EXECUTIVE SUMMARY
ES.1 LEQ SLATI VE MANDATE
In section 112(n)(1)(A) of the Cean Air Act, as anended (the
Act), Congress directs the United States Environnental Protection Agency
(EPA) to:

"... performa study of the hazards to public health
reasonably anticipated to occur as a result of em ssions by

electric utility steamgenerating units of ... [hazardous air
pollutants] ... after inposition of the requirenents of this
Act."

Section 112(a)(8) of the Act defines an "electric utility
steamgenerating unit" as "any fossil-fuel-fired conbustion unit of nore
than 25 negawatts electric (MM) that serves a generator that produces
electricity for sale." A unit that cogenerates steamand electricity
and supplies nmore than one-third of its potential electric output
capacity and nore than 25 MA output to any utility power distribution
systemfor sale is also considered an electric utility steamgenerating
unit (i.e., utility unit).

Section 112(n)(1)(A) also requires that:

. The EPA devel op and describe alternative control strategies
for hazardous air pollutants (HAPs) that may warrant
regul ati on under section 112; and

. The EPA proceed with rul emaking activities under section 112
to control HAP emissions fromutilities if EPA finds such
regulation is appropriate and necessary after considering the
results of the study.

ES. 2 REGULATORY DETERM NATI ON

This report does not contain a deternination as to whether or not
regulations to control HAP emissions fromutility units are appropriate
and necessary. The Agency has deferred the regulatory deternination
until a later date.

ES. 3 OVERVI EW APPROACH TO COVPLETI NG THE STUDY

The study included nunerous separate and interrel ated anal yses.
First, HAP emi ssions test data were gathered from52 utility units
(i.e., boilers), including a range of coal-, oil-, and natural gas-fired
utility units. Second, the enissions test data along with facility
specific information (e.g., boiler type, control device, fuel usage)
were used to estinmate HAP enmissions fromall 684 utility plants in the
United States (U.S.). Third, a screening | evel hazard/risk assessment
was conpleted to prioritize the HAPs for further anal yses. Fourth,
various priority HAPs were anal yzed for inhalation and nul ti pat hway
exposures and risks and other potential inpacts. |n addition, potential
control strategies were analyzed for the priority HAPs. The overal
summary of the study is presented in Figure ES-1.
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This report presents the findings of the study. The primary
conponents of this report are: (1) a description of the industry;
(2) an analysis of emi ssions data; (3) an assessnent of hazards and
risks due to inhalation exposures to 67 HAPs; (4) assessnents of risks
due to nultipathway (inhalation plus non-inhalation) exposures to four
HAPs (radi onuclides, nercury, arsenic, and dioxins); and (5) a
di scussion of alternative control strategies.

The study was based primarily on two scenarios: (1) 1990 base
year em ssions; and (2) 2010 emissions. |n addition, em ssions for 1994
were estimated using the nost recent data. The 1990 scenari o was chosen
since that was the year the Arendnents to the Act were passed and was
the latest year for which utility operational data were available at the
time the study was initiated. The 2010 scenario was sel ected to neet
the section 112(n)(1)(A) mandate to eval uate hazards “after inposition
of the requirenents of the Act.” Primarily, this nmeant assessing the
hazards after the acid rain programis in place. The 2010 scenario al so
i ncl uded esti mated changes in HAP enissions resulting from projected
trends in fuel choices and projected increases in electric power
demands. However, the effects of other on-going or potential activities
that were not factored into the 2010 projections (e.g., industry
restructuring, new ozone and particulate matter [PM standards, gl oba
climte change prograns) may result in the 2010 projections being either
underestimated or overestimated.

ES.4 EM SSI ONS DATA ANALYSI S

A total of 684 utility plants (i.e., utilities) were identified as
neeting the criteria for the study in 1990 in the U S. These utilities
are fueled primarily by coal (59 percent of total units), oil (12
percent), or natural gas (29 percent). Many plants have two or nore
units and several plants burn nore than one type of fuel (e.g., contain
both coal- and oil-fired units). |n 1990, there were 426 plants that
burned coal as one of their fuels, 137 plants that burned oil, and 267
pl ants that burned natural gas.

Eni ssion estimates for the years 1990, 1994, and 2010 were based
on enmissions test data from 52 units obtained from extensive emni ssion
tests by the Electric Power Research Institute (EPRI), the Departnent of
Energy (DOE), the Northern States Power Conpany, and the EPA. The
testing programwas designed to test a wide range of facility types with
a variety of control scenarios; therefore, the data are consi dered
generally representative of the industry. However, there are
uncertainties in the data because of the snmall sanple sizes for specific
boil er types and control scenari os.
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Figure ES-1. Summary of the Utility Air Toxics Study

- Test Data

Emissions Data Analysis

from 52 Units

- 67 HAPs Identified
- Emissions Estimates for 684 Plants in U.S.

v

Alternative Control

Potential Impacts

- Literature Review of |«

Screening Assessment
to Prioritize HAPs
-14 HAPs identified

Strategies Analysis
- Mercury

- Metals

- Dioxins

- HCI/HF

v

v

Inhalation Exposure/Risk Assessment

A 4

A 4

Local Analysis
- Within 50 km of Each Plant
- Modeled 67 HAPs from All
Plants with Local Model
(HEM)

Local plus Long-range
Transport
- Beyond 50 km to U.S. Borders
- Regional Model (RELMAP)
- Modeled 4 HAPs from All
Plants (Ni, As, Cd, Cr)

A

A 4

v

Multipathway Exposure/Risk Assessment

A 4

Local Model (CAP 93)
- Radionuclides only
- All Plants
- MIR 3E-05
- Cancer Incidence 0.3
cases/yr (coal & oil)

Estimated Air
Concentration in
U.S. from All
Plants

Air Concentration

A 4

MAPS

v

Regional Model ( RELMAP)

- All Plants

- 7 HAPs (Hg, As, Dioxins,
Cd, Cr, Ni, Pb)

L 2

Estimated Air
Concentration and g
Deposition in U.S.
from All Plants

Deposition & Air
Concentration

+ MAPS

Representative Plant Analyses
- 4 Model Plants
- 3 HAPs (Hg, As, Dioxins)
- Local Dep. Model (ISC3)
- Food Web Model (IEM)
- Hypothetical Exposure Scenarios

Risk Assessment Results
- Ni, As, Cr, Rads Primary HAPs
- Coal Incidence up to 0.2 cases/yr
- Oll Incidence up to 0.5 cases/yr
- Highest Predicted Cancer MIR for
Ni up to 5E-05
- Most Risks Predicted
to be < 1E-06

Risk Assessment Results
- Coal Incidence Increased 7 Fold, up
to 1.3 caseslyr
- Oil Incidence up to 0.5 cases/yr
- No Change in Predicted Cancer
MIRs

v v

Arsenic - Results
- Background Dominates
Exposure

- Most Risks Predicted
to be < 1E-05

- Highest Predicted Cancer
MIR up to 1E-04 ("pica child")

Dioxins - Results
- Highly Toxic at Low Levels
- Highest Predicted Cancer
MIR up to 2E-04 (coal)
- Majority of Risks Predicted
to be < 1E-05

Mercury - Results
- Fish was Dominant
Exposure Pathway
- Effect of Concern is
Devel. Neuro. Toxicity
- Plausible Link




These test data provided the basis for estinmating average annua
em ssions for each of the 684 plants. A total of 67 of the 188 HAPs
listed in section 112 of the Act were identified in the enissions
testing programas potentially being emtted by utilities. Tables ES-1
and ES-2 present estimated em ssions for, respectively, a subset of
priority HAPs for 1990, 1994, and 2010, and for a set of characteristic
boilers for 1994.

Al t hough the EPA used average annual enissions estinmates in
assessing |l ong-term exposures to individual HAPs on a national basis,
em ssions test data were not available for each utility in the U S.
Therefore, estimates for individual plants are particularly uncertain.
Based on an uncertainty analysis, the average annual em ssions estinates
are expected to be roughly within a factor of plus or minus three of
actual annual em ssions. However, even this uncertainty analysis had
limtations. For exanple, the uncertainty analysis did not include data
on potential upsets or unusual operating conditions; therefore, the
range of uncertainty could be greater.

