion of total

Table 7. 2 Summary of calculation of consumption weighted mean methyl mercury
tissue concentration for the other Florida seafood category. Total
consumption was calculated as the total Degner survey reported
consumption for women of childbearing age.

Mean Total
Species Hg Consumption Mean Hg - Consumption Source
(mg/kg) (mg/kg)
Amberjack 0.441 1305.6 576.19 FMRI
Blue crab 0.101 7288.4 734.02 FDA
King mackerel 1.153 1906.3 2198.54 FMRI
Mackerel 0.381 6988.4 2661.96 FMRI
Marine catfish 0.422 454.7 191.68 FDA/FMRI
Pompano 0.441 772.4 340.89 FMRI
Red drum 0.196 4510.9 885.26 FMRI
Salad shrimp 0.016 2918.1 47.58 FDA
Sheepshead 0.183 909.5 166.30 FMRI
Snook 0.374 893.9 334.59 FMRI
Whitefish 0.103 2303.8 237.46 FDA
Largemouth bass 0.470 7664.9 3602.50 Lange
Lobster tails 0.167 8084.8 1348.82 FDA
Shark 1.185 8389.4 9942.42 FDA/FMRI
Total 54391.1 23268.22
Weighted mean 0.428
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Table 7.3 Summary of calculation of consumption weighted mean methyl mercury
tissue concentration for the other non-Florida seafood category. Total
consumption was calculated as the total Degner survey reported
consumption for women of childbearing age.

Mean Total
Species Hg Consumption Mean Hg - Consumption Source
(mg/kg) (mg/kg)
Bluefish 0.561 505.3 283.64 FDA/FMRI
Halibut 0.232 365.8 84.93 FDA
Mussels 0.030 2306.4 69.19 Sunderland
Sea bass 0.218 480.7 104.98 FDA/FMRI
Swordfish 1.088 6828.6 7426.10 FDA
Whole lobster 0.167 7496.0 1250.59 FDA
Cod 0.113 6663.7 751.19 FDA
Haddock 0.057 1336.1 76.54 FDA
m::tm“ crab 0.010 6813.1 65.15 FDA
Orange Roughy 0.569 2710.0 1543.22 FDA
Total 35505.5 11655.55
Weight mean 0.328

Total methyl mercury exposure (dose) was calculated as the summed exposures for each item
where the exposure of an individual item was calculated as the species specific consumption
rate (kg/day) multiplied by the species/item specific mean methyl mercury contamination level
(mg/kg). The dose was divided by the body weight (kg) to calculate the weight adjusted dose
(mg Hg/kg-day). A distribution of exposures, based on 10,000 iterations, was generated for
each scenario evaluated. Each individual iteration randomly selected a body weight, a total
consumption rate, and seafood item specific consumption rates from the corresponding
probability density functions (Appendix J).

An analysis of baseline or current conditions (current mean methyl mercury contamination
levels) suggested that there is a 51.5% certainty that the target population (women of
childbearing age) is at or below the protective reference dose of 0.1 pg/ kg-day (Figure 7.2).
This level of certainty indicates that a significant portion of the population could exceed the
reference dose and may be at risk of adverse health effects. The analysis shows that women
of childbearing age are under-protected at the existing mercury contamination levels in fish they
consume.
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Figure 7.2 Baseline scenario cumulative probability distribution of methyl mercury
dose for women of childbearing age based on the market basket analysis.

The Monte-Carlo simulator was first used to evaluate the effect of reducing Florida fish
contamination levels on the dose distribution. The simulator was run iteratively under scenarios
of various Florida fish tissue reduction percent ages until a 90% certainty of not exceeding the
reference dose was achieved. This analysis found that Florida fish levels would need to be
reduced to 40% of current levels (i.e., 60% reduction) to achieve the protective target certainty
level (Figure 7.3). This 60% reduction in total sources is equivalent to an 86% reduction in
anthropogenic sources given that natural background deposition accounts for 30% of the
deposition. These results are supported by the Department’s independent study (Sunderland et
al., 2012) looking at fish consumption and exposure for Gulf of Mexico residents, which using a
larger list of species consumed (N=32) and applying a similar probabilistic approach, found
similar exposures, and thus similar reductions in anthropogenic sources being required to
reduce exposure.
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Figure 7.3 Sixty percent reduction in Florida species methyl mercury scenario
cumulative probability distribution of methyl mercury dose for women of
childbearing age based on the market basket analysis.

