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Executive Summary

In June 1998, the Conference of New England Goveraind Eastern Canadian
Premiers (NEG/ECP) released its regional MercurijohcPlan (MAP). This aggressive
plan established an ultimate objective of virtualyninating the emissions of
anthropogenic mercury into the regional environmésing a 1996 regional
anthropogenic mercury emissions inventory as alinas¢he 1998 MAP set an interim
goal of achieving a reduction of at least 50% migaal mercury emissions by the year
2003. The Massachusetts Zero Mercury Strdtagyplified the regional goals beyond
eliminating the release of anthropogenic mercurissions to also include a goal of
virtually eliminating the use of anthropogenic mefcin the state. The strategy also set
a second interim goal of at least 75% reductioannssions by the year 2010.

This report updates the Massachusetts mercuryragsens inventory to 2008
and compares it to previous inventories developed 996 and 2002 so that
Massachusetts can track progress towards meetinggitcury reduction targets. We
estimate the total mercury air emissions from sesiirn Massachusetts in 2008 to be
333.6 kilograms. The majority of the 2008 emissiderive from combustion point
sources (78.1%) with 0.1% from manufacturing psmirces and 21.7% from area
sources. According to these estimates, the t@etbontributors to 2008 mercury
emissions in Massachusetts are municipal waste gsiois (39.9%), sewage sludge
incinerators (23.6%), and electric utility boiléasgely fired by coal (12.8%).

As of 2008, we estimate that mercury air emissiondassachusetts have been
reduced by over 90% since 1996. In 1996, the tlargest mercury emission point
source sectors were municipal waste combustor@§Xkilograms), medical waste
incinerators (326.2 kilograms), and coal-fired powiants (83.9 kilograms). In 2008,
municipal waste combustors remained the largegtessource sector for mercury
emissions on a percentage basis, although its sh#ne overall inventory decreased
from 82.4% in 1996 to 39.9% in 2008. In absoletans, its emissions decreased from
3,223.0 kilograms in 1996 to 133.0 kilograms in 208 decrease of 96%. All medical
waste incinerators in Massachusetts have beendctisee 1996, therefore this sector’s
emissions are now zero (100% reduction). Mercumssions from coal-fired electric
utility boilers decreased by 49% since 1996, wllB& emissions estimated to be 42.8
kilograms.

In updating the 2008 mercury inventory in Massaektisswe have also adjusted
downward the previous estimates of mercury emissimm residential and industrial
fuel oil combustion. Based on recent measurenw@ntsercury concentrations in oil, the
mercury emission factors for heating oil (distéfjpand residual fuel oils used in past
inventories significantly overestimated the conitibns of residential heating and oil-
fired boilers to the overall mercury inventory irabsachusetts. Mercury from residential
heating oil was likely overestimated by a factoB6fwhile estimates from oil-fired
industrial and electric generating unit boilersrbag residual oil were overestimated by a
factor of 7. Adjusting the previous and most regaearcury emission inventories to

! Massachusetts Zero Mercury Strategy; availablbtat://www.mass.gov/dep/toxics/stypes/zerohg.pdf.
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account for lower mercury levels in fuel oils hasajly diminished these source sectors’
contribution to the overall Massachusetts-wide migremission estimates.

As a result of successful efforts to significamguce mercury emissions from
the largest source categories in Massachusetts, sblirce categories that were
relatively minor in past inventories (2% or lesejuncontribute relatively greater shares
to the current inventory. These include sewagégguncinerators (estimated to be about
24% of the 2008 inventory), crematoria (7%), eledamp breakage (5.6%), and general
lab use (5.5%). Additional source sectors notipresly included in earlier mercury
emission inventory estimates, such as residentaldwombustion, natural gas
combustion, and mobile sources, may also have egfigible contributions to overall
mercury emissions in Massachusetts. Uncertaimiesission factors and other
information used to estimate all these source caitesy however, are rather large,
indicating a need for more refined data.

viii
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1. INTRODUCTION

1.1. Overview

In June 1998, the Conference of New England Govsraond Eastern Canadian
Premiers (NEG/ECP) released its regional MercurgohcPlan (MAP) (NEG/ECP,
1998). This aggressive plan established an ulérobjective of virtually eliminating the
emissions of anthropogenic mercury into the rediengironment. Using the 1996
regional anthropogenic mercury emissions inventi@yeloped in the Northeast
States/Eastern Canadian Provinces Mercury Studp (WM et al., 1998) as a
baseline, the 1998 MAP set an interim goal of aghgea reduction of at least 50% in
regional mercury emissions by the year 2003. Tlsddchusetts Zero Mercury
Strategy amplified the regional goals beyond eliminating telease of anthropogenic
mercury emissions to also include a goal of vitiualiminating the use of anthropogenic
mercury in the state. The strategy also set anskicrierim goal of at least 75% reduction
in emissions by the year 2010.

The Northeast States for Coordinated Air Use Mamagg (NESCAUM)
updated the baseline 1996 mercury emissions inkefiothe northeast states
(Connecticut, Maine, Massachusetts, New HampsNeg; Jersey, New York, Rhode
Island, and Vermont) for the year 2002 (NESCAUMQZD The work herein updates
the 2002 anthropogenic mercury emissions inverftariMassachusetts-specific sources
for the year 2008. It also revises the older inoBas, according to new or more widely
accepted emissions factors that have become aleadadze the 2002 inventory update.

The source categories impacted by these adjustrmafiisle the oil combustion
categories (industrial/commercial/institutionatoied boilers, electric utility oil-fired
boilers, and residential heating from distillatatieg oil) and crematoria. By adjusting
the past mercury emissions inventories with theatgulemission factor information, the
emissions estimate for each source category cairéaly compared across all years
without overstating achieved mercury reductiongecdise this work represents only an
update to the mercury source categories from pasniories, no new source categories
are added, including those that were identifiedrmitincluded in past inventories due to
inadequate information (i.e., mobile sources, ldisditc.). This updated inventory will
be informative for both the state and the regiotracking progress toward the NEG/ECP
MAP and Massachusetts Zero Mercury Strategy goals.

1.2. Background

To maintain consistency with the 2002 inventorythaspogenic sources of
mercury emissions in this inventory are categoraethe same “point” or “area” source.
Point sources, such as municipal waste combustarglactric utility boilers, typically
release emissions from a stack and are large ertfoughassociated with a specific
geographic location. The point sources are dividetther into combustion and
manufacturing sources (not all of which are foumdiassachusetts). The combustion
point sources include: municipal waste combustm#/age sludge incinerators, medical

2 Massachusetts Zero Mercury Strategy; availablatyi://www.mass.gov/dep/toxics/stypes/zerohg.pdf.
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waste incinerators, industrial/commercial/instngl boilers, and electric utility boilers.
The manufacturing point sources include: cementufsaturing, lime manufacturing,
petroleum refining, steel foundries, and misceltarseindustrial processes. Area sources
are small but numerous and not typically associai#itla specific location. Examples

of area sources include residential heating andsim@l processes, such as paint use,
electric lamp breakage, lamp recyling, general latooy use, dental prepartion and use,
and crematoria. As with the 2002 inventory, resice heating is reported as an area
source (it was listed as a point source in theiraidgl996 inventory) and all point and
area industrial/commercial/institutional boilere &éisted as point sources.

1.3. Summary

Table 1-1 summarizes the latest inventory for agbgenic mercury emissions
estimates from combustion, manufacturing, and soeaces in the state of
Massachusetts. The table also provides the reestuates for the 1996 and 2002
inventories based on the more up-to-date emissictoifs. The total mercury emissions
from these sources in Massachusetts in 2008 areagtet at 333.6 kilograms. As of
2008, we estimate that mercury air emissions inddelsusetts have been reduced by
over 91% since 1996.