ES. 5 GENERAL APPROACH TO EXPOSURE AND RI SK ASSESSMVENT

Most of the risk assessnent focused on inhalation exposure. Al
67 HAPs were assessed for inhalation exposures, at |east at a screening
| evel. For nmany of the 67 HAPs, inhalation exposure is believed to be
t he dom nant exposure pathway. However, for HAPs that are persistent
and/ or bi oaccumul ate, and are toxic by ingestion (or are radi oactive),
t he non-inhal ati on exposure pat hways could be nore inportant. Based on
a screening and prioritization assessnent, which is described below, the
EPA identified four high priority HAPs (radi onuclides, nercury, arsenic,
di oxi ns) to assess for non-inhal ation exposures. |n addition, cadm um
and | ead were identified as next highest priority. Miltipathway
assessnents are presented for radionuclides, nercury, arsenic, and
di oxins. The other two HAPs (|l ead and cadm un) were exani ned
gualitatively for their potential for nultipathway hazards.

ES. 6 SCREENI NG ASSESSIMENT

As outlined in Figure ES-1, EPA initially conducted a screening
assessnent that considered inhalation and non-inhal ati on exposure routes
for all 67 HAPs to identify priority HAPs for nore detail ed assessnent.
To screen for inhal ation exposures, the EPA used the Human Exposure
Model (HEM to nodel the 67 HAPs fromall 684 utility plants utilizing
general ly conservative assunptions (i.e., assunptions that are nore
likely to overestimate rather than underestimate risks) to estinmate
i nhal ation risks for maxi mally exposed individuals (MElS).
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Tabl e ES-1.

Nationwide Utility Emssions for Thirteen Priority HAPs?

Nationwide HAP emission estimates (tons per year)®
HAP Coal Oil Natural gas

1990 1994 2010 1990 1994 2010 1990 1994 2010
Arsenic 61 56 71 5 4 3 0.15 0.18 0.25
Beryllium 7.1 7.9 8.2 0.46 0.4 0.23 NM° NM NM
Cadmium 3.3 3.2 3.8 1.7 1.1 0.9 - - -
Chromium 73 62 87 4.7 3.9 24 - - -
Lead 75 62 87 11 8.9 54 0.43 0.47 0.68
Manganese 164 168 219 9.3 7.3 4.7 - - -
Mercury 46 51 60 0.25 0.2 0.13 0.0015 0.0017 0.024
Nickel 58 52 69 390 320 200 2.2 24 3.5
Hydrogen chloride 143,000 134,000 155,000 2,900 2,100 1,500 NM NM NM
Hydrogen fluoride 20,000 23,000 26,000 140 280 73 NM NM NM
Acrolein 25 27 34 NM NM NM NM NM NM
Dioxins® 0.000097 0.00012 0.00020 1x10° 9x10° 3x10° NM NM NM
Formaldehyde 35 29 45 19 9.3 9.5 36 39 57

Radionuclides are the one priority HAP not included on this table because radionuclide emissions are measured in different units (i.e., curies per year) and, therefore,
would not provide a relevant comparison to the other HAPs shown. Radionuclide emissions are presented in chapter 9.

The emissions estimates in this table are derived from model projections based on a limited sample of specific boiler types and control scenarios. Therefore, there
are uncertainties in these numbers (see section ES.4 for discussion).

NM = Not measured.

These emissions estimates were calculated using the toxic equivalency (TEQ) approach, which is based on the summation of the emissions of each congener after
adjusting for toxicity relative to 2,3,7,8-tetrachlorodibenzo-p-dioxin (i.e., 2,3,7,8-TCDD).



Table ES-2. Estimated Em ssions for Nine Priority HAPs from
Characteristic Uility Units (1994; tons per year)?

Fuel: Coal Oil Natural gas

Unit size (MWe): 325 160 240
Arsenic 0.0050 0.0062 0.0003
Cadmium 0.0023 0.0014 NCP
Chromium 0.11 0.0062 NC
Lead 0.021 0.014 NC
Mercury 0.05 0.0012 NC
Hydrogen chloride 190 9.4 NC
Hydrogen fluoride 14 NC NC
Dioxins® 0.00000013 0.000000023 NC
Nickel NC 1.7 0.004

% There are uncertainties in these numbers. Based on an uncertainty analysis, the EPA predicts that the emissions
estimates are generally within a factor of roughly three of actual emissions.

® NC = Not calculated.

¢ See footnote d of Table ES-1.

If the MElI risk was above a mini mum neasure (e.g., exposure greater than
one-tenth the inhalation reference concentration [RFC]? or cancer

risk greater than 1 chance in 10 nillion), then the HAP was chosen for
nore study. For non-inhal ati on exposures, the 67 HAPs were prioritized
by considering five criteria: (1) persistence; (2) tendency to

bi oaccunul ate; (3) toxicity; (4) enmissions quantity; and (5)

radi oactivity.

Based on this screening assessnent, a total of 14 HAPs were
identified as priority. Twelve HAPs (arsenic, beryllium cadm um
chrom um manganese, nickel, hydrogen chloride [HC ], hydrogen fluoride
[HF], acrolein, dioxins, formal dehyde, and radi onuclides) were
identified as priority pollutants for further study based on potenti al
for inhalation exposures and risks. Four of these 12 HAPs (arsenic,
cadm um di oxins, and radionuclides) plus 2 additional HAPs (nercury and
| ead) were considered priority for nultipathway exposure); of these 6
HAPs, 4 (arsenic, nmercury, dioxins, and radionuclides) were identified
as the highest priority to assess for nmultipathway exposures and ri sks.
Overall, a total of 14 of the 67 HAPs were considered priority. The
ot her 53 HAPs were not eval uated beyond the screeni ng assessnent.

a The RFCis an estimate (with uncertainty spanni ng perhaps an order of
magni t ude) of the daily inhalation exposure of the human popul ation
(including sensitive subgroups) that is likely to be w thout appreciable
risk of deleterious effects during a lifetime.
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ES. 7 1 NHALATI ON RI SK ASSESSMENT -- LOCAL ANALYSI S

The EPA estinmated inhal ati on exposures and risks due to di spersion
of HAP emissions within 50 kil oneters (km of each of the 684 plants
(i.e., local analysis). For 13 of the 14 priority HAPs, the HEM was
used; for radionuclides, the Clean Air Act Assessnment Package-1993 (CAP-
93) nodel was used. The HEM exposure nodeling conducted for the
i nhal ation risk assessnent was very sinmilar to the nodeling conducted
for the screening assessnent. The sane default options and sane input
data were used. However, there is one inportant difference. For the
i nhal ation risk assessnent, a distinction was made between urban and
rural locations. |If a plant is located in an urban area, it was nodel ed
using the urban node (i.e., dispersion is assuned to be characteristic
of enmissions enmtted by a facility in an urban |ocation where there are
bui | di ngs nearby). Dispersion of the pollutant plunme in an urban area
is expected to exhibit greater turbul ence because of heat transfer and
obstacles (i.e., large buildings). |If a plant is located in a rura
| ocation, it was nodel ed using the rural node (i.e., dispersionis
assuned to be characteristic of a facility located in a rural |ocation).
In the screening assessnent, all plants were nodel ed using the urban
default because using the urban default typically leads to nore
conservative (i.e., higher) estimtes of hunman exposures, which is
appropriate for a screening assessnent. However, using the urban and
rural distinction is believed to reflect nore realistic conditions.

The cancer risks for all gas-fired plants were well bel ow one
chance in one nmillion (i.e., <1 x 10% and no noncancer hazards were
identified. Therefore, gas-fired plants are omtted fromthe foll ow ng
di scussi ons.

In cases where data were missing or inconplete, the EPA had to
nmake various assunptions. A few of these assunptions are nore likely to
overestimate risks. Oher assunptions used are likely to underestimte
risks. Based on an uncertainty analysis conducted for this study, it is
estimated that these assunptions taken together |ead to a reasonabl e
hi gh-end estimate (i.e., conservative, but within the bounds of
reasonabl e estimates) of the risks due to inhalation exposure within 50
kmof plants. Wthin the limts of current scientific information, this
approach is, therefore, nost likely to overestinate health risks for
these pollutants. The uncertainty anal ysis suggests that the nost
likely estimated inhalation MRs (i.e., central tendency MRs) may be
roughly 2 to 10 tines lower than the high-end MRs presented bel ow. The
average individual risks due to inhalation exposure to utility HAP
em ssions for the total exposed U S. popul ation (roughly 200, 000, 000
people) are predicted to be roughly 100 to 1000 tines | ower than the
hi gh-end i nhal ati on M Rs.

ES.7.1 |Inhalation Cancer Risks for Coal-Fired Utilities Based on Loca
Anal ysi s (1990)

The vast nmajority of coal-fired plants (424 of the 426 plants) are
estimated to pose lifetinme cancer risks (i.e., increased probability of
an exposed person getting cancer during a lifetinme) of less than 1 x 10°°
due to inhalation exposure to utility HAP enissions. Only two of the
426 plants are estimated to potentially pose inhalation risks greater
than 1 x 10% (see Figure ES-2).
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The increased lifetinme cancer MR due to inhal ation exposure to
coal -fired utility HAP enissions, based on the local analysis, is
estimated to be no greater than 3 x 105 Arsenic and chrom um are the
HAPs contributing nost to the inhalation risks (see Table ES-3). Al
ot her HAPs, including radionuclides, were estimated to present
inhalation risks less than 1 x 10°® for coal-fired units.

