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Executive Summary

This report was prepared by NESCAUM as a followtaphe NESCAUM 1998
Report, “Northeast States/Eastern Canadian Provik@cury Study, a Framework for
Action”. While that document represented a comensive review of mercury in 1998,
this report provides solely an update to the Nashenercury emissions inventory. The
work was pursued in part to assist the New Englaadernors and Eastern Canadian
Premiers (NEG/ECP) in their effort to assess pregne meeting the goals of mercury
emissions reduction that were set forth in theB8.®lercury Action Plan. In addition,
the inventory will be modeled to assess the redatintribution of specific in-region and
out-of-region mercury sources to deposition inrtbeheast. Ultimately, these efforts
provide information relating emission changes tpadgtion changes and the resulting
change in mercury levels in fish, one of the caitjpublic health rationales for limiting
mercury emissions to the environment.

The refined inventory quantifies mercury emissio@esentative of the year
2002 for combustion, manufacturing, and area ssurcéhe Northeast. Total
anthropogenic mercury emissions in the Northeash fihese sources are estimated at
4,693 kilograms (kg) annually. This estimate corapdo the 15,903 kg/year from the
previous 1998 inventory, a decline of roughly 7éceet. The primary drivers behind
this substantial decrease are Municipal Waste Cstobgi(MWCs), Medical Waste
Incinerators (MWIs), Industrial, Commercial, andtitutional boilers (ICls), and Electric
Utility Boilers. The respective emission decredseshese categories are 86, 98, 76 and
56 percent. In addition, the closure of a singll®calkali plant in Maine contributed a
nearly 3% emissions reduction.

In this version of the inventory, approximately @rcent of the total emissions
are derived from combustion sources, 14 percent franufacturing sources, and the
remaining 27 percent from area sources. As estunag¢re, the four source categories
responsible for the largest percentage of Northmastury emissions are: MWCs (22
percent); electric utility boilers (19 percent)daresidential heating (15 percent) and
Sewage Sludge Incinerators (SSIs) (12 percent}e Mat the percentage contribution to
this 2002 inventory and percent reductions frompifeious inventory may vary
considerably on a state by state basis.

The current inventory reveals the considerable r@sgythat states in the northeast
have made in recent years in limiting mercury emrs$o the environment. Based on
these results, the 75% emissions reduction goabiy set forth by the NEG/ECP is
within reach. Targets of opportunity that remaialide EGUs, which mostly remain
uncontrolled, SSIs and MWCs. Despite the significeductions realized to date in the
northeast, the last category still contributes tariglly to the overall emissions burden.
Since state of the art controls, some going bey¢®dEPA requirements, are in place for
MWCs in the northeast states, states must nowaetd#fforts to minimize or eliminate

! This direct comparison of total emissions is meant ta tmeigh guide. As detailed in the body of the
report, several factors should be taken into account iimthgretation of the overall emission decreases in
the region (e.g.. new source categories, methodologicajeBanFurther work is needed for a true “apples
to apples” comparison of emission reductions.
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the use of mercury in products and promote recgdind collection to prevent mercury
from entering the waste stream.

Although regional efforts are important, taken @& adney will not solve the
environmental mercury problem in the northeastsudcessful solution will require
broader participation in the country as a wholawver, the efforts undertaken in this

region serve as a guide to effective programshiercontrol of mercury emissions to the
environment.
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1. INTRODUCTION

1.1. Overview

The 1998 New England Governors and Eastern Can&iemiers (NEG/ECP)
Mercury Action Plan “...concluded that aggressive aadcerted actions are needed to
reduce potential health risks attributable to mgr@xposures and to expand scientific
information on mercury sources, controls and emvitental impacts.” The scientific
underpinnings of this conclusion are detailed mdlsociated report: Northeast States
and Eastern Canadian Provindéarcury Study: Framework for Action (1998). Based on
the current state of knowledge, the NEG/ECP agreedregional goal to virtually
eliminate anthropogenic mercury emissions to therenment. An interim goal of a
50% reduction in mercury emissions by 2003 from1@8 baseline was also
established.

The 1998 baseline emissions inventory for Hg inNloetheast improved upon the
emissions estimates developed by U.S. Environmémtdection Agency (EPA) for its
Mercury Study Report to Congress (USEPA, 1996)esElrefinements were made based
on facility-specific information collected by sta# quality agencies, including stack test
data, fuel use rates, air pollution control devi@®l other operational parameters. The
updated inventory reported herein relies on a aing@pproach to revise the most recent
federal mercury inventory for the Northeast stafEge latest regional inventory
improvement represents a critical step toward etalg emission impacts associated
with mercury deposition in the region, designinfgetive control strategies, and enabling
a comparison to the baseline to assess progregzavide a measure of the
effectiveness of control efforts.

For this work, the Mercury Inventory Workgrdupegan with version 3 of EPA’s
1999 National Emissions Inventory (NEI) as thissien was believed to represent the
most comprehensive peer-reviewed inventory of Hggions currently available at that
time. Updates (representative of 2002/03) to tk¢ Were performed to reflect the
number of facilities currently operating in thetate for each of the key source
categories, recent information on activity levesthese facilities, and recent (i.e.
~2002) emissions estimates based on either dirassgm measurements (i.e. stack test
data) or most recent emission factors and actéaty for the source categoryThe
Workgroup also adopted the NEI area source invgntith few exception$. For mobile

% MA - Azin Kavian azin.kavian@state.ma.us
VT - Jeffrey Merrell  jeff.merrell @anr.state.vt.us
ME - Doug Saball doug.saball@maine.gov
CT - Ellen Pierce ellen.pierce@po.state.ct.us
RI - Karen Slattery  karen.slattery@dem.ri.gov
NJ - Olga Boyko oboyko@dep.state.nj.us

NY - Steve DeSantis  sxdesant@gw.dec.state.ny.us

NH - Tom Niejadlik t niejadlik@des.state.nh.us
3 For consistency, the states used emission factors in NSEFRE database.
* The data for industrial process categories were adoptedti@2002 Draft NE| for lamp breakage and
general lab use. Landfills and IC engines were not ieclutlie to lack of data. Estimates are discussed in
detail in the report.
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source Hg emissions, the Workgroup intended touptyn the most recent mobile source
inventory that was used in the Clear Skies Actysigal(USEPA, 2003). However, EPA
determined these estimates were incorrect, whithdeheir removal from the inventory.
It should be noted that onroad and nonroad estswadee substantial (~10% of the
current inventory) and would be a top five sourategory in the region.

Figure 1-1 presents an overview of the steps inptiomg the NEI including the
extensive review and augmentation by both the se&te EPA. Documentation for the
1999 NEI can be obtained electronically on USER#bsite®

Figure 1-1: Flow Chart describing NEI development nethodology

Compilation of NEI

EPA Recsives S/L and
MACT datain NIF l
Version 2.0 via COX
Content QC:
Emission Cutliers Content QC
Duplicates
Format QC: ¥ MACT Code assignment
15 filz readable? =
Mandatary elements Inltlalcl':or&ﬂat ac SIUTs
; . ecks Lla,
Mon-Mandatory elements Industry, Draft NEIto public review
Referential integrity EPA, public
Invalid codes
Range checks
QC & Augmentation
of Locational Data External reviewers submit
data/revisions to EPA
4 Other Data Sources:
Complete database coverage MACT and s=c. 129 data 1
for facilies, tegories, I TRI
rigciilies, source caiegories Blend/Merge data Industry EPA evaluates & incorporates
pollutants, geographic area records ndustry revisions and new data
Monpoint - EPA generated
30 categories
EPA mobile
| Final @C |
Complete data nesded Augment data Stack parameters
for emissions modeling elements
¥

| Final MEI |

1.2. Background

For the purposes of this inventory, anthropogeaicaes of mercury emissions
are categorized as “point” or “area” sources adogrtb their size and dispersion
characteristics. Point sources typically releasessions from a stack and are large
enough to be associated with a specific geogrdpbation. Examples of point sources

® http://www.epa.gov/ttn/chief/conference/eill/qa/popepredqudhore detail
® http://lwww.epa.govi/ttn/chief/net/1999inventory.html
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include municipal waste combustors and electrigytoilers. Point sources are further
divided into two categories: combustion and macituiidng sources. Area sources are
typically small but numerous, and are usually rssiogiated with emissions from a
“stack”. An example of an area source is mercunyssions resulting from fluorescent
lamp breakage. With regard to hazardous air @oilgt point and area sources are also
characterized according to the definition in th@A €lean Air Act Amendments
whereby point sources are defined as sources tinateercury above 10 tons per year
(tpy) for a single hazardous air pollutant (HAP)arombined 25 tpy for multiple HAPs.

