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Chapter 1
EXECUTIVE SUMMARY

This Regulatory Impadhnalysis (RIA) presents the health and welfare benefits, costs,
and othermpacts of the proposed Toxics Rule (the Utility MACT and NSPS proposals) in 2016

1.1 Key Findings

This proposed rule will reduce emissions of Hazardous Air Pollutants (HAPinglu
mercury fromthe electrigpower industry. As a cbenefit, the emissions of certain PM
precursors such as 2@ill also decline. EPA estimates thhis proposed rule wilield annual
monetizedbenefits (in2007) of between $9 to $140billion using a 3% discount rate and35
and $13illion using a 7% diszunt rate. The great majority othe estimateare attributable to
co-benefits fronreductions in PMs-related mortality The annual social costs are $10.9 billio
(2007%)and the annual qutified net benefits are 4o $130 billion using 3% discount rate or
$42 to $120 billion using a 7% discount rat€he benefits otweigh costs by between 5 to 1 or
13 to 1 depending on the benefit estimate and discount rate Tlkedo-benefitsare
substantially attributable to the&)0 to 17,00Gewer PM s -related premature mortalities.
There are some costs and important benefits that EPA could not mpeetiaeas those for the
HAP being reduced by this proposed rule other than mertygn cosidering these limitations
and uncertainties, it remains clear that theebies of the proposed Toxi¢®ule are substantial
and far outweigh the costs. The annualized private compliance costgptmtbeindustry in
2015 are $10.9 billion (2007$). Emplment impacts associated with the proposed rule are
estimated to bemall Effective policies to support engse energy efficiency investments can
reduce compliance costs and lessen impacts on electric rates and bills. In 2015, annualiz
private compliance costs to the industry mr@ucedoy $0.3 billion (2007$) under athustrative
energy efficiency scenario.

D
o

The benefits and costs in 20@6the proposed rule are in Tablell

! This is based on tillustrative energy efficiency sensitivity analysis discussed in Section 8.13 and Appendix D.
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Table1-1. Summary of EPAOGs EE&dsts, anralNet BendfittoftBee nef i t s,
Proposed Toxics Rule in 201%(billions of 2007$)

Description Estimate Estimate
(3% Discount Rate) (7% Discount Rate)
Social cost} $10.9 $10.9
Social benefits $59to $140+ B $53t0 $13 + B
Net benefits (benefitsosts) $48to $130 $42 to $120

All estimates are rounded to two significaligits and represent annualized benefits ants@#icipated for the

year 2016 For notational purposes, unquanti fied benefits
additional monetary benefits and disbenefits. Data limitations preventeshusgjiantifying these endpoints, and

as such, these benefits are inherently more uncertain than those benefits that we were able to quantify. A listing of
health and welfare effects is provided in Tablg Estimates here are subject to uncertaintiesudssd further in

the body of the document.

The reduction in premature mortalities account for over 90% of total monetized benefits. Valuation assumes
discounting over the SABecommended 20ear segmented lag structure ddsedi in Chapter .6 Results riéect

3 percent and 7 percent discount rates consistent with EPA and OMB guidelines for preparing economic analyses
(U.S. EPA, 2000; OMB, 2003).

Social costs are estimated using the MultiMarket model, the model employed by EPA in this RIA to estimate
economic impacts of the proposal to industries outside the electric power sé@ttisrmodel does not estimate
indirect impacts associated with a regulation such as thisetils on the social cost estimates can be found in
Chapter 9 and Appendk of this RIA.

Potential benefit categories that have not been quantified and monetized are listed iR5rable 1
1.1.1 Health Benefits

The proposed ToxicRule is expected to yield significant health benefits by reducing
emissiongot only of HAP such as mercury, but also significanbeaoefits due to reductions in
direct fine particles and itwo key contributors to fine particle formation. Sulfur dioxide
contributes to the formation of fine particle pollution () and nitrog@n oxide contributes to
the formation of PMs.

Our analyses suggesitis rule would yield benefits in 2016 of $f $140 billion (based
on a 3 percerdiscount rate) and $80 $130 billion (based on a 7 percent discount raiié)is
estimate reflects the economiglueof a range of avoided health outcomes, including 510 fewer
mercuryrelated 1Q points lost as well as a variety of avoided Ridlated impacts, including
6,800 to 17,000 prentare deaths, 11,000 nonfatal heataeks, 5,80 hospitalizations for
respiratoryand cardiovascular diseases, 850,000 lost work days amadilBoh days when adults
restrict normal activities because of respiratory symptoms exacerbated,gy T8 rule is also
likely to produce signifiant ozoneelated benefits, which we were unable to quantify in the RIA
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due to the limitations of the scaling approach used to estimate benefits; further details may be
found in the benefits chapter.

We also estimate substantial additional health imprevesnfor children from reductions
in upper and lower respiratory ilinesses, acute bronchitis, and asthma attacks. Se€Table 1
a list of the annual reduction health effects expected in 2046d Table 13 for the estimated
value of those reductions

We also include in our monetized benefits estimates the effect from the reduction in CO
emissions that is an outcome of this proposal. We calculate the benefits associated with these
emission reductions using the social cost of carbon (SCC) apperaapproach that has been
used to estimate such benefits in several recent rulemakings (e.g., proposed Transport Rule, final
industrial boilers major and source area sources rules).

1.1.2 Welfare Benefits

The termwelfare benefiteovers both environméal and societal benefits of reducing
pollution, such as reductions in damage to ecosystems, improved visibility and improvements in
recreational and commercial fishing, agricultural yields, and f@restuctivity.



Table 1-2. Estimated Reduction in Incidence of Adverse Health Effects in 2016 for the

Proposed Toxics Rul@”

Health Effect Eastern U.S. Western U.S. Total
Mercury -Relatedendpoints
IQ Points Lost 510.8
PM-Related endpoints
Premature death
6,700 120 6,800
Laden et al. (2006) (age 17,000 300 17,000
>25) (7,900 26,000) (140 470) (8,1000 27,000)
29 1 30
Infant (< 1 year) (-325 90) (-13 2) (-335 92)

. " 4,400 97 4,500
Chronic bronchitis (1508 8,600) (35 190) (1508 8,800)
Non-fatal heart attacks (age > 11,000 190 11,000
18) (2,700 18,000) (485 330) (2,7006 19,000)
it 1,600 24 1,700

piratory (6508 2,600) (105 39) (6608 2,600)
(all ages)
Hospital admissiores 3,500 50 3,600
cardiovascular (age > 18) (2,500 4,200) (350 61) (2,500 4,200)
i?ﬁrrng:ncy room visits for 6,900 52 6,900
(age < 18) (3,50008 10,000) (2786 78) (3,6006 10,000)
Acute bronchitis 10,000 250 11,000
(age 812) (-2,30® 23,000) (-570 560) (-2,4000 23,000)
Lower respiratory symptoms 120,000 3,000 130,000
(age7-14) (47,00 200,000) (1,10® 4,800) (48,00 200,000)
Upper respiratory symptoms 93,000 2,300 95,000
(asthmatics age-98) (17,000 170,000) (42® 4,100) (18,00 170,000)
Asthma exacerbation 110,000 2,700 120,000
(asthmatics 6.8) (4,0005 380,000) (960 9,300) (4,005 390,000)
Lost work days 830,000 20,000 850,000
(ages 1865) (710,00® 960,000) (17,00 22,000) (720,00® 980,000)
Minor restrictedactivity days 5,000,000 110,000 5,100,000

(ages 1855) (4,000,008 5,900,000) (94,0005 140,000)  (4,100,00® 6,000,000)

#Estimates rounded to two significant figures; column values will not sum to total value.
® The negative estimates for certain endpoints are the result of the weak statistical power of the study use

calculate these health impacts and do not suggest that increases in air pollution exposure result in decr
health impacts.
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Table 1-3. Estimated Monetary Value of Reductions in hcidence of Health and Welfare

for the Proposed Toxics Rule (in billions of 2008$)

Health Effect

Eastern U.S.

a,b,c

Western U.S.

Total

Avoided 1Q Loss Associated with Methylmercury Exposure from-Salfight Fish

Consumption among Recreational Anglers

3% discount rate

$0.004- $0.006

7% discount rate $0.000005 $0.000009
Adult premature death (Pope et al. 2002 PM mortality estimate)
. $53 $0.9 $54
0,
3% discount rate PMzs ($426 $160) ($0.18 $2.8) ($435 $160)
. $48 $0.8 $48
0,
7% discount rate PMz s ($385 $140) ($0. 1B $2.5) ($3.85 $150)
Adult premature death (Laden et al. 2006 PM mortality estimate)
. $140 $2.4 $140
0,
3% discount rate PMzs ($125 $390) ($0.2 $6.9) ($125 $400)
. $120 $2.2 $120
0,
7% discount rate PMzs ($113 $350) ($0.2 $6.3) ($115 $360)
$03 $0.3
Infant premature death PM, s ($0.3 $12) <$0.01 ($:0.3 $1.2)
. N $21 $0.05 $2.1
Chronic Bronchitis PMzs ($0.15 $96) (<$0.06 $0.2)  ($0.15 $98)
Non-fatal heart attacks
) $12 $0.02 $1.2
0,
3% discount rate PMzs ($0.B $29) (<$0.0B $0.05)  ($0. $29)
. $1.1 $0.02 $12
0,

7% discount rate PMzs ($0.7B $28) (<$0.0B $0.03) (3023 $29)
Hospital admissioris $0.02
respiratory PM: 5 <$0.01 <30.01 ($0. 0B $0.03)
Hospital admissiorts $0.1
cardiovascular PMz.s <$0.01 <$0.01 ($0.0% $0.14)
Emergency room visits for
asthma PM.s <$0.01 <$0.01 <$0.01
Acute bronchitis PM, 5 <$0.01 <$0.01 <$0.01
Lower respiratory symptoms PM, 5 <$0.01 <$0.01 <$0.01
Upper respiratory symptoms PM,s <$0.01 <$0.01 <$0.01
Asthma exacerbation PM,s <$0.01 <$0.01 <$0.01

$0.1 $0.1
Lost work days PM; 5 ($0.15 $0.1) <$0.01 ($0.16 $0.1)

. . o $0.3 $0.3
Minor restrictedactivity days PM; 5 ($0.2 $0.5) <$0.01 ($0.5 $0.5)
Social cost of carbon (3% co, $0.57

discount rate, 2016 value)
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Table 1-3. Estimated Monetary Value of Reductions in hcidence of Health and Welfare
for the Proposed Toxics Rule (in billions of 208$)*" (continued)

Health Effect Eastern U.S. Western U.S. Total

Monetized total Benefits

(Pope etl. 2002 PM s mortality estimate)

3% discount rate ($4.6$é§5?$170) ($0_]§1$3_1) ($4.6$859$180)

7% discount rate ($4. 1$85%$160) ($O.?§§2.8) ($42%5§160)
(Laden et al. 2006 PM mortality estimate)

3% discount rate ($1§51?s?110) ($o.¥g7.2) ($1§}51é310)

7% discount rate ($1i$513$9370) ($O.¥§6.6) ($1%13$0370)

@ Estimates rounded to two significant figures. The negative estimates for certain endpoints are the resu
weak statistical power of the study used to calculate these health impacts and do not suggest that inc
air pollution exposure result decreased health impacts. Confidence intervals reflect random sampling
and not the additional uncertainty associated with benefits scaling described above.

! The national scale assessmesriducted for the RlAocuses on the exposures to methylmercury in
populations who consume sebiught freshwater fish (recreational fishers and their famésgsecially
womenof child-bearing age Benefitsreflect estimatedvoided 1Q loss fochildren, as projected based o
fertility rates applied to the women of chitetaring age, amoragl recreational freshwater anglers in the 4¢
contiguous U.S. states.

2As noted in chapter 5, monetized benefits estimates are for an immediate change in MeHg levels in fisl
the poential lag period associated with fully realizing fish tissue MeHg levels was not reflected in bene
modeling). If a lag in the response of MeHg levels in fish were assumed, the monetized benefits coulc
significantly lower, depending on the lengthtloé lag and the discount rate used. As noted in the discus
of the Mercury Maps modeling, the relationship between deposition and fish tissue MeHg is proportiot
equilibrium, but the MMaps approach does not provide any information on the tiroerkgponse.