The cancer incidence in the U S. due to inhalation exposure to
HAPs (including radionuclides) fromall 426 coal-fired plants based on
the local analysis is estinmated to be no greater than approximately 0.2
cancer case per year (cases/yr), or 1 case every 5 years. However, as
described in later sections, the consideration of |ong-range dispersion
of HAPs (beyond 50 kn) results in increased estinmates for cancer
i nci dence.

ES.7.2 |Inhalation Cancer Risks for Gl-Fired Uilities Based on Loca
Anal ysi s (1990)

The majority of the oil-fired plants (125 of the 137 plants) are
estimated to pose inhalation cancer MRs less than 1 x 10°®. However, up
to 11 of the 137 oil-fired plants are estimated to potentially present
inhal ation MRs above 1 x 10°® (see Figure ES-3). Nickel, arsenic,
radi onuclides, and chromumare the primary contributors to these cancer
risks.

For oil-fired utilities, the highest contribution to the MRs is
fromnickel. However, there are substantial uncertainties with the
nickel risk estimates. N ckel is emtted in several different forns
(e.g., nickel oxides, soluble nickel, sulfidic nickel) and the health
effects of these different forns vary, and for sone forns are unknown or
uncertain. Nickel subsulfide (which is one of the possible forns of
sulfidic nickel) is a known human carci nogen and appears to be the nost
carci nogeni ¢ form based on available data. Based on |linmted data, 3 to
26 percent of the nickel em ssions are believed to be sulfidic nickel
It is not known how much of the sulfidic nickel em ssions are nicke
subsul fide. Several other nickel species (e.g., nickel oxides) are also
potentially carcinogenic but the potencies are not known.
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Figure ES-2. Number of Coal-Fired Utilities Posing Various Levels of
Maximum Individual Risks (By Levels of MIR)

All carcinogenic non-radionuclide HAPs
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Figure ES-3. Number of Oil-Fired Utilities Posing Various Levels of
Maximum Individual Risks (By Levels of MIR)
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Tabl e ES-3. Summary of High-End | nhal ati on Cancer Ri sk Estimates
from Local Analysis for Coal-Fired Uilities for the Year 1990

Highest Population with lifetime risk Number plants with
HAP Cancer MIR? >1x10° MIR > 1 x 10°®
Arsenic 2x10° 850 2
Chromium 1x10° 110 1
Total” (Aggregate of HAPS) 3x10° 850 2

* Estimated lifetime maximum individual risk (MIR) due to inhalation exposure for the “highest risk” coal-fired plant.
Based on an uncertainty analysis, these estimates are considered reasonable high-end estimates (see section ES.7.4
for discussion).

® Estimated risk due to inhalation of the aggregate of HAPs assuming additivity of risk for 26 individual carcinogenic
HAPs.

To eval uate the range of potential risks due to nickel emssions,
the EPA estimated risks using various assunptions for nickel cancer
potency (presented in chapter 6). For exanple, assuning the nickel mx
is 50 percent as carcinogenic as nickel subsul fide, the highest
i nhal ati on cancer MR due to the aggregate of HAP emi ssions fromthe
hi ghest risk oil-fired utility plant is estimated to be 6 x 105,
Assum ng the nickel mx is 10 percent as carcinogenic as nicke
subsul fide, the highest inhalation cancer MR due to the aggregate of
HAP eni ssions fromthe highest risk oil-fired utility plant is
approximately 3 x 105 The values in Table ES-4 and Figure ES-3 are
based on the conservative assunption that the nickel mx is 50 percent
as carcinogenic as nickel subsulfide.

Estimated risks due to inhal ati on exposure for a subset of HAPs
based on the local analysis are presented in Table ES-4. All other HAPs
anal yzed were estinmated to pose inhalation cancer risks below 1 x 10°
for all 137 oil-fired plants.

The cancer incidence in the U S. due to inhalation exposure to HAP
em ssions (including radionuclides) fromall 137 oil-fired utilities,
based on the local analysis, is estimated to be no greater than 0.5
cancer case/yr.

ES. 7.3 |Inhalation Cancer Risks Based on Long- Range Transport

In addition to the above anal yses, the EPA conducted | ong-range
transport anal yses to assess enissions dispersion and exposures on a
national scale for 1990. The Regional Lagrangi an Model of Air Pollution
(RELMAP) was used to estimate the dispersion of HAP emi ssions fromthe
facility stack out to the borders of the continental US. This is in
contrast to the HEM which estinmates di spersion and air concentrations
within 50 km of the source.

ES-11



Tabl e ES-4. Summary of High-end I nhal ation Cancer Ri sk Estimates
Based on Local Analysis for Gl-Fired UWilities for the Year 1990

Population with lifetime risk Number plants with MIR
HAP Highest MIR? >1x10° >1x10°
Nickel® 5x10° 110,000 11
Arsenic 1x10° 2,400 2
Radionuclides 1x10° 2,400 2
Chromium 5x10° 2,300 1
Cadmium 2x10° 45 1
Total® (aggregate) 6 x 10° 110,000 11

* Estimated lifetime maximum individual risk (MIR) due to inhalation exposure for the “highest risk” oil-fired plant. Based
on an uncertainty analysis, these estimates are considered reasonable high-end estimates (see section ES.7.4 for
discussion).

The estimates for nickel and total HAPs are based on the assumption that the mix of nickel compounds is 50 percent
as carcinogenic as nickel subsulfide.

Estimated risk due to inhalation of the aggregate of HAPs assuming additivity of risk for 14 individual carcinogenic
HAPs.

The RELMAP nodel i ng was conducted for all coal- and oil-fired
utilities, but was limted to nmercury, cadmium chrom um arsenic,
ni ckel, lead, and dioxins. Only inhalation exposures to the
carci nogeni ¢ HAPs are discussed in this section. Deposition and
mul ti pat hway concerns are discussed el sewhere in this report. The | ong-
range transport nodeling indicates that the | ocal HEM anal ysis al one
does not account for a substantial percentage of the popul ation
exposures due to coal-fired utility emi ssions. A conparison of the HEM
results to the RELMAP results indicates a significant portion of
em ssions disperse further than 50 km as would be expected for these
HAPs, which are nostly fine particulate substances enmitted from el evat ed
st acks.

The RELMAP results for arsenic, cadm um chrom um and nicke
(which are enmitted mainly as PM were used to estinate the potenti al
| ong-range transport inhal ati on exposures for other carcinogenic HAPs.
Usi ng this nethodol ogy, the highest cancer incidence due to inhalation
exposure to HAPs fromcoal-fired utilities considering both | ocal and
| ong-range transport is estinmated to be up to 1.3 cases/yr, which is
about 7 tinmes greater than the incidence estinmated in the | ocal analysis
al one. The cancer incidence for oil-fired utilities did not change (see
Tabl e ES-5).
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Tabl e ES-5. Summary of Hi gh-End I nhalation R sk Estinmates Due to
Local and Long- Range Transport

LOCAL IMPACTS (dispersion within 50 km of each utility plant)®

OIL-FIRED PLANTS COAL-FIRED PLANTS
Pollutant Maxin_1um individual Annual inc_reased Maximum individual risk Annual _inc_reased
risk (MIR) cancer Incidence (MIR) cancer incidence
Radionuclides 1x10° 0.2 2x10% 0.1
Nickel® 5x10° 0.2 7 x 107 0.005
Chromium 5x10° 0.02 1x10° 0.02
Arsenic 1x10° 0.04 2x10° 0.05
Cadmium 2x10° 0.005 2 x 107 0.0006
All Others” 8 x 107 0.005 8 x 107 0.004
Total® 6 x10° 0.5 3x10° 0.2

LOCAL PLUS LONG-RANGE IMPACTS (dispersion from utility emission points to borders of continental U.S.)

OIL-FIRED PLANTS COAL-FIRED PLANTS
Pollutant Maximum individual Annual @nc_reased Maximum individual risk Annual _inc_reased
risk (MIR) cancer incidence (MIR) cancer incidence
Radionuclides 1x10° 0.2 Not estimated 0.7
Nickel® 5x10° 0.2 1x10°® 0.038
Chromium 5x10° 0.02 2x10° 0.15
Arsenic 1x10° 0.05 3x10° 0.37
Cadmium 2x10° 0.006 3x107 0.005
All Others” 8 x 107 0.006 1x10° 0.028
Total® 6 x10° 0.5 4x10° 13

* Assumes that the nickel mixture is 50 percent as carcinogenic as nickel subsulfide.