The majority of the 2008 emissions derive from castlon point sources
(78.1%) with 0.1% from manufacturing point soureesl 21.7% from area sources.
According to these estimates, the top three cauttriis to mercury emissions in
Massachusetts are municipal waste combustors (39 age sludge incinerators
(23.6%), and electric utility boilers largely firéy coal (12.8%).

Figure 1-1 displays the relative contribution teath source of mercury had to
the annual overall inventory for 1996, 2002, an@&0The figure illustrates successful
efforts to reduce mercury emissions from the largearce categories. As a result, other
source categories that were relatively minor irnt pagentories now are estimated to be a
relatively greater share of the current inventoffis evolving shift in relative
contributions among source sectors has importanigure mercury reduction efforts in
pursuit of Massachusett’'s goal, as establishedar\dEG/ECP Mercury Action Plan, to
virtually eliminate anthropogenic mercury releasgethe environment.
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Table 1-1. Anthropogenic Mercury Inventory for Massachusetts

Emissions Estimate [kglyr] & Percentages (%)

Mercury Source Categories 1996 2002 2008

Point Sources

Combustion Sources

M unicipal Waste Combustors 3223.0 (82.4) 230.0 (46.7)| 133.0 (39.9

Sewage Sludge Incinerators 73.2 (1.9 784 (159 786 (23.6)

M edical Waste I ncinerators 326.2 (8.3) 0.0 (0.0 0.0 (0.0)

ICl Boilers Total 20.1 (0.5) 828 (1.7) 382 (L1
Coalfired 3.2 (0.1) 3.18 (0}6) 3.2 1.0
Oit-fired 16.8 0.4 4.97 (140 0.46 @Q.1)
Wood-fired 0.16 (<0.1) 0.13 (<0[1) 0.16 (<0.1)

Electric Utility Boilers Total 86.1 (22 804 (16.3)] 453 (13.6)
Coal-fired 83.9 (2.1) 755 (153) 428 (12.9)
Oit-fired 2.17 0.1) 3.71 08) 1.17 @Q.4)
Wood-fred 1.19 (0.2 1.35 0.4

Total Combustion Sources 37284  (95.4)| 397.0 (80.6)| 260.7  (78.1)

Manufacturing Sources

Lime Manufacturing 15.4 0.89) 1.23 0.2) 0.45 .1p

Total M anufacturing Sources 154 (0.9) 123 (0.2 045 (0.1

TOTAL POINT SOURCES 3743.8 (95.8)| 398.2 (80.8)| 261.2  (78.3)

Area Sources

Residential Heating 5.1 (0.2) 533 (L1 4.1 (1.2)
Coal 0.091 (<0.1 0.1 (<0.}
Distilate Oil 524 (1.1 4.0 @.p

Industrial Processes 160.3 (41)] 89.0 (18.1) 683 (20.5)
Paint Use 96.5 (2)5) 0.0 (0.0) 0.0 ©.0)
Electric Lamp Breakage 27.3 @.7) 35.8 X7.3.8.8 (5.6
General Lab Use 10.9 (0.3) 18.2 B.7) 185 H)5.
Dental Preparation and Use 13.7 0.4) 14.2 2.9)( 7.66 (2.3
Crematoria 11.9 (opB) 20.8 4.2) 23.3 7.0)

TOTAL AREA SOURCES 165.4 (4.2 943 (191 724 (21.7)

Total Area + Point Sources 3909.2 (100)| 492.6 (100)] 333.6 (100)

Note: Totals and percentages may not add exacthtdwounding.
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Figure 1-1. Relative Source Contributionsto 1996, 2002, and 2008 Overall Mercury
Emissions I nventories

O Municipal Waste Combustors O Sewage Sludge Incinerators O Medical Waste Incinerators
OICI Boilers Total O Electric Utility Boilers Total O Lime Manufacturing

O Residential Heating O Paint Use M Electric Lamp Breakage

@ General Lab Use l Dental Preparation and Use E Crematoria

4.2%

82.4%

1996 (3909.2 kg) 2002 (492.6 kg) 2008 (333.6 kg)
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2. INVENTORY DEVELOPMENT METHODOLOGY

2.1. Overview

In order to estimate the mercury emissions fromardiqular source, certain
information is needed. For this updated inventarych of the most recent available data
was located through coordination with the Massagetisepartment of Environmental
Protection (MassDEP). For example, MassDEP hadlection of the reported stack
measurements for coal-fired electric utility basleNot all sources continuously monitor
mercury emissions; for these sources, the emissistmmates are based upon activity
level and an applicable emission factor (EF). Basestack test data, mass balance
techniques, or engineering judgment, an EF isia chitmass of mercury emitted per
measurable level of source activity (e.g., Ib Hgtpe of sludge burned). For many of
the point source categories, MassDEP provided tdaeifity-specific emission factors
and activity levels. For the sectors for which BI2EP did not provide recent data, the
appropriate up-to-date EF and activity level westamed from the U.S. Environmental
Protection Agency (EPA) and other reliable soursash as the Energy Information
Administration (EIA). Although the available emims factors for source categories vary
in levels of uncertainly, the best available anavmst widely accepted emission factors
were employed in this updated inventory. The dpesource(s) of information for each
mercury source category are detailed in the sexti@how.

2.2. Adjusting Mercury Emission Factorsfor Oil Combustion Sour ces

Based on the measurements reported in recent stoxdithe mercury
concentrations in oil, the mercury emission factordistillate and residual fuel oils
used in past inventories are now known to havefsgntly overestimated the
contributions of residential heating and oil-fifedilers to the overall mercury inventory.
Previously reported mercury concentrations in croitlbave ranged across several
orders of magnitude (Wilhelm and Bloom, 2000). Ehelies on which the U.S. EPA
based its EF estimate had mercury concentratioogiote oil ranging from 23 to 30,000
ppb (Wilhelm, 2001). There are several factorsoaghy these historical values are
higher than recent values, including poor oil semppresentation and higher
instrumental detection limits (Hollebone and Ya@07; Wilhelm, 2001). The limited
selection of tested samples focused on oils wigh Immercury concentrations, and the
resulting averages did not take into account trexallyusage and geographic origin of the
crude oils. For example, Canadian crude oils hawer mercury concentrations than
non-Canadian crude oils (Hollebone and Yang, 200f@ne high-valued concentration
from a non-Canadian crude oil sample that represerery small percentage of total
volume of crude oils consumed by Canada is averagadlly with the concentrations of
Canadian crude oils (which constitute approximakellf the total volume), the resulting
average concentration will be biased. Often tiséohically low values were the method
detection limits based on the available technolaglyer than actual measurements,
which can still be an issue for some methods tonteg;2007 electroanalysis study of
crude oil, the mercury content in all analyzed erod samples was less than 58 ng/g, the
limit of detection (Munoz et al., 2007).
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In parallel studies conducted by the U.S. EPA andi&nment Canada, the
national average mercury concentrations in crugjeveighted by refinery usage, were
determined for the United States and Canada. Meamants from 170 separate crude oll
streams were used in calculating the volume-wetyhtean mercury concentration of 3.5
+ 0.6 pg/kg [3.5 ppb] for crude oil refined in tbeS. in 2004 (Wilhelm et al., 2007).
Similarly, the average mercury concentration under oil, weighted by the 2002 volume
processed in Canada, was determined to be 2.6 aglgq2.6 ppb] based on
measurements from 32 oil types (Hollebone and Ya6Q7). These concentrations
correspond to upper limit estimates of potentialwat mercury emissions from all
refined petroleum products of 2,830 + 490 kg and 230 kg in the United States and
Canada, respectively. By way of comparison, thelmoed oil-related mercury
emissions estimate reported in the 2002 inventoryylassachusetts would represent
nearly 10% of the total potential mercury emissitmisall 50 states. It is therefore
evident that the previous emission factors usatlerdevelopment of the earlier
Massachusetts inventories overestimate the messuargsions from oil combustion
sources.