Point Sources

» Combustion: municipal waste combustors; medical waste incioesat
sewage sludge incinerators; electric utility ba]dossil fuel and wood-fired
industrial/commercial/institutional boilefs;

* Manufacturing: cement manufacturing; secondary mercury produgction
petroleum refining; lime manufacturing; steel fourd; and miscellaneous
industrial processes.

Area Sources

» Fossil fuel residential heating; fluorescent lamgakage and recycling;
laboratory use; dental use; and crematories;

1.3. Summary

Table 1-1 summarizes the refined inventory of meremissions for combustion,
manufacturing, and area sources in the Northéastal anthropogenic mercury
emissions in the Northeast from these sourcesstiraated at 4,693 kilograms annually.
Approximately 59 percent of this total comes froombustion sources, 14 percent from
manufacturing sources, and the remaining 27 pefoemtarea sources. As estimated
here, the four source categories responsible folatyest percentage of Northeast
mercury emissions are: MWCs (22 percent); elecitility boilers (19 percent); and
residential heating (15 percent) and SSls (12 pé)ce

" For the purposes of this inventory we are reporting boe point and area ICI boilers in the point source
category.
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Table 1-1:2002 Mercury Inventory for Northeast Staes

Mercury SourceCategories Emissions Estimate (kg/yr) | Percent of Inventor

Point Sources
Combustion Sources
Municipal Waste Combustors 1,012 21.6
Sewage Sludge Incinerators 543 11.6
Medical Waste Incinerators 15 0.3
ICI Boilers Total 329 7.0
Coal-Fired Boilers 47 1.0
Oil-Fired Boilers 245 5.2
Wood-Fired Boilers 29 0.6
Natural Gas- Fired Boilers 8 0.2
Electric Utility Boilers Total 875 18.7
Coal Fired 739 15.7
Oil Fired 129 2.8
Wood-Fired 7 0.2
Natural Gas Fired .05 0.001
Total Combustion Sources 2,774 59.1
Manufacturing Sources
Cement Manufacturing 239 5.1
Lime Manufacturing 4 0.1
Petroleum Refining 28 0.6
Steel Foundries 400 8.5
Misc. industrial processes 3 0.1
Total Manufacturing Sources 674 14.4
Total Point Sources 3448 73.5
Area Sources
Residential Heating 715 152
Industrial Processes 530 11.3
Electric Lamp Breakage & 227 4.8
Recycling
General Lab Use 58 1.2
Dental Preparation and Use 80 1.7
Crematories 165 3.5
Total Area Sources 1245 26.5
Area + Point Sources 4.693 100

Note: totals and percentages may not add exac#dyawunding.
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2. INVENTORY DEVELOPMENT METHODOLOGY

2.1. Overview

Estimating emissions from a particular source aategequires information on
the number and types of facilities in the sectppligable emission factorand the
activity level of each facility, or reported statelst data. The current Hg inventory relied
upon the most recent comprehensive inventory datsbavailable. For the point source
inventory, the two databases utilized in this gffeere: (1) the update of Hg emissions
conducted by the NEG/ECP Mercury Task Force Inwgrifdorkgroup in 2002 to
determine if the 50% reduction milestone in the NEGP Mercury Action Plan was
achieved and (2) the 1999 Hg National Emissions Inventdil). The NEI is a peer-
reviewed inventory, which relies on state inputdpdates. A more detailed description
of this methodology may be found in the documeatator the 1999 NEI.

The area source emission estimates reported ildthiaventory were taken in
part from the draft 2002 NEI. Some adjustmentseweade to these estimates. For
example, the emissions from fluorescent lamp brgakeere adjusted to reflect a change
in the emission factor and individual state dataemycling rate (Section 5.3). No
emissions were available in this version of NElHaman cremation. State specific
estimates were obtained from the Cremation Assoaiaf North America (US EPA’s
source of prior year estimates for this categotg)general, US EPA county-level area
source estimates are based on emission factoeafbr area source category and a per-
capita allocation methodology. In addition, thebih® sources inventory was omitted
here since EPA withdrew its original estimates theate based on potentially erroneous
mercury emissions factors. Improved factors aceudevelopment, by USEPA.

NESCAUM initiated the update by sending electrarupies of the final 2002
point source inventory for each state from the NEGR Hg Task Force Inventory
Workgroup, and the 1999 Hg NEI version 3. NESCAtHdn organized a series of
conference calls with the NESCAUM Hg inventory wgmup to discuss specific ways
to revise the inventory. This process continuechfea sources once the draft 2002 NEI
became available. The following revisions to tmeentory were made:

« Emission factors (EFs) reported in FIRE (Factooinfation Retrieval) were used
since they reflect the most recent EFs developed3iyPA.

« The Hg inventory for landfill emission estimatepaged in the 1999 NEI was
not included because the sites and emission estsmadre based on a proprietary
database that was not available to the statesfdiocation

8 An emission factor is the ratio of the mass of mercury ethitt a measured level of source activity and
may be generated from emission or stack test data, mass balemugtes, or engineering judgment.

° The Hg inventory workgroup conducted a limited revisibthe inventory by estimating 2002-03
emissions based on reductions associated with contedlg/ére applied since 1998, closures, and updated
EGU emissions. Based on this analysis, over 50% of Hgs@ms, primarily from incinerator controls and
closures, were achieved.
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« Similarly, the inventory did not include emissiastimates from the 1999 NEI for
Internal Combustion (IC) engines because the eamssstimates were highly
uncertain and inconsistent from state to state.

« Industrial, Commercial, and Institutional boile€() results from the 1999 NEI
were adopted without any changes due to the lagkf@fmation about this
source category. However, comparison of fuel conion estimates for 1999
from the Energy Information Administration (EIA)rftCl boilers indicates the
1999 NEI inventory may substantially underestintdgeemissions from this
source category. This is discussed in more det&kction 3.6.

« The Hg Inventory Workgroup identified the need ttee development of emission
factors for fuel combustion for residential heatargl ICI boilers.

After review, each State submitted its inventorlNe&SCAUM for final
compilation and analyses. Updates were evaluatécay information still missing
(e.g., stack information, latitude and longitudegd &CC codes) was incorporated using
default information from USEPA’s 1999 National Esians Inventory (NEI). In cases
where latitudes and longitudes were not providethieyl999 NEI, NESCAUM relied on
Terra-server, an Internet based latitude-longifodator program. This process used the
street name or county name to identify the latitlaogitude in decimal degrees. When
coordinates were provided in Universal Transvergedsitor-North American Datum
1983 (UTM NAD 83), the U.S. Army’s Corpscon programas used to convert UTM
coordinates into geographic decimal degrees.

2.2. Uncertainty in Emission Estimates

Each inventory source estimate was assigned amtaimtg level drawn from a
four-category range (very high, high, medium, anad)l The factors considered to
estimate uncertainty included:

» generic emission factor usage (these may faidpiuwre differences in control
efficiencies and activity levels for specific fatés)

» Use of outdated emission factors (may be deriveh fiimited data not reflective of
process changes over time)

* The age of test methods used in emissions detetionisg older approaches may
produce different emission estimates than thosedas newer testing protocols)

* Representativeness of test data (some data mafypm®r quality or may be based
on a small sample of facilities that do not refléne full range of variation in the
source population being studied {e.g. residential bil})

* Source characterization limits (trace levels ofcuney emitted by some sources are
near the minimum detection limits of the equipmesgd to measure these emissions
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3. POINT SOURCES: COMBUSTION

3.1. Overview

During the combustion of mercury-containing fuelsvaste products, mercury is
emitted to the atmosphere in particulate and vémaons with other exhaust gases. The
combustion point source inventories described bétmlude municipal waste
combustors, medical waste incinerators, sewage@slirgtinerators, electric utility
boilers, and non-utility industrial/commercial/itational boilers (ICIs) (Figure 3-1).