®Monetized benefits estimates reported here are for the implementation year: 2016. As such, certain he:
endpoints that take years to manifest, such as avoided IQ loss from MeHg prenatal exposure, may nc
quantified in the analysis year.

Figurel-1 summarizes an array of BMrelated monetized benefits estimates based on
alternative epidemiology and expekerived PMmortality estimate

Figure 22 summarizes the estimated net benefits for the proposed rule by displaying all
possible combinatios of PM and ozoreelated monetized benefits and costs. Each of the 14
bars in each graph represents a separate point estimate of net benefits under a certain
combination of cost and benefit estimation methods. Because it is not a distribution, it is not
possible to infer the likelihood of any single net benefit estimate.
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Figure 1-2: Net Benefits of the Toxics Rule Acording to PM, s Epidemiology or Expert-
derived Mortality Risk Estimate®

1.2  Not All Benefits Quantified

EPA was unable to quantify or monetize all of the health and environmental benefits
associted with the proposed Toxi€alle. EPA believes these unquantified benefits are
substantial, including theverall value associated with HAP reductioveslue of increased
agricultural crop and commercial forest yields, visibility improvemeamdyeductions in
nitrogen and acid deposition and the resulthgnges in ecosystem functiongable 14
provides dist of these benefits.
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Table 1-4: Human Health and Welfare Effects of Politants Affected by the ToxicsRule

Pollutant/
Effect

Quantified and monetized in base estimate

Unquantified

PM:
health®

Premature mortality based on cohort study

estimate®and expert elicitation estimates
Hospital admissions: respiratory and
cardiovascular

Emergency room visits for asthma

Nonfatal heart attacks (myocardial infarctions)

Lower and upper respiratory illness

Minor restricted activity days

Work loss days

Asthma exacerbations (among asthmatic
populations

Respiratory symptoms (among asthmatic
populations)

Infant mortality

Low birth weight, preterm birth and other
reproductive outcomes

Pulmonary function

Chronic respiratory diseases other than chronic
bronchitis

Non-asthma respiratory emergency room visits

UVb exposure (+)°

PM:
welfare

Visibility in Class | areas in SE, SW, and CA
region§

Household soiling

Visibility in residential areas

Visibility in non-class | areas amdass 1 areas in
NW, NE, and Central regions

UVb exposure (+)°

Global climate impacts

Ozone:
health

Premature mortality based on shtatm study
estimates

Hospital admissions: respiratory

Emergency room visits for asthma

Minor restrictedactivity days

School loss days

Chronic respiratory damage
Premature aging of the lungs
Non-asthma respiratory emergency room visits

UVb exposure (+)°

Ozone:
welfare

Decreased outdoor worker productivity

Yields for:

--Commerciaforests

--Fruits and vegetables, and

--Other commercial and noncommercial crops

Damage to urban ornamental plants

Recreational demand from damaged forest
aesthetics

Ecosystem functions

UVb exposure (+)°

Climate impacts

NOz:
health

Respiratory hospital admissions
Respiratory emergency department visits
Asthma exacerbation

Acute respiratory symptoms

Premature mortality

Pulmonary function
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Commercial fishing and forestry from acidic
deposition effects
Commercial fishing, agriculture and forestry from
nutrient deposition effects
NOx: Recreation in terrestrial and estuarine ecosysterr
welfare from nutrient deposition effects
Other ecosystem services and existence values
currently healthy ecosystems
Coastakutrophication from nitrogen deposition
effects

Respiratory hospital admissions
Asthma emergency room visits
SO Asthma exacerbation
health Acute respiratory symptoms
Premature mortality
Pulmonary function

Commerciaffishing and forestry from acidic
deposition effects

\?vg):‘ére Recreation jn terres';r!al and aquatic ecosystems
from acid deposition effects
Increased mercury methylation
Impaired cognitive development
Problems with language
Mercury: Abnorr_nalsocial development
health Potential for fatal and nefatal AMI (heart
attacks)
Association with genetic effects
Possible autoimmunity effects in antibodies
Mercury: Neurolo_gica] beha\_/iora_ll, .repro_ducti\./e and
welfare ' survival effects in wildlife (birds, fish, and

mammals)

A In addition to primary economic endpoints, there are a number of biological responses that have been ass
with PM health effects including morphological changes and altered host defense mechanisms. The public
impact of these biological respges may be partly represented by our quantified endpoints.

B Cohort estimates are designed to examine the effects of long term exposures to ambient pollution, but rele
estimates may also incorporate some effects due to shorter term exposukam@eet al., 200for a discussion
of this issue). While some of the effects of short term exposure are likely to be captured by the cohort estim
there may be additional premature mortality from short term PM exposure notechipttine cohort estimates
included in the primary analysis.

€ May result in benefits or disbenefits.

P visibility -related benefits quantified in air quality modeled scenario, but not the revised scenario.

The total benefits reported in Tableldo not reflect visibility benefits.

1.3 Costs, Economic, and Employment Impacts

The projected annual incremental private sadtthe proposed Toxics Rule theelectric
power industy are $10.9 billion in 2015These costs represent the total cost to the electricity
generating industry of reducingAP emissions to meet the emissions lisnitet out in the rule.
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Estimates are in 200ollars. These costs of the rule are estimated using the Integrated Planning
Model (IPM).

There are several national changes in energy prices that result from the proposed Toxics
Rule. Retall electricity prices are projected to increase nationally by an average of 3.7% in 2015
with the proposed Toxics Rule. On a weighted averagebonsumer natural gas price
impacts are anticipated to range fror6%.to 1.3% based on consumer class in response to the
proposed Toxics Ruleetween 2015 and 2030

There are several other types of energy impacts associated with the propossed Toxic
Rule. A small amount of codired capacity, about 9.9 GW (3 percent of all efi@d capacity
and 1 percent of all generating capacity in 2015), is projected to be uneconomic to maintain.
These units are predominantly sreaindlessfrequentlyused generating units dispersed
throughout the area affected by the rulecurrent brecasts oéithernatural gas prices or
electricity demandvere revised in the future to be higher, tivauld create a greater incentive to
keep these unitsperational. Coal production for use in the power sector is projected to decrease
by less than 2 percent by 2015, and we expect slightly reduced coal demand in Appalachia and
the West with the proposed Toxics Rule.

Effective policies to support engseenergy efficiency investments can reduce
compliance costs, lessen impacts on electric rates and bills, and reduce the need for new
capacity. In 2015 and 2020, annualized private compliance costs to the industry are reduced by
$0.3 billion (2007$) and $1 Hillion, respectively, under an energy efficiency scenario.
Furthermore, the impacts of the Toxics Rule on retail electricity prices are reduced by 0.04
cents/kWh and 0.38 cents/kWh in 2015 and 2020, respectively, and the need for new capacity is
reducedby 0.3 GW and 8.5 GW, respectively, in 2015 and 2020 under an energy efficiency
scenario.

In addition to addressing the costs and benefits of the proposed Utility Air Toxics Rule
(Toxics Rule), EPA has estimatadgortion ofthe employment impacts of thigslemaking We
have estimated two types of impacts. One provides an estimate of the employment impacts on
the regulated industry over time. The second covers thetehortemployment impacts
associated with the construction of needed pollution coatoipment until the compliance date

of the regulation. We expect that the ruleds

net) result in an increase in employment.
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The approaches to estimate employment impacts use different analytical techndjues
are applied to different industries during different time periods, and they use different units of
analysis. No overlapping estimates are summed. Estimates from Morgenstern et al. (2002) are
used to calculate the ongoing annual employment impactedaegulated entities (the electric
power sector). The short term estimates for employment needed to design, construct, and install
the control equipment in the three or four year period before the compliance date are also
provided using an approachathestimates employment impacts for the environmental protection
sector. Finally some of the other types of employment impacts that will be ongoing are
estimated but not summed because they omit some potentially important categories.

In Table 15, we shev the employment impacts of the Toxics Rule as estimated by the
environmental protection sector approach and by the Morgenstern approach.

Table 1-5. Estimated Employment Impact Table

Annual (reoccurring) One time (construction
during compliance period)
Environmental Protection Not Applicable 30,900
Sector approach*
Net Effect on Electric Utility | 9,000** Not Applicable

Sector Employment from -17, 000 to +35,000****
Morgenstern et al.
approach***

*These ondime impacts on employment are estigthin terms of jokyears.
**This estimate is not statistically different from zero.

**These annual oreoccurringemployment impacts are estimated in terms of production workers as defined by the
US Census Bureauds Annual Survey of Manufacturers (AS

** *% 950 confidence interval

1.4  Small Entity and Unfunded Mandates Impacts

After preparing an analysis of small entity impacts, EPA cannot certify that this proposal
will not have a no SISNOSE (significant economic impacts on a substantial number of small
entities). Of the 83 small entities affected, 59 arejeded to have costs greater thapekcent
oftheirrevenuesEP A6 s deci sion t o e xNMdgawdtecapaaty\¥sas s mal | e
per the requirements of the Clean Air Aets already sigridantly reduced the burden on small
entities and EPA patrticipated in a Small Business Regulatory Enforcement Fairness Act
(SBREFA) to examine ways to mitigate the impact of the proposed Toxics Rule on affected
small entities
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EPA examined the potentiatonomic impacts on state and municipadityned entities
associated with this rulemaking based on assumptions of how the affected states will implement
control measures to meet their emissions. These impacts have been calcyleied¢o
additional une@rstanding of the nature of potential impacts and additional information.

Accord ng t o EPAOGs gomeanmgnsentisies consideread im ¢lts,may
experience compliance costs in exceks$ percent of revenues in 2QI1&ased on our
assumptions of how the affected states implement control measures to meet their emissions
budgets as set forth in this rulemaking.

Government entities projected to experience compliance costs in excess of 1 percent of
revenuesnayhave some potential forghificant impact resulting fronmplementation of the
ToxicsRule.

1.5 Limitations and Uncertainties

Every analysis examining the potential benefits and costs of a change in environmental
protection requirements is limited to some extent by data gapigtions in model capabilities
(such as geographic coverage), and variability or uncertainties in the underlying scientific and
economic studies used to configure the benefit and cost models. Despite the uncertainties, we
believe this benefitost analgis provides a reasonable indication of the expected economic
benefits and costs of the proposed Toxics Rule.

For this analysis, such uncertainties include possible errors in measurement and
projection for variables such as population growth and baseligeince rates; uncertainties
associated with estimates of futyyear emissions inventories and air quality; variability in the
estimated relationships between changes in pollutant concentrations and the resulting changes in
health and welfare effects;@uncertainties in exposure estimation.

Below is a summary of the key uncertainties of the analysis:
Costs

A Analysis does not capture employment shifts as workers are retrained at the same
company or reemployed elsewhere in the economy.

A We do not inclde the costs of certain relatively small permitting costs assdciate
with Title V that new prograrantrants face.
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A Technological innovation is not incorporated into these cost estimétes, these
cost estimates may be potentially higher than what roayran the future, all other
things being the same.

Benefits

A The mercury concentration estimates for the analysis come from several different
sources

A The mercury concentration estimates used in the model were based on simple
temporal and spatial averagefsreported fish tissue samples. This approach assumes
that the mercury samples are representat:i
same HUC 12) in similar watieodies (i.e., rivers or lakes).

A Statelevel averagefor fishing behavior of recreatiohanglersare applied to each
modeled census tract in the statdjch does not refleatithin-state variation in these
factors.

A Application ofstatelevel fertility rates to specific census tracts (and specifically to
women in angler households.

A Applying the statdevelindividual level fishingparticipation rateto approximate the
household fishing ratesonditions at a block level

A Populations are only included in the modehey are within a reasonable distance of
a waterbody with fish tissue MeHgmples. Thisapproach undercounts the exposed
population (by roughly 40 to 45%) atehds to underestimates of national aggregate
baseline exposures and risks and underestimates of the risk reductions and benefits
resulting from mercury emission reductions

A Assumption oB g/dayfish consumption rattr the general population in freshwater
angler households

A The doseresponse model used to estimate neurological effects on children because of
maternal mercury body burdéas several important uncertaintiggluding
selection of 1Q as a primary endpoint when there may be other more sensitive
endpoints, selection of the blodokhair ratio for mercury, and the desesponse
estimates from the epidemiological literatu@antrol forconfoundng from the
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potertially positive cognitive effects of fish consumption and, more specifically,
omegagd fatty acids.