The U.S. EPA and Environment Canada studies focosdde mercury
concentration in crude oils and did not determioiecentrations for the different types of
refined oils, specifically #2 distillate heatind and #6 residual fuel oil. For the mercury
inventory for Massachusetts, concentrations fosehal types are needed in order to
separate the emissions of residential heating aabfced boilers. In a recent sampling
survey funded by the New York State Energy ReseamnchDevelopment Authority
(NYSERDA), NESCAUM analyzed in-use liquid heatingels, including 95 home
heating distillate oil and 16 residual oil samplasjected in Albany, the Bronx, and
Long Island, NY; and Revere and Quincy, MA betwE&ebruary 2008 and November
2009 for trace elements, including mercury (NESCAL2d10).

All samples were analyzed by inductively couplealspha mass spectrometry
(ICP-MS), and for comparative purposes, a subsetals®d analyzed by the more
sensitive technique of cold vapor atomic absorptiovAA), one of the approaches
employed in the Environment Canada study. Mertengls were reported below
detection levels for a number of samples (e.g., ~@6#~20% of distillate oil samples
by IPC-MS and CVAA, respectively), but when halftbé method detection limit was
substituted for the samples without quantifiablaaamtrations, the resulting averages for
each analytical technique agreed. The survey adeslthat the mercury concentration
for both #2 distillate heating oil and #6 residfiad| oil is 2.0 ppb. This value should be
considered as an upper limit for mercury conceiatnatdue to the high number of
samples with mercury below instrument detectiontim

There is more uncertainty in the mercury conterthefresidual oil, as none of the
samples had measurable amounts of mercury by ICRvithSa higher detection limit.
The three samples analyzed by CVAA yielded an ayeetd 1.3 ppb. Another study
using isotope dilution cold vapor ICP-MS determim@echercury concentration of 3.5 £
0.74 ng/g [3.5 ppb] for residual fuel oil (Kelly &k, 2003), so the estimate of 2.0 ppb Hg
content for residual fuel oils is reasonable. Z862 inventory used the mercury content
levels provided in AP-42 (USEPA, 1995). BecauseAR-42 has a mercury content of
60 ppb in distillate fuel oil, the 2002 inventorkdly overestimates mercury emissions
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from residential heating distillate oil by a factdfrat least 30 compared to the recent oll
sample testing results. Similarly, there is likatyoverestimate by a factor of at least 7
for residual fuel oil.

In order not to erroneously calculate mercury réidas from oil combustion
sources due to changes in emission factors betimgentory years, it is necessary to
adjust these categories in the past inventoriegyubis updated information. The values
presented in Table 1-1 reflect the revisions usiilegmost recent mercury content test
results, so they can be equivalently compared aaibsventories. The methodology
used for these adjustments is described in theectisp following sections.
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3. POINT SOURCES: COMBUSTION

3.1. Overview

Combustion point sources (excluding those baseathtural gas combustion)
contribute the most mercury emissions (260.7 kdhéooverall inventory in
Massachusetts.

3.2. Municipal Waste Combustors

MassDEP provided the outlet mercury emissions(adgtermined in 2006) in Ib
Hg/hr for each individual municipal waste combugtdiVC). By multiplying the
individual emissions rate by the total number oéraping hours reported for 2008 for
each respective facility, the total mercury emissiestimate from MWCs is 133 kg Hg.

MassDEP also revised the MWC emissions valuehtoptevious inventories. It
was determined that the 1996 value was missingithissions from two facilities. The
2002 value was updated to the average annual emssgom 2001 through 2003, so that
additional stack test results could be includetheestimate.

3.3. Sewage SludgeIncinerators

MassDEP provided information on mercury emissioomfthe five sewage
sludge incinerator (SSI) facilities located in Madsusetts. Based on outlet mercury
emissions rates previously determined in 2006 ior gears (in Ib Hg/hr) and the
assumption that each facility operated 90% of itine in 2008, MassDEP calculated the
annual mercury emissions for individual facilitifor the Upper Blackstone SSi facility,
the outlet emissions rate was updated to the ageratyvo stack tests conducted in
March 2007. Similarly, the emissions rate for ltlyan facility was updated based on
2008 data. A different approach was used for & Eitchburg facility. Tests in 2006
gave typical mercury content values of the sludgméd by the East Fitchburg facility
around 1-2 mg Hg/kg sludge. The average mercudgsl content of 1.5 mg Hg/kg
sludge and the total amount of sludge burned atsike (provided by MassDEP) were
used to estimate the annual mercury emissionedtdist Fitchburg SSI. The 2008
mercury emissions estimate for all Massachusetls iIS$8.6 kg Hg.

Based on SSI emissions estimates of past investasishown in Table 1-1, it
appears as though the SSI mercury emissions hmagrred relatively constant over
time. This observation is surprising, given efart recent years to reduce the mercury
content of waste streams. For example, Massadbuset required dental offices to
install dental amalgam separators to prevent mgliowlental amalgams from entering
into wastewater. By 2005, about 74% of dentakefiin Massachusetts had installed
amalgam separators, with a goal of 95% installatwp2010 (NEIWPCC, 2007). In
addition, Massachusetts and other New Englandsstetee adopted legislation or
regulations requiring labeling of mercury-addedduats; phase-out of many
unnecessary uses of mercury in products; notiboatf ongoing sales of mercury-added
products; and enhanced recycling and outreachteffNEWMOA/IMERC, 2010).

Based on information reported to the Interstateddisr Reduction and Education
Clearinghouse (IMERC) Mercury-Added Products Dasabaverall use of mercury in
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products (e.g., thermometers and thermostats) é@medd by 46% between 2001 and
2007 in the Northeast (NEWMOA/IMERC, 2010).

In Massachusetts, analysis of mercury contentwage sludge pellets by the
Massachusetts Water Resources Authority, whichvesesewage from homes,
businesses, and industries in 43 greater Bostomezomties, showed a decrease in
mercury content from September 2004 to August 28GHout 70% (~3.8 mg Hg/kg
sludge decreasing to ~1.1 mg Hg/kg sludge) (NEIWPZDOY). The reduction of
mercury in sewage sludge seen in the Boston drespresentative of the state at large,
would lead to an expectation of decreasing mereurissions from SSIs over time since
the 1996 and 2002 inventories.

Upon closer review of the 2008 mercury emissiotisnage for SSIs, we find that
the flat trend is largely driven by a single SSlility whose mercury emissions estimate
appears anomalously high relative to the otherf&Slities. In 2008, the Fall River
facility burned the smallest amount of sludge (2,8éhs) while having the largest
emissions estimate (52.6 kg Hg). Based on thdsesahe average mercury content of
the sludge burned at the Fall River facility isaatbr of 10 greater than the average
content at the other SSI facilities in Massachgses well as when compared with
emissions information we obtained on SSis in Coticgicand New Jersey. If the Fall
River SSI mercury amount is overestimated by aeroofl magnitude, the 2008 total for
SSi facilities in Massachusetts would show a decsimce 1996, in keeping with
expectations from observed decreasing mercury nbimtesewage sludge pellets in the
Boston area. On the other hand, the Fall Riverc88ld indeed have higher mercury
emissions because of some unexplained unique ehifferfrom other SSls, which may
need to be investigated, for example by more reslenige analysis and stack test data.