The 60% reduction and 90% certainty assume no change in non-Florida species; however, U.S.
EPA and other states are simultaneously seeking mercury source reductions. Therefore, it is
highly likely that reductions in non-Florida seafood will occur and result in even greater certainty
of achieving the reference dose. Furthermore, 403.067(6), F.S., requires the Department to
consider the extent to which nonattainment of water quality standards is caused by pollution
sources outside of Florida when allocating TMDLsS. DEP ran a series of scenarios assuming
reduction in non-Florida species to maximum target contamination levels ranging from 0.1
mg/kg to 0.3 mg/kg. Under these scenarios, the mean methyl mercury level for any species
above the maximum target level was reduced to the target level. For example, mean canned
tuna is currently at 0.228 mg/kg. Under the 0.1 mg/kg scenario the assumed contamination
level was reduced to 0.1 mg/kg. The non-Florida species reduction scenarios were applied in
addition to an assumed 60% reduction in Florida species. The analysis showed that reductions
below 0.2 mg/kg in non-Florida species substantially increased the certainty (Table 7.4) that the
protective reference dose will be achieved. Specifically, reductions in non-Florida species to
0.15 mg/kg or less will result in a greater than 99% certainty.
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Table 7.4 Summary of baseline (current condition) and reduction scenario methyl
mercury exposure risks. Certainty represents the confidence that the
population is at or below the reference dose (0.1 pg/kg day). Reduction
scenarios were run by reducing fish tissue concentrations by a
reductions factor (i.e., RF*species mean concentration) necessary to
achieve 90 percent certainty assuming no reduction in non-Florida
species. Additional scenarios were run under the assumptions that non-
Florida species are reduced to levels ranging from <0.10 to 0.3 mg/kg.

Florida Species Non-FL Species Sty

Percent Reduction Max. mg/kg
Baseline Baseline 51.50
60 Baseline 90.18
60 0.300 91.96
60 0.275 93.07
60 0.250 92.80
60 0.225 94.52
60 0.200 96.63
60 0.175 98.35
60 0.150 99.39
60 0.125 99.79
60 0.100 99.92

7.3 Using Largemouth Bass:

A second line of evidence for setting a TMDL reduction target is to assess the data gathered
statewide for top trophic level predators that live in most of Florida’s waterbodies and are
consumed by humans. For marine species, Snapper and Grouper represent the highest
consumed, top trophic level species that exist in Florida waters. Largemouth bass (LMB)
represents the highest consumed, top trophic level species that exist in Florida’s freshwater
lakes and streams. The average mercury concentration of these species is relatively
equivalent. Because the State has much more data for LMB, we will focus on that species as a
surrogate for the statewide (fresh and marine) TMDL targeting. Beginning in 1983, and under
contract with the Florida Fish and Wildlife Conservation Commission, the DEP has been
provided with 31,159 fish tissue samples, mostly targeting Largemouth Bass (LMB). For the
purposes of setting this Total Maximum Daily Load, a stratified-randomized sampling approach
was designed and implemented for the period 2008-2010, also focusing on LMB. While the
DEP has mercury data for many fish species, a reduction target based on a high trophic level
predator (such as LMB) will be protective of all the other lower trophic level feeders. As was not
the case with the fish tissue data collected prior to 2008, a specific suite of water chemistry was
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also collected to aid in our assessment of the potential causes of methylation in Florida’s fresh
surface waters. Having these paired water quality data also allowed us to calculate a
“Bioaccumulation Factor” for each waterbody, and from these values, an average statewide
BAF was determined.