Valuationof 1Q lossesusing a lost earning approach has several uncertainties,
including (1) there is a linear relationship between 1Q changes and natgsarn
losses, (2) the unit value applies to even very small changes in 1Q, and (3) the unit
value will remain constant (in real present value terms) for several years into the
future. Each unit valubr 1Q losses has twmain sources of uncertainty). The
statistical error in thaverage percentage changearnings as a result of IQ changes
and (2)estimates of average lifetime earnings and costs of schoMos}.of the
estimated PMrelated benefits in this rule accrue to populations exposedhbemhi
levels of PM s Of these estimated Pklated mortalities avoided, abd2@% occur
among populations initially exposed to annual mean £&vel of 10 pg/m and
about80% occur among those initially exposed to annual meapsfdel of 7.5

ug/nt ; these are the lowest air quality levels considered in the Laden et al. (2006)
and Pope et al. (2002) studies, respectively. This fact is important, because as we
estimate PMrelated mortality among populations exposed to levels of Rvat are
successigly lower, our confidence in the results diminishes. However, our analysis
shows that substantial portioaf the impacts occur at higher exposures.

There are uncertainties related to the health impact functions used in the analysis.
These include: withm study variability; across study variation; the application of
concentratiorresponse (€R) functions nationwide; extrapolation of impact functions
across population; and various uncertainties in #i fGnction, including causality
and thresholds. Thefore, benefits may be under overestimates.

Analysis is for 26, and projecting key variables introduces uncertainty. Inherent in
any analysis of future regulatory programs are uncertainties in projecting atmospheric
conditions and source level esmions, as well as population, health baselines,

incomes, technology, and other factors.

This analysis omits certain unquantified effects due to lack of data, time and
resources. These unquantified endpoints include other health and ecosystem effects.
EPA will continue to evaluate new methods and models and select those most
appropriate for estimating the benefits of reductions in air pollution. Enhanced
collaboration between air quality modelers, epidemiologists, toxicologists, ecologists,
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and econongits should result in a more tightly integrated analytical framework for
measuring benefits of air pollution policies.

PM, s mortalitybenefits represent a substantial proportion of total monetized benefits
(over 90%), and these estimates have followingdssumptions and uncertainties.

. The PMs-related benefits of the alternative scenarios were derived through a benefit
perton approach, which does not fully reflect local variability in population density,
meteorology, exposure, baseline healtidence rates, or other local factors that

might lead to an oveestimate or undegstimate of the actual benefits of controlling

SO

. We assume that all fine particles, regardless of their chemical composition, are
equally potent in causing prematurertadity. This is an important assumption,
because Pl produced via transported precursors emitted from EGUs may differ
significantly from direct PMsreleased from diesel engines and other industrial
sources, but no clear scientific grounds exist fgp®rting differential effects
estimates by particle type.

. We assume that the health impact function for fine particles is linear within the range
of ambient concentrations under consideration. Thus, the estimates include health
benefits from reducing feparticles in areas with varied concentrations o PM
including both regions that are in attainment with fine particle standard and those that
do not meet the standard down to the lowest modeled concentrations.

. To characterize the uncertainty in thé&at®nship between Pptand premature

mortality, we include a set of twelve estimates based on results of the expert
elicitation study in addition to our core estimates. Even these multiple
characterizations omit the uncertainty in air quality estim#éi&seline incidence

rates, populations exposed and transferability of the effect estimate to diverse
locations. As a result, the reported confidence intervals and range of estimates give
an incomplete picture about the overall uncertainty in the Je&8imates. This
information should be interpreted within the context of the larger uncertainty
surrounding the entire analysis.
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Chapter 2
INTRODUCTION AND BAC KGROUND

2.1 Introduc tion

2.1.1 Backgroundfor Proposed Toxics Rule

2.1.2 NESHAP

This action proposes NESHAP for new and existing-caad oitfired electric utility
steam generating units (EGUs) meeting the definition found in CAA section 112(a)(8). EPAis
proposing these standards to meet its statutory obligation to address Hesibasirom these
sources under CAA section 112(d). The proposed NESHAP for new and existingrzbalt
fired EGUs will be proposed under 40 CFR part 63, subpart UUUUU.

On December 20, 2000 (65 FR 79825), EPA determined that regulation-céucdali-
fired EGUs under CAA section 112 was appropriate and necessary, in accordance with CAA
section 112(n)(1)(A). EPA at the same time added ewal oilfired EGUSs to the list of
industries requiring regulation under CAA section 112(d). The Decembeig00§ triggered
the deadline established by Congress in CAA section 112(c)(5) under which EPA has two years
from the date of Iisting in which to promulga
section. o

In 2002, EPA initiated a CAA section 11 (standard setting process for eaaid oit
fired EGUs, and on January 30, 2004, propd3Ad section 112(d) standards for mercury (Hg)
emissions from codired EGUs and nickel (Ni) emissions from-filed EGUs, and, in the
alternative, proposed to rewe EGUs from the CAA section 112(c) list based on a finding that it
was neither appropriate nor necessary to regulate EGUs pursuant to CAA section 112. EPA
never finalized the proposed CAA section 112(d) standard. The removal of EGUs from the CAA
sectin 112 list was challenged in the United States (U.S.) Court of Appeals for the District of
Columbia Circuit (D.C. Circuit Court)The Agency finalized the CAA section 111 alternative,
after taking and responding to extensive public comments on both setgiatory options, by
issuing a ddisting rule (Section 112(n) Revision Rule; 70 FR 15994; March 29, 2005) and a
final rule (Clean Air Mercury Rule, CAMR) establishing Hg emissions standards fofirezhl
EGUs under CAA section 111 on May 18, 2005 FR028606).
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Petitions for reconsideration were filed by a number of parties in summer 2005. EPA
responded to the petitions with a final notice of reconsideration on June 9, 2006 (71 FR 33388).
Petitions for judicial review were filed on November 29, 2096Environmental Petitioners; the
National Congress of American Indians and Treaty Tribes; ARIPPA; American Coal for
Balanced Mercury Regulations, et al.; United Mine Workers of America; Alaska Industrial
Development and Export Authority; the States eilNJersey, California, Connecticut,

Delaware, lllinois, Maine, Maryland, Massachusetts, Michigan, Minnesota, New Hampshire,
New Mexico, New York, Pennsylvania, Rhode Island, Vermont, and Wisconsin; and the City of
Baltimore, MD State of New Jersey, et,al. EPA, 517 F.3d 574)

On February 8, 2008, the D.C. Circuit Court vacated the Section 112(n) Revision Rule
(State of New Jersey, et al., v. EPA, 517 F.3d,5%) subsequently denied rehearing and
rehearingen banaf that decision. As a part of thedsion, the D.C. Circuit Court also vacated
CAMR, reverting to the December 2000 regulatory determination and requiring the development
of emission standards under CAA section 112(d) (MACT standards) ferazwhbitfired
EGUs. The litigation proces®wtinued until, on January 29, 2009, EPA requested of the
Department of Justice (DOJ) that the Gover nme

On December 18, 2008, several environmental and public health organizations
(fPlaintiffsd)* filed a complaint in thé®.C. District Court (CivNo. 1:08¢cv-02198 (RMC))
alleging that the Agenclyadfailed to perform a nondiscretionary duty un@=A section
304(a)(2), by failing to promulgate final section 112(d) standards for HAP fromarwbit
fired EGUsby the stattorily-mandatedieadline December 20, 2002, years after such sources
were listed under section 112(c). EBéttled that litigation.A Consent Decree was issued on
April 15, 2010, that calls for EPA to, no later than March 16, 2011, sign for pubfidatthe
Federal Registe# not i ce of proposed rulemaking setting
standards for coaand oitfired EGUs and, no later than November 16, 2011, sign for
publication in thed=ederal Registeat notice of final rulemaking.

Inresmnse to the D.C. Circuit Courtds vacatur
NESHAP for all coaland oitfired EGUs that reflect the application of the maximum achievable
control technology (MACT) consistent with the requirements of CAA sections 11p&hd(3).
This proposed rule would protect air quality and promote public health by reducing emissions of

1 American Nurses Association, Chesapeake Bay Foundation, Inc., Conservation Law Foundation, Environment
America, Environmental Defense Fund, Izaak Walteague of America, Natural Resources Council of Maine,
Natural Resources Defense Council, Physicians for Social Responsibility, Sierra Club, The Ohio Environmental
Council, and Waterkeeper Alliance, Inc.
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the hazardous air pollutants (HAP) listed in CAA section 112(b).

2.1.3 NSPS

Section 111(b)(1)(b) of the CAA requires EPA to periodically reviewranise the new
source performance standards (NS&Shecessary to reflect improvements in methods for the
reducing emissions. The NSPS for electric utility steam generating units (40 CFR part 60,
subpart Da) were originally promulgated on June 11, 184%R 33580).0n February 27,

2006, EPA promulgated amendments to the NSPfduiculate matter (PM), sulfur dioxide

(SO,), and nitrogen oxides (N contained in the standards of performance for electric utility
steam generating unitgX FR 9866). ER was subsequently sued the offices of multiple

states attorneys genegald environmental organizations on the amendments.P&tigoners

alleged that EPA failed to correctly identify the best system of emission reductions for the
amended S@and NQ standards. The Petitioners also claimed that it is appropriate to establish
emission limits for fine particulate matter and condensable particulate ma#sed upon

further examination of the record, EPA has determined that certain issues in tharralet

further considerationOn September 4, 2009, EPA was granted a voluntary remand without
vacatur of the 2006 amendmentsPA considers it appropriate to respond to the NSPS voluntary
remand in conjunction with the EGU NESHAP since it allows EPgré&sent a more
comprehensive affect on the utility sector. Therefore, even though we are not under any judicial
timetable to complete the NSPS remand, we are proposing it in conjunction with the NESHAP.
We also are proposing several minor amendmerdisnieal clarifications, and corrections to
existing provisions of théossil fuetfired EGU and large and small industr@mmercial
institutional steam generating units NSPS, 40 CFR part 60, subparts D, Db, and Dc.

The term At oxi c srofthislReAdefefsdorthe tom@natioreofitael n d e
EGU NESHAP and NSPS proposals.

2.2  Appropriate & Necessary Analyses

In 2000, EPA issued a finding that it was both appropriate and necessary to regulate HAP
emissions from utilities, in part because Hdjsted HAP, is both a public health concern and a
concern in the environment. This finding was based on the results of the study documented in
the Utility Study, as well as subsequent analyses and other available information at the time of
the decision.The finding that it is appropriate to regulate HAP emissions from eodloit
fired EGUs under CAA section 112 waaded on three main points: EEUs are the largest
domestic source of Hg emissions, 2) Hg in the environment presents significant hazarolsc
health and the environment, and 3) EPA had identified a number of control options which were
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anticipated to effectively reduce HAP emissions from such units. The finding also noted that
remaining uncertainties regarding the extent of the phieladth impact from HAP emissions

from oil-fired EGUs argued for regulation. The finding that it is necessary to regulate HAP
emissions from coabnd oitfired EGUs under CAA section 112 was based on the assessment
that implementation of other requirenieminder the CAA would not adequately address the
serious public health and environmental hazards arising from utility HAP emissions which CAA
section 112 is intended to address.