The 1998 recommendations in the NEG-ECP Hg Actianm For MWCs called
for a 0.028 mg/dscm (milligrams per dry standardicmeter) mercury emission limit
for facilities that have the capacity to burn 2604 per day or more of municipal solid
waste™® Mercury emission limits for existing and new fiigs under 250 tons/day were
to be evaluated regarding the feasibility of adapthe 0.028 mg/dscm on a case-by-case
basis. For Medical Waste Incinerators (MWIs), @ldeption of a 0.055 mg/dscm
emission limit was recommended. The region was/aduate the feasibility of adopting
this limit or lower for these facilities within tee years. For both MWC and MWI, the
action plan proposed that each facility perforrteast annual emissions monitoring and
stack testing.

Figure 3-1: 2002 Combustion Source Emissions in Kger Year
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191t is important to note that the USEPA regulation, retim 1997, had a Hg emission limit of 0.65
mg/dscm. Stack tests in New Jersey, which took the |g@mhaby in regulating MWC emissions, showed
however that MWCs could achieve a more stringent emidisiita Thus, the 0.028 mg/dscm was adopted.
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3.2. Municipal Waste Combustors

3.2.1.Background

MWCs burn municipal solid waste in order to redu@sste volume and recover
energy. The material combusted at these facilisie®emposed primarily of household
and other commercial, institutional, and industwaktes and may include discarded
mercury-containing products, such as batteriestrgdal switches, fluorescent lights,
paint residues, plastics, and electronic equipmArdetailed discussion of sources of
mercury in solid waste streams is presented in @nafil of the 1998 Mercury Study
(NESCAUM, 1998). Mercury-containing products disted in landfills (as opposed to
those being combusted in MWCs) may also resultencory emissions to the
atmosphere. However, the Hg inventory for landfitlission estimates reported in the
1999 NEI was not included because the sites ansglseoni estimates were based on a
proprietary database that was not available tat#tes for verification.

Mercury is emitted by MWCs when mercury in the daliaste is vaporized
during combustion and vented through the exhaaskstPollution control technology
can reduce mercury emissions from these combus@usrently, more than 85 percent
of the MWC plants in the U.S. use some kind of adddevice for the control of
particulates and other pollutants. These contasige from electrostatic precipitators to
acid gas controls, such as dry lime injection. N@WCs use a combination of controls
plus activated carbon injection technology. Feactbat enhance mercury control are:
low temperature in the add-on pollution controlteys, the presence of effective mercury
sorbent such as activated carbon; and the presémeebon in fly ash, which enhances
mercury sorption onto particulate matter and allovescury to be captured by particulate
control devices. See Appendix H of the Mercuryd$t(NESCAUM, 1998) and a
follow-up NESCAUM report (NESCAUM, 2000) for a degtion of add-on pollution
control options for reducing mercury emissions froombustion sources.

In 1994, New Jersey adopted regulations requiraap & IWC to install mercury
emission controls designed to reduce at least B peof the stack emissions of
mercury. Five out of six of the affected facil#imn New Jersey chose to add carbon
injection to comply with this rule. Based on qealst stack tests at these five facilities,
the use of carbon adsorption combined with exidtatgic filter bag houses or
electrostatic precipitators has resulted in anayemercury removal efficiency of 90-95
percent. The emission estimates for MWC operatirdJ in the 1998 report reflect the
substantial emission reduction from this sectogFe 3-2). The other states followed
suit and required controls on all their MWC by 2002

3.2.2.Emissions Estimate

There were 80 MWCs operating in the Northeast regiche time this emission
inventory was compiled in 2002. Together they @spnt a substantial source category of
anthropogenic mercury emissions in the region,rdmuting a total of 1,012 kg of
mercury or approximately 22 percent of the oveaaliual inventory. The degree of
uncertainty for emission estimates for MWCs is Ioimission estimates are based on
frequent stack tests performed by the states.
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Figure 3-2: Mercury Emissions from Municipal WasteCombustors

Based on reported stack test data from 5 New Jersey resource recovery facilities
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3.2.3.Methodology for Estimating Emissions

All eight states in the Northeast region providedssion estimates based on
stack test data. Further discussions were heldallitstates during the Q-A process at
NESCAUM to double-check all emission estimates imatte any necessary changes in
the inventory. MWC emission estimates are beligedok the most up to date and
accurate of all the emission categories.

3.3. Medical Waste Incinerators (MWIs)

3.3.1.Background

MWIs burn infectious and non-infectious wastes gatezl in medical and
veterinary facilities. Their primary function is teduce the volume of waste and render
it biologically innocuous. Mercury sources knowerbe in the medical waste stream
include batteries, fluorescent lamps, thermomepdastic pigments, antiseptics,
diuretics, infectious waste bag pigments, and CB8dnjputer Assisted Tomography)
scan paper. Due to the presence of chlorinatediplaroducts in the waste stream, it is
believed that much of the mercury emitted by tHasdities is in the form of mercuric
chloride (USEPA, 1996).
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3.3.2.Emission Estimate

As of 2002, the fifteen commercial and on-site MWits in the Northeast states
were estimated to emit 15 kg of mercury annuaélpresenting approximately 0.3
percent of the total inventory. This category eig@eed numerous facility closures
(down from 111 in 1996) and medical waste incineratvas consolidated to a small
number of active facilities throughout the region.

3.3.3.Methodology for Estimating Emissions

The 2002 inventory for MWIs is based on stack tie¢a. In the case of source
closures, sources were either omitted from thentorg or the facility was reported with
zero emissions indicating that the facility hadseld. Since only a small number of
sources and stack tests were done by the stagedetitee of uncertainty for MWIs
emissions is medium (as compared to the frequeht®sts for MWCs, whose emission
estimate uncertainty were rated low).

3.4. Sewage Sludge Incinerators (SSIs)

3.4.1.Background

SSis are primarily used in the U.S. during thelfstage of the municipal sewage
treatment process. The mercury in sewage sludgmates from mercury-contaminated
wastewater that is discharged from household, cawialeand industrial sources.
Wastewater is usually treated at a wastewatemez@tplant, and then the residue is
either incinerated in an incinerator or placed laradfill.

3.4.2.Emission Estimate

The 50 sewage sludge incinerators operating imegg®n in 2002 contributed an
estimated 543 kg of mercury annually, represerdpgroximately 12 percent of the total
mercury emission inventory in the NortheHsfThis category contributes substantially
(fourth largest source category) to the anthropmgexercury burden in the region for
2002.

3.4.3.Methodology for Estimating Emissions

The 2002 inventory for SSls is based on stackdaist. In the case of source
closures, sources were either omitted from theritorg or the facility was reported with
zero emissions indicating that the facility hadseld. This category has a medium degree
of emission estimate uncertainty.

3.5. Electric Utility Boilers

3.5.1.Background

Utility boilers are large units used to generaexeicity. They can be fired by
coal, oil, natural gas, or a combination of thasdd. Trace amounts of mercury in boiler

™ The reduction in SSI emissions from the previousritmy in 1998 is due to a significant number of
closures in New York and New Jersey. Other states iretlierr experienced small increases in emissions
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fuels are the primary source of mercury emissiddscause the combustion process
occurs at temperatures around 2000° Fahrenheit, shtise mercury released from

utility boilers is vaporized and exhausted as a themigh a small fraction is in particulate
form.

3.5.2.Emission Estimate

Total mercury emissions from electric utility baseoperating in the Northeast
are estimated at 875 kg annually, or approximé&t8lpercent of the regional total.
Electric utility boilers are currently the secoagigest source for anthropogenic mercury
emissions in the region but dominate emission®natide. Of the 875 kg of mercury
emitted by electric utilities, coal-fired boilersrdributed 739 kg with oil-fired boilers
contributing 129 kg annually. The remaining 7 laap e attributed to wood and natural
gas-fired boilers. As shown in Table 3-1 belowalefired boilers emit the vast majority
of this total and constitute approximately 16 pata# the total Northeast inventory.