Previously, other states, and groups of states, have established statewide (or regional) TMDLs
for mercury as a way to efficiently address widespread fish consumption advisories. New
Jersey recently (2009) had approved a TMDL for 122 waterbodies listed as impaired for
mercury in fish tissue, with sources that were tied to air emissions (TMDL for Mercury
Impairments Based in Concentration in Fish Tissue Caused Mainly by Air Deposition to Address
122 HUC 14s Statewide, NJDEP, 2010). As was done in the TMDLs for New Jersey, and by
applying the assumption of a linear relationship between mercury in the environment to that in
fish tissue, the needed reduction in mercury deposition can be calculated. Specifically in
Florida, if the required reduction is based on the 90" percentile concentration of mercury in LMB
measured over the designated study period (i.e., a value of 0.74 mg/Kg for the period 2008-
2010) and compared to the desired fish tissue target of 0.3 mg/Kg for the general population, a
reduction of 85% of anthropogenic sources contributing to Florida’s mercury burden would have
to be achieved.

7.4 Integration of Fish Tissue and Water Column Targets

The Department of Environmental Protection is charged with developing Total Maximum Daily
Loads that demonstrate the expected reductions, when achieved, will result in attainment of its
water quality standards. As the DEP currently lacks a mercury in fish tissue criterion, evidence
must be provided to show the fish tissue target established under this TMDL will be protective of
the water quality criteria found in Chapter 62-30.530(41), Florida Administrative Code.

To demonstrate that the surface water quality criteria for total mercury can be achieved once the
target fish tissue concentration is achieved, the Department examined the way to estimate the
amount of MeHg that is allowable on a daily basis for a given sensitive human population, e.qg.
women of childbearing age. The allowable daily dose for a person can be calculated using
Equation 1:

M=Rx*xW Equation 1

Where:

M is the daily allowable MeHg for a person (mg/day).

R is the reference dose of MeHg per unit weight of human per day above which negative health
impact may be observed (mg MeHg/Kg human body weight).

W is the average body weight for the target human population (in Kg).

The allowable daily dose can also be calculated using Equation 2:
M=Cx*T Equation 2
Where:

C is the recommended consumption rate of a give fish species (Kg/day)
T is the MeHg tissue concentration of a given fish species (mg MeHg/Kg fish tissue)
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Since both Equations 1 and 2 calculates the daily allowable MeHg to be intake by a person, we
have:

R+W =Cx*T Equation 3

It is commonly accepted that the MeHg fish tissue concentration is related to the water column
MeHg concentration. This relationship can be characterized using the bioaccumulation factor
(BAF):

BAF = —10° Equation 4
Where:

T, is the methyl mercury concentration in ambient water (ng/L)
Re-arranging Equation 4, we have:

__ BAF+Ta

T Equation 5
06 quati
Substitute Equation 5 into Equation 3 we have:
BAF+Ta
R+xW = C * Equation 6
106
Re-arranging Equation 6, we have:
R*W
Ta = —— % 10° Equation 7
C*BAF

Assuming that in ambient water, the percent MeHg concentration in total mercury (Ttwg)
concentration is P, the Tryq can be calculated as:

_ Ta _
Trpg = - Equation 8

Substitute Equation 8 into Equation 7, we have:

RxW
T =———%10° Equati
THY = cipapep 0 quation 9

Using Equation 9, we can estimate the total mercury concentration in ambient water (ng/L)
when the fish tissue target MeHg concentration is achieved.

Based on EPA’s recommendation:

R is 0.0001 mg MeHg/Kg of human body weight/day. This reference dose is for women of
childbearing age.

W is 64 Kg for women

The consumption rate (C) can be estimated by re-arranging Equation 3 to:
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R+xW .
C = - Equation 10

If the desired fish tissue methyl mercury target is 0.3 mg/Kg, the consumption rate should be:

__0.0001+64
0.3

C = 0.021

With the R, W, and C values being provided, in order to calculate the Ty,4, we need to estimate
the BAF (bioaccumulation factor) and P (percent MeHg concentration in total mercury
concentration in ambient water).