Estimated risks due to exposure to all remaining HAPs analyzed (i.e., excluding nickel, arsenic, chromium, cadmium,
and radionuclides).

¢ Aggregate risk (risk due to inhalation exposure to all carcinogenic HAPs, assuming additivity of risks).

There are uncertainties associated with these risk estimates. See sections ES.7.4 for discussion.

A conpari son between the HEM | ocal dispersion results and the
| ong-range transport nodeling results indicates that |ong-range
transport is nuch less inportant for the MR than it is for cancer
i ncidence. For example, the MR fromthe | ocal anal yses for coal-fired
utilities (i.e., inhalation risk of 3 x 10° is predicted to increase by
roughly 10 to 20 percent to about 4 x 10°® when anbi ent concentrations
are added fromlong-range transport of arsenic fromall
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other utilities in the continental US. For oil-fired utilities, the
| ong-range transport of HAPs has no inpact on the highest inhalation MR
because of the renpte |location of the two highest risk oil-fired plants.

ES.7.4 Uncertainties with the Inhalation Cancer Ri sk Assessnent
There are several areas of uncertainty in the inhalation risk
assessnent including: (1) the inpacts of |ong-range transport; (2) the
em ssions and health effects of different forns of chrom um and ni ckel
(3) the use of a linear non-threshold high-to-Iow dose
extrapol ati on nodel for estimating cancer risks at | ow exposure
concentrations; (4) the inpacts of episodic releases resulting from
upsets or unusual operating conditions; (5) how residence tines and
activity patterns inpact the exposures; (6) the inpacts on sensitive
subpopul ations; (7) the inpacts of background exposures; and (8) the
risk of conplex pollutant m xtures.

The uncertainty analysis indicates that the inhalation cancer MRs
and i ncidence estinates presented above are reasonabl e hi gh-end
estimates of the risks due to inhalation exposure within 50 km of each
plant. That is, the estinmates are considered generally conservative
(i.e., predicted to be roughly the 90th to 95th percentile). The
uncertainty anal ysis suggests that the nost likely estimted inhal ation
MRs (i.e., central tendency MRs) may be roughly 2 to 10 tines | ower
than the high-end M Rs presented above. The average individual risks
due to inhalation exposure to utility HAP eni ssions for the total
exposed U.S. popul ation (roughly 200, 000,000 people) are predicted to be
roughly 100 to 1,000 tines |ower than the high-end inhalation MRs.

ES. 7.5 Summary of the Inhalation Cancer Risks

For the majority of utility plants (approximtely 671 of the 684
plants), the estimated inhal ation cancer risks due to HAP enissions are
less than 1 x 10°%. However, several plants (2 coal plants and up to 11
oil plants) are estinated to potentially pose inhal ation cancer risks
above 1 x 105 One oil plant is estimated to pose a high-end inhal ation
cancer MR of up to 6 x 10°°. Based on the assessnent, no greater than
1.8 cancer cases/yr are estimated to occur in the U S. due to inhalation
exposure to HAP emissions fromall coal- and oil-fired utilities.
Further research and eval uati on may be needed to nore conprehensively
assess the inhalation cancer risks, especially to reduce the
uncertainties associated with the nickel risk estimates.

ES. 7.6 Inhalation Noncancer Ri sks

The EPA al so assessed noncancer risks (i.e., health effects other
than cancer) due to short- and long-terminhal ati on exposure.
Manganese, HCO, HF, and acrolein were found to be the four HAPs of
hi ghest potential concern for noncancer effects.

Based on nodeling HAPs for all 684 plants with the HEM esti mated
| ong-term anbi ent HAP concentrations were generally 100 to 10,000 tines
below the RFC or sinilar benchmark. The hi ghest estimated |ong-term
ambi ent HAP concentration was 10 times below the RfC

Using a short-termair dispersion nodel that considers al
reasonabl e net eorol ogi cal conditions, EPA nodel ed naxi num one- hour
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concentrations for three HAPs (HO, HF, and acrolein). The highest
short-term exposure was 140 tines bel ow the acute reference |evel.

ES.8 MERCURY MJULTI PATHWAY ASSESSIVENT

ES. 8.1 Background Discussion for Mercury

Mercury cycles in the environnent as a result of natural and hunan
(ant hropogeni c) activities. The anount of nercury nobilized and
rel eased into the bi osphere has increased since the beginning of the
i ndustrial age. Most of the nercury in the atnosphere is el enental
nmercury vapor, which circulates in the atnosphere for up to a year, and
hence can be wi dely dispersed and transported thousands of mles from
likely sources of enmission. After it deposits, nmercury conmonly is
emtted back to the atnosphere either as a gas or associated with
particles, to be re-deposited el sewhere. As it cycles between the
at nosphere, land, and water, nercury undergoes a series of conplex
chem cal and physical transformations, nmany of which are not conpletely
under st ood.

Mercury is a persistent el enent and bi oaccunmul ates in the food
web. Mercury accunul ates nost efficiently in the aquatic food web.
Predatory organisns at the top of the food web generally have higher
nercury concentrations. Nearly all of the nmercury that accunulates in
fish tissue is nethylnmercury. |lnorganic nercury, which is |ess
efficiently absorbed and nore readily elininated fromthe body than
net hyl nercury, does not tend to bioaccunul at e.

Fi sh consunption doni nates the pathway for human and wildlife
exposure to nethylnercury. The EPA's 1997 Mercury Study Report to
Congress supports a plausible |ink between ant hropogeni ¢ rel eases of
nmercury fromindustrial and conbustion sources in the U S. and
net hyl nercury in fish. However, these fish nmethylnercury concentrations
al so result from existing background concentrations of nercury (which
may consist of nmercury fromnatural sources, as well as nercury which
has been re-enitted fromthe oceans or soils) and deposition fromthe
gl obal reservoir (which includes nercury emitted by other countries).

G ven the current scientific understanding of the environnental fate and
transport of this elenent, it is not possible to quantify how nmuch of
the methyl nmercury in fish consuned by the U S. population is contributed
by U S. enmissions relative to other sources of mercury (such as natural
sources and re-enissions fromthe global pool). As a result, it cannot
be assuned that a change in total nmercury em ssions will be linearly
related to any resulting change in nethylnercury in fish, nor over what
time period these changes would occur. This is an area of ongoing

st udy.

ES.8.2 Methylnercury Health Effects

Epi demi cs of nercury poisoning foll owi ng hi gh-dose exposures to
net hyl nercury in Japan and Iraq denonstrated that neurotoxicity is the
health effect of greatest concern when nethyl nercury exposure occurs to
the devel oping fetus. Dietary nethylnercury is al nost conpletely
absorbed into the blood and distributed to all tissues including the
brain; it also readily passes through the placenta to the fetus and
fetal brain. The reference dose (RfD) is an anobunt of nethyl nercury,
whi ch when ingested daily over a lifetime is anticipated to be wi thout
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adverse health effects to humans, including sensitive subpopul ati ons.
At the RfD or bel ow, exposures are expected to be safe. The risk
foll owi ng exposures above the RFD is uncertain, but risk increases as
exposures to nmethyl nmercury increase.

Extrapol ating fromthe hi gh-dose exposures that occurred in the
Irag incident, the U S. EPA derived a RED for nethylnercury of 0.1
nm crogram per kil ogram body wei ght per day (pg/ kg bw day). Wile the
U S. EPA was advised by scientific reviewers to enploy this RfD for this
anal ysis, new data are energing. Currently ongoing are two | arge
epi dem ol ogy studies in the Seychelle Islands and in the Faroe |slands
that were designed to eval uate chil dhood devel opment and neurotoxicity
inrelation to fetal exposures to nethylnercury in fish-consum ng
popul ations. Because of various linmtations and uncertainties in all of
the available data, the U S. EPA and ot her Federal agencies intend to
participate in an interagency review of the human data on nethyl nercury,
i ncluding the nost recent studies fromthe Seychelle |Islands and the
Faroe Islands. The purposes of this review are to refine the estimtes
of the level of exposure to nercury associated with subtle neurol ogica
endpoints and to further consensus between all of the Federal agencies.
After this process, the US. EPAw Il determne if a change in the RfD
for methylnmercury is warranted. (Note: see the 1997 EPA Mercury Study
Report to Congress for further discussion and assessnent of nercury
health effects and public health inpacts).