Table 3-1: Mercury Emissions from Utility Boilers in the Northeast

Emission Source Emissions in Percent of Total
kglyear Northeast
Inventory
Coal-fired utility boilers 739 15.7%
Qil-fired utility boilers 129 2.8%
Wood-fired boilers 7 0.2%
Gas-fired utility boilers 0.05 <0.001%
Total 875 18.7%

3.5.3.Methodology for Estimating Emissions

All emission estimates in the current inventory evenitially provided by the
states in the Northeast region. Emissions wererteg according to each plant and stack
based on emission factors from the 1999 USEPA mmddion Collection Request (ICR)
and fuel consumption data from 2003. Given thesm@rable focus on coal fired utility
boilers, extensive contact between NESCAUM anckstat the region was established to
provide the most accurate possible estimatesortresases the original estimates were
updated according to information from state comstact

3.6. Industrial/Commercial/Institutional Boilers (ICIs)

3.6.1.Background

Industrial, commercial, and institutional (ICl) bes are primarily used for
process heating, electrical or mechanical poweeggion, and/or space heating.
Industrial boilers are used in all major industsattors including paper, chemical, food,
and petroleum industries. It is estimated thatat input capacity for these boilers is
typically between 10 and 250 MMBtu/hr; howeverglarindustrial boilers are in
operation and are similar to electric utility boed€EPA, 1997).
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ICI boilers burn coal, oil, natural gas, wood, arcambination of these as fuels.
As with electric utility boilers, the trace levaié mercury in these fuels vaporize during
combustion and are vented to the atmosphere thrimegstack. The rate of mercury
emissions is directly related to the type of fustd; coal-fired boilers emit the highest
amounts of mercury followed by oil and then gagsm@ercial and Industrial boilers are
generally smaller than the industrial units, widahinput capacities generally below 10
MMBtu/hr. These boilers supply the steam and hdewtr space heating in such
facilities as retail trade, office buildings, h@etestaurants, hospitals, schools, museums,
government buildings, and airports.

Industries that generate wood and wood waste gsdmjucts often dispose of it
by burning it in on-site boilers. Typically, theoad waste is burned in the form of
sawdust and shavings chips in spreader stokerspession-fired boilers, and energy is
generated at the same time. Wood-fired boilerganerally equipped with particulate
matter control devices. Of the most commonly ysadiculate matter control devices for
wood-fired boilers, only wet scrubbers, electrastptecipitators (ESPs), and fabric
filters (FF) have the potential to reduce mercuryssions.

USEPA emission factor estimates were used to esigraissions from IClI
boilers. Data on coal consumption by ICI boilesihdividual facilities were provided
by state agencies. The effects of coal washing wet considered because, according to
the USEPA, coal for ICI boilers is generally boughtthe spot market and is not washed.

Improvements in emission factor estimates are itapoto consider when using
inventory data for the purposes of determiningdeenin the Northeast states’ inventory,
adjustments were made to the baseline inventonyiardases where emission factor(s)
estimates were improved since the mid-1990s whebalseline inventory was
conducted. These adjustments occurred primarigstimating Hg emissions from
fossil-fuel combustion sources, particularly elecirtility boilers and ICI boilers.

For oil-fired commercial/industrial boilers, merguemission factors of 2.9 to 3.0
kg/10* J were assumed depending on the type of fuel burfieese values are roughly
consistent with the most recent estimates of mgreantent for distillate oil published
by USEPA (1997). However, they are much highergpgroximately one order of
magnitude) than the value that was assumed fant#reury content of oil burned in
utility boilers. Residual oil, which is heavierdaless refined oil, is more commonly used
in utility boilers. According to USEPA'’s latestlplished emission factors, mercury
emissions from residual oil are approximately h3ai$ lower than mercury emissions
from distillate oil'> As a result, emissions estimates for oil-firechaercial, industrial,
and residential boilers — which are more likel\btan distillate oil — are significantly
higher, relative to the amount of oil consumednthmissions estimates for oil-fired

12 According to USEPA’s most recent report on “Locating Bstimating Air Emissions from Sources of
Mercury and Mercury Compounds” (USEPA, 1997), emissionsifaébr residual (#6) oil and distillate
(#2) oil are 0.20 and 2.7 kg/fQ), respectively. A possible explanation for this diffeeemay be that
mercury volatilizes during the distillation process so titidé lof it is left behind in the residual oil.
However, it is important to note that these estimates aedban limited data and are therefore uncertain.
The estimates for distillate oil, in particular, are based simgle data point representing the average
mercury content of oils obtained from only three sitelse @mission factor for residual oil is based on a
considerably larger number of data points. This is clearlgrea where additional data are needed.
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utility boilers. It is important to note that cant estimates for oil-fired boilers, and
especially for boilers using distillate oil, aresbd on very limited data.

3.6.2.Emission Estimate

ICls are estimated to emit approximately 329 k@ percent of the total
inventory in 2002. Of this total, oil-fired boikattributed the majority of emissions at
approximately 245 kg. Due to inconsistencies iavig this category, the level of
emissions estimate uncertainty is very high.

3.6.3.Methodology for Estimating Emissions

During NESCAUM'’s review process for ICI boilersdoiécame apparent that the
emissions appeared to be underestimated. Thentumkeentory is largely based on the
NEI and contacts with EPA concluded that the NElanestimated the number of ICI
sources. lItis believed that the missing ICI searcave been included in the area sources
category because most large ICI boilers have be@orted under point sources.

NESCAUM tried several approaches to estimate Idksions more accurately
including emission comparisons to the Energy Infation Administration (EIA) and
EPA’s 1999 National Emissions Inventory (NEI). \Attempted to modify emissions for
ICls to be consistent with each comparison appraatcieach method was inconsistent
with the other and ultimately the original emissestimates provided by the states were
used for the 2002 inventory. See Appendix A fatHear discussion.
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4. POINT SOURCES: MANUFACTURING

4.1. Overview

Manufacturing sources include those that use mgmtivectly and those that
generate mercury as a by-product and emit an gstih#81 kg of mercury per year in
the Northeast. Together, all manufacturing soumesided in this inventory account for
approximately nine percent of the 2003 regionaémtery. This section discusses the
following manufacturing sources: secondary mergupoduction; cement manufacturing;
mercury compounds production; lime manufacturiregrgdeum refining; steel foundries;
and miscellaneous industrial processes. Tablasdirimarizes the mercury emissions
from all manufacturing sources included in thisam@and the results are displayed in
Figure 4-1.

Table 4-1: Mercury Emissions from Manufacturing Souces in the Northeast®

Manufacturing Source Emissions Percent of Total
in kglyear Northeast Inventory

Chlor-alkali Production 0 0
Secondary Mercury Production 0 0
Cement Manufacturing 239 5.1
Mercury Compounds Production 0 0
Lime Manufacturing 4 0.1
Petroleum Refining 28 0.6
Steel Foundries 400 8.5
Misc. Industrial Processes 3 0.1
Total 674 14.4

4.2. Secondary Mercury Production

4.2.1.Background

Secondary mercury production or mercury recyclmglves taking mercury-
containing products that have been scrapped, industaste, and scrap mercury, and
then processing the mercury so that it can be agath. Major sources of recycled
mercury include dental amalgams, scrap mercury fr@tnument and electrical
manufacturers, phosphor from discarded fluoreseemps, waste and sludge from
research facilities and electrolytic refining plernd mercury-containing batteries
(USEPA, 1993).

13 Categories listed with zero emissions are included hetmeofaparison to the previous inventory. The
only operating chlor-alkali plant in use during theviwas inventory has been discontinued. During the
last inventory this single source emitted 460 kg and waaippately 3 percent of the total mercury
emissions. The previous inventory consisted of only one secondarnguny production plant, now closed,
which was estimated to release 319 kg per year or two pafctm overall inventory for 1998. Similarly,
the 1998 inventory included two plants that have sincgedidhat emitted 18 kg per year representing less
than one percent of the total Northeast inventory.
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Figure 4-1: 2002 Combustion Source Emissions (Kg p&ear)
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4.2.2.Emission Estimate

There are no active secondary mercury productiantplcurrently in the
Northeast region at the time of this inventory.eTnevious inventory consisted of only
one secondary mercury production plant, now closeNew York which was estimated
to release 319 kg per year or two percent of tregalvinventory for 1998. This category
had a low degree of emission uncertainty.