BAF and P were estimated based on the fish tissue MeHg concentrations and MeHg and total
mercury concentrations collected from a sampling program specifically designed to meet the
data needs of this statewide mercury TMDL. As is described in the statewide mercury TMDL
report, based on a stratified random sampling design, fish tissue samples were collected from
131 streams and 133 lakes across Florida. The fish sample collection focused on largemouth
basses (LMB). The LMB is a top predator species in many freshwater systems. Compared to
other fish species, LMBs have higher overall tissue MeHg concentration because their position
in the food chain dictates a longer food chain length for bioaccumulation. Using LMB for the
TMDL target development provides margin of safety to the TMDL. However, LMB may not be
found in all freshwater systems. Where LMBs could not be found or could not be found in
sufficient number to meet the requirement of 12 fish samples, spotted sunfish (SPSU) samples
were collected in place of LMB. For this analysis, fish tissue mercury concentrations from all
fish samples collected from the same waterbody were averaged to calculate a waterbody mean.
The BAF for the waterbody was then calculated by dividing the waterbody mean fish tissue
mercury concentration by the ambient water column MeHg concentration measured in the same
waterbody. The water column percent MeHg concentration in the total mercury concentration
(P) was calculated as a quotient between the measured MeHg concentration and total mercury
concentration. Table 7.5 shows the percentile distribution of BAF and P.

The total mercury concentration in water column when the 0.3 mg/Kg fish tissue target is
achieved is calculated using Equation 9 and the R, W, C, BAF, and P values discussed in
previous text. Based on EPA’'s TMDLs Where Mercury Loading Are Predominantly from Air
Deposition, BAF and P of 50" percentile were used to calculate the water column total mercury
concentration. The achievable water column total mercury concentration after the 0.3 mg/Kg
fish tissue concentration target is achieved at 1.25 ng/L, which is significantly lower than the
12.0 ng/L (0.012 ug/L) total mercury concentration criteria for Class | and Class lll freshwater
systems and the 25.0 ng/L (0.025 ug/L) total mercury concentration criteria for Class Il and
Class Ill marine waterbodies. Achieving the 0.3 mg/Kg fish tissue MeHg concentration should
be more than sufficient for achieving the ambient water criteria.
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Table 7.5 Percentile Distribution of BAF and P Based on Samples Collected from 128
Lakes and 128 Streams in Florida

Percentile BAF P

5 percentile 3.73E+05 0.025
10 percentile 5.83E+05 0.036
15 percentile 7.57E+05 0.042
20 percentile 9.49E+05 0.052
25 percentile 1.13E+06 0.061
30 percentile 1.35E+06 0.069
35 percentile 1.67E+06 0.076
40 percentile 1.95E+06 0.081
45 percentile 2.25E+06 0.087
50 percentile 2.64E+06 0.093
55 percentile 2.98E+06 0.103
60 percentile 3.26E+06 0.113
65 percentile 3.61E+06 0.128
70 percentile 4.17E+06 0.142
75 percentile 5.16E+06 0.161
80 percentile 6.07E+06 0.173
85 percentile 6.97E+06 0.200
90 percentile 9.41E+06 0.270
95 percentile 1.36E+07 0.378
100 percentile 2.44E+07 1.394
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Chapter 8. Determination of the TMDL

8.1 Expression and Allocation of the TMDL

The objective of a TMDL is to provide a basis for allocating acceptable loads among all of the
known pollutant sources in a watershed so that appropriate control measures can be
implemented and water quality standards achieved. A TMDL is expressed as the sum of all
point source loads (wasteload allocations, or WLAS), nonpoint source loads (load allocations, or
LAs), and an appropriate margin of safety (MOS), which takes into account any uncertainty
concerning the relationship between effluent limitations and water quality:

TMDL =3, WLAs + 2, LAs + MOS

As discussed earlier, the WLA is broken out into separate subcategories for wastewater
discharges and stormwater discharges regulated under the NPDES Program:

TMDL = 3, WLASastewater + 2, WLASNpPDES stormwater + 2, LAs + MOS

It should be noted that the various components of the revised TMDL equation may not sum up
to the value of the TMDL because (a) the WLA for NPDES stormwater is typically based on the
percent reduction needed for nonpoint sources and is also accounted for within the LA, and (b)
TMDL components can be expressed in different terms (for example, the WLA for stormwater is
typically expressed as a percent reduction, and the WLA for wastewater is typically expressed
as mass per day).