3.4. Medical Waste Incinerators

All medical waste incinerators in Massachusettshadosed since 1996.
Therefore, the mercury emission estimate for tbigee is 0 kg Hg.

3.5. Industrial/Commercial/l nstitutional Boilers

3.5.1. Coal-Fired

For coal-fired industrial/commercial/institution@&Cl) boilers, there are two units
located in Massachusetts. The 2008 coal consumptéilues for each facility were found
in EIA reports and multiplied by the AP-42 EF (8.30° Ib Hg/ton coal) (EIA, 2009;
USEPA, 1995). The estimate for mercury emissions fcoal-fired ICI boilers in 2008
is 3.2 kg Hg.

3.5.2. Oil-Fired

As explained earlier, it has been determined tiatcbntributions of ol
combustion sources to the overall mercury invenbaye been overestimated in the past.
Based on the latest survey study by NESCAUM, asezl/mercury concentration of
distillate heating oil is estimated to be 2.0 pphjch corresponds to an EF of 0.014 Ib
Hg per 16 gal oil (assuming a density of 6.960 Ib/gal). Banty, the mercury
concentration of residual fuel oil is estimated&?2.0 ppb, which corresponds to an EF
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of 0.016 |b Hg per 10gal oil (assuming a density of 8.053 Ib/gal). Tolowing steps
were taken to determine the mercury emissions fired ICI boilers in 2008 and to
adjust the corresponding categories in the pashitories based on the revised estimates
of mercury content in oil:

2008 MassDEP provided the fuel consumption valueofifired ICI boilers in
2008. The total amount of distillate and residual consumed by all ICI boilers
were multiplied by the respective new EF. The gbation by oil-fired ICI boilers is
estimated as 0.46 kg Hg in 2008.

2002 In the original 2002 inventory, a total of 8k@ Hg was estimated for
Massachusetts oil-fired ICI boilers, using the APefission factors. Based on
relative fuel consumption values derived from Ei&alfor the industrial and
commercial sectors in 2002, we assumed that 754ebtonsumed was distillate olil
and 25% of the fuel consumed was residual oil. tidlying 75% of the original 2002
value by the ratio in new to old mercury conceinras for distillate oil (i.e., 2.0/60)
gives the adjusted annual emission rate for cagilbil. Similarly, multiplying 25%
of the original value by the ratio in new to oldnauy concentrations for residual oil
(i.e., 2.0/14) gives the adjusted annual emissata fior residual fuel. Thereby, the
adjusted annual emission estimate for 2002 is §.Hdk

1996 Because both coal-fired and oil-fired boilersevlimped into the same
category of fossil fuel-fired boilers, we had tokadahe assumption that 3.2 kg Hg
was emitted by coal-fired boilers, representinghange in activity level between the
1996 and 2002 inventories. Of the remaining oabemissions (160.4 kg) estimated
in the 1996 inventory, it was assumed that 75%efftiel consumed was distillate oil
and 25% of the fuel consumed was residual fugbregiously done for the 2002
inventory adjustment. We also discovered an inisteriscy in the EF used for the
1996 and 2002 inventories. For the 1996 data,Fanft.85 Ib/1¢? Btu was

assumed for distillate oil, whereas the AP-42 faetaployed for the 2002 inventory
was 3.0 Ib/1& Btu. By removing this inconsistency and adjusting EFs based on
the latest fuel testing information, the resultuaues can be compared across all
years. The distillate oil portion of the origirf##96 emissions was multiplied by the
ratio of the 1996 EF to the AP-42 EF and then mpliétd by the ratio of the new 2008
to the old 2002 mercury concentrations (i.e., 2/6-or the 1996 inventory, an
average mercury content of 10.5 ppb was used $wual oil. The residual oil
portion of the 1996 was adjusted by multiplyingtbg ratio of the new 2008 to the
1996 mercury concentration (i.e., 2.0/10.5). Thgréhe adjusted annual emission
estimate for 1996 from oil-fired ICI boilers is 8&g Hg, and the annual emission
estimate for 1996 from fossil fuel-fired ICI boiteis 20.0 kg Hg.

3.5.3. Wood-Fired

We investigated whether or not the emission faaisex! for wood combustion in
the past inventories are still the best availabteliis inventory update. In the report for
the 1996 inventory, an EF of 3.4 x1Rg Hg /Mg burned wood was used. An EF of
5.15 x 1P Ib Hg/ton wood burned (2.58 x £&g Hg/Mg wood burned) was reported for
the 2002 inventory. The EF given in AP-42 is adeorof magnitude higher; it lists an
EF of 3.5 x 10 Ib Hg/MMBtu for wood residue combustion for boewhich converts
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into 3.0 x 10 kg Hg/Mg wood burned, assuming 8,650 Btu/lb wo&#cent mercury
emissions inventories tend to rely on the resul®amg (Pang, 1997). Pang analyzed
183 samples of firewood and mill residues burnelllimnesota. The reported
concentrations ranged from 2.0 X 1@ 3.7 x 10 kg Hg/Mg wood burned, with an
average of 5.0 x 10kg Hg/Mg. The analysis also indicated that baak the highest
mercury content.

Recent studies have analyzed the mercury contembodl samples from different
parts of the country, with variations such as highercury content in samples from the
Northwest (Friedli et al., 2003; Mentz et al., 2D0&or the Massachusetts inventory, we
have used an EF derived from wood samples colleotbthssachusetts and the
surrounding Northeast region. Mentz et al. (200%lyzed three samples each of bark
and stemwood from Maine and New York. The averagecury concentrations from
these three samples were 8.2 ppb (8.2 %KPHg/Mg wood) and 1.5 ppb (1.5 x 4@g
Hg/Mg wood) for bark and stemwood, respectivelyec8use the majority of wood
burned by ICI boilers is wood waste, it is estinddigat 90% of the wood burned is bark
and the remaining 10% is stemwood, yielding an EE®x 10° kg Hg/Mg wood
burned. In the work by Friedli et al. (2003), thercury concentrations from samples
obtained in Connecticut were higher; however, bsedhe goal of this work was to
estimate the emissions from wildlifes, the sampta®tained more litter and leaves,
which have higher mercury concentrations, than whagpically burned in boilers.
Therefore, the EF determined from the Mentz estaldy is believed to be more
reflective for wood combustion by boilers.

The following steps were taken to determine thecomgremissions by wood-
fired ICI boilers in 2008 and to adjust the cor@sging categories in the past inventories
based on the revised estimate of mercury emis$ionswood combustion:

2008 MassDEP provided the latest available fuel thigaut values for the wood-
fired ICI facilities in Massachusetts. The repagtiyears ranged from 2002 to 2008.
For the facilities whose annual fuel throughputuresl were not 2008, it was assumed
that the value remained the same for 2008, unlegas determined that the facility
has shut down. One facility (Nichols & Stone Gdgsed down in the summer of
2008, so only half of its 2007 fuel throughput \ealuas used in the estimates. Based
on the fuel throughput values and the EF of 7.5%Kg Hg/Mg wood burned, the
mercury emissions from wood-fired ICI boilers astimmated as 0.16 kg in 2008.

2002 In the original 2002 inventory, a total of 0.0k Hg was estimated for wood-
fired ICI boilers. By multiplying the original 2@0emissions estimate by the ratio of
the 2008 EF to 2002 EF (i.e., 7.5 X®1®.58 x 10, the adjusted annual mercury
emissions estimate for 2002 is 0.13 kg Hg.