4.2.3.Methodology for Estimating Emissions

The estimate of emissions from the facility in N¥ark State is based on a 1996
stack test.

4.3. Cement Manufacturing

4.3.1.Background

Mercury emissions primarily occur at the kiln andidg the preheating/ pre-
calcinating steps in the cement manufacturing m®ocehere fossil fuels (mostly coal)
are burned. Small quantities of mercury may atsefnitted as particulate matter from
fugitive emissions sources in the process.
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4.3.2.Emission Estimate

There are currently four active cement manufactupiants in the region, all in New
York.** Together, they are estimated to release an asth289 kg of mercury per year
or approximately 5 percent of the total inventory

4.3.3.Methodology for Estimating Emissions

For three facilities, NY DEC based the Hg emissstimates on the 2000 Toxic
Release Inventory (TRI) data provided by the féesi The fourth and largest facility
conducted recent stack tests to determine its @niss This category has a medium
degree of emission estimate uncertainty.

4.4. Mercury Compound Production

4.4.1.Background

Common mercury compounds include mercuric chlomaercuric oxide, and
phenylmercuric acetate. The production processethiése compounds may result in
emissions of mercury vapor and particulate mercompounds at a number of points,
including in reactors, dryers, filters, grindersdan transfer operations.

4.4.2 .Emission Estimate

There were no active mercury compound productiantglat the time of the 2002
inventory. The former inventory consisted of twanis in New Jersey that emitted 18
kg per year and were less than 1 percent of tlaé Kuirtheast inventory. They have
since been closed.

4.4.3.Methodology for Estimating Emissions

The emissions estimate for this source categomesents the facility operator’s
best engineering judgment. This category has alegvee of emission uncertainty.

4.5. Lime Manufacturing

4.5.1.Background

The leading industrial uses for lime include steakimg, pulp and paper
manufacturing, water purification, soil stabilizatj and flue gas desulfurization (Miller,
1993). Calcinating, which involves burning calciearbonate at a high temperature, is
the process through which most of the mercurylesaseed during the manufacturing
process. Most of the mercury is released as V&poexhaust. Mercury that exists as an
impurity in the processed stone can also be rafieaseapor form during calcination.

4 Maine and New York had the only active cement manufactyilangts during the previous inventory in
1998. Maine has one active cement manufacturing plant, bubdiwontrols, mercury emissions from the
facility are minimal.
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4.5.2.Emission Estimate

There were four lime manufacturing facilities ire tNortheast region; two in New
Hampshire and one each in Massachusetts and Nekv Yitrey are estimated to release
4 kg per year or approximately one tenth of 1 paroéthe overall inventory.

4.5.3.Methodology for Estimating Emissions

According to USEPA’s Emission Factor and InventGnpup (EFIG), the
estimated mercury emission factor for lime manuféng is 5.5 x 1§ g of mercury per
megagram of lime producéa.An emission factor for lime manufacturing wasrasted
using a mass balance approach based on informegimut mercury content in limestone
from 5 operating lime kilns in Wisconsin in 1983i(ler, 1993). Assuming uniform
emissions for each ton of lime produced, the pbanitted 5.53 x 1® kg of mercury per
ton of lime output. Lime manufacturing has a hitgyree of emission uncertainty.

4.6. Petroleum Refining

4.6.1.Background

Petroleum refining is a new category added tortkentory in 2002. It was not
included in the previous inventory due to a lacknédrmation and uncertainties with
emission factors and the mercury contained in cailde

4.6.2.Emission Estimate

New Jersey was the only state in the Northeasbneigi report mercury emissions
for petroleum refining, as it alone has refineriéercury emissions were estimated to be
approximately 28 kg per year or 0.6 percent ofttital inventory.

4.6.3.Methodology for Estimating Emissions

The NJ DEP used the 1997 throughput of New Jeesayeries (in pounds) by
crude oil origin or description and mean Hg concidn by crude oil origin or
description from sampling and testing program earout by NJ refineries using
laboratories of Frontier Geoscienes, Inc., and @eBaalytical, Inc. (Holmes, Michael
J., Miller, Stanley J., and Nyberg, Carolyn M. 2P0

4.7. Steel Foundries

4.7.1.Background

Steelfoundries manufacture steel castings products,edisas the processing,
salvaging, and recycling metals from automobildstomobiles are a major source of
mercury emissions by means of their switches usetight bulbs, light relays, the anti-
lock braking system, and gas pressure gaugesméheury in these switches is released
into the air when they are crushed and/or smettéda scrap yard. Maine DEP
estimates that there are currently 45 metric tdmseycury switches in the current auto
fleet of 200 million autos with the potential taweve ~6 to 7 metric tons annually.

151 megagram is equal to 1,000,000 grams
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The auto industry has been decreasing the useralinyan switches since 1995,
therefore the main concern lies within older maalgbs (Maine Department of
Environmental Protection. 2004). The opportunitydcover switches decreases every
year as older autos are scrapped before switchvartekes place.

4.7.2.Emission Estimate

There were a total of eight steel foundries rembitethe Northeast region during
2002. Several New Jersey sources were estimaenitB883 kg per year and a single
New York facility was estimated to emit 17 kg anihyiaThey account for 400 kg per
year or ~9 percent of the total point and area soimeentory for the Northeast. This
category is the largest source of anthropogenicuangrin the manufacturing sector.

This category is included in the inventory givea #hgnificant amount of
emissions from a small number of sources; howevsrimcomplete because not all states
in the region provided emissions estimates on thgses of facilities. Connecticut does
not have steel foundries, so has no emissions tintsrcategory; this may be true of the
other New England states.

4.7.3.Methodology for Estimating Emissions

All reported emissions are based on state estinaat@srding to stack testing.
With the significant amount of mercury emitted frateel foundries a more complete
inventory is needed in the Northeast, therefore ¢ategory has a very high degree of
emission uncertainty.

4.8. Miscellaneous Industrial Processes

4.8.1.Background

This is a new category created for the 2002 Noghie@entory due to an
abundant amount of manufacturing sources that aoafldbe categorized under preceding
categories. These sources only consisted of otveat@ources per category or were
unclear as to the manufacturing process. Furtherntioe mercury emissions for these
categories were so low that it was unnecessargesit& a separate category.

Miscellaneous industrial process sources includg/amplane production, missile
production, wood building products, hydrochloriédaeniscellaneous metal
manufacturing, ceramics manufacturing, surfaceiggaprinting, coating, dyeing of
fabrics and among other processes in the manufiagtsector.

4.8.2.Emission Estimate

Miscellaneous industrial processes are estimatediv3 kg or approximately
one tenth of one percent of the entire 2002 Nogheaentory.

4.8.3.Methodology for Estimating Emissions

All miscellaneous source emissions estimates wdreited by the states to
NESCAUM for the 2002 inventory summary. This iwide-ranging category and has a
high degree of emission uncertainty.
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5. AREA SOURCES

5.1. Overview

Area sources are estimated to emit 1,245 kg perfgethe 2002 inventory. This
accounts for approximately 27 percent of the tptaht and area source anthropogenic
mercury emission estimates. NESCAUM relied on USERinal version 3 of the 1999
NEI and its 2002 draft NEI for area source meramyssion data, in addition to some
state specific information. The NEI is based araional analysis of area source
emissions including: residential heating, eledaop breakage, lamp recycling, general
lab use, dental preparation and use, and crematArga source mercury emissions
represent county totals for each category per.stateission estimates for crematoria
were allocated differently depending upon whethmgr specific information on their
precise location in a particular state was avadlat#d more detailed discussion of each
area source category is presented in each subse®lease refer to Chapter VIi
(NESCAUM, 1998) for more detailed background infatian on these products and
processes.