Based on the quantitative and qualitative analyses of public health anonememtal
hazards described above, as well as the analyses of emissions and availability of HAP emission
controls, we find that regulation of HAP emissions from caad oitfired EGUs under CAA
section 112 is appropriate and necessary. The findingttkagppropriate to regulate emissions
from coat and oitfired EGUs under CAA section 112 is confirmed because: 1) Hg continues to
pose a hazard to public health, 2) U.S. EGU emissions are still the largest domestic source of
U.S. Hg emissions (by 201EPA projects that U.S. EGU Hg emissions are over 6 times larger
than next largest source, which is iron and steel manufacturing), and 3) effective controls for Hg
and norHg HAP are available for U.S. EGU sources. In addition, new analyses by EPA show
tha U.S. EGU emissions of nedg HAP cause a nenegligible health hazard due to increased
cancer risk. The finding that it is necessary to regulate emissions fronandaitfired EGUs
under CAA section 112 is confirmed because emissions of Hg arRHgq&tAP causing hazards
to public health and the environment will not be explicitly addressed by existing or anticipated
requirements under the CARor more information on these findings and the analyses to support
them, please refer to the preamble orfl&® for the appropriate & necessary analyses.

2.3 Provisions of the Proposed Toxics Rule

2.3.1 What Is the Source Category Regulated by the Proposed Toxics Rule?

The proposed Toxics rule addresses emissions from new and existingntbaltfired
EGUs A major source of HAP emissions is generally a stationary source that emits or has the
potential to emit 10 tons per year or more of any single HAP or 25 tons per year or more of any
combination of HAP. An area source of HAP emissions is a statiooargesthat is not a major
source. CAA section 112(n)(1)(A) makes no distinction between major and area sources of coal
and oitfired electric utility steam generating units.

CAA section 112(a)(8) defines an EGU as:
a fossil fuelfired combustion unit ofnore than 25 megawatts electric (MWe) that

serves a generator that produces electricity for sale. A unit that cogenerates steam
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and electricity and supplies more than-ohied of its potential electric output
capacity and more than 25 MWe output to atijtyipower distribution system

for sale is also an electric utility steam generating unit.

This action established 40 CFR part 63, subpart UUUUU, to address HAP emissions
from new and existing coadnd oitfired EGUs. EPA must determine what is therappiate
maximum achievable control technology (MACT) for those units under sections 112(d)(2) and
(d)(3) of the CAA.

EPA has divided coablnd oitfired EGUs into the following subcategories:

A coalfired units designed for coal > 8,300 Btu/Ib;
A coalfired units designed for coal < 8,300 Btu/lb
A IGCC units

A Liquid oil-fired units; and

A Solid oilderived fuelfired units.

A The EGU NSPS applies to owners/operators of facilities capable of firingth@re
73 megawatts (MW) (250 million Btu per hour(MMBtu/hr)) he@gout of fossil fuel
and that sells more than 25 MW of electric power to a utility power distribution
system. The NSPS also apply to industc@mmnmercialinstitutional cogeneration
units over 250 MMBtu/hr that sell more than 25 MW and more tharthare: of their
potential output capacity to any utility power distribution system.

2.3.2 What Are the Pollutants Regulated by the Rule?

The proposed NESHAP regulates emissions of HAP. Available emistateashow that
several HAP, which are formed durittge combustion process or which are contained within the
fuel burned, are emitted from ceahd oitfired electric utility steam generating units. The
individual HAPs include mercury, arsenic, cadmium, lead, and nickel, among others. EPA
described thedulth effects of these HAP and other HAP emitted from the operation efarwhl
oil-fired electric utility steam generating units in the preamble to the proposed rule. These HAP
emissions are known to cause, or contribute significantly to air pollwtioich may reasonably
be anticipated to endanger public health or welfare.
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In addition to reducing HAP, the emission control technologies that will be installed on
coal and oilfired electric utility steam generating units to reduce HAP will also redufte su
dioxide (SQ) and particulate matter (PM).

The proposed NSPS amendments would revise the PM aB8@NQ standards. A wide
range of human health and welfare effects are linked to the emissions of RPMNEDIQ..
These human health and welfare effeare discussed extensively in Chapter 6 of this RIA.

2.3.3 What Are the Proposed Requirements?

The numerical emission standards that are bgingosedor existingcoal and oitfired
electric utility steam generating unase shown in Tab&?2-1 and2-2.
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Table 2-1. EMISSION LIMITATIONS FOR COAL -FIRED AND SOLID OIL -
DERIVED FUEL -FIRED EGUS

8,300 Btu/lb

Subcategory Total particulate | Hydrogen chloride Mercury
matter
Existing coalfired unit 0.03 Ib/MMBtu 0.002Ib/MMBLtu 1 Ib/TBtu
designed for coat (0.2 Ib/MWh) (0.02 Ib/MWh) (0.02 Ib/GWh)

Existing coalfired unit 0.03 Ib/MMBtu 0.002 Ib/MMBLtu 11 Ib/TBtu
designed for coal < (0.2 Ib/MWHh) (0.02 Ib/MWh) (0.2 Ib/GWh)
8,300 Btu/lb 4 Ib/TBtu*
(0.04 Ib/GWh?*)
Existing- IGCC 0.05 Ib/MMBtu | 0.0005 Ib/MMBtu 3 Ib/TBtu

(0.31b/MWh) (0.003 Ib/MWh) | (0.02 Ib/GWh)
ExistingT Solid oit 0.2 Ib/MMBtu 0.005 Ib/MMBtu | 0.2 Ib/TBtu (0.002
derived (2 Ib/MWh) (0.05 Ib/MWh) Ib/GWh)
New coalfired unit 0.05 Ib/MWh 0.3 Ib/GWh 0.00001 Ib/GWh
designed for coat
8,300 Btu/lb
New coalfired unit 0.05 Ib/MWh 0.3 Ib/GWh 0.04 Ib/GWh
designed for coal <
8,300 Btu/lb
Note: Ib/MMBtu = pounds pollutant per million British thermal units fuel input
Ib/TBtu = pounds pollutant per trillion British thermal units fuelubhp
Ib/MWh = pounds pollutant per megawatectric output
Ib/GWh = pounds pollutant per gigawatiectric output
* Beyondthefloor limit.
Table 2-2. EMISSION LIMITATIONS FOR LIQUID OIL -FIRED EGUS
Subcategory Total HAP Hydrogen Hydrogen Mercury
metals chloride fluoride
Existing1 Liquid oll 0.00003 0.0003 0.0002 0.05 Ib/TBtu
lb/MMBtu lb/MMBtu lb/MMBtu (0.0006
(0.0003 (0.003 (0.002 lb/GWh)
lo/MWh) Ib/MWh) Ib/MWh)
New i Liquid oil 0.0004 0.0005 0.0005 0.0001
lb/MWh lb/MWh lb/MWh lb/GWh

We are alsgroposing alternate equivalent emission standards (for certain subcategories)
to the proposed surrogates in three areas; (if@ddition to HCI), individual notidg metals
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(for PM), and total noiHg metals (for PM). The proposed emission limitationspao@ided in
Tables 23 and 24.

Table 2-3. ALTERNATE EMISSION LIMITATIONS FOR EXISTING COAL -AND
OIL -FIRED EGUS
Subcategory Total HAP Hydrogen Hydrogen Mercury
metals chloride fluoride
Existingi Liquid oil 0.00003 0.0003 0.0002 0.05 Ib/TBtu
lb/MMBtu lb/MMBtu lb/MMBtu (0.0006
(0.0003 (0.003 (0.002 Ib/GWh)
lb/MWh) lb/MWh) lb/MWh)
Newi Liquid oll 0.0004 0.0005 0.0005 0.0001
lb/MWh lb/MWh lb/MWh Ib/GWh
NA = Not applicake
Table 2-4. ALTERNATE EMISSION LIMITATIONS FOR NEW COAL - AND OIL -
FIRED EGUS
Subcategory | Coaltfired | Coalfired | Liquid oil, Solid oit IGCC,
unit unit Ib/MWh derived, Ib/MWh
designed | designed lb/MWh
for coal> for coal <
8,300 8,300
Btu/lb, Btu/lb,
lb/MWh lb/MWh
SO, 0.23 0.23 NA 0.71 NA
Total metals 0.000022 0.000022 NA 0.00016 0.00038
Antimony, Sb 1.3x 10 1.3 x 10 1.1 x 10° 7.4x 10 1.8 x 10°
Arsenic, As 5.6 x 10 5.6 x 10 1.6 x 10° 1.1x 10° 1.4 x 10°
Beryllium, Be 6.1x 10° 6.1 x 10° 6.0 x 10 6.1 x 10° 1.6 x 10
Cadmium, Cd 3.4 x 10 3.4 x 10 3.9 x10” 5.4 x 10’ 1.7 x 10°
Chromium, Cr 7.1x10° 7.1x10° 1.2x 10° 6.1x 10° 2.8x10°
Cobalt, Co
Lead, Pb 1.1x10° 1.1x 10° 5.3 x 10° 1.2 x 10° 9.2 x 10°
Manganese, Mn 1.1x 10° 1.1 x 10° 2.4x10° 6.4 x 10° 1.6 x 10°
Nickel, Ni 2.9x10° 2.9x10° 3.8x10° 6.5 x 10° 2.9x10°
Selenium, Se 6.8 x 10 6.8 x 10 49x10° 8.4 x 10 2.6 x 10"

NA = Not applicable

We analyzed a beyortthe-floor standard for Hg of only 4 Ibs/trillion BTUs for all

exi st

ng
activated carbon injection (ACI) for cesffective Hg control. Most of these units burn lignite

afnidr ende w nfiictosaldesi gned

for

coal. We are proposing beyonethe-floor standard for these units becatise Agency

considers the cost of incremental reductions beyond the MACT floor standard of 11 Ibs/trillion
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BTUs to be reasonablé/Vhile the primary IPM angkis discussed in Chapter 8 included a
beyondthe-floor limit, EPA performed a supplemental analysis that estimates the difference in
impacts between regulating cdakd units designed for coal <8,300 Btu/lb at the floor limit and
at the beyondhe-floor limit modeled. This analysis (the IPM Beyond the Floor Cost TSD)

shows that if the units were only required to meet a standard of 11 Ibs/trillion BTUs, the units
would emit approximately an additional 3,854 Ibs at a reduced annualized cost of $86:7. milli
EPA also performed an alternative analysis which can be found in the Beyond the MACT Floor
Analysis TSD.

The proposed NSPS standards are shown in Table 2

Table 225. NSPS Emission Standards

Pollutant Existing Standard Proposed Standard

PM 0.015Ib/MMBLu (filterable PM) 0.026 Ib/MMBLtu (total PM)

SO2 1.4 Ib/MWh or 95% reduction 1.0 Ib/MWh or 97% Reduction

NOX 1.0 Ib/MWh 0.70 Ib/MWh (option 1)
Combined NOX + CO Standard
(option 2)

The EGU NESHAP PM and SQ@tandards for new facilities are as stringent or more
stringent than the proposed NSPS amendments so we have concluded that there are no costs or
benefits associated with these amendmentais, the only impacts associated with these
amendments are tho&® the NOx emissions limits for new facilities.

2.3.4 What Are the Operating Limitations?

Instead oemission limitationgor the organic HAP, we are proposing that owners or
operators of EGUs submit to the delegated authority or EPA, as appropriatgiested,
documentation that an annual performance test meeting the requirements of the proposed rule
was conducted. We are proposing that, to comply with the work practice standard, an annual
performance test procedure include the following:

(1) Inspet the burner, and clean or replace any components of the burner as necessary,

(2) Inspect the flame pattern and make any adjustments to the burner necessary to
optimize the flame pattern consistent wit

(3) Inspect thesystem controlling the atio-fuel ratio, and ensure that it is correctly

calibrated and functioning properly,
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(4) Minimize total emissions afarbon monoxideQO) consistent with the
manufacturerods specifications,

(5) Measure the concentration in tHéuent stream of CO in parts per million, dry
volume basis (ppmvd), before and after the adjustments are made,

(6) Submit an annual report containing the concentrations of CO in the effluent stream in
ppmvd, and oxygen in percent dry basis, measuredéafal after the adjustments of
the EGU, a description of any corrective actions taken as a part of the combustion
adjustment, and the type and amount of fuel used over the 12 months prior to the

annual adjustment.