1996 In the original 1996 inventory, a total of 0.0kg. Hg was estimated for wood-
fired ICI boilers. By multiplying the original 18%emissions estimate by the ratio of
the 2008 EF to 1996 EF (i.e., 7.5 X%18.4 x 10°), the adjusted annual mercury
emissions estimate for 1996 is 0.16 kg Hg.
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3.5.4. Natural Gas-Fired

The mercury emissions estimates from all souroegoaites based on natural gas
combustion are not included in Table 1-1. In tB8@.inventory, it was estimated that a
total of 0.16 kg Hg per year were emitted by atunal gas-fired electric utility boilers
located in the Northeast. On account of this semralissions value, the emissions from
natural gas combustion were listed as negligilbléhe 2002 inventory, no mercury
emissions were given for natural gas combustiomcgsun Massachusetts. However,
based on a literature review of measured mercumject in natural gas and EPA’s AP-
42 factor, mercury emissions from natural gas castibn could be larger than
previously estimated.

Complicating estimates of mercury emissions frours gas is the fairly large
variability of reported mercury content in natugak, with a typical range of 1-200 pg
Hg/m® (Shafawi et al., 1999). According to Pacyna e{2006), the mercury content in
natural gas must be lower than 10 pg Hgefore the gas can be used. High mercury
concentrations can damage equipment (aluminumexeaiangers) downstream (Coade
and Coldham, 2006). This concentration of 10 puémigvill serve as an upper limit
emissions estimate.

In a study at an Egyptian gas plant, absorbents wsed to reduce the mercury
content in a natural gas stream to as low as 0g48gint before processing (Abu El Ela
et al., 2006). This reduced outlet concentratidhs&rve as the lower emissions
estimate.

The consumption of natural gas by each sector issilighusetts for each year was
obtained from the EIA (EIA, 2010). Although the20inventory report mentioned that
the mercury emissions from natural gas combustiemagligible, it did list the AP-42
emission factor for natural gas combustion of 21% Ib Hg/MMcf (USEPA, 1995).

The AP-42 factor will serve as a specific EF irnreating mercury emissions from
natural gas in Massachusetts that we will alsogla@ range bounded by the previously
given upper and lower limits of estimated mercwygaentrations. Using the EIA-
reported consumption values, we calculated the ungremissions from natural gas-fired
ICI boilers in Massachusetts as follows:

2008 According to EIA, the commercial and industsaktors in Massachusetts
consumed 104,057 MMcf in 2008. Therefore, the siois estimate from these
sources is 12.3 kg Hg (1.3 — 29.3 kg HQ).

2002 According to EIA, the commercial and industsaktors in Massachusetts
consumed 150,715 MMcf in 2002. Therefore, the siois estimate from these
sources is 17.8 kg Hg (1.8 — 42.5 kg HQ).

1996 According to EIA, the commercial and industsalttors in Massachusetts
consumed 170,634 MMcf in 1997 (1996 data for trsessors were not available
from EIA). Using the 1997 consumption as a surtedar 1996, the emissions
estimate from these sources is 20.2 kg Hg (2.1 3+ K@HQ).
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3.6. Electric Utility Boilers

3.6.1. Coal-Fired

The annual estimate of mercury emissions from @oadelectric utility boilers is
based on information in the 310 CMR 7.29 reposgravided by MassDEP. In total,
the coal-fired electric generating units are estatdo have emitted 42.8 kg Hg in 2008.
In the original 1996 inventory, a total of 257.7 g was estimated for coal-fired electric
utility boilers. However, this value is reviseddeo reflect the baseline emission values
determined by MassDEP during emission tests. ®hected value for 1996 is 83.9 kg
Hg.

The 2008 mercury emissions show a decrease of d43f@rcury emissions since
2002. Coal combustion by electric power plantSassachusetts was comparable in the
1996, 2002, and 2008 inventories according to tiAe(&nual coal consumption
reported for the three years was in the range4si3}000 — 4,600,000 short tons).
Therefore, the drop in mercury emissions by 20R&8¥ireflects the introduction of
additional pollution controls on power plants si2f®2. Compared to the revised 1996
value, the 2008 mercury emissions from coal poventp decreased by 49%. This
observation is consistent with MassDEP’s Phasedirement (adopted in 2004) to
capture 85% of mercury emissions from in-state-fioadl power plants by January 1,
2008. The 85% reduction refers to emissions frommetely uncontrolled power plants.
However, controls already in place prior to MassBBEX®04 mercury rule had the “co-
benefit” of already reducing mercury emissions fgrd5% from uncontrolled levels
(MassDEP, 2004). Examples of pre-existing meadaadgde controls to reduce acid
rain (by capturing sulfate) and ozone (by captunitgpgen oxides). The mercury-
specific controls added later helped achieve thitiadal reductions needed for the 2004
mercury rule’s 85% Phase 1 capture requiremenas®8, effective October 1, 2012,
requires a facility average total mercury removatiency of 95% or greater.

3.6.2. Oil-Fired

As explained earlier, the contributions of oil camsbon sources to the overall
mercury inventory have been overestimated in tis& paccording to fuel consumption
reports from EIA, residual fuel oil is the majoefuype (97%) consumed by electric
generating units (EIA, 2009). Based on fuel sangpby NESCAUM, we estimated that
the mercury concentration of residual oil in thertdeast is 2.0 ppb, which corresponds
to an EF of 0.016 Ib Hg per 46al oil (assuming a density of 8.053 Ib/gal). The
following steps were taken to determine the mereunyssions by oil-fired electric
generating units in 2008 and to adjust the cornedimg categories in the past inventories
based on the newer mercury content information:

2008 Using the 2008 fuel consumption values for Maksaetts electric generating
units given in EIA reports (EIA, 2009) and the EtEF determined by NESCAUM
(NESCAUM, 2010), the 2008 annual mercury emissestsnate for oil-fired electric
generating units is 1.2 kg Hg.

2002 In the original 2002 inventory, a total of 2&® Hg was estimated for oil-fired
electric utility boilers. Because the majoritytbé fuel consumed by electric utilities
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is residual fuel oil, the original 2002 emissiotiraate was multiplied by the ratio in
new to old Hg concentrations for residual oil (i20/14). The adjusted annual
mercury emission estimate for 2002 from oil-firéelotric generating units is 3.7 kg
Hg.

1996 In the original 1996 inventory, a total of 1kg Hg was reported for oil-fired
electric generating units. Because the majorittheffuel consumed by these units is
residual fuel oil, the original 1996 emission estimmwas multiplied by the ratio of
the new 2008 to the 1996 Hg concentration (i.€/12.5). The adjusted annual
mercury emission estimate for 1996 from oil-firéelotric generating units is 2.2 kg
Hg.

3.6.3. Wood-Fired

As described in Section 3.5.3, a new EF (7.5 % i Hg/Mg wood) has been
determined for mercury emissions from wood comiousitn boilers in Massachusetts
based on published analyses of regional wood sanflee following steps were taken
to determine the mercury emissions by wood-firedteic utility boilers in 2008 and to
adjust the corresponding categories in the pashitories based on the revised estimate
of mercury emissions from wood combustion:

2008 In 2008, there was one wood-fired electric wtiboiler operating in
Massachusetts. The yearly fuel throughput (197t868) for this facility in 2008
was obtained from EIA. Using this consumption esdund the new EF, the annual
mercury emissions estimate is 1.35 kg Hg.