It should be noted that some sources reportedeassaurces could be tracked as
point sources. USEPA provides a set of guidelinatetermine what should be included
as a major point-source in the NEI. The guidelstase that major sources are those
stationary sources that have the potential to &htbns per year or more of one HAP; or
have the potential to emit 25 tons per year or nebany combination of HAPS.

Sources below these thresholds may still be clads#fs point sources, although often
they are reported as area sources.

5.2. Residential Boilers

5.2.1.Background

Residential boilers are used for heating homesagadtment buildings. As with
other boilers, they can burn either coal, gas,lorthe majority of fuel used is distillate
#2 oil. Coal contributes approximately one peradrihe residential-boilers fuel use.

5.2.2.Emission Estimate

Residential boilers are categorized as area sour¢he 2002 inventory. They
emit 715 kg of mercury per year or approximatelypgbcent of the total inventory. This
category is the third largest source for anthropagmercury emissions in the Northeast
region.

5.2.3.Methodology for Estimating Emissions

USEPA provided its 2002 area sources preliminavegmbory to NESCAUM for
the inventory summary. Residential boilers welteried out of the inventory according
to state by using the pollutant code for mercudnce these sources were separated from

18 Information provided by USEPA’s 1999 Point Source BBtumentation; section 3.0



Inventory of Anthropogenic Mercury Emissions in the Northeast Pages-2

the entire 2002 inventory the SCC code was usedttact all residential boilers and
their fuel types, coal and oil. Oil accountedrfmwst of the residential boiler inventory.
The emissions were based on consumption leveladdyyfpe for the year 2000 as
provided by the Energy Information AdministratidfiA).

Mercury emission estimates for oil combustion isidential boilers were based
on the emission factors cited above for oil useammercial and industrial boilers.
Residential boilers were assumed to lack emissotral devices. Oil consumption in
residential boilers was estimated on a state-hig$tasis. The resulting emissions
estimate is considered highly uncertain for reasomdar to those described for oil-fired
utility and non-utility boilers (i.e. emission fact based on test data from a limited
sample of boilers).

5.3. Fluorescent Lamp Breakagé’ and Recycling

5.3.1.Background

In the draft 2002 NEI, USEPA estimates that 79 @etrof discarded lamps go to
landfills and 21 percent go to recycling plants.

5.3.2.Emission Estimate

Mercury emissions from fluorescent lamp breakagklamp recycling in the
region are estimated to be 227 kg/yr, which reprissapproximately 5 percent of the
total estimated inventory for emissions in the Redst. Electric lampecycling
emissions are estimated to be less than 0.001mgestthe overall inventory.

5.3.3.Methodology for Estimating Emissions

In 2002, national estimates of lamp disposal wé&@ riillion lamps. On average,
each lamp was estimated to contain ~12 mg of mgreceflecting a 50% decrease from
lamps discarded in the late 1990s.. Populationusas as a surrogate to apportion the
national totals to each state. To calculate deatel mercury emissions from fluorescent
lamp breakage, it was assumed that 79% of theltotgds discarded were sent to
landfills and 21% were recycl¥d Of all the lamps discarded, this inventory asssim
that 25% of the mercury contained in the lampeglisased into the atmosphere based on
a study by the NJDEP (Aucadtal., 2003). In contrast, EPA’'s NEI assumed that 6.6%
of the Hg in lamps is released. This category’'sssions are based largely on the New
Jersey DEP study and have a high degree of unairtai

" Mercury is also present in certain high-intensity, speciaityps. However, the quantities of mercury
involved are relatively small compared to fluorescent lank@snp breakage so dominates the emissions
that these two categories were combined in this inventory.

18 vermont and Maine supplied state specific recycling rates%f 65ack of information for other state
specific waste management programs may impact the accuracy of thesiersrestimates.
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5.4. General Laboratory Use

5.4.1.Background

Mercury is found in laboratory instruments, andsed in experiments as a
catalyst.

5.4.2.Emission Estimate

The draft 2002 emission inventory estimates thpt@pmately 58 kg of mercury
are emitted in the Northeast from laboratory usdngaar. This represents just over 1
percent of the total regional inventory.

5.4.3.Methodology for Estimating Emissions

The USEPA assumes an emission factor of 40 kg ofumg emitted for each
metric ton of mercury used in laboratories, whglddocumented in US EPA’s 1997
Mercury Study Report to Congress, Volume II: Andntory of Anthropogenic Mercury
Emissions in the United States. National scalecarg use in laboratories was estimated
by the US Geological Survey and reported in thé @@02 NEI. This category has a
high degree of emission uncertainty.

5.5. Crematories

5.5.1.Background

Most of the mercury emitted from crematories igaskd due to the incineration
of amalgam tooth fillings. Given the useful lifetbese fillings (reflecting dental work
~10 years prior to death) and the trends in amalgsage in general, emissions from this
category may be expected to decline in the future.

5.5.2.Emission Estimate

Mercury emissions from crematories in the Northease estimated to total
approximately 165 kg/yr. This estimate represapigoximately 3.5 percent of the total
point and area source emissions in the regioniswattd overall inventory.

5.5.3.Methodology for Estimating Emissions

Mercury estimates are based on a California AiroReses Board emission factor
of 4.8E-02 Ibs mercury per ton body charged, whteeeaverage body weight is estimated
at 150 pounds (equivalent to 1.63 g/bddy)Other available literature suggests average
mercury emissions of 2.9 grams per cremation, witange of 0.8 to 5.6 grams (Mills,
1990; Basu and Wilson, 1991; Skare, 1995; KunzierAandree, 1991; Nieschmidt, A.,
and N. Kim, 1997). The number of cremations patestvas based on 2002 statistics
from the Cremation Association of North Amefta

9 Maine and Connecticut reported slightly different emismtors (within ~10%). For the purposes of
this regional inventory, a consistent factor was applied.

20 New Jersey provided its own estimates which differech f@ANA. Massachusetts, Maine and Vermont
also provided their own estimates, but these were nearlyddetat those reported by CANA.
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Given the wide range of reported mercury emissamtdrs from crematoria, this
category has a high degree of emission uncertainty.

5.6. Dental Preparation and Use

5.6.1.Background

Mercury is used in amalgams for fillings. Initias in the northeast have moved
forward with requiring amalgam separators in démtiices to reduce emissions from
this source category. In addition, community iny@mments in dental hygiene and
composite fillings have led to a decline in mercusg by dentists.

5.6.2.Emission Estimate

Emissions from dental preparations and use anmat&d to total 80 kg per year
for 2002, representing slightly less than 2 perogm@tinnual emissions.

5.6.3.Methodology for Estimating Emissions

States provided estimates based on the numbentdldestablishments and
information regarding amalgam usage. The emidsicior used accounts only for
mercury emissions from spills and scrap during @rafion and use.

5.7. Paint Sources

5.7.1.Background

Several mercury compounds have been used as lsdoidentrol microbial
growth in interior and exterior paint (USEPA, 198%) In May of 1991, the registrants
voluntarily canceled all registrations for merctwgcides used in paints, and the use of
mercury was banned in the manufacturing of paibtswever, the phasing out of
mercury in paint did not restrict the sale of @rgtpaint inventories or subsequent use
by the public. The emission estimate in the naioamventory accounts for “off-gassing”
over a 7-year period to reflect the fact that mgutation paints continue to emit mercury
vapors after application. USEPA banned the useestury in interior paint in 1990 and
in exterior paint in 1991. Under these laws, éxgsstocks of interior latex paint could
continue to be sold until July 1984.

The 7-year duration of “off-gassing” of mercurytla¢ time of the 1998 inventory
which was actually data from 1996, explains why¢here emission estimates for that
inventory year. However, the 2002 inventory shaam emissions from paint sources.
Assuming that latex paint has a shelf life of Btgears, the optimum year latex paint
being sold still containing mercury is 1996, andhwbff-gassing” mercury emissions
would continue until 2003. Perhaps, one explandto why there are zero mercury
emissions for the current inventory in 2002 is ttates did not hold paint on the shelf
for the paint’s entire shelf life. They are maikesly to sell it quickly to preserve the

2 phenylmercuric acetate, 3-(chloromethoxy) propylmercuric aceligd@enylmercury)
dodecenylsuccinate, and phenylmercuric oleate.
2 Barr Engineering Company. Substance Flow Analysis of MgriouProducts. 2001. pp. 71
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quality of the paint. Therefore, the durationloé toff-gassing” may have ended before
the 2002 inventory.