ES. 8.3 Mercury Miltipathway Exposure Assessnent

Mercury was considered highest priority for nultipathway exposure
anal ysis. To assess the transport and deposition of nercury emni ssions
fromutilities and to estimte concentrations in environnmental nedia and
biota, three nodeling efforts were undertaken: (1) |ong-range nodeli ng,
(2) local scale nodeling, and (3) nodeling of environnental
concentrations. The RELMAP was used to predict |ong-range dispersion
and deposition across the U S. For the local analysis, a nodel designed
to predict deposition of HAPs within 50 km the Industrial Source
Conpl ex Version 3 (1SC3) air dispersion nodel, was used. Next, the
EPA' s Indirect Exposure Mddel Version 2M (I EM2M was used to estimte
nercury environnmental concentrations and hunman exposures. Hypothetica
exposure scenarios were evaluated for four nodel plants (a |arge coal -
fired, a nediumcoal -fired, a small coal-fired, and a nediumoil-fired
utility boiler). The analysis included three types of plant |ocations:
(1) rural (agricultural), (2) near |akes (lacustrine), and (3) urban
Three human fish consunption scenari os were consi der ed.

The nodeling provided i nformati on on whet her |ocal and/or |ong-
range transport of mercury is significant in a variety of scenari os.
The nodels indicate that nost of the nercury fromutilities is
transported further than 50 kmfromthe source. The fate and transport
nodel s provi ded an assessnent of potential inhalation and ingestion
exposur es.

ES. 8.4 Summary of Mercury Assessnment Results for Uilities

Recent estimates of annual total gl obal nercury enissions from al
sources (natural and ant hropogenic) are about 5,000 to 5,500 tons per
year (tpy). O this total, about 1,000 tpy are estimated to be natura
em ssions and about 2,000 tpy are estimated to be contributions through
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the natural global cycle of re-enissions of nercury associated with past
ant hropogenic activity. Current anthropogenic enissions account for the
remai ning 2,000 tpy. Point sources such as fuel conbustion; waste
incineration; industrial processes (e.g., chlor-alkali plants); and
netal ore roasting, refining, and processing are the | argest point
source categories on a world-w de basis.

For the year 1994, coal-fired utilities were estinmated to enit
approxi mately 51 tpy of nercury in the US., which is estimated to be 33
percent of the 158 tpy of airborne ant hropogenic emni ssions of nercury in
the US. |If one assunes that current anthropogenic activity represents
between 40 and 75 percent of the total airborne em ssions (anthropogenic
pl us other enissions [e.g., natural enissions]), one can calcul ate that
US wutilities emt roughly 13 to 26 percent of the total (natural plus
ant hr opogeni c) ai rborne enissions of nercury in the U S.

G ven the global estimates of 5,000 to 5,500 tpy (which are
hi ghly uncertain), U S. anthropogenic nercury em ssions are estimted to
account for roughly 3 percent of the global total, and U S. utilities
are estimated to account for roughly 1 percent of total globa
em ssi ons.

A conputer sinulation of |ong-range transport of nercury em ssions
fromall U 'S. sources conducted for the EPA's 1997 Mercury Study Report
to Congress suggests that about one-third (~ 52 tons) of the 158 tpy of
U. S. anthropogeni c em ssions are deposited, through wet and dry
deposition, within the lower 48 States. The remaining two-thirds (~ 107
tons) is transported outside of U S. borders where it diffuses into the
gl obal reservoir. |n addition, the conputer sinulation suggests that
another 35 tons of nmercury fromthe gl obal reservoir is deposited for a
total deposition of roughly 87 tpy in the U S. Although this type of
nodeling is uncertain, the sinulation suggests that about three tines as
much nmercury is being added to the global reservoir fromU S. sources as
is being deposited fromit. Wat is not uncertain is that additiona
em ssions to air will contribute to levels in the global reservoir and
deposition to water bodies.

Long-range transport nodeling conducted as part of this Uility
Study predicts that approximately 30 percent (15 tpy) of the utility
nercury em ssions deposit in the continental U S. The estimted annua
deposition rates resulting fromutility nmercury em ssions range fromoO0.5
to greater than 10 microgranms per square neter. Long-range transport
nodel i ng al so predicts that the highest deposition occurs in the eastern
half of the U S., particularly areas such as southeastern G eat Lakes
and Chio River Valley, central and western Pennsyl vani a, |arge urban
areas in the eastern U S. (e.g., Washington, D.C., New York City) and
various locations in the vicinity of large coal-fired utilities. Based
on the limted available receptor nonitoring data, the RELMAP node
seens to be accurate within a factor of plus or minus 2. That is, the
RELMAP nodel seens to over- and underestimate nercury values within a
factor of two and appears to be relatively unbiased in its predictions.

The nodel i ng assessnent in conjunction with available scientific

know edge, supports a plausible |link between ant hropogenic nercury
em ssions and nercury found in freshwater fish. As noted above, there
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are many sources of nercury emni ssions worldw de, both natural and
ant hropogenic. The coal-fired utilities are one category of the nercury
sour ces.

Mercury is considered the highest priority for mnultipathway
anal yses because it is an environnentally persistent, toxic el enent.
Mercury is deposited to soil and terrestrial vegetation but at |evels
that do not result in hunman exposures likely to be detrinental to health
through terrestrial exposure pathways. However, in its nethylated form
nmercury bioaccunul ates in the food web (especially the aquatic food
web). Modeling results suggest that nost of the nercury emitted to the
at nosphere is deposited nore than 50 km away fromthe source, especially
sources that have tall stacks. As stated above, the npdeling assessnent
fromthe Mercury Study in conjunction with available scientific
know edge, supports a plausible |link between anthropogenic nercury
em ssions and nercury found in freshwater fish. Addi ti onal em ssions
toair will contribute to levels in the global reservoir and deposition
to water bodies. As a result, nmercury enmissions fromutility units may
add to the existing environnmental burden

At this tinme, the available informati on, on bal ance, indicates
that utility nmercury em ssions are of sufficient potential concern for
public health to nerit further research and nonitoring. The EPA
recogni zes that there are substantial uncertainties that nmake it
difficult to quantify the nmagnitude of the risks due to utility nercury
em ssions, and that further research and/or eval uati on woul d be needed
to reduce these uncertainties. Renaining questions include the
following: (1) what is the quantitative relationship between a change
in U S nercury enissions and the resulting change in nethyl nercury
levels in fish; (2) what are the actual consunption patterns and
estimated net hyl nercury exposures of the subpopul ati ons of concern; (3)
what are the actual nercury levels in a statistically valid and
representative sanple of the U S. popul ation and susceptibl e
subpopul ati ons; (4) what exposure levels are likely to result in adverse
health effects; (5) what affects the formation of nethylnercury in
wat er bodi es and its bioaccumulation in fish; (6) how nmuch nmercury is
emtted fromnatural sources and past anthropogenic sources; and (7) how
much nmercury is renoved during coal cleaning and ot her ongoing practices
for pollution control. New data that could reduce sone of the
uncertainties are likely to becone available in the next several years,
and EPA plans to review and consi der these data, as appropriate, in
future deci sions.

Regardi ng potential nethods for reducing nercury enissions, the
EPA has not identified any denobnstrated add-on control technol ogies
currently in use inthe US. that effectively renove nercury from
utility em ssions. (However, there nmay be add-on control technol ogies
used in other source categories that effectively reduce nercury
em ssions.) Based on avail able data, total nercury renoval by existing
PM control devices on coal-fired utilities varies considerably, ranging
fromO to 82 percent renoval (with a nedian efficiency of 15 percent
renoval ) for cold-side electrostatic precipitators (ESPs), and fromO to
73 percent renoval (with a nedian efficiency of 8 percent renoval) for
fabric filters. A so, hot-side ESPs exhibited no nmercury control
Exi sting flue gas desul furization (FG) units exhibit |limted nercury
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control, ranging fromO to 62 percent renoval, with a nedi an renoval of
23 percent. The mercury control efficiency of FGD units is a function
of several factors including tenperature, plant configuration, and type
of coal. Pilot-scale studies have shown that nercury renpoval can be
enhanced through the use of activated carbon injection. However, the
limted results to date utilizing carbon injection are inconsistent and
nore data and research are needed. Oher various pollution prevention
strategi es, such as coal cleaning, have shown sone effectiveness in
reducing utility em ssions of nmercury. Conventional coal cleaning
renoves, on average, approximtely 21 percent of the nmercury contained
in the coal. Also, fuel switching, such as switching fromcoal to
natural gas, would result in decreased enissions of nercury.

ES. 9 SCREEN NG LEVEL MJLTI PATHWAY ASSESSMENT FOR ARSENI C

Arsenic is a naturally occurring elenent found normally, in
vari ous concentrations, in soil. |In addition, arsenic can al so be
naturally present in other nedia (e.g., various food sources and water).
Arseni c | evel s have been neasured in a variety of foods. Even though
shel | fi sh and other narine foods contain the greatest concentrations of
total arsenic, much of the arsenic present in fish and shellfish exists
in the less toxic organic form (Oher food products, such as neats,
rice, and cereals, contain higher percentages, and often higher total
anounts, of inorganic arsenic, which is the formof primary
t oxi col ogi cal concern.