2002 In the original 2002 inventory, a total of 0.4Kk9Hg was estimated for wood-
fired electric utility boilers. By multiplying theriginal 2002 emissions estimate by
the ratio of the 2008 EF to 2002 EF (i.e., 7.5 X/2(68 x 10°), the adjusted annual
mercury emissions estimate for 2002 is 1.19 kg Hg.

1996 In the original 1996 inventory, wood-fired electutility boilers were not
included as a source category.

3.6.4. Natural Gas-Fired

As mentioned in Section 3.5.4, the emission eseémfibm natural gas
combustion by electric utility boilers are not inded in Table 1-1 because of uncertainty
in the estimates provided (or omitted) in the 1886 2002 inventories. If we follow the
same approach as done with the natural gas-firedditers previously described, we can
provide a consistent approach for comparing mereurigsions across the inventory
years. This is described below:

2008 According to EIA, the electric power sector irad$achusetts consumed
154,984 MMcf in 2008. Therefore, the emissiongesie from this source sector is
18.3 kg Hg (1.9 — 43.7 kg Hg).

2002 According to EIA, the electric power sector irad$achusetts consumed
128,852 MMcf in 2002. Therefore, the emissiongwstie from this source sector is
15.2 kg Hg (1.6 — 36.3 kg Hg).
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1996: In the original 1996 inventory report, it wasiestted that 0.027 kg Hg per
year was emitted by natural gas-fired electridtytboilers. According to EIA, the
electric power sector in Massachusetts consume@®33MMcf in 1997 (the data
from this sector were not available for 1996). ngsihe 1997 consumption data as a
surrogate for 1996, the emissions estimate frosdburce sector is 13.9 kg Hg (1.4 —
33.0 kg HQ).
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4. Point Sources: Manufacturing

4.1. Overview

Manufacturing processes that have mercury emissmohsde cement
manufacturing, lime manufacturing, petroleum refgiand steel foundries. Of all these
potential sources, only lime manufacturing fa@btiexist in Massachusetts.

4.2. Lime Manufacturing

During 2008, the lime manufacturing facility locdt® Massachusetts processed
7,273 tons of limestone and 2,256 tons of coalingJthe respective EF of 5.53 x 10.5 kg
Hg per metric ton limestone (Miller, 1993) and .30 -5 lbs Hg per ton coal (USEPA,
1995), the mercury emissions estimate for lime rfesturing in 2008 is 0.45 kg Hg.
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5. Area and Mobile Sources

5.1. Overview

Excluding the emissions estimates from wood- artdrabgas-based residential
heating and from mobile sources, area sourcesibated 72.4 kg Hg to the overall
Massachusetts mercury inventory in 2008.

5.2. Residential Heating

5.2.1. Coal

We were unable to obtain residential coal consuwnpdiata in Massachusetts for
2008, therefore we assumed that the mercury emssstimate from coal-based
residential heating has remained unchanged front wha reported in the 2002
inventory (0.1 kg Hg). This is a small fractiontbé overall mercury inventory, so even
a relatively large change in consumption (lowehigher) has little impact on the total
inventory estimate.

5.2.2. Distillate Oil

Based on the latest survey study by NESCAUM, itlheen determined that the
mercury concentration of distillate heating oiRi® ppb, which corresponds to an EF of
0.014 Ib Hg per 10gal oil (assuming a density of 6.960 Ib/gal). described above, this
new information requires that the previous estim#be this sector in past inventories be
adjusted. The following steps were taken to detegrthe mercury emissions by
residential oil heating:

2008 With the data provided by the EIA reports (EE®09), the total residential
fuel consumption of distillate (including kerosemdy in Massachusetts in 2008
(622,905 thousand gallons) multiplied by the EP.6fL4 Ib/16 gal indicates a yearly
emission of 4.0 kg Hg (EIA, 2009).

2002 In the original 2002 inventory, a total of 15k Hg was reported for
Massachusetts residential heating by distillateusiing the AP-42 emission factors.
Multiplying the original 2002 value by the ratiomew to old Hg concentrations (i.e.,
2.0/60) gives the adjusted annual emission rafe2kg Hg.

1996 It was noticed that there is an inconsistemcthe EF used for the 1996 and
2002 inventories. For the 1996 data, an EF of B8®" Btu was assumed for
distillate oil, whereas the AP-42 factor employedthe 2002 inventory was

3.0 Ib/13? Btu. By correcting this inconsistency and adjugtior the latest
information, the resulting values can be comparedss all years. Two independent
methods were taken to confirm the final resulte:\talue listed in the 1996 inventory
was multiplied by the ratio of the 1996 EF to the-A2 EF, and the EIA 1996 fuel
consumption data were multiplied by the AP-42 HlRese numbers agreed well, so
the value from the latter approach was then migpby the ratio by the new 2008 to
the old 2002 Hg concentrations (i.e., 2.0/60). réfare, the adjusted emissions
estimate for the 1996 inventory is 5.1 kg Hg.
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5.2.3. Wood

One area source that was not included in the 1882802 mercury inventories
is residential wood combustion (RWC). Although doatribution from RWC was
recognized as a source to be included in the iovgnthere was not adequate
information on the activity levels and potentialission factor. For example,
information on the total fuel throughput for resitial heating by wood combustion is
limited. In a report for the Mid-Atlantic RegionAir Management Association
(MARAMA), the total mass of fuel burned by RWC des$ in Massachusetts was
estimated to be 685,250 tons for the base year @@@2ck and Eagle, 2006). The total
mass for 2008 is likely larger, given the increggiopularity of wood combustion,
especially outdoor wood boilers (Brauer et al.,01The mercury concentrations
measured by Mentz et al. (2005) can be used tordete an EF for RWC. The wood
used for RWC is different from the wood used for &Ad electric utility boilers; it is
estimated that the wood for RWC is 75% hardwood/25%iure and 10% bark/90%
stemwood, yielding an EF of 2.5 x 1&g Hg/Mg wood. Using this EF with the 2002
fuel throughput value, the mercury emissions eggnfiar RWC is 1.35 kg Hg.

If the low (1.2 x 1¢ kg Hg/Mg wood) and high (9.2 x Pkg Hg/Mg wood)
mercury content for the samples obtained in theidaist are used for an EF range, the
resulting emissions estimate ranges from 0.7483 kg Hg. Even though this estimate
for emissions from RWC is small compared to theralemissions, its contribution is
becoming more significant with time as other mey@ources become better controlled.
Considering its growing popularity, RWC as a meycawurce should be included in state
mercury emissions inventories.

5.2.4. Natural Gas

As mentioned earlier, no emission estimates frotarahgas combustion are
included in Table 1-1. Using the same approachrdér estimating the emissions from
natural gas-fired ICI and electric utility boilethe following steps were taken to estimate
the mercury emissions from natural gas combustomesidential heating:

2008 According to EIA, the residential sector in Masisusetts consumed 112,700
MMcf in 2008. Therefore, the emissions estimatenfithis source is 13.3 kg Hg
(1.4 — 31.8 kg HQ).

2002 According to EIA, the residential sector in Masisusetts consumed 109,279
MMcf in 2002. Therefore, the emissions estimabenfthis source is 12.9 kg Hg
(1.3 — 30.8 kg Hg).

1996 According to EIA, the residential sector in Masisusetts consumed 114,365
MMcf in 1996. Therefore, the emissions estimatenfithis source is 13.5 kg Hg
(1.4 — 32.2 kg HQ).
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5.3. Industrial Processes

5.3.1. Paint Use

For the 2002 inventory, it was determined thatasweyond the seven year “off-
gassing” period for mercury-containing paints maetired prior to the ban in 1991.
Thereby, the 2008 emissions estimate for mercuny fpaints is 0 kg Hg.