WLAs for stormwater discharges are typically expressed as “percent reduction” because it is
very difficult to quantify the loads from MS4s (given the numerous discharge points) and to
distinguish loads from MS4s from other nonpoint sources (given the nature of stormwater
transport). The sources of mercury is a stormwater collection system are from wet deposition
and atmospheric deposition is considered a component of the nonpoint source load allocation.
This approach is consistent with federal regulations (40 CFR § 130.2[l]), which state that TMDLs
can be expressed in terms of mass per time (e.g., pounds per day), toxicity, or other appropriate
measure. Florida’s statewide TMDL for mercury is expressed in terms of a percent reduction,
and represents the maximum daily load the fresh water lakes and streams in the state can
assimilate without exceeding the water quality criteria for mercury (Tables 8.1).

8.2 Load Allocation

A reduction in mercury of 86 percent is needed from nonpoint sources contributing to all of the
fresh waters in Florida to address our water quality limited segments and protect public health.
It should be noted that the LA includes loading from stormwater discharges regulated by the
Department and the water management districts that are not part of the NPDES Stormwater
Program (see Appendix K).
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Table 8.1 TMDL Components for Mercury in Florida’s Fresh Water
Lakes, Streams, and Estuarine and Coastal Waters

This is a six-column table. Column 1 lists the parameter, Column 2 lists the TMDL, Column 3 lists the
WLA for wastewater, Column 4 lists the WLA for NPDES stormwater, Column 5 lists the LA (percent
reduction), and Column 6 lists the MOS.

N/A — Not applicable

TMDL WLA for WLA for NPDES LA
Parameter (% reduction) Wastewater Stormwater (% reduction) MOS
0 (Ibs/year) 0
Mercury 86 8.82 Ibs N/A 86 Implicit

8.3 Wasteload Allocation
8.3.1 NPDES Wastewater Discharges

All of the NPDES-permitted domestic wastewater facilities were assessed using the WAFR
Database and the combined permitted flows where calculated. In addition, the permitted industrial
wastewater flows were also combined, but with two caveats. First, not all of the industrial facilities
have permit limits for flow. Second, for power plants that use once-through cooling water, those
volumes were excluded from the combined total. It is presumed that “Intake Credits” can be
provided for any mercury that is passing through the facility. Other waste streams (e.g., discharges
from coal ash storage facilities or ponds) are not excluded from subsequent investigations and
possible limitations.

The result of combining the permitted flows from domestic facilities (1353 MGD) with those for the
industrial facilities (785 MGD) yielded a total of 2138 MGD. Upon applying the allowable mercury
water column concentration (of 1.25 ng/L), which was previously calculated based on the statewide
average bioaccumulation factor, results in an annual allowable wasteload of 8.82 Ibs/year.

8.3.2 NPDES Stormwater Discharges

The WLA for stormwater discharges with an MS4 permit has been determined to be “Not
Applicable.” Any MS4 permittee is only responsible for reducing the anthropogenic loads
associated with stormwater outfalls that it owns or otherwise has responsible control over, and it
is not responsible for reducing other nonpoint source loads in its jurisdiction. Therefore, as the
mercury levels that may be present in stormwater are a result of nonpoint sources linked to
atmospheric deposition, no reductions are required of the MS4 permittees in Florida.

8.4 Margin of Safety

There are multiple lines of evidence to support the use of an implicit margin of safety in this
TMDL. Consistent with the recommendations of the Allocation Technical Advisory Committee
(Department, 2001), an implicit MOS was used in the development of this TMDL. Included in
this implicit MOS is the assumption that all of the mercury in fish tissue is in the form of MeHg
(the harmful fraction) and it is not.
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Chapter 9: Ongoing Activities and Implementation

Plan Development

9.1 Mercury Waste Reduction Strategies in Florida

Florida is a recognized leader among states in managing mercury waste and reducing its use in

products. Florida’s statutes and rules governing mercury predate federal regulations and
helped drive national policy.