2.4  Startup, Shutdown, and Malfunction

In proposing the standards in tNESHAP, EPA has taken into account startup and
shutdown periods and, for the reasons explained below, has not proposed different standards for
those periods. The standards that we are proposing are daily or monthfeaveCantinuous
emission monitoring data obtained from best performing units, and used in establishing the
standards, include periods of startup and shutdown. EGUs, especially seficefi®GUs, do
not normally startup and shutdown more than oncelggr Thus, we are not establishing a
separate emission standard for these periods because startup and shutdown are part of their
routine operations and, therefore, are already addressed by the standards. Periods of startup,
normal operations, andshutdmm ar e al |l predictable and routin
We have evaluated whether it is appropriate to have the same standards apply during startup and
shutdown as applied to normal operations.

Periods of startup, normal operations, and shwidare all predictable and routine
aspects of a sourcebs operations. However, b
infrequent, and not reasonably preventable failure of air pollution control and monitoring
equipment, process equipmentorapress t o operate in a normal o
63.2) EPA has determined that malfunctions should not be viewed as a distinct operating mode
and, therefore, any emissions that occur at such times do not need to be factored into
development of CAfsection 112(d) standards, which, once promulgated, apply at all times.

The existing PM, S@ and NQ NSPS exclude periods of startup and shutdown. The
proposed PM, S©Qand NQ standards would include periods of startup and shutdown. Periods
of malfuncion for the PM and N@standards and periods of emergency condition for the SO
standard are presently excluded from the emissions standards and would continue to be excluded.
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2.5 Baseline and Years of Analysis

The Agency considered all promulgated Ceyuirements, known state actions, and
NSR/PSD enforcement actions in the baseline used to develop the estimates of benefits and costs
for the proposed Toxics rule. EPA did not consider actions states may take in the future to
implement the existing ozorand PM s NAAQS standards in the baseline for this analysis. The
year 2016 is the compliance year for the proposed Toxics rule, though as we explain in Chapters
5,6,8 and 9 we use 2015 as a proxy for compliance in 2016 for our benefits and econontic impac
analysis due to availability of modeling impacts in that year. All estimates presented in this
report represent annualized estimates of the benefits and costs of the proposed Toxics Rule in
2016 rather than the net present value of a stream of bearaditsosts in these particular years
of analysis.

2.6 Benefits of Emission Controls

The kenefits of the proposed Toxi€ile are discussed in Chapter 5 of this report.
Annual monetized benefits of $58 to 140 billion (3 percent discount rate) or $52 billit30
(7 percent discount rate) are expected for the proposed Toxics rule in 2016.

2.7 Cost of Emission Controls

EPA analyzed the costs of the proposed Toxics Rule using the Integrated Planning Model
(IPM). EPA has used this model in the past tdyamathe impacts of regulations on the power
sector and used an earlier version of this model to analyze the impacts of the CAIR rule and
proposed Transport Rule. EPA estimates the private industry annual compliance costs of the rule
to the power sectootbe $10.9 billion in 2015 (2007 dollars). In estimating the net benefits
(benefitsi costs) of the rule, EPA uses social costs of the rule that represent the costs to society
of this rule. The social costs of the rule are estimated to be $ 10.9 @06 dollars) in 2015.
A description of the methodology used to model the costs and economic impacts to the power
sector is discussed in Chapter 8 of this report. A description of how the social costs and
employment impacts associated with this proposéare estimated is provided in Chapter 9 of
this report.

2.8  Organization of the Regulatory Impact Analysis

This report presents EPAOGs analysis of the
the proposed Toxics Rule to fulfill the requirementa étegulatory Impact Analysis (RIA).
This RIA includes the following chapters:
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Chapter 3, Emissions Impacts, describes the emission inventories and modeling that
are essential inputs into the cost and benefit assessments.

Chapter 4, Air Quality Impactsedcribes the air quality data and modeling that are
Important for assessing the effect on contributions to air quality from the remedy
options applied in this proposed rule, and as inputs to the benefits assessment.

Chapter 5, Mercury and Other HAP Beng#nalysis, describes the methodology
and results of the benefits analysis for mercury and other HAP.

Chapter 6, CaBenefits Analysis, describes the methodology and results of the
benefits analysis for PM, Ozone, and other benefit categories.

Chapter 7Electric Power Sector Profile, describes the industry affected by the rule.

Chapter 8, Cost, Economic, and Energy Impacts, describes the modeling conducted to
estimate the cost, economic, and energy impacts to the power sector.

Chapter 9, Economic and loyment Impacts, describes the analysis to estimate the
impacts on employment associated with the proposed rule.

Chapter 10, Statutory and Executive Order Impact Analyses, describes the small
business, unfunded mandates, paperwork reduction act, emeinbal justice, and
other analyses conducted for the rule to meet statutory and Executive Order
requirements.

Chapter 11, Comparison of Benefits and Costs, shows a comparison of the social
benefits to social costs of the rule.

Appendix A,Mercury Speciatio Fractions Used to Speciate the Mercury Emissions
AppendixB, Analysis of Trip Travel Distance For Recreational Freshwater Anglers
AppendixC, Co-Benefit Analysis

AppendixD, lllustrative EndUse Energy Efficiency Policy Sensitivity

AppendixE, OAQPS Mutimarket Model to Assess the Economic Impact of
Environmental Regulation
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Chapter 3
EMISSIONS IMPACTS

This chapter summarizes the emissions inventories that are used to create emissions
inputs to the air quality modeling that is described in Chapter 4. This chapter provides a
summary of the baseline emissions inventories and the emissions reductioreréhatodeled
for this rule. The emissions inventories are processed into a form that is required by the
Community Multiscale Air Quality( CMAQ) model, which simulates the numerous physical and
chemical processes involved in the formation, transport, astduddon of ozone, particulate
matter (PM) and air toxics. As part of the analysis for this rulemaking, the CMAQ was used to
calculate daily and annual particulate matter less than 2.5 microns in diameigj (PM
concentrations,-8r maximum ozone, annu@tal mercury (Hg) deposition levels and visibility
impairment. In the remainder of this Chapter we provide an overview of (1) the emissions
components of the modeling platform, (2) the development of the 200y &asemissions, (3)
the development ofhe 2016 future/ear base case emissions, and (4) the development of the
2016 future yeacontrol case (policy case) emissiolisshould be noted that the projected future
year inventory used for this analysis is generally representative of severadnmard 2016
such as 2015.

3.1  Overview of Modeling Platform and Emissions Processing Performed

The inputs to the air quality model; including emissions, meteorology, initial conditions,
boundary conditions; along with the methods used to produce the mpdithe configuration of
the air quality model ar e c ol The20@shaseediry Kk nown
guality modeling platform used for the proposed Toxics Rule includes 200%ydasemissions
and 2005 meteorology for modeling ozone, Rléind mercury (Hg) with CMAQ. Version 4.1
of the 2005based platform (2005 v4.1 platform) was used for the proposed Toxics Rule, and it is
described in the 200based, v4.1 platform documentechnical Support Document:
Preparation of Emissioriaventories for the Version 4.1, 20®&sed Platfora , posted at
http://lwww.epa.gov/ttn/chief/emchlrhe Emission Inventories Technical Support Document for
t he Proposed Tdechnca SuRport Bocument (TSD) Ferdhe Broposed Toxics
Rule, Docket No.EPA-HQ-OAR-2009-0234, posted at the same site, describes the
development of the future year inventories. It provides more detail on (1) the development of the
2016 basease emissions inventories for all sectors and (2) the procedures folmwaredite
emissions inputs to CMAQ. Details on the remissions portion of the modeling platform used
for the RIA are provided in Chapter 4.
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Emissions estimates were made for a 2005 base year and for the 201§dature
scenarios. All inventories incledemissions from EGUs, ndfGU point sources, stationary
nonpoint sources (previously referred to as stationary area sources), onroad mobile sources,
nonroad mobile sources and natural, biogenic emissions. Mercury emissions from volcanic
sources, and lar@hd ocean direct and recycled emissions are also included. For each of the
modeling scenarios conducted: 2005 base year, 2016 base case, and 2016 contrel case, t
emissions inventory files were processisthgthe Sparse Matrix Operator Kernel Emissions
(SMOKE) Modeling System version 2.6 to produce the gridded redely emissions for input
to CMAQ. SMOKE wasusedto create the hourly, griddeamissionglatafor the species
required byCMAQ speciego performair quality modeling for all sectors, incling biogenic
emissions

In support of this proposal, EPA processed the emissions in support of air quality
modeling for two domains, covering the East and the West (2 separate model runs) of the U.S.
and parts of Canada and Mexico using a horizontalrgsdlution of 12 x 12 kilometers (km).
These 12 km modeling domains were finestedo wi
states using a grid resolution of 36 x 36 km.

3.2 Development of 2005 Base Year Emissions

Emissions inventory inputs represmg the year 2005 were developed to provide a base
year for forecasting future air quality. These inventories include criteria air pollutants, hydrogen
chloride (HCI), chlorine (Ck) and mercury Additionally, for some sectors, benzene,
formaldehyde, astaldehyde and methanol are used from the inventory for chemical speciation of
volatile organic compounds (VOC). The emission source sectors and the basis for current and
future-year inventories are listed and defined in Table Ihese are the same sestas were
used in the 200Based version 4 (v4) platformvw.epa.gov/ttn/chief/emch/index.html#2005
which was the starting point for the v4.1 platform. A comparison of these tworptatis
provided in the 200based, v4.1 platform document described earlier. The starting point for both
platforms was the 2005 National Emission Inventory (NEI), version 2 (v2) from October 6, 2008
(http://www.epa.gov/ttn/chief/net/2005inventory.hymilhe v4.1 platform utilizes the same
2006 Canadian inventory and a 1999 Mexican inventory as were used in the v4 platform; these

! The air quality predictions from the 36 km Contitad US (CONUS) domain were used to provide incoming

Aboundaryodo concentrations for the 12 km domains.
2The mercury emissions used in thegsion 4.Iplatform include changes tbe version 4 platform 2005 Hg
emissions. These changes weradein supportof theanalyses for this rule aridr the NESHAP forindustrial,
Commercial, and Institutional Boilers and Process HeéBmiter MACT). These changes are provided in more
detail in this section.


http://www.epa.gov/ttn/chief/emch/index.html#2005
http://www.epa.gov/ttn/chief/net/2005inventory.html

were the latest available data from these countries and wedefar the portions of Canada and
Mexico within the modeling domains.

Table 3-1. Emissions Source Sectors for Current and Futurefear Inventories, 2005
based Platform, Version 4.1

Platform Sector,
modeling abbrev.
and corresponding
2005 NEI sector

Description and resolution of the data input to SMOKE, 2005 v4.1
platform

EGU sector: ptipm

NEI| Sector: Point

For all pollutants other than mercury (H005 NEIv2 point source EGUs
mapped to the Integrated Planning Model (IPM) model using the National Elg
Energy Database System (NEE2®P6 version 4.1@atabase.

For Hg 6/18/2010 version of the inventory used for the 2005 National Air To
Assessment (NAK) mapped to IPM using NEEDS 2006 version 4.10. The
NATA inventory is an update to the 2005 NEI v2 and was divided&@bd and
nonEGU sectors consistent with the other pollutanfge additionally removed
Hg from source$rom the National Emission Stamdds for Hazardous Air
Pollutants for Industrial, Commercial, and Institutional Boilers and Process
Heater a k a fi B o ) InfmrmatidhACGIIEction Request (ICKptabase
because we included these emissions imtreEGU sector.

For both: Daily emissons input into SMOKE. Annual emissions allocated to
months using 3 years of continuous emissions monitor (CEM) data, and allog
to days using montto day allocations frorthe 2005 CEM data

Non-EGU sector:
ptnonipm

NEI Sector: Point

For allpollutants other than HgAll 2005 NEIv2 point source records not
matched to the ptipm sector, annual resolution. Includes all aircraft emission
Additionally updated inventorio remove duplicates, improve estimates from
ethanol plants, and reflecew information collectefrom industry fromhelCR
for the Boiler MACT. Includes poinsource fugitive dust emissiofar which
countyspecific PM transportable fractions were applied.

For Hg: The 6/18/2010 version of NATA inventory was used except for
replacement of boiler Hg emissions with thg emissions developed for tBeiler
MACT. In addition,modifiedgold mine emissiongand removed Hfrom
facilities that closed prior to 2005

For both: Annual resolution

Averagefire sector:
avefire

Averageyear wildfire and prescribed fire emissipnsichanged from the 2005v4
platform; county and annual resolution.