5.3.2. Electric Lamp Breakage

In a study conducted by the New Jersey Departnfdabharonmental Protection,
it was estimated that broken fluorescent bulbsasdel 7 — 40% of their mercury (Aucott
et al., 2003). Based on these findings, the 260@ntory and other studies have used an
average release rate of 25% of mercury per brokém(BIESCAUM, 2005; Eckelman et
al., 2008). Therefore, in order to estimate thecwme emissions from fluorescent bulbs
in 2008, it will be assumed that 25% of the merduoyn all fluorescent bulbs not
recycled was released into the air. In additibig assumed that 5% of the bulbs sent for
recycling broke during transport or handling anéased 25% of their mercury.

MassDEP has estimated the fluorescent bulb reayciite for 2008 by dividing
the total number of lamps recycled that year bytéted number of lamps anticipated to
expire in 2008. They estimated that 10,203,64Q&with lifetimes of 5 years) in the
commercial/industrial sector, 2,103,620 lamps (Wf#times of 15 years) in the
residential sector, and 1,010,258 compact fluorgdeenps (CFLs) (with lifetimes of 6
years) became available for recycling in 2008. $I4sP also estimated that 4,534,000
lamps were recycled that year, with an annual deaycate of 34%. Based on a report
by the U.S. Geological Survey (USGS), fluorescantgs manufactured 6 years prior to
2008 (2002) contained 5.6 mg Hg, and fluorescanptamanufactured 14 years prior to
2008 (1994) contained 22.8 mg Hg (Goonan, 200&indJthis information, it is
estimated that all the bulbs available for recyglim 2008 contained 110.76 kg Hg. If
25% of the mercury in the lamps not recycled (663 released, it is estimated that
18.3 kg Hg were emitted to the air. If an addi@ibh% of the bulbs sent for recycling
released 25% of their mercury, the total emissestsnate for mercury from fluorescent
lamps in 2008 is 18.8 kg Hg. Although the salethete bulbs are rising, the bulbs are
being produced with less mercury; that reductibmm@gwith the growing recycling rate,
will lower the overall emissions from this source.

5.3.3. General Lab Use

In the 2005 National Emissions Inventory (NEI), BieA estimated the mercury
emissions from laboratories in Massachusetts & K@ per year (USEPA, 2009). The
2008 emissions from this source were estimated Wyiptying 18.2 kg by the ratio of the
2008 MA population to the 2005 MA population. T2@08 estimate is 18.5 kg. We base
this estimate on population change due to the @lesainany information indicating that
per capita laboratory emissions may have changed.

5.3.4. Dental Preparation and Use

Recent data from the Northeast Waste Managemeiti&sf Association
(NEWMOA) indicate a national reduction in dentalagam of 46% between 2001 and
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2007 (Weinert, 2009). The 2008 estimate was calledlassuming a 46% reduction from
the 2002 estimate of mercury emissions from depregaration and use. Therefore, the
emissions estimate from dental preparation andru2e08 is 7.66 kg.

5.3.5. Crematoria

The emissions from crematoria may be a signifi¢antl possibly growing)
source of mercury (DEFRA, 2003; OPSAR, 2003). fitdease of mercury through the
incineration of amalgam tooth fillings accounts floe majority of mercury emitted by
crematoria. The decomposition of dental amalgaooimspleted at temperatures well
below the typical upper operating temperatures {&30C) of a cremation (Mills, 1990).
Dental amalgams are a mixture of roughly 50% merdherefore, each filling may
contain 0.4-0.6 g Hg. An amalgam filling has bestimated to last approximately 10
years. Attempts have been made to determine aaga/&F (in grams of mercury per
cremation) by considering the typical age of trentated bodies and condition of the
teeth (e.g., how many natural teeth remain, howymestorations, the age of the fillings,
etc.). Based upon the broad range of values peajdisere is great uncertainty in the
EF. For the previous inventories, the availalikrditure suggested a range of emission
values from 0.8 to 5.6 g Hg per cremation (Basal.etl991; Kiinzler and Andrée, 1991;
Mills, 1990; Nieschmidt and Kim, 1997; Skare, 199%he 2002 inventory used an EF
of 1.63 g Hg/body in its estimates. In preparafmmthe 2008 inventory, the latest
available literature was reviewed to determine Wwaebr not this EF is still considered
the best available.

The literature on mercury emissions from crematooiatinues to be limited
(Mari and Domingo, 2010). One possible reasongssigd in an Italian study, is the
difficulty in performing measurement studies dueutiural and confidentiality reasons
(Santarsiero et al., 2006). In the Santarsiead. €2006) study, sampling the emissions
of three cremations gave an EF range of 0.0361402g Hg per corpse. A study in
Japan determined a lower average EF of 0.0317 ddg/based upon the measurements
of 99 cremations (Takaoka et al., 2009). Despigse recent studies, there is still great
uncertainty in the best EF for North America, as &orth American demographics and
corresponding dental practices might be differemmfthose in other countries (Reindl,
2009). In light of the continuing uncertainty irematoria EFs, we have chosen to use a
USEPA factor of 1.49 g Hg/body found in the USEP&WWire database This is the
same factor used by the Maine Department of Enmiental Protection in developing its
2008 inventory, so its adoption for the Massachaseventory provides for greater
regionally consistency.

According to National Vital Statistics Reports, thevere 52,892 deaths in
Massachusetts during 2008 (Tejada-Vera and SI2@09). Based on statistics and
projections by the Cremation Association of Nortméyica (CANA), it is estimated that
29.55% of the total number of deaths in Massackaifmt 2008 were cremated (CANA,
2005). Thereby, the 15,680 deaths cremated in &¢hssetts during 2008 are estimated
to have released 23.3 kg of mercury. As with othbustion sources, the past inventories
were revised for this current EF for mercury enditbgy crematoria and can be compared

3 USEPA WebFire, Factor Information Retrieval (FIRBjta System version 6.25; available at:
http://cfpub.epa.gov/webfire/
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equivalently across all years. In the 2002 inventa total of 22.8 kg Hg was originally
reported for Massachusetts; by multiplying by thior of the 2008 EF to the 2002 EF
(1.49/1.63), the adjusted 2002 emissions estinsa?@.8 kg Hg. In the 1996 inventory, a
total of 8.0 kg Hg was originally reported for Maskusetts; by multiplying by the ratio
of the 2008 EF to the 1996 EF (1.49/1.0), the adfu4996 emissions estimate is 11.9 kg
Hg. Despite the uncertainty in the emissions fa¢te annual mercury emissions from
crematoria is expected to increase in the nearduhecause cremations are growing in
popularity and the baby boomer generation (whichtha highest number of amalgam
fillings) is reaching the age of death.

5.4. Mobile Sources

The contribution of mercury emissions from mobeises has not been included
in past inventories, given the high uncertaintyhi@ emission factors. However, we can
make a rough estimate of the mobile source corttdbwsing a very simple approach
based on total volume of fuel consumed and itsred&d mercury content.