DEP Waste Management Program involvement is characterized with the following activities
which are also described with more detail below:

e Providing mercury thermometer exchange programs,

¢ Innovatively reducing mercury use in hospitals,

e Requiring recycling of bilge pump switches in the Clean Marina program,

e Requiring recycling of mercury-containing lamps and devices in the Green Lodging
program,
Creating a mercury amalgam management BMP brochure,
¢ Providing data on metals loading in ash and leachate from ash disposal,

e Recommending removal of mercury-containing lamps and devices from buildings prior to

demolition,

e Recycling mercury from homeowners and Conditionally Exempt Small Quantity
Generators through Florida’s Household Hazardous Waste program

¢ Providing costs breaks for mercury recycling by state and municipal agencies

e Adopting the Thermostat Recycling Corporation (TRC) program and leading in the nation

in recycling mercury thermostats,
e Participating in the national End of Life Vehicle Solutions (ELVs) program for auto

mercury

e Promoting recycling of mercury containing lamps and devices through regulation and
education

¢ Managing solid waste ash residue to minimize contamination of ground and surface
waters

Federal legislation has also helped reduce mercury waste in Florida. We have adopted the
Universal Waste Rule to help manage waste mercury and ensure its proper recycling. The
federal ban on sale of mercury fever thermometers has helped eliminate one of the largest
sources of mercury in the home.

Regulations and Statutes

Chapter 62-737, Florida Administrative Code, titled “The Management of Mercury-Containing
Lamps and Devices Destined for Recycling” details requirements for recycling and has
contributed to better management of mercury waste in Florida. Statutory authority for the
environmentally sound management of mercury-containing lamps and devices, elimination of
mercury in packaging, and elimination of mercury from batteries sold in Florida (Sections
403.7186, 403.7191, and 403.7192, Florida Statutes, respectively) have been important
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components of proper mercury waste management in Florida. Rules and Statutes pertaining to
mercury can be found at: http://www.dep.state.fl.us/waste/categories/mercury/pages/laws.htm.

Regulations from other states have also helped mercury waste management in Florida. An
example is the strict labeling regulations adopted in some New England states. Product
manufacturers have used labeling on products sold nation-wide as a result which helps show
Florida consumers what products contain mercury and should be recycled.

Thermometer Exchange Programs

The Department’s Pollution Prevention efforts helped develop more mercury awareness by
holding and participating in mercury thermometer exchange programs in various parts of the
state and also through programs during Earth Day celebrations. These collection programs
were an important step that preceded the federal ban on sale of mercury fever thermometers for
home use.

Hospital Mercury Reduction Program

Starting in 1998, various hospitals were visited and received recycling information and, more
importantly, information on alternatives to mercury-containing devices. Presentations at
conferences for hospital waste management personnel also helped disseminate this
information. Hospitals learned how to store and recycle their mercury-containing lamps and
devices. Perhaps the most important component was a strong push to eliminate the use of
mercury sphygmomanometers. Working with the national programs Hospitals for a Healthy
Environment and Healthcare Without Harm brought additional resources to Florida’s hospitals.
The Department also worked with Florida’s Department of Health to write a letter banning the
use of mercury sphygmomanometers in Florida’'s health clinics, resulting the recycling of these
devices as they have been replaced with mercury-free alternatives. Two reports on the medical
program can be found here:
http://www.dep.state.fl.us/waste/categories/mercury/pages/medical_facilities.htm

Clean Marina Program

The Clean Marina program includes recycling mercury bilge pump switches in their “Clean
Marina Action Plan Guidebook.” Keeping this source of mercury from being dumped in our
waterways is important. There are other smaller sources of mercury on boats and at marinas
that also require proper management like mercury containing lamps and thermostats. Visit their
web site here: http://www.dep.state.fl.us/cleanmarina/

Green Lodging Program

The Green Lodging program has been instrumental in creating a database of hotels and motels
across Florida that have adopted green practices. With several hundred designated facilities to
date, this program has helped establish proper recycling programs for mercury-containing lamps
and devices. The program website is here: http://www.dep.state.fl.us/greenlodging/default.htm

Dental Amalgam Management Guidance

In 2000, Florida DEP developed and printed a brochure, “Best Management Practices for Scrap
Dental Amalgam.” By partnering with the Florida Department of Health, Florida Department of
Transportation and the Occupational Safety and Health Administration (OSHA), the Department
ensured that this guidance included proper management solutions that were acceptable by all
agencies affected. This guidance includes a recommendation for Florida dentists to install
amalgam separators to eliminate the greatest portion of the mercury generated in a dental
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operatory. The Department maintains its dialogue with the Florida Dental Association to ensure
the most up-to-date regulatory information is available to their member dentists. The brochure
can be downloaded from here:
http://www.dep.state.fl.us/waste/categories/mercury/pages/medical_facilities.htm.