Agricultural sector:
ag

NEI Sector: Nonpoint

NHz; emissions fron2002NEI nonpoint livestock and fertilizer application, cour
andannual resolutionUnchanged from the 2005v4 platform.

Area fugitive dust
sector: afdust

NEI Sector: Nonpoint

PM,oand PM s from fugitive dustsources (e.ghuilding construction, road
construction, paved roadsypaved roads, agricultural duéthym the NEI nonpoint
inventory(which used 2002 emissions for this sector) after application of cour
specific PMtransportable fractiongncludescounty and annual resolution.

Remaining nonpoint
sector: nonpt

NEI Sector: Nonpoint

Primarily 2002 NEInonpoint sources not otherwise included in other SMOKE
sectors, county and annual resolution. Also includes updated Residential W
Combustion emissions, year 2005 f@alifornia WRAP oil and gas Phase Il

inventory and year 2005 Texas and Oklahomarull gas emissions. Removed |
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Platform Sector,
modeling abbrev.
and corresponding
2005 NEI sector

Description and resolution of the data input to SMOKE, 2005 v4.1
platform

emissions from boiler® avoid double counting with Hg emissions added to th
nonEGU sector from the Boiler MACT ICR

Nonroad sector:
nonroad

NEI| Sector: Nonroad

Monthly nonroad emissions from the National Mobile IneeptModel (NMIM)
using NONROAD2005 version nrO&ondBase, which is equivalent to
NONROAD2008a, since it incorporated Bonde revisions to some of the basg
case inputs and the Bond rule controls did not take effect until later.

NMIM was usedor all statesexcept California. Monthly emissions for Californ
created from annual emissions submitted by the California Air Resources Bo
(CARB) for the 2005v2 NEI

Locomotive, and non
C3 commercial
marine vessel (CMV)
alm _no_c3

NEI| Sector: Nonroad

2002NEI nonrail maintenance locomotives, and category 1 and category 2
commercial marine vessel (CMV) emissions sources, county and annual
resolution. Aircraft emissions are included in M@n+EGU sector(as point
sourcespnd category €MV emissionsare contained in the seca_c3 sector.

C3 commercial
marine: seca_c3

NEI| Sector: Nonroad

Annual point sourcéormatted year 2005 category 3 (C3) CMV emissions,
devel oped f o iControhod Emissidnsefrorn Mew Maride i
Compressiofignition Engies at or Above 30 Liter
described as theémissions Contrafirea (ECA) study
(http://www.epa.gov/otag/oceanvessels htitdtilized final projections from 2002
developed for th€3 ECAproposal to the International Maritime Organization
(EPA-420-F-10-041, August 2010).

Onroad California,
NMIM -based, and
Motor Vehicle
Emissions Simulator
(MOVES) sources not
subject to
temperature
adjustments:
on_noad;j

NEI Sector: Onroad

Three,monthly, countylevel components:

1) California onroad, created using annual emissions submitted by CARB for
2005 NElversion 2 NHz (not submitted by CARB) from MOVES2010.

2) Onroad gasoline and diesel vehicle emissions from MOVES2010 not subjg
temperature adjustments: exhacetbon monoxide (CQhitrogen oxides
(NOy), sulfur dioxide (S@), VOC, ammonia (NH), benzene, formaldehyde,
acetaldehyde, 1;Butadiene, acrolein, naphthalene, brake and tirewear PM,
evaporative VOC, benzene, and htpalene

3) Onroad emissions fafig from NMIM using MOBILE6.2, other than for
California.

Onroad cold-start
gasoline exhaust mode
vehicle from MOVES
subject to
temperature
adjustments:
on_moves_startpm

NEI Sector: Onroad

2005 nonthly, countylevel MOVES2010 onroad gasolinehicleemissions
subject to temperature adjustmenBollutants that are included aimited to PM
species and Naphthalefar exhaust mode only. California emissions not inclu
(covered by on_noadj)This sector is limited tgold startmode emissions that
contain different temperature adjustment curves from running exhaust (see
on_moves_runpm sector).
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Platform Sector, Description and resolution of the data input to SMOKE, 2005 v4.1
modeling abbrev. platform

and corresponding
2005 NEI sector

Onroad running 2005 nonthly, countylevel MOVES201Mnroadgasolinevehicleemissions
gasoline exhaust modg subject to temperature adjustmen®ollutants that are included amnited to PM
vehicle from MOVES | species and Naphthalefar exhaust mode only. California emisss not

subject to included. This sector is limited tanningmode emissions that contain different
temperature temperature adjustment curves from cold start exhaust (see on_moves_start
adjustments: sector).

on_moves_runpm

NEI Sector: Onroad

Biogenic: biog Hour-specific, grid celispecific emissions generated from BielS3.14model-
includes emissions in Canada and Mexico.

Other point sources Point sources from Canadads 2006 i
not from the NEI: inventory, annuatesolution. Also includes annual U.S. offshore oil 2005 WEI
othpt point source emissions.

Other point sources Year2000 Canada speciatetercury point source emissions; annual resolution
not from the NEI, Hg
only: othpt_hg

Other nonpoint and Year2006 Canada (province resolution) and year 1999 Mexico Phase Il|
nonroad not from the | (municipio resolution) nonpoint and nonroad mobile inventories, annual
NEI: othar resolution.

Other nonpoint Year2000 Canada speciatenercury from nonpoint sources; annual resolution
sources not from the
NEI, Hg only:
othar_hg

Other onroad sources | Year 2006 Canada (province resolution) and year 1999 Mexico Phase IlI
not from the NEI: (municipio resolution) onroad mobile inventoriasinual resolution.
othon

The onroad emissions were primarily based orlig1/2009versionof the Motor
Vehicle Emissions Simulator (MOVES201®ittf://www.epa.gov/otag/models/moves/
MOVES was rurwith a Statemonthaggregatiorusing average fuels for each statmate/month
average temperatures, and national default vehicle age distributions. The MOVES data were
allocated to counties using stateunty distributions from the 2005 National Mobile Invagto
model (NMIM) resultghat are part of the 2005 NEI vRBOVES2010 was used for onroad



http://www.epa.gov/otaq/models/moves/

sources other than in Califorfir carbon monoxide (COpitrogen oxidesNOy), VOC, PM s,
particulate matter less than ten microns {f)Msulfur dioxide (SG@), anmonia (NH),

naphthaleng andsome VOC HAP% Since MOVES2010 does not provide emissions for all

HAPs, the 2005 NEI v2 values, which came from NMIM other than for California, were used for
those HAPs not provided by MOVES. Mercury was the only of tNeédBM -based HAPs that

was used in the modeling. To account for the temperature dependencgspMODVES-based
temperature adjustment factors were applied to gridded, hourly emissions using the same 2005
gridded, hourly 2 meter temperature data used iARQM Additional information on this

approach is available in the 200&sed v4.1 platform documentation.

The nonroad emissions utilized the NMIM model (other than Califjrtoacreate
county/month emissions, which are consistent with the annual emigsionghe 2005 NEI v2.

Emissions from the point source NEI were primarily from the 2005 NEI v2 inventory,
which consisted primarily 2005 values with some 2002 emissions values where 2005 was not
availabl e. The point sopmdk)es RIGEBON@HRKaa i nt o
Aptnoni pmo) sectors for model i nglevpldatapnadhees, ba
NEI units in the National Electric Energy Database System (NBEBSion4.10database. All
units that matchedlEEDSwere included ithe EGU sector so that the future year emissions,
which are generated by th&tegrated Planning ModelRM) based on the NEEDS units, would
have a consistent urgvse for the existing sources. We made updates to the 2005 NEI data to
remove duplicates and plants or units that were found to shutdown prior to 2005, add estimates
for ethanol plants, and revise some of the 2002 data to reflect 2005 emissions bas#coéan ¢
that were discovered to have been put in place between 2002 and 2005.

The mercuryemissions used in the modeling were from the inventory devefopée
2005National Air Toxics Assessment (NATA), with the exceptions that (1) we replaced Hg
emissions for boilers and process heaters with the emissions from the database developed as part
of the Boiler MACT which contained unispecific Hg emissions, (2) we modified some gold
mine mercury estimates, and geographic coordinates and stack paramatesunt for newer
data collected as part of tlold Mine Ore Processing and Productid&SHAP, and (3) we
removed Hg from plants that were found to have closed prior to 2005. The M#&&wmtory
started with the 2005 NBAR2, and wasupdated with dataollected for some source categories

! California onroad emissions were taken from the CalifoAir Resources Board submission of 2005 data to the
NEI. The inventory included all criteria air pollutants other than ammonia and hazardous air pollutants.

2Naphthalene emissions were not used in the modeling

% 1,3 Butadiene, Acrolein, Formaldehydenzene and Acetaldehyde. Of these, the latter 3 are used in the
modeling
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during the rule development procesdich resulted in major updatéo mercury emissions for

Portland ement andhazardous waste combigt. The NATA inventory was also revised as a

result of comments received as pafrthe state, local and tribal review. The NATA Hg

emi ssions were also s-pGUO sectbothef EGUWUSe and
platform.

The 2005 annual N©and SQ emissions for sources in the EGU sector as defined in
Table 31 arebasedprmar i |y on data from EPAG6s Clean Air
Emissions Monitoring (CEM) program, with other pollutants estimated using emission factors
and the CEM annual heat input. For mercury, these emission factors were based on the 2002
emissios divided by the 2002 heat input. This approach retained the speciated mercury
emissions, which had been generated for 2002 using the same speciation approach as was used
for the future year emissions, whereby speciated factors were applied to uniteibesal rank,
firing type, boiler/burner type, and pesbmbustion emissions controlor EGUs without
CEMs, emissions were obtained from the statlemitted data in the NEI. Revisions to this
sector between version 4 and 4.1 involved the revisioradddion of ORIS plant and unit
code$, and for a subset of these units, annual emissions were recofrtputeftect the newly
matched CEM data.

For the 2005 base year, the annual EGU NEI emissions in the NEI were allocated to
hourly emissions values nestifor modeling based on the 2004, 2005, and 2006 CEM data. The
NOx CEM data were used to create N€pecific profiles, the S£ata were used to create S0
specific profiles, and the heat input data were used to allocate all other pollutants. The three
years of data were used to create monthly profiles by state, while the 2005 data were used to
create stat@veraged profiles for allocating monthly emissions to daily. These daily values were
input into SMOKE, which utilized stateveraged 200based houy profiles to allocate to
hourly valuesThis approach to temporal allocation was used for all base and control cases
modeled to provide a temporal consistency that is intended to be a conceivable temporal
allocation without tying the approach to a singéar.

The nonpoint inventorwas augmented withpdatedoil and gagxplorationemissions
from Texas and Oklahom{€0O, NC, PM, SQ, VOC). These oil and gas exploration emissions
were in addition to data added to the 2005 v4 platform that inckmésions within the

! An Oris code isa4 digit number assigned by the Energy Information Administration (EIA) at the U.S. Department
of Energythat is used to track emission generating units undeemus other data systems including the Clean
Air Markets Divisions CEM data.

2 Net change was a decrease inNf9 1700 tons and a decrease in, 89600 tons.
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following states: Arizona, Colorado, Montana, Nevada, New Mexico, North Dakota, Qregon
South Dakota, Utah, and Wyoming

The commercial marine category 3 (C3) vessel emis¢gata_c3 sector) usegpdated
gridded 2005 emissiorie reflectthe final projections from 2002 developed for the category 3
commercial marine Emissions Control Area (ECA) proposal to the International Maritime
Organization (EPA420-F-10-041, August 2010). These updated emissions include Canada as
part of the EEA, and were updated using regispecific growth rates; thus the v4.1 seca_c3
sectorinventories contain Canadian province codes.

Other emissions sources included the avesage countybased inventories for
emissions from wildfires and prescribbdrning. These emissions are intended to be
representative for both base and future years and are held constant for each, which minimizes
their impact on the modeling results because of-pastessing techniques. For Hg, we also
used emissions of elentahmercury from natural, recycled and volcanic sources. The same
approach was used in the v4 platform except that in the v4.1 platform, we reduced emissions of
the natural emissions from land by 90% based on literanhdieating that the emissions até-
12 tons per year as opposed to the 120 tons we had been using previously.