Arsenic is also naturally present in trace anounts in coal and
oil. Wen coal or oil are burned, sone of this naturally occuring
arsenic is released to the atnosphere. The quantity of arsenic rel eased
fromany utility plant is dependent on nmany factors including the
concentration of arsenic in the fuel, control device efficiency, and
ot her factors.

Uilities emt about 62 tpy of arsenic nationw de, about 3 to 4
percent of the total anthropogenic arsenic enmissions in the U S
Because of its chem cal and physical characteristics, arsenic enmtted to
t he at nosphere may be transported to other environnmental nedia (soil or
water), thus allow ng non-inhal ati on exposures to occur

ES. 9.1 Exposure Mbdeling

It was not possible to nodel every utility plant for arsenic
mul ti pat hway exposures. Therefore, a screening |evel nodel plant
approach was used. Four nodel plants (i.e., a large coal-fired, a
nmedi um coal -fired, a small coal-fired, and a nediumoil-fired utility
boiler) were designed to characterize typical utility plants. |n taking
t he nodel plant approach, it was realized that there would be a great
deal of uncertainty surrounding the predicted fate and transport of
arsenic as well as the exposures. However, the assessnment was usefu
for estimating potential risks due to utility arsenic enissions. Three
nodel s were used to predict environnental arsenic concentrations and
exposure: the RELMAP, the |1SC3, and the Indirect Exposure Mbdel Version
2 (IEM2). These nodels were used to predict the fate and transport of
arsenic em ssions and to estimate human exposures to arsenic through
mul ti pl e exposure routes, including food consunption, water ingestion
and i nhal ation. Three basic exposure scenari os were considered: a
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subsi stence farmer (adult and child), a subsistence fisher (adult and
child), and a pica child (i.e., a child that ingests significant
guantities of soil). These scenarios were considered because they
represent possible high-end scenarios for exposure to arsenic.

ES.9.2 Health Effects of Arsenic

I nhal ati on exposure to inorganic arsenic has been strongly
associated with lung cancer in humans. Human exposure to inorganic
arsenic, via ingestion, has been associated with an increased risk of
several types of cancer, including skin, bladder, liver, and |ung
cancers. Oal exposure to inorganic arsenic has al so been associ at ed
wi th noncancer effects, including effects to the central nervous system
cardi ovascul ar system liver, kidney, and bl ood.

ES.9.3 Approach for Estimating Screening Level Arsenic Risks

I ncreased cancer risks were estimated for each hypothetica
scenari o, for the four nodel plants, each of which was placed in two
di fferent hypothetical locations (i.e., an eastern humd site and a dry
western site). For each of the exposure scenarios, except for the pica
child, it is assunmed that the hypothetical person is exposed for 30
years. For the pica child, it is assuned that exposure occurs for 7
years. Risks were estinmated by nmultiplying the estinmated intakes of
arsenic by the EPA's cancer potency factor for arsenic.

ES. 9.4 Screening Level Arsenic Risk Assessnent Results

The results of the screening |level nultipathway arsenic exposure
assessnent provide an indication of the potential hazards and risks that
may occur due to emissions froma utility plant. However, the results
are not applicable to any particular plant. There are uncertainties and
limtations to the anal ysis.

Exposures to inorganic arsenic due to background levels and due to
em ssions fromthe nodel utility boilers were predicted to be mainly
t hrough the ingestion of grains. Exposure to inorganic arsenic through
the ingestion of fish was not predicted to be a major pathway of
exposure because there is considerable evidence that little of the total
arsenic in fish tissue is inorganic arsenic. Soil ingestion is the
maj or route of exposure to inorganic arsenic for the pica child.

ES.9.4.1 Arsenic Cancer Risks. The cancer risks due to
mul ti pat hway exposures to inorganic arsenic, as estinmated in the nodel
pl ant anal ysis using hypothetical scenarios, due to utility em ssions
al one (no background) were estimated to range from4 x 107 to 1 x 10“
The highest estimated risk (1 x 104 was for a pica child assuned to be
living at the point of maxi nrum deposition. The arsenic emissions from
the large coal -fired nodel utility boiler at the eastern hunid site were
estimated to pose this highest risk for the pica child. Wen the risk
from background exposure (2 x 10% is added to the nmaxi mumrisk from
utility exposure, the risk for the pica child is estimted to be up to 3
X 104 The “pica child” is considered a high-end, conservative
scenari o.

Background exposures were estimated to dom nate the exposures and
risks in all scenarios. Wen considering only the arsenic enissions
fromthe nodel utility units (not including background), in al
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scenarios it was the large coal-fired unit that was estinmated to pose
the greatest nultipathway risks and the nediumcoal -fired unit was
estimated to pose the next highest risks. The snmall coal-fired unit and
the oil-fired unit were estinated to present |ower risks.

ES.9.4.2 Uncertainty Discussion. There are uncertainties
associated with the cancer risk estimates fromarsenic. The analysis
was based on nodel plants and hypothetical constructs; therefore, the
results are not applicable for any specific utility plant. Further
anal yses are needed to better characterize the risks posed by arsenic
em ssions fromutilities. A few uncertainties are discussed here.

Exposure to arsenic through the ingestion of tap or well water was
not included in this assessnent. The exposure nodeling assessnent was
based on a nodel plant analysis, hypothetical scenarios, and
i ncorporated data with varying degrees of uncertainty. Also, there are
uncertainties associated with the health effects data for arsenic. For
exanpl e, the aninal ingestion studies have not clearly shown an
associ ati on between arsenic ingestion exposure and cancer.

ES. 10 DI OXIN SCREENI NG LEVEL MJLTI PATHWAY ASSESSMENT

The hi ghest MEl inhal ation cancer risk due to dioxin em ssions
fromany utility plant based on the HEM anal ysis (described in section
ES.7) was estimated to be 1 x 10°7. The EPA estimates that coal -fired
utilities emt 0.2 pounds per year (lIb/yr) of dioxin (toxic equivalents,
TEQ and that oil-fired utilities enmit 0.01 Ib/yr. These estinmates
conbi ned are roughly 1 percent of the nationw de anthropogenic dioxin
em ssions. However, dioxin enissions data were only available for
twelve utility plants and 42 percent of the neasurenents were bel ow the
m ni nrum detection limt. Mreover, dioxins are not part of the
naturally occuring fossil fuel. They are forned in highly conplicated
reacti ons which may occur with unknown frequency during conbustion
Therefore, the em ssions data for dioxins fromutilities, which are the
basi s of exposure npdeling, are considered nore uncertain than the
em ssions data for many of the other HAPs.

For the screening level nmultipathway analysis, the transport,
deposition, nultipathway exposures, and human cancer risks were assessed
for utility em ssions of polychlorinated di benzo-p-di oxi ns (PCDDs) and
pol ychl ori nat ed di benzofurans (PCDFs), collectively referred to as
di oxi ns. Atnospheric deposition of dioxin em ssions can be inportant
because dioxins tend to persist in the environnment and bi oaccunul ate in
the food web. Environnental persistence and bi oaccurul ation, coupl ed
with carcinogenic effects at very low levels, nake nultipathway exposure
an inportant consideration for dioxins.

ES.10.1 Methods

The basic approach for estimting screening | evel nmultipathway
exposures to dioxins was sinmilar to the nethods descri bed above for
nercury and arsenic. However, there were sone differences. The EPA' s
| SCST3 nodel was used to predict deposition and air concentrations of
dioxins within 50 km of each of four nodel plants. Model plants were
sel ected to represent both large and small coal- and oil-fired
utilities. A nodified version of the | EM spreadsheet nobdel was used to
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estimate environnental concentrations, exposures to the environnental
concentrations for 16 hypothetical human scenarios, and the resulting
cancer risks. Pathways assessed include inhalation, dernmal contact with
soil, and ingestion of water, soil, fish, plants, and ani nals.

ES.10.2 Results

Since the anal ysis was based on nodel plants, using hypothetica
scenarios, the results are not applicable to any specific plant and
contain substantial uncertainties about the risks due to dioxin
em ssions. Total nodel ed screening level lifetine cancer risks related
to nulti pathway exposure to dioxins for the four-nodel plant analysis
ranged from1l x 10 to 2 x 10% The results of this analysis indicate
that the exposures and risks due to fish consunption are the highest of
al | pathways considered. The highest nodeled result of 2 x 10*lifetine
cancer risk was obtained for the subsistence fisher exposure scenario.
In all nodel ed scenarios, the non-inhal ati on exposures were at | east one
order of magnitude larger than the inhal ati on exposures, thus
denonstrating the potential significance of including nmultipathway
exposure analysis in the risk assessnents for pollutants that are
environnental |y persistent and tend to bioaccunulate. Also, unlike the
results for arsenic, nodel ed exposures to dioxins for each pat hway
exceed the background exposure estimates for dioxins.