Mercury in Waste-to-Energy Plant Ash Database

In Florida, the ash generated from solid waste combustors (Waste to Energy) with a total facility
burning capacity of 50 tons per day or more and that primarily receive and burn solid waste
collected from residential, commercial and industrial sources is regulated under 62-702 of the
Florida Administrative Code (F.A.C.). Under Chapter 62-702, F.A.C., applications for a permit to
construct and operate solid waste combustors must include an ash residue management plan.
The ash residue management plan describes the methods, equipment, and structures
necessary to control the dispersion of ash residue during handling, processing, storage, loading,
transportation, unloading and disposal. The plan also details pollution prevention measures
taken by the operator to ensure mitigation of human or environmental exposure, such as
through inhalation, direct contact, ingestion, and also the potential for soil, air, ground water and
surface water contamination.

Ash residue may only be recycled or disposed of in a landfill. If the ash is recycled, the recycler
must demonstrate that processed ash residue or products using ash residue will not endanger
human health or the environment. Exposure risks to be considered include, but are not limited
to, inhalation, ingestion, skin contact, and migration to soil, surface and ground water. If the ash
is disposed of it may only be placed or deposited in a lined landfill with a leachate collection and
removal system and liner system that complies with the most protective liner requirements
detailed in chapter 62-701, F.A.C.

Florida’s solid waste regulations require that ash residue shall be analyzed every three months
by the operator of a solid waste combustor for the priority pollutant metals (Antimony, Arsenic,
Beryllium, Cadmium, Chromium, Copper, Lead, Mercury, Nickel, Selenium, Silver, Thallium,
Zinc). The leachate generated from management of waste-to-energy ash must also be
analyzed every three months for the same priority pollutant metals.

In order to keep the public and regulated community apprised of the metals loading in ash and
leachate from ash disposal, the Department has developed a web-based tool that allows the
user to query the level of metal contamination present in waste-to-energy ash for each ash
generating facility in Florida. The results of the chemical analysis of ash from waste-to-energy
facilities located in Florida are presented in the form of automated reports that can be found at
the following web address:

http://www.dep.state.fl.us/waste/ash/wte rprtfrm.asp

Deconstruction and Demolition Guidance

Deconstruction and demolition of existing structures is on-going. A booklet, “Recommended
Management Practices for the Removal of Hazardous Materials from Buildings Prior to
Demolition” includes information on identifying and properly managing mercury-containing
components that should be recycled. See the booklet here:
http://www.dep.state.fl.us/waste/quick _topics/publications/shw/hazardous/fact/c&dwaste.pdf

Household Hazardous Waste Program
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The Departments strong state-wide Household Hazardous Waste program has been an
important contributor to the recycling of mercury statewide. Thermometers, fluorescent lamps,
thermostats, other mercury containing devices and even bottles of elemental mercury have
been properly recycled and kept out of the waste stream. The HHW web pages are here:
http://www.dep.state.fl.us/waste/categories/hazardous/pages/household.htm

State Purchasing Agreement for Government Entities

The Florida Department of Management Services has provided a method for municipal and
state government facilities to recycle their mercury-containing lamps and devices at a cheaper
price. The SPA agreement that is renewed annually can be viewed here:
http://www.dep.state.fl.us/waste/categories/mercury/pages/contract.htm.