Additionally, the inventories were processed to provide the hourly, gridded emissions for
the modelspecies needed by CMAQ. All of these details are further described in thé288b
v4.1 platform documentation. Table23provides summaries of emissions by sector for the 2005
base year, for the v4.1 platform used for the modeling this rule.

! Gustin, M. S., Lindberg, S. E., & Weisberg, P. J. (2008). An update on the natural sodrsieksiof
atmospheric mercur@pplied Geochemistry, £3), 482493.



Table 3-2. 2005 Emissions by Sector: VOC, NOX, CO, SO2, NH3, PM1BM2.5 total and speciated HG, HCL and CL2

2005 2005
Total Hg 2005 Divalent 2005
2005 2005 2005 2005 |[(sum of 3 | Elemental | gaseous| Particulate 2005 2005

2005 VOC| NOX 2005 CO | 2005 SO2| NH3 PM10 PM2_5 |specie} Hg Hg Hg HCL CL2

[tons/yr] | [tons/yr] | [tons/yr] [tons/yr] | [tons/yr] | [tons/yr] | [tons/yr] [[tons/yr] [tons/yr] | [tons/yr] [tons/yr] [tons/yr] | [tons/yr]
SectorAbbrev. v4.1 v4.1 v4.1 v4.1 v4.1 v4.1 v4.1 v4.1 v4.1 v4.1 v4.1 v4.1 v4.1
afdust(see note 1) 8,858,994 1,030,391
ag 3,251,990
alm no _c3 67,690 1,924,924 270,007 154,016 773 59,366 56,687 0.142 0.0793  0.0411 0.0212 1.38
seca_c3 (US 44,990 647,884 54,049 420,110 53,918 49,541 * * * *
component)
seca_c3 (notS 18,3671 532,181 43,267 321,414 43,326 39,810 * * * *
component)
nonpt 7,530,564 1,699,533 7,413,764 1,259,639 134,080 1,354,63f 1,081,81¢ 4.82 3.1034 1.0605 0.6524 29,001 2,135
nonroad 2,691,844 2,115,404 19,502,714 197,341 1,972 211,809 201,138 0.368 0.2105  0.1041 0.0533
on_noadj 3,949,364 9,142,274 43,356,13( 177,977 156,529 308,497 236,927 0.704 0.5036  0.1402 0.0599
on_moves_runpm 54,071 49,789
on_moves_startpm 22,729 20,929
ptipm 40,950 3,726,459 601,564 10,380,784 21,684 615,099 508,903 52.9] 30.1986 21.096 1.6136 351,592 99
ptnonipm 1,310,784 2,238,004 3,221,384 2,089,83q 158,837 653,048 440,714 46.2| 29.5686 10.4687 6.1291] 48,630 4,174
avefire 1,958,994 189,424 8,554,551 49,094 36,777 796,229 684,035
Canada othar 1,281,094 734,587 3,789,367 95,086 546,034 1,666,184 432,402 2.28 0.86 1.08 0.34
Canada othon 270,874 524,837 4,403,744 5,309 21,312 14,665 10,395
Canada othpt 447,313 857,974 1,270,434 1,664,040 21,264 117,669 68,689 5.81 3.59 1.72 5
Mexico other 586,847 249,045 644,733 101,047 486,484 143,816 92,861
Mexico othon 183,429 147,419 1,455,12] 8,270 2,547 6,955 6,372
Mexico othpt 113,044 258,510 88,957 980,359 0| 125389 88,132
Off-shore othpt 51,240 82,581 89,812 1,961 0 839 837

#fdust emissions in this table and all other summaries represent the emissions after application of the transpootahblénfchctias applied to reduce emissions tg
reflect observed diminished trapwst from these sources at the scale of our modeling. Application of the transport fraction prevents the overestinitios dfi$t

impacts in the grid modeling as compared to ambient samples.

* due to uncertainty in mercury emissions from thig@edhey were removed from the inventories and not used. The amount removed was on the order of 0.0(

total mercury for U.S. and ned.S. components of the seca_c3 sector.




Tables 33 through 35 providestatelevel summaries for H$ G, and PMs. In the tables
belowMNonpoint 0O represents the nonpt sectior ;
andPM; 5) represents the afdust secton;_noadj, on_startpm and on_runpm secéoessummed
i n tOaroafd; and nonroadalm_no c3 (locomotives and category 1 and 2 marine vessels) and
seca_c3 (category 3 marine vessstjtorsare summed n tNonroadd dercury emissions are
excluded from fires in both the base and future years due to uncertaotiasess with these
emissions.

Table 3-3. 2005BaseYear Hg Emissions (tons/yep for States by Sector

State EGU NonEGU | Nonpoint | Nonroad | Onroad Total

Alabama 2.663 1.499 0.029 0.000 0.007 4.198
Arizona 0.716 0.208 0.030 0.000 0.007 0.961
Arkansas 0.509 0.694 0.017 0.000 0.004 1.224
California 0.005 3.389 1.488 0.480 0.390 5.751
Colorado 0.429 0.746 0.007 0.000 0.006 1.187
Connecticut 0.121 0.184 0.142 0.000 0.004 0.451
Delaware 0.180 0.219 0.000 0.002 0.001 0.402
District of Columbia 0.003 0.001 0.004 0.000 0.000 0.008
Florida 1.173 1.170 0.093 0.001 0.024 2.462
Georgia 1.704 0.690 0.065 0.000 0.013 2.473
Idaho 0.386 0.000 0.002 0.388
lllinois 4.242 1.853 0.108 0.001 0.013 6.217
Indiana 2.879 2.530 0.053 0.000 0.009 5.471
lowa 1.158 0.705 0.026 0.000 0.004 1.893
Kansas 1.008 0.548 0.020 0.000 0.004 1.580
Kentucky 1.759 0.694 0.029 0.000 0.006 2.488
Louisiana 0.609 1.388 0.022 0.000 0.005 2.025
Maine 0.004 0.127 0.122 0.000 0.002 0.255
Maryland 0.890 0.681 0.129 0.000 0.007 1.707
Massachusetts 0.182 0.237 0.313 0.000 0.007 0.739
Michigan 1.826 1.086 0.088 0.001 0.012 3.013
Minnesota 0.707 1.977 0.043 0.001 0.007 2.734
Mississippi 0.292 0.330 0.015 0.000 0.005 0.643
Missouri 1.854 1.211 0.004 0.000 0.008 3.078
Montana 0.504 0.095 0.008 0.000 0.001 0.608
Nebraska 0.344 0.157 0.011 0.000 0.002 0.514
Nevada 0.310 2.594 0.013 0.000 0.002 2.919
New Hampshire 0.030 0.043 0.050 0.000 0.002 0.125
New Jersey 0.133 0.761 0.233 0.000 0.009 1.137
New Mexico 1.027 0.035 0.010 0.000 0.003 1.076
New York 0.465 0.916 0.614 0.001 0.018 2.014
North Carolina 1.716 0.638 0.091 0.001 0.011 2.456
North Dakota 1.123 0.045 0.011 0.000 0.001 1.180
Ohio 3.662 2.059 0.110 0.001 0.013 5.845
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State EGU NonEGU | Nonpoint | Nonroad | Onroad Total

Oklahoma 0.927 0.379 0.020 0.000 0.006 1.332
Oregon 0.081 1.561 0.060 0.000 0.004 1.706
Pennsylvania 4.979 2.684 0.264 0.001 0.013 7.940
Rhode Island 0.047 0.033 0.000 0.001 0.081
South Carolina 0.581 1.202 0.030 0.000 0.006 1.819
South Dakota 0.048 0.071 0.009 0.000 0.001 0.129
Tennessee 1.251 1.746 0.034 0.000 0.008 3.040
Texas 5.196 4.650 0.073 0.001 0.027 9.947
Tribal Data 0.001 0.000 0.001
Utah 0.148 0.369 0.015 0.000 0.003 0.536
Vermont 0.006 0.001 0.033 0.000 0.001 0.040
Virginia 0.624 1.743 0.100 0.000 0.010 2.477
Washington 0.339 0.202 0.050 0.013 0.007 0.611
West Virginia 2.404 0.454 0.019 0.000 0.002 2.880
Wisconsin 1.147 0.887 0.072 0.001 0.007 2.114
Wyoming 0.949 0.275 0.004 0.000 0.001 1.229
TOTAL 52.9 46.2 4.8 0.5 0.7 105.1

Table 34. 2005BaseYear SO2Emissions(tons/yea) for States by Sector

State EGU NonEGU | Nonpoint Nonroad | Onroad Fires Total

Alabama 460,123 70,346 52,325 6,392 3,983 983 594,151
Arizona 52,733 23,966 2,571 6,154 3,919| 2,888 92,231
Arkansas 66,384 13,066 27,260 5,678 1,998 728 115,114
California 601 33,136 77,672 102,317 4,935| 6,735 225,395
Colorado 64,174 1,549 6,810 4,897 3,064 1,719 82,213
Connecticut 10,356 1,831 18,455 2,556 1,375 4 34,576
Delaware 32,378 34,859 5,859 11,746 519 6 85,367
District of Columbia 1,082 686 1,559 414 218 0 3,961
Florida 417,321 57,475 70,490 93,772 13,280 7,018 659,356
Georgia 616,054 54,502 56,829 13,386 7,163 2,010 749,945
Idaho 0 17,151 2,915 2,304 951| 3,845 27,166
lllinois 330,382 156,154 5,395 19,303 7,279 20 518,532
Indiana 878,978 87,821 59,775 9,437 4,937 24 1,040,972
lowa 130,264 64,448 19,832 8,838 2,045 25 225,451
Kansas 136,520 13,235 36,381 8,035 2,241 103 196,515
Kentucky 502,731 25,965 34,229 6,942 3,377 364 573,607
Louisiana 109,851 165,737 2,378 73,001 3,043 892 354,902
Maine 3,887 18,519 9,969 3,752 986 150 37,264
Maryland 283,205 34,988 40,864 17,929 2,706 32 379,723
Massachusetts 84,234 19,620 25,261 25,547 2,819 93 157,575
Michigan 349,877 76,510 42,066 14,597 8,966 91 492,106
Minnesota 101,666 25,169 14,747 10,412 3,111 631 155,736
Mississippi 75,047 29,892 6,796 5,999 2,681 1,051 121,466
Missouri 284,384 78,307 44,573 10,464 5,339 186 423,253

3-11




State EGU NonEGU | Nonpoint Nonroad | Onroad Fires Total
Montana 19,715 11,056 2,600 3,813 912 1,422 39,518
Nebraska 74,955 6,469 29,575 9,199 1,640 105 121,942
Nevada 53,363 2,253 12,477 2,877 702 1,346 73,018
New Hampshire 51,445 3,245 7,408 805 780 38 63,721
New Jersey 57,044 7,640 10,726 23,659 3,112 61 102,242
New Mexico 30,628 8,062 3,193 3,541 1,879| 3,450 50,755
New York 180,847 58,562 125,158 20,990 6,500 113 392,170
North Carolina 512,231 59,433 22,020 43,094 6,506 696 643,980
North Dakota 137,371 9,678 6,455 5,986 525 66 160,082
Ohio 1,116,084 115,165 19,810 15,630 7,715 22 1,274,427
Oklahoma 110,081 40,482 8,556 5,015 3,316 469 167,918
Oregon 12,304 9,825 9,845 13,862 1,872 4,896 52,603
Pennsylvania 1,002,202 83,376 68,349 11,999 6,597 32 1,172,554
Rhode Island 176 2,743 3,365 2,515 265 1 9,065
South Carolina 218,781 31,495 30,016 20,639 3,741 646 305,318
South Dakota 12,215 1,999 10,347 3,412 612 498 29,083
Tennessee 266,148 67,160 32,714 6,288 6,088 277 378,676
Texas 534,949 223,625 115,192 52,643 17,970 1,178 945,556
Tribal 3 1,511 0 1,515
Utah 34,813 9,132 3,577 2,439 1,999| 1,934 53,893
Vermont 9 902 5,385 385 346 49 7,078
Virginia 220,248 69,440 32,923 18,523 4,647 399 346,181
Washington 3,409 24,211 7,254 28,345 3,490 407 67,115
West Virginia 469,456 48,314 14,589 2,133 1,289 215 535,996
Wisconsin 180,200 66,806 6,369 7,134 3,735 70 264,314
Wyoming 89,874 22,321 6,721 2,674 807 1,106 123,503
TOTAL 10,380,786, 2,089,836| 1,259,635 771,467| 177,977| 49,094| 14,728,796
*Non-US seca_c3 component not included. These emissions are 321,414 tons/yr.