ES.10.3 Uncertainty Di scussion

Several sensitivity analyses were conpleted for the screening
| evel nultipathway assessnent of utility dioxin risks to assess the
reasonabl eness of the results. The assunptions with the greatest inpact
on the predicted risk to the subsistence fisher were those nade about
t he biota-sedi nent accunulation factor. This sensitivity analysis
suggests that the nodeling results are reasonable for a screening |evel
anal ysi s.

ES. 11 MJULTI PATHWAY ASSESSMENT FOR RADI ONUCLI DES

Radi onucl i de emi ssions fromutilities may result in human exposure
fromnultiple pathways including: (1) external radiation exposure from
radi onucl i des suspended in air or deposited on the ground, and (2)

i nternal exposure fromthe inhalation of airborne contam nants or

i ngestion of contam nated food. The CAP-93 nodel was used to estinate
mul ti pat hway exposures and risks due to radi onuclide enissions to hunans
within 50 kmof all 684 utilities. However, this assessnent did not use
site-specific data for the non-inhal ati on exposure anal ysis, but rather
relied on various generic assunptions and general input data.

Based on the CAP-93 nodeling, 667 of the 684 plants are estinmated
to pose nmultipathway risks less than 1 x 10°°. The hi ghest estinmated
mul ti pat hway radi ati on exposure for the MEl due to radionuclide
em ssions fromutilities was predicted to be 1.5 nillirens (nRens) per
year, which is estimated to pose an increased cancer risk of 3 x 105,
Seventeen plants (13 coal- and 4 oil-fired plants) were estinated to
pose nultipathway risks between 1 x 10°° and 3 x 10®. The esti nated
cancer incidence in the U S., due to em ssions and di spersion of
radi onuclides within 50 km of each utility, is estimted to be 0.3
cancer deaths/yr. The cancer incidence appears to be nostly due to
i nhal ati on exposure. The non-inhal ati on exposures contribute only
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slightly to the incidence. The non-inhal ation exposure pathways have a
greater inpact on the MEls, especially for coal-fired plants.

The risks due to exposure to radionuclides fromutilities are
substantially | ower than the risks due to natural background radiation
The average exposure to natural background radi ati on (excl uding radon)
for the U S. popul ati on has been estimated to be roughly about 100 nRens
per year, which is about 67 times higher than the highest exposure due
to utility radionuclide em ssions.

ES. 12 QUALI TATI VE MJLTI PATHWAY EXPOSURE ASSESSIVENT

The EPA recogni zes that non-inhal ati on exposure pat hways coul d be
i mportant for additional HAPs that are persistent and tend to
bi oaccurmul ate. A few additional HAPs that were not nodel ed for
mul ti pat hway exposures are di scussed bel ow

ES.12.1 Cadnium and Lead

Cadm um emi ssions fromthe vast majority of plants (683 of the 684
plants) are estimated to pose inhalation risks |ess than 10°%, and the
hi ghest nodel ed air concentration of |ead was 200 ti nes bel ow the
national anbient air quality standard (NAAQS). Cadmium and |ead are
persistent, nmay bioaccunul ate, and are toxic by ingestion. However,
since the em ssion quantities and inhalation risks are relatively | ow,
t he EPA does not plan to conduct future eval uations of nulti pathway
exposures of cadnmiumand lead fromutilities.

ES.12.2 Nickel and Chroni um

Ni ckel and chrom um were not considered to be priority for non-
i nhal ati on exposures. At relatively high oral doses, nickel and
chrom um do cause noncancer toxicity. However, there are considerable
uncertainties about the noncancer toxicity of nickel and chrom um at
relatively low ingestion doses (below the toxic threshold). Also, it is
uncertai n whether they pose a carcinogenic risk by ingestion. Hence,
EPA does not plan to assess mnulti pat hway exposures for nickel and
chromumfor utilities.

ES. 13 POTENTI AL | MPACTS OF HYDROGEN CHLORI DE AND FLUCRI DE

No exceedances of the health benchmarks (e.g., RfCs) for HO or HF
were identified in the inhalation exposure assessnent. However,
em ssions of HCL and HF may contribute to acid deposition and, to a
| esser extent to PMfine and visibility problens. To the extent that
t hese enissions may contribute to such problens, they could be addressed
t hrough other Titles of the Act.

ES. 14 ALTERNATI VE CONTRCL AND PREVENTI ON STRATEQ ES

There are nunerous potential alternative control strategies for
reduci ng HAPs. These include preconbustion controls (e.g., fue
swi tching, coal switching, coal cleaning, coal gasification), conbustion
controls, post conbustion controls (e.g., PMcontrols, SO controls),
and approaches that prevent pollution by inmproving efficiency in supply
(e.g., pronoting energy efficiency in conbustion) or demand (e.g.
demand si de nmanagenent [DSM, pollution prevention, energy
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conservation). The degree of feasibility, cost, and effectiveness of
each of these potential control technol ogies varies. For exanple, coa
cleaning tends to renove at | east sone of all the trace netals, with

| ead concentrations being renoved to the greatest extent (averaging
approxi mately 55 percent renoval) and nmercury being renoved the | east
(averagi ng approxi mately 21 percent). Existing PMcontrols tend to
effectively renpve the trace netals (with the exception of nercury)
while FG units renove trace netals less effectively and exhibit nore
variability. Fuel switching (e.g., switching fromcoal to natural gas)
could result in substantial reductions in HAP enissions. There are few
exi sting data that show the HAP reduction effectiveness of DSM
pol l ution prevention, and energy conservation. These control strategies
need to be exanined further for technical and econonic considerations.

ES. 15 OTHER | SSUES AND FI NDI NGS5

ES.15.1 Enissions and Risks for the Year 2010

In addition to the 1990 anal ysis, the EPA al so estimated em ssions
and inhal ation risks for the year 2010. There are substantial data gaps
and uncertainties in the projections to the year 2010. However, the
approach utilized is reasonable given the limtations of data to
conpl ete such projections.

Based on EPA s assessnent for this report, HAP emi ssions from
coal -fired utilities are predicted to increase by 10 to 30 percent by
the year 2010. Predicted changes that were included in the 2010
em ssions projections include the installation of scrubbers for a smal
nunber of facilities, the closing of a few facilities, and an increase
in fuel consunption of other facilities. However, based on EPA' s
exposure nodeling analysis for the year 2010, the inhalation risks in
2010 for coal-fired utilities are estimated to be roughly equivalent to
the 1990 inhalation risks. For oil-fired plants, enissions and
inhal ation risks are estinmated to decrease by 30 to 50 percent by the
year 2010. Miltipathway risks for 2010 were not assessed. Uilization
of add-on controls to conply with the acid rain programare not expected
to significantly inpact on HAP enissions due to their linmted nunbers
and linmted HAP control efficiency inprovenment. However, if additiona
actions are taken to reduce enissions of criteria pollutants, acid rain
precursors, or global warmnm ng conpounds (e.g., use of fuel switching or
add-on controls to reduce SQ, NQ, and/or carbon di oxide enissions),
these actions could result in reductions in HAP enm ssions. For exanpl e,
anal yses performed to assess conpliance with the revi sed NAAQS for ozone
and PMindicate that nmercury em ssions in 2010 nay be reduced by
approxi mately 16 percent (11 tpy) over those projected in this report.
O her potential (but unknown) actions (e.g., repowering, restructuring)
may have a significant inpact on HAP enissions; however, these unknowns
were not included in the 2010 projection

ES. 15.2 Peer Review

Draft versions of Chapters 1 through 9 and 13 of this report and
draft technical support docunents were reviewed by many non- EPA
scientists representing industry, environnental groups, academ a, and
other parties. Chapters 10, 11, and 12 are new chapters produced in
response to nmajor coments fromthe reviewers. EPA held a scientific
peer review neeting and also a public neeting in July 1995 to obtain