Thermostat Recycling Corporation Participation in Florida

Thermostat Recycling Corporation is a national product stewardship program. Member HVAC
contractors and wholesalers can use the program to send mercury-thermostats for recycling at
no cost. Since its inception, Florida has led the country in number of participating wholesalers
and in thermostats recycled. Recently many of our Household Hazardous Waste programs have
also become TRC members, broadening the reach of the program. The website for the national
program is http://www.thermostat-recycle.org/pages/the-program

Automotive Mercury Recycling

A small amount of mercury has historically been used in automobiles. Small ampoules are used
in tilt switches in trunk lighting systems and sometimes in hood lighting systems. Although they
have been engineered out of most vehicles, it was determined in ____ that millions of vehicles
were still in operation with these switches intact. As they aged, the majority of them were being
sent to scrap yards with the mercury still in the vehicle. A national program was set up to
capture these small ampoules for recycling. ELVs (End of Life Vehicle Solutions) even provided
a bounty for the switches until their funds expired. This program has helped keep tons of
elemental mercury out of the waste stream nationwide. Florida has collected 318.15 pounds of
mercury from 145,008 switches to date. More information is available at
http://www.elvsolutions.org/.

Mercury-Containing Lamps Recycling

No report on mercury management in Florida would be complete without discussing how lamps
are recycled. Florida currently has two permitted mercury reclamation/recovery facilities and a
third in the permitting process. This means we have the ability to recycle our mercury in-state
and keep recycling costs lower for our regulated community. Handler/transporter businesses
register with the Department to provide more transparency in their operations.

Drum Top Crushers for Fluorescent Lamps

Another aspect of lamp recycling in Florida is the use of drum top crushers for fluorescent
lamps. These devices can be used for recycling a generator’'s lamps on site. The ease of
operation and convenience make them a popular method of lamp management in Florida, and
facilities with storage issues find them particularly appealing. A 2010 interpretation of 62-
737.400(6)(b), FAC, resulted in an additional use memo that allows a DTC to be put on a truck
and taken to the generator’s site. At least one company is using this to recycle the copious
numbers of lamps generated at tanning salons, a class of generators that have historically not
recycled their lamps. The memo and other information about drum top crushers is here:
http://www.dep.state.fl.us/waste/categories/mercury/pages/drum-top.htm
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9.2 Implementation Plan Development

Following the adoption of this TMDL by rule, the Department will determine the best course of
action regarding its implementation. In general and depending on the pollutant(s) causing the
waterbody impairment and the significance of the waterbody, the Department will select the best
course of action leading to the development of a plan to restore the waterbody. This can be
accomplished cooperatively with stakeholders by creating a Basin Management Action Plan,
referred to as the BMAP. BMAPs are one mechanism through which TMDLs are implemented in
Florida (see Subsection 403.067[7], F.S.).

If the Department determines that a BMAP is needed to support the implementation of this
TMDL, a BMAP will be developed through a transparent, stakeholder-driven process intended to
result in a plan that is cost-effective and technically feasible, and that meets the restoration
needs of the applicable waterbodies. Once adopted by order of the Department Secretary,
BMAPs are enforceable through wastewater and municipal stormwater permits for point sources
and through BMP implementation for nonpoint sources.

However, in some basins and for some parameters the development of a BMAP is not the most
efficient way to restore a waterbody such that it meets its designated uses. This is because
some impairments result from the cumulative effects of a multitude of potential sources, both
natural and anthropogenic. The Department can rely on existing permitting programs, local or
industry initiatives, or a combination of both as a more cost-effective and simplified approach to
identify the actions needed for restoration activities, while still meeting the requirements of
Subsection 403.067(7), F.S.

For example, NPDES Industrial and Domestic Permitted Sources may be required through their
permit to determine if their facility adds to the mercury load or if the presence of mercury is due
solely to facility pass-through or because of storm water conveyance. Facilities that do not add
to the mercury load will not need to have a permit condition to address mercury in their effluent;
whereas facilities that do receive an effluent limit will be required to meet the limit or develop
and implement a waste minimization plan. Additionally, mercury emissions in Florida have
decreased in the past 20-25 years due to air pollution emission reductions required by the
federal Clean Air Act and Florida’s rules implementing the federal Clean Air Act. It is anticipated
that mercury emissions will continue to decline by up to approximately 90% under these
programs with the additional mercury emission reductions required under the Cement MACT in
2013 and the Utility MACT in 2015.
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