5.7.2.Emission Estimate

There are no reported emissions of mercury fromtgiurces in the 2002
inventory. The previous inventory in 1998 contai®33 kg of mercury from paint
sources and was approximately 4 percent of théitotantory.
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6. CONCLUSIONS

The regional mercury emission inventory for 2002sgnted in this report was
developed in part to help the New England GoveraasEastern Canadian Premiers
assess emissions reduction progress made sincelé¢hse of their Mercury Action Plan
in 1998. Through aggressive, proactive effortsantaken by states and provinces,
significant reductions in mercury emissions haverbeade, in fact in excess of the goal
of 50% reduction by 2003 (see caveats below). ifhentory shows the region is well
on its way to achieving its 2010 target of 75% taiun from the 1998 baseline.

According to the refined emission inventory estiesadeveloped by the Northeast
states for this study, approximately 4,693 kg ofcuey are emitted to the air annually
from anthropogenic sources in the region for whantissions data are available. This
compares to 15,903 kg from the baseline 1998 imrgntCombustion source emissions
represent 59 percent of the current inventory tatéhnufacturing sources and area
sources account for the remaining 14 and 27 petzadance, respectively.

In large part, the reductions achieved are thdtrefemissions controls and
facility closings for municipal waste combustorslanedical waste incinerators. Future
reductions will be achieved in New England as Melssaetts, Connecticut, New Jersey,
and New Hampshire have all adopted mercury emissiontrol requirements for coal-
fired power plants that will go into effect oveethext decade. Absolute comparisons of
total emissions between the baseline inventoryta@@002 inventory are problematic
due to a variety of factors. These include thatemdof new categories to the current
inventory (e.g. petroleum refineries and steel thiegs) and methodological changes
(emission factor revisions for fluorescent bulbd ail combustion). Additionally, the
inherent uncertainties in many of the emissionsnegés need to be acknowledged in the
interpretation of percentages and rankings of sooategories.

Despite the significant reductions achieved to daibstantial mercury emissions
remain in the region. Over time, new informatiegarding missing emission sources
has come to light. The current available inform@afpoints to a variety of source
categories as candidates for future reductionso Jubstantial contributors are SSis and
EGUs. Others are fluorescent lamps (revised) tewl foundries (new). Even with the
effective controls placed on MWCs, they continuegjoresent a large source of mercury
emissions in many areas in the region, indicatiregrnteed to refocus on waste reduction
initiatives.

Although emissions from the combustion of municivakte contribute
substantially to the 2002 inventory, new federal atate regulations and existing waste
management programs are expected to reduce mencusgions from this source
category and should be reflected in future inveasor The removal of many mercury-
containing products from the waste stream throughyect reformulation and recycling
initiatives will continue to reduce the amount aéncury burned in MWCs. Furthermore,
new regulations on combustion emissions are expeoteeduce stack emission of
mercury by 80 percent or more. These programs#rets will be necessary for the
region to accomplish its ultimate objective of wat elimination of mercury emissions.
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7. RECOMMENDATIONS

Based on the information gaps identified throughitiventory development process, the
following recommendations are suggested to imptheaegional mercury inventory:

* An effort is needed to improve emission estimatesafnumber of source sectors with
highly uncertain estimates, including fuel combwstin the region by commercial,
industrial and residential boilers, fluorescentdsuhnd crematoria.

» Data are needed to develop inventories for souhagsare not currently included in
this mercury inventory, such as landfills, hazaslaaste sites (including the thermal
treatment of contaminated soils), sludge applicatiesidential woodstoves, mobile
sources, and high-intensity discharge lamps.

» A systematic approach is needed to periodicallyatgpthe mercury emission
inventory for sources in the United States using im#ormation generated by the
activities recommended above.



Inventory of Anthropogenic Mercury Emissions in the Northeast Pages8-1

8. REFERENCES

Aucott, M., M McLinden, and M.Winka. 2003. ReleadgeéVlercury from Broken
Fluorescent Bulbs. J. Air & Waste Manage. As&#143-151.

Barr Engineering Company. 2001. Substance Flowy&maof Mercury in Products.
Minnesota Pollution Control Agency. pp. 71

Basu, M. and H. Wilson. 1991. Mercury Risk frometh. Nature3491009.

Brooks, G. 1989. Estimating Air Toxic Emissionsr Coal and Oil Combustion
Sources. U.S. EPA/450/2-89/001. U.S. Environnidhtatection Agency, Research
Triangle Park, NC.

Brosset, C. and E. Lord. 1991. Hg in precipitattimd ambient air. A new
scenario. Wat. Air Soil Pollug6:493-506.

Bureau of Mines. 1992. U.S. Industrial Consumptd Refined Mercury Metal, by
Use. Bartfield, E., and Associates Environmentah€tilting, Ltd., facsimile to Keating,
M., U.S. Environmental Protection Agency, April 1994.

California Air Resources Board. 1987. Depositiate calculations for air
toxics source assessments. Report date Septe@hEdd7, California Air
Resources Board. Sacramento, CA.

Capdevielle, E. 1996. Letter to S. Agrawal fromapdevielle. GSF Ecogas. Austin,
Texas.

Holmes, Michael J., Miller, Stanley J., and NybeEgrolyn M. 2002. Mercury Releases
From Crude Oil. Energy and Environmental Rese@ehter. pp. 1-7

Kunzler, P. and M. Andree. 1991. More Mercurynfr@rematoria. Nature.
pp. 349:746.

Lindgvist, O. 1991. Mercury in the Swedish Enwingent: Recent Research on Causes,
Consequences, and Corrective Measures. Jourkdater, Air, and Soil Pollution.
55:1-253.

Maine Department of Environmental Protection. 208ercury Switch Removal from
Motor Vehicles in Maine, A Report to the MercuryoBucts Advisory Committee. pp.
2-19.

Miller, M. 1993. Lime Commodity Summary. U.S.eau of Mines, Department of the
Interior, facsimile to Campbell, T., Midwest Resganstitute. March 4, 1993.



Inventory of Anthropogenic Mercury Emissions in the Northeast PageB-2

Mills, A. 1990. Mercury and Crematorium Chimneysature. pp. 346:615.

NESCAUM. 1998. Northeast States and Eastern Gamdiovinces Mercury Study. A
Framework for Action. VII: 1-2. Appendix H: 2-4.

NESCAUM. 2000. Environmental Regulation and Texbgy Innovation: Controlling
Mercury Emissions from Coal-Fired Boilers.

New England Governors/Eastern Canadian Premieexcivly Action Plan 1998.
Prepared by The Committee on the Environment of Gtweference of New England
Governors and Eastern Canadian Premiers.

Nieschmidt, A., and N. Kim, 1997

Petersen, G., E. Iverfeldt and J. Munthe. 1998na@Spheric mercury species
over Central and Northern Europe. Model calcutetiand comparison with
observations from the Nordic Air and Precipitatietwork for 1987 and 1988.
Atmos. Environ. 29:47-68.

RTI (Research Triangle Institute). 1994a. Docutaion of the Emission Factor
Program. Memo to William Maxwell, USEPA from JefjrD. Cole, RTI. April 29,
1994.

RTI (Research Triangle Institute). 1994b. PropdSeal Cleaning Factors. Memo to
William Maxwell, USEPA from Elizabeth Heath, RTJune 20, 1994.

RTI (Research Triangle Institute). 1994c. EstedaEmissions of Trace Elements, from
Oil-fired Flue Gas, Using Stack Emission Factdviemo to William Maxwell, USEPA
from Elizabeth Heath, RTI. September 9, 1994.

Skare, I. 1995. Mass Balance and Systematic @paékercury Released from Dental
Amalgam Filings. Water, Air & Soil Pollution. pp0:59.

Springer, J. 1993. Cremation Association of Ndttherica, fax to Campbell, T.,
Midwest Research Institute. Number of CrematdoeState, 1991. February 18, 1993.