Recent studies have looked at the mercury emis$rom mobile sources and
measured the mercury concentrations of the tratesjpmy fuels. Based on a 1998 tunnel
study in Baltimore, Landis et al. (2007) observeat the mercury emissions from
gasoline vehicles were significantly higher thaosth from diesel vehicles. Their
observation was supported by an analysis of merouggsoline and diesel fuel samples;
the mercury content was 284 + 108 ng/L and 62 A@T in gasoline and diesel fuel,
respectively. Conaway et al. (2005) also found thercury concentrations were higher
in gasoline than diesel; they measured a ranged8f-01.4 ng/g for gasoline and 0.05 —
0.34 ng/g for diesel. Although limited in the nuenlof samples, a pilot study sponsored
by the EPA saw the same trend (Hoyer et al., 200#)hat study, the mercury content of
gasoline was 52 — 189 ng/L, and the mercury cortediesel was 4.2 ng/L. Based on
these literature values, we bound an estimatecerahmercury emitted from mobile
sources in Massachusetts using a lower limit forcomy content of gasoline of
0.071 ng/g (52 ng/L) and an upper limit of 1.4 ng/g

EIA reports that a total of 67,214 thousand baro¢lgasoline were consumed by
the transportation sector in Massachusetts in 2Q38ng the lower and upper limits of
mercury content in gasoline, the range in estimi@@ieannual mercury emissions from
mobile sources is 0.569 — 11.0 kg Hg. This singglproach assumes that all of the
mercury in gasoline is released into the air assalt of combustion, but it does not
consider other potential mercury emissions fromaleh, such as from lubricating fluids
and break pad wear.

Similarly to the approach taken with gasoline, ltheer limit for mercury in
diesel is 0.0049 ng/g (4.2 ng/L) and the uppertliD.34 ng/g, based on the literature
values® EIA reports that in 2008 there were a total d,527 thousand gallons of No. 2

* Although the mercury content of distillate fueisc{uding diesel) was measured as part of NESCAUM'’s
fuel oil sampling study, we used the lower and aigimercury content values obtained from the literat

for the mobile source gasoline and diesel estimdtes NESCAUM study covered only a small number of
diesel samples specific to the transportation nigdiesel fuel used in transportation is typicadgpt
separate from heating oil for distribution purpoasst is subject to different sulfur content rjilaad the
instrumentation used in the literature studies mase sensitive in detecting mercury (the mercumtent
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diesel sales/deliveries to on-highway consumehlassachusetts and 53,767 thousand
gallons to off-highway consumers. Therefore, trgges in estimates for 2008 mercury
emissions from mobile source diesel fuel combustadassachusetts are 0.00597 —
0.411 kg Hg for on-highway consumers and 0.000889588 kg Hg for off-highway
consumers.

Another approach to estimating the mobile meramyssions is through a mobile
source emission model. EPA recently releasedte-etahe-art upgrade to their on-road
mobile source emissions modeling tool, called MOZE&B) (Motor Vehicle Emission
Simulator) (USEPA, 2010). MOVES2010, however, doesdirectly calculate mercury
emissions, but we can use the model’s default \emdes traveled (VMT) and fleet
average fuel economy data coupled with the fuetartdn/alues obtained in the literature
to estimate annual mercury emissions from on-roadil@ sources in Massachusetts.
Using the VMT and fuel economy data within MOVES@QWve exported from the
model the on-road fuel consumption for individuahicle types for 1990, 1999, 2002,
and 2008. Note that the 1996 data were unavaifedmie MOVES2010, so the estimates
from 1990 and 1999 are included here in its plase multiplied the model-derived fuel
consumption for each vehicle type by the lower ligth limits of mercury fuel content
obtained in the literature. The results from alhicle types were combined to determine
a final estimate. Table 5-1 provides the rangesencury emissions estimates for
gasoline, diesel, and total on-road mobile soufoe$%990, 1999, 2002, and 2008 based
on these calculations.

Table 5-1. Mercury Emissions Estimates for Mobitei®es
Emissions Estimate [kg/yr]

1990 1999 2002 2008

Fud Type | Min [ Max | Min | Max | Min | Max | Min | Max

Gasoline 0.450| 8.78] 0.464 9.06f 0.48¢y 95p 0.517 10J08
Diesel 0.0058| 0.475] 0.008p 0.69y 0.00p1 O.7§6 0.0L08 0.B85
TOTAL 0456 | 9.26 | 0473 | 9.76 | 0.49 | 10.25 | 0.528 | 10.97

The mercury emissions we estimated using the MOVES2/MT and fuel
economy data for gasoline vehicles agree well wighsimple approach described above.
However, the mercury contribution from diesel védsds approximately twice as high as
the estimate based on the simple approach. Indasts, the estimates indicate that the
mercury contribution from gasoline vehicles is &rthan that from diesel vehicles. If
the upper end of the estimate for mobile sources kg) were to be included with the
rest of the sources in the 2008 mercury emissiovenitory, mobile sources would
contribute about 3% as an upper limit to Massadisisaventory.

As mentioned, there is some uncertainty in mereuanyssion factors for mobile
sources. Given this uncertainty, the mobile soeroession estimates have not been

of distillate samples in the NESCAUM study was oftelow the instrumental limits of detection of
1-2 ppb).
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incorporated into the 2008 and earlier mercury siorsinventories for Massachusetts.
The estimated ranges discussed here, however,tdbgmobile source sector
contribution into a reasonable context for commarisf its potential importance relative
to other mercury sources in the state.
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6. Conclusions

As of 2008, we estimate that mercury air emissiofdassachusetts have been
reduced by over 91% since 1996. In 1996, the tlargest mercury emission point
source sectors were municipal waste combustor@§Xkilograms), medical waste
incinerators (326.2 kilograms), and coal-fired powkants (83.9 kilograms). In 2008,
municipal waste combustors remained the largegtessource sector for mercury
emissions on a percentage basis, although its shi#ne overall inventory decreased
from 82.4% in 1996 to 39.9% in 2008. In absoletens, its emissions decreased from
3,223 kilograms in 1996 to 133 kilograms in 2008gearease of 96%. All medical waste
incinerators in Massachusetts have been closed 3$9@6, therefore this sector’s
emissions are now zero (100% reduction). Mercumssions from coal-fired electric
utility boilers decreased by 49% since 1996, willB& emissions estimated to be 42.8
kilograms. The significant reductions in mercuryigsions from the three largest
mercury emission sectors in 1996 reflect the inimtihn of increasingly stringent
mercury reduction requirements by the State of lletsssetts for each of these source
sectors as well as efforts to reduce mercury ergento waste streams.

In updating the 2008 mercury inventory for Massaehis, we have also adjusted
downward the previous estimates of mercury emissimm residential and industrial
fuel oil combustion. Based on recent measurenantgercury concentrations in fuel
oils, the mercury emission factors for heating(distillate) and residual fuel oil used in
past inventories significantly overestimated thetdbutions of residential heating oil
furnaces and oil-fired boilers to the overall meycmventory in Massachusetts.

Mercury from residential heating oil was likely agstimated by a factor of 30 while
estimates from industrial and electric generating lboilers burning residual oil were
overestimated by a factor of 7. Adjusting the was and most recent mercury emission
estimates to account for lower measured mercusidan fuel oils has greatly

diminished these source sectors’ contributionfi¢écannual Massachusetts-wide mercury
emission inventories.

As a result of successful efforts to significamyguce mercury emissions from
the largest source categories in Massachusetes, stluirce categories that were
relatively minor in past inventories (2% or lesejuncontribute relatively greater shares
to the current inventory. These include sewagdgduncinerators (estimated to be about
24% of the 2008 inventory), crematoria (7%), eledamp breakage (5.6%), and general
lab use (5.5%). Additional source sectors not jogsty included in earlier mercury
emission inventory estimates, such as residentaldwcombustion, natural gas
combustion, and mobile sources, may also now hawenegligible contributions to
overall mercury emissions in Massachusetts. Uat#ies in emission factors and other
information used to estimate all these source catesy however, are rather large,
indicating a need for more refined data.
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