ES- 24



comments fromreviewers. |In February, April, and Septenber 1996, al
sections of the draft report underwent additional review by EPA, State
and | ocal Agencies, and other Federal Agencies. Additional review
occurred during 1997. The EPA has revised the report, as appropriate,
based on the reviewers’ comments. However, there were several coments
that could not be fully addressed because of linmtations in data,

nmet hods, and resources. |In addition, there were sone comments that EPA
did not agree with. Also, the new chapters (10 to 12) have only
undergone a limted review. Draft versions of this report, along with
all the comments received, have been submitted to the public docket (A-
92-55) at the followi ng address: U S. EPA, Air and Radi ati on Docket and
Information Center, mail code 6102, 401 M Street, S.W, Wshington, D.C
20460; tel ephone nunber (202) 260-7548. Materials are available for
public review at the docket center or copies may be mailed (for a fee)
on request by calling the above nunber

ES.15.3 lndustry Report

If alternative nethods and assunptions were used to study the HAP
em ssions fromutilities, the results would likely be sonmewhat
different. To assess the inpact of using alternative assunptions and
net hods, it is useful to conpare the EPA study with a simlar study
conpl eted by the EPRI

The EPRI prepared a report, entitled “Electric Wility Trace
Subst ances Synt hesis Report,” (Novenber 1994) that paralleled the EPA s
study. Many of the sane enissions data were used and sinmilar risk
assessnent nethods were utilized. The EPRI study concluded that cancer
i nhal ation risks are below 1 x 10°® for all utilities, and noncancer
i nhal ation risks are well bel ow Federal threshold |evels for al
utilities. Population inhalation risks were deternmined by the EPRI to
be insignificant (less than 0.1 cancer case/year). Case studies at four
plants found that nmultinmedia risks, including nercury, are below |l evels
of concern.

The EPRI's risk estinmates are generally simlar to, but in severa
cases | ower than, those of EPA. D fferences between the studies
include: (1) EPA s use of a higher unit risk factor for arsenic; (2)
EPA' s assunption that nickel was carcinogenic (EPRI assuned nickel was
not carcinogenic); (3) EPA s eval uation of exposure beyond 50 kmto al
| ocations in the US. (EPR did not attenpt this analysis); (4) EPRI's
radi onucl i de anal ysis was based on several nodel plants, while the EPA
eval uated every plant in the U S.; and (5) the EPRl assuned that
chrom um emi ssions were five percent chronmiumVl (the carcinogenic
fornm, while EPA assuned that 11 percent (for coal-fired plants) and 18
percent (for oil-fired plants) were chromumVl. 1In addition, the EPRI
nmercury nultinedia study considered only the local inpact fromfour
pl ants (not worst-case) and did not include potential inpacts of total
nationwide utility nmercury emissions and contributions to tota
envi ronnent al | oadi ngs.

ES.15.4 Potential Environnental |npacts Not Included in Study

There are other potential environnental issues associated with
utilities not assessed in this report. These include: (1) the inpacts
of criteria pollutants (SO, NQ, PM carbon nonoxide, and ozone) or acid
rain precursors (SO, and NQ), which are studied and regul ated under
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ot her sections of the Act; (2)an assessnent of ecol ogical inpacts of
HAPs; (3) the inpacts of carbon dioxide em ssions and climate; and (4)
the inpacts resulting fromrestructuring, mning, drilling, solid waste
di sposal, transm ssion, transportation, or other activities associated
with electric power generation. These issues and potential inpacts were
not assessed because they were considered beyond the scope of this study
as mandated by Section 112(n) of the Act.

ES.15.5 Link to Particulate Matter

Arsenic, cadm um chrom um |ead, nickel, radionuclides, and
several other HAPs are enmitted primarily as PM Consequently, these
HAPs may contribute to PM em ssions and PM health concerns, especially
frompoorly controlled coal-fired units and uncontrolled oil-fired units

(about two-thirds of oil-fired units are uncontrolled for PM. |Inpacts
for PMwere not addressed in this study, but are being studied under
Title | of the Act. |If additional controls of PM em ssions are

utilized, this could result in reductions in HAP eni ssions.
ES. 16 OVERALL TECHNI CAL SUVMARY AND CONCLUSI ONS

Based on avail able information and current anal yses, the EPA
believes that nercury fromcoal -fired utilities is the HAP of greatest
potential concern and nerits additional research and nmonitoring. There
are uncertainties regarding the extent of risks due to nercury exposures
including those fromutility em ssions. Further research and eval uation
are needed to gain a better understanding of the risks and inpacts of
utility nercury enmissions. |n addition, further research and eval uation
of potential control technol ogies and strategies for nercury are needed.

For a few other HAPs, there also are still sone renaining
potential concerns and uncertainties that nmay need further study.
First, the screening nultipathway assessnents for dioxins and arsenic
suggest that these two HAPs are of potential concern (primarily from
coal -fired plants); however, further evaluations and revi ew are needed
to better characterize the inpacts of dioxins and arsenic em ssions from
utilities. Second, nickel em ssions fromoil-fired utilities are of
potential concern, but significant uncertainties still exist with
regards to the nickel forns emtted fromutilities and the health
effects of those various forns. The inpacts due to HAP em ssions from
gas-fired utilities are negligible based on the results of this study;
therefore, the EPA feels that there is no need for further eval uati on of
the risks of HAP enissions fromnatural gas-fired utilities.

ES. 17 AREAS FOR FURTHER RESEARCH AND ANALYSI S

There are many uncertainties and data gaps descri bed t hroughout
this report. This section sumarizes several inportant areas in which
further research or scientific work may be needed.

ES.17.1 Enissions Data for Dioxins

Eni ssions data for dioxin conpounds were available fromless than
12 utility plants. Many of the neasurenents were near the detection
limts. Therefore, there are greater uncertainties with the dioxin
em ssions than for the other HAPs. Research nay be needed to gain a
better understanding of the dioxin enmissions fromutilities and the
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dioxin formation, if any, in various utility boiler types (e.g., units
with col d-side or hot-side ESPs).

ES.17.2 Speciation of N ckel

There are significant uncertainties regarding the forns of nicke
emtted fromoil-fired utilities and their associated health effects.
Research woul d be useful to determine the enissions quantities of
various nickel forns and the health effects of various nickel forns.

ES.1.7.3 Miltipathway Ri sk Assessnent
Further work may be needed to better characterize the risks due to
mul ti pat hway exposure to certain HAPs (e.g., arsenic and dioxins).

ES.17.4 Local, Regional, and Long-range Transport Exposures

Further nodeling and eval uati on nmay be needed to better
characterize the inpacts of |local, regional, and | ong-range transport of
HAPs fromutilities.

ES.17.5 DMercury
There are nunerous areas regarding nercury that may need further

research, study, or evaluation. A few potential areas for further study
i nclude the follow ng:

(1) addi tional data on nmercury content of various types of coal
(2) i mproved nethods for neasuring nercury |levels in water

(3) the i npact of reducing nercury enissions fromcoal-fired
facilities on the bioaccurulation of nmercury in fish

(4) statistically valid and reliable estimtes of nethyl nercury
exposure levels in the U S. popul ation and susceptible
subpopul ati ons, as neasured in human hair;

(5) t he occupational, dietary and behavioral factors that affect
nercury exposures for people who are deternmined to be exposed
above a threshold of concern;

(6) the human health and environnental benefits that would be
expected by reducing nercury emssions fromU. S. utilities;

(7) control technologies or pollution prevention options that are

available, or will be available, that could potentially
reduce nmercury em ssions and what are the costs of those
opti ons;

(8) how do ot her regul ations, progranms and activities (e.g., acid
rain program electricity restructuring, NAAQSs, and clinate
change) affect mercury enissions; and

(9) additional data on nmercury em ssions (e.g., how nmuch is
emtted fromvarious types of units, how nuch is divalent vs
el enental nercury, and how do factors such as conrol devi ce,
fuel type, and plant configuration affect enissions and
speci ation).
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Several additional uncertainties and potential areas for further
research on nercury are discussed in other sections of this report.

ES.17.6 Projections to the Year 2010

There are significant uncertainties and unknowns in the enissions
and risk projections made to the year 2010 (e.g., inpact of electricity
restructuring; inpact of State efforts to regul ate such restructuring;
i mpact of any climate change abatenent initiatives). Research and
eval uation in these areas may be needed.

ES.17.7 Ecological Risks

The effects of HAPs on wildlife, endangered species, and
terrestrial and aquatic ecosystens were not evaluated in this study.
Al t hough not mandated by section 112(n)(1)(A), further evaluation of
ecol ogi cal risks due to HAP enissions would be needed to fully eval uate
the inpacts of utility HAP em ssions.

ES.17.8 Criteria Pollutant and Acid Rain Prograns

Further evaluation is needed to assess the inpacts of the Acid
Rain and Criteria Pollutant prograns (e.g., inpact of revisions to the
PMfine and ozone NAAQS; inpact of Ozone Transport Assessnent G oup
[OTAG activities) on HAP enissions, especially for nercury.
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