Swain, E.B. 1994. Strategies for Reducing Meranrylinnesota. Minnesota Pollution
Control Agency, Mercury Task Force. St. Paul, MNB®.

USEPA (U.S. Environmental Protection Agency). 19®hvironmental Fact Sheet -
Mercury Biocides in Paint. Office of Pesticide §rams.

USEPA (U.S. Environmental Protection Agency). 19€haracterization of Products
Containing Mercury in Municipal Solid Waste in tbaited States, 1970 to 2000. Office
of Solid Waste.



Inventory of Anthropogenic Mercury Emissions in the Northeast PageB-3

USEPA (U.S. Environmental Protection Agency). 1988cating and Estimating Air
Emissions form Sources of Mercury and Mercury Coamats. Office of Air Quality
Planning and Standards.

USEPA (U.S. Environmental Protection Agency). 198&rcury Report to Congress.
Science Advisory Board Draft. Volume II: An Invery of Anthropogenic Mercury
Emissions in the United States. Office of Air QiyaPlanning and Standards and the
Office of Research and Development. June.

USEPA (U.S. Environmental Protection Agency). 198@écating and Estimating Air
Emissions from Sources of Mercury and Mercury Coomats. Office of Air Quality
Planning and Standards.

USEPA 2003. Technical Support Document for theaC&kies Act 2003 Air Quality
Modeling Analyses. Office of Air Quality Plannimgnd Standards Emissions Analysis
and Monitoring Division.

Vander Most, P. F. J., and C. Veldt. 1992. Emis$tactors Manual: Emissions Factors
for Air Pollutants 1992. Report Reference Numkb22285. TNO Environmental and
Energy Research, the Netherlands.

Van Horn, W. 1975. Materials Balance and Techgplassessment of Mercury and its
Compounds on National and Regional Bases. U.S/®F0A3-75/007. Office of Toxic
Substances, U.S. Environmental Protection Agen@sington, DC.

Woodruff, Kenneth L. 2004. Mercury Switch Datall€ction Pilot Project. New Jersey
Department of Environmental Protection DivisionSziience, Research and Technology,
Trenton, New Jersey.



Inventory of Anthropogenic Mercury Emissions in the Northeast PageA-1

Appendix A: NESCAUM'’s Methods To Estimate
Hg Emissions from ICI Bollers

A.l. Energy Information Administration (EIA) Methods

The EIA provides fuel consumption data from 196@Q@00 for all fuels used by
ICI boilers. The majority of fuels used by ICI leys are distillate oil, residual oil, coal,
and wood. A small portion of boilers use natued.gNESCAUM’s method to reflect
EIA estimates was to take the 1999 EIA fuel condionpdata for each fuel type and
apply mercury emission factors to calculate thaltotercury emissions. Table A-1
shows the emission factors used in the calculdtior& account for the point source
contribution, point sources were subtracted froemEPA estimate. The remaining
emissions represented the area source category.

Table A-1: Emissions Factors Used for 1999 EIA Caldations

Fuel Type** Emission Factor
Distillate Oil 3.0E-6 Ib/million Btu
Residual Oll .000113 Ib/1000 gallons
Coal 1.6E-5 Ib/million Btu
5.15 E-6 Ib/ ton of wood burned
Wood

Each state consumes different amounts of fuelsethiee state data were
separated in the Northeast region. The EIA-catedlanercury estimates were compared
to the 2002 state-reported totals to identify irgistencies. Distillate oil and coal
burning ICI boilers were believed to be severelgnepresented in the current inventory
by NESCAUM. Wood and residual fuel EIA estimatesrevgenerally similar and fairly
close to state reported estimates; therefore these not modified. The EIA and State
emission estimates comparisons can be seen in Aable

2 Emission factors were found using USEPAs most recent Fatomation Retrieval system (FIRE)
version 6.24. Emission factors assume no controls ifoodér types.

24 Emission factors were available in million Btu for coad alistillate oil only. Wood and Residual
emission factors were based on 1000 gallons of oil louane tons of wood burned respectively.



Inventory of Anthropogenic Mercury Emissions in the Northeast PageA-2
Table A-2: 1999 EIA Hg Estimates* vs. 2002 State Rerted Hg Estimates*

Distillate Oil Residual Oil Coal Wood

EIA State EIA State EIA State EIA State
Connecticut 27.4 1.0 1.6 8.6 110.3 1.3 0.2 0.3
Massachusetts 40.1 36.0 54 15.0 741.7 7.0 0.4 0.0
Maine 12.0 10.6 13.9 0.9 49.4 1.5 0.1 14.0
New Hampshire 33.7 15.4 1.9 8.7 1.5 1.1 0.1 0.6
New Jersey 49.4 29.2 3.2 18.3 153.1 0.2 0.2 0.0
New York 138.7 40.4 23.4 6.6 1461.7 39.1 2.4 12.6
Rhode Island 6.0 3.4 1.6 2.1 0.4 0.2 0.1 0.0
Vermont 10.8 4.1 0.6 0.7 14.9 0.3 0.0 1.7
Totals 318.0 140.1 51.6 60.9 2532.9 50.8 3.6 29.2

*All emission estimates are in kg/yr

Tables A-3 and A-4 show the area source compartoter calculations by state
for distillate oil and coal. However, this methewds deemed too uncertain to justify a
change in the inventory estimate. The emissiotofaavere based on data that did not
use controls and some boilers may be employingwuarcontrol types. Furthermore, the
estimates based on EIA consumptions are higherahgmther category in the inventory,
which is not believed to be the case.

Table A-3: Area Sources Distillate Oil

State 2002 Point
Sources
Connecticut 0
Massachusetts 25.06
Maine 0.05
New Hampshire 1.11
New Jersey 23.62
New York 0.26
Rhode Island 1.43
Vermont 2.72

*All emissions estimates are in kg/yr

EIA -
2002 Area EIA 2002 Point
Sources Estimate (remaining area
sources)
0.98 27.35 27.35
10.98 40.14 15.08
10.57 11.97 11.93
14.27 33.75 32.64
5.54 49.40 25.78
40.15 138.66 138.40
1.97 5.99 4.56
1.38 10.75 8.03

** Numbers have been rounded slightly

“Comparative

Factor”

27.90
1.37
113
2.29
4.66
3.45
2.32
5.82
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Table A-4: Area Sources Coal ICI boilers

EIA - 2002
2002 Point 2002 Area EIA Point “Comparative
State . . |
Sources Sources Estimate (remaining Factor
area sources)
Connecticut 0 1.31 110.31 110.31 84.18
Massachusetts 3.17 3.85 741.71 738.55 191.71
Maine 0 1.52 49.35 49.35 32.46
New Hampshire 0 1.09 1.45 1.45 1.33
New Jersey 0 0.25 153.13 153.13 614.45
New York 33.66 5.44 1,461.66 1,427.99 262.70
Rhode Island 0 0.24 0.36 0.36 151
Vermont 3.56 0.27 14.88 14.88 55.50

*All emissions estimates are in kg/yr

** Numbers have been rounded slightly

A.2. National Emissions Inventory (NEI) Methods

NESCAUM'’s second attempt to update ICI boiler sesraas a comprehensive
crosschecking into the 1999 NEI version 3 A siigaifit number of missing sources were
identified and a preliminary summary of all boiggurces was constructed. In order to
prevent double counts, facility IDs were crosscleelicketween the NESCAUM inventory
and the 1999 NEI. The 1999 NEI was relied on tavjgle the missing sources by
filtering the mercury pollutant code and sourcessification codes (SCC). This method
identified whether or not a source was in fact@nldoiler with mercury emissions. The
pollutant code distinguishes mercury emissions fotiher pollutants and the SCC code
describes the type of fuel use i.e. coal, disélla¢sidual oil, or wood. If the source met
the filtering requirements and was not a doublentatiwas added to the inventory.

This method, however, did not meet NESCAUM'’s regunents to attempt to
construct an accurate inventory. The sourcesdhtoeen identified as missing could
not be confirmed as still active in time for NESCIUo start the modeling process.