Table 3-5. 2005BaseYear PM2.5 Emissions (tons/yeg for States by Sector

State EGU | NonEGU | Nonpoint | Nonroad | Onroad Fires Area Total

Fugitive
Dust

Alabama 23,487 19,871 23,973 4,237 5,931 13,938 11,582 103,019
Arizona 7,506 3,940 8,596 4,486 7,249 37,151 12,806 81,733
Arkansas 1,761 10,872 23,062 3,803 3,222 10,315 11,681 64,717
California 1,461 21,516 73,873| 30,062 22,303 97,302 20,327| 266,843
Colorado 4,525 7,114 13,545 3,960 4,554 24,054 11,794 69,546
Connecticut 612 224 10,446 1,740 2,620 56 1,014 16,712
Delaware 2,193 2,225 1,826 1,025 973 87 497 8,826
District of 17 172 427 277 386 0 162 1,441
Columbia

Florida 26,142 25,196 38,847 22,728| 16,844 99,484 14,108 243,349
Georgia 28,016 12,936 41,847 6,922| 12,835 24,082 21,286\ 147,925
Idaho 1 2,072 27,367 2,140 1,541 52,808 14,125| 100,053
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State EGU | NonEGU | Nonpoint | Nonroad | Onroad Fires Area Total
Fugitive
Dust

lllinois 16,654 15,683 15,181 12,880 13,272 277 58,864| 132,812
Indiana 35,056 14,262 32,611 6,515 8,137 344 41,832 138,757
lowa 8,905 5,904 11,476 6,969 3,706 349 42,837 80,146
Kansas 5,592 7,634 83,174 5,719 3,186 1,468 55,263| 162,036
Kentucky 19,936 10,455 18,590 4,762 5,790 5,155 12,655 77,343
Louisiana 5,656 39,591 17,862 15,320 4,474 12,647 10,302 105,851
Maine 98 3,785 13,726 1,627 1,805 2,127 1,312 24,480
Maryland 15,570 6,768 19,764 4,472 5,668 531 3,559 56,332
Massachusetts 3,293 2,245 26,536 5,651 6,091 1,324 4,580 49,720
Michigan 11,375 12,918 24,216 8,702| 13,437 1,283 23,506 95,437
Minnesota 3,228 10,651 24,496 8,541 7,019 8,943 49,495 112,372
Mississippi 2,845 10,602 16,769 4,142 4,297 14,897 17,447 71,000
Missouri 6,525 6,948 28,217 7,230 7,992 2,636 48,202| 107,750
Montana 2,399 2,729 5,569 2,654 1,496 17,311 24,528 56,686
Nebraska 1,255 1,858 8,655 5,848 2,768 1,483 37,482 59,349
Nevada 3,397 4,095 2,735 2,171 1,301 19,018 7,185 39,902
New Hampshire| 2,677 572 12,658 909 1,553 534 658 19,560
New Jersey 5,015 2,599 13,074 6,327 6,219 865 549 34,648
New Mexico 5,670 1,463 5,346 1,959 3,005 48,662 45,353| 111,458
New York 10,466 5,000 34,893 9,267| 11,582 1,601 13,647 86,456
North Carolina 16,990 12,665 38,389 10,533 9,096 9,870 11,162 108,706
North Dakota 6,397 576 3,241 4,552 1,037 934 38,263 55,001
Ohio 53,570 12,890 23,761 9,868| 12,136 316 28,587 141,128
Oklahoma 1,973 6,246 45,804 3,765 4,690 6,644 44,243| 113,366
Oregon 479 8,852 49,407 4,751 3,504 65,350 8,738 141,080
Pennsylvania 55,621 14,772 31,263 7,565 11,544 454 13,344 134,564
Rhode Island 47 256 1,107 605 605 14 182 2,816
South Carolina | 14,466 4,779 18,139 4,950 5,304 9,163 9,160 65,962
South Dakota 391 2,882 4,463 2,910 1,114 7,062 29,215 48,037
Tennessee 12,872 22,279 20,663 5,072 8,750 3,934 11,900 85,470
Texas 24,900 37,563 50,339 23,551 31,198 21,578 143,698 332,825
Tribal 17 1,569 0 0 1,586
Utah 5,078 3,595 9,079 1,627 2,791 27,412 5,682 55,264
Vermont 37 337 5,415 479 645 696 1,528 9,137
Virginia 12,388 11,504 29,947 7,009 6,943 5,659 8,194 81,644
Washington 2,444 4,618 31,983 7,864 6,878 4,487 13,617 71,890
West Virginia 26,385 5,161 11,130 1,702 2,008 3,050 3,649 53,085
Wisconsin 5,449 7,973 25,407 6,062 6,907 994 11,870 64,662
Wyoming 8,068 10,296 2,922 1,455 1,238 15,686 28,723 68,388
TOTAL 508,903 440,714| 1,081,816 307,367| 307,645 684,035/ 1,030,391 4,360,871

*Non-US seca_c3 component not included. These emissions are 39,810 tons/yr.
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3.3  Development of Future Year Base Case Emissions

The 2016 base case scenario represents predicted emissions including known Federal
measures for all sectors. It reflects projected economic changes and fuel usage for the EGU and
mobile sectors. Emissions from r&GU stationary sectors have previousgeh shown to not be
well correlated with economic forecasts, and therefore economic impacts were not included for
nonEGU stationary sources. Like the 2005 base case, this emissions case includes criteria
pollutants, mercuryhydrogen chlorideand chlorie from noREGU sourcesand, for some
sectors benzene, formaldehyde, acetaldehyde and methanol from the inventory is used in VOC
speciation. ldoes not include metatsr other normercury HAPsxcept for those mentioned
above

The 2016 base case EGbhissions projections of mercury, hydrogen chloride,, %@d
PM were obtained from an interim version 4.10 of the Integrated Planning Model (IPM)
(http://www.epa.gov/airmarkt/progsregpaipm/index.htm). The IPM is a multiregional,
dynamic, deterministic linear programming model of the U.S. elgmbricer sector.Version 4.10
reflects state rules and consent decrees through December 1, 2010, and incorporates information
on existing ontrols collected through tHaformation Collection RequestGR) for the proposed
Toxics Rule Units with SQ or NOx advanced controls (e.g., scrubber, SCR) that were not
required to run for compliance with Title IV, New Source Review (NSR), statersettts, or
statespecific rules werenodeled byPM to either operate those controls or not based on
economic efficiencyarameters Units with advanced mercury controls (e.g., ACI) were assumed
to operate those controls in states with mercury requirements. NotkisHadse casacludes the
proposed Transport Rule, which will be finalized in June, 2@deciated emissions were
edimated using mercury speciation factors, which are assigned based on coal rank, firing type,
boiler/burner type, and pesbmbustion emissions controls. These are the same factors as were
used in the Clean Air Mercury ruéad are provided in Appendix. A-urther details on the EGU
emissions inventory used for this proposal can be found in the IPM Documentation.

The length of time required to conduct emissions and photochemical modeling precluded
the use of the final version IPM version 4.IThus heair quality modeling for theroposed
Toxics Rule relied on electric generating unit (EGU) emission projections from an interim IPM
platform that was subsequently updated during the rulemaking procelse fimoposedoxics
Rule policy analysis.The updéed emissions were not included in the air quality modelifige
updated baseline emission projection was based on an updated IPM platform, which resulted in
emissions changes to the EGU sector only. The IPM update reflects additional information
obtainel primarily from the 2010 ICR and from comments submitted on an IPM Notice of Data

3-14


http://www.epa.gov/airmarkt/progsregs/epa-ipm/index.html

Availability (NODA) in October 2010. Notably, this IPM update included the addition of over 20
GW of existing ACI reported to EPA via the ICR, which explains the majofithedifference in
interim and finabase case EGU mercury projectioffis update also includes additional unit
level updates that were made based on the ICR and public comments on the IPMANK@DA
identified additional existing pollution controlsu@h as scrubbers)Additionally, this update
corrected an erroneous natural gas emission factor which was responsible forarediegion in
PM, semissions from the EGU sector of 85 thousand tortherQipdates includes adjustments to
assumptions regding the performance of acid gas control technologies, new costs imposed on
fuel-switching (e.g., bituminous to stifuminous), correction of lignite availability to some
plants, incorporation of additional planned retirements, a more inclusive imgbgoarof the
scrubber upgrade option, and the availability of a scrubber retrofit to-a@stdéred fluidized bed
combustion units without an existing scrubbBurther details on the future year E@hissions
inventory used for this proposal can barid in the IPM v.4.10 Documentation, available at
http://www.epa.gov/airmarkt/progsregs/epan/index.html

Prior to emissions processing through SMOKE, the IPM results were adjustecbimt
for the impact of the Boiler MACT which resulted in a reduction of roughly 20,000 tonsof SO
and 460 tons of HCL. This adjustment was not applied to the final IPM versionMobile source
inventories of onroad and nonroad mobile emissions wereecré&at 2016 using a combination of
the NMIM and MOVES models in a consistent approach with the 2005 base year. As with the
2005 emissions, the 2016 onroad emissions were based on MOVES 2010-yEatwrehicle
miles travelled (VMT) were projected frorhd 2005 NEI v2 VMT using growth rates from the
2009 Annual Energy Outlook (AEO) data. The same MOW&aSed PMs temperature
adjustment factors were also applied as in 2005 for running mode emissions because these are not
dependent on year; however, cetdrt emissions used 20%pecific temperature adjustment
factors.

The 2016 onroad emissions reflect control program implementation through 2016 and
include the LightDuty Vehicle Tier 2 Rule, the Onroad Healyty Rule, and the Mobile Source
Air Toxics (MSAT) final rule. Emission reductions and increases from the Renewable Fuel
Standard version 2 (RFS2) are not included.

Nonroad mobile emissions were created only with NMIM using a consistent approach as
was used for 2005, but emissions were calculated) MIM future-year equipment population
estimates and control programs for 2015 and then adjusted to 2016 using national level factors.
Emissions for locomotives and category 1 and 2 (C1 and C2) commercial marine vessels were
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derived for 2016 based oméssions published in the Locomotive Marine Rule, Regulatory
Impact Assessment, Chapter 3 (b&e://www.epa.gov/otag/locomotives.htm#2008f)nal

The future baseline case nonroad mobile emissions reductions for these years include
reductions to locomotives, various nonroad engines including diesel engines and various marine
engine types, fuel sulfur content, and evaporative emissions standamasinigche category 3
marine diesel engines and International Maritime Organization standards which include the
establishment of emission control areas for these ships. A summary of the mobile source control
programs included in the projected future yeaseline is shown in Table&

Table 3-6. Summary of mobile source control programs included in 2016 baseline

National Onroad Rules:
Tier 2 Rule Signature dateFebruary 28, 2000)
Onroad HeawbDuty Rule (February 24, 2009)
Final Mobile Source AifToxics Rule (MSAT2) (February 9, 2007)
Renewable Fuel Standard (March 26, 2010)
Local Onroad Programs:
National Low Emission Vehicle Program (NLEV) (March 2, 1998)
Ozone Transport Commission (OTC) LEV Program (January, 1995)
National Nonroad Controls:
Tier 1 nonroad diesel rule (June 17, 2004)
Phase 1 nonroad SlI rule (July 3, 1995)

Marine Sl rule (October 4, 1996)
Nonroad diesel rule (October 23, 1998)
Phase 2 nonroad nonhandheld Sl rule (March 30, 1999)
Phase 2 nonroad handheld Sl rideril 25, 2000)
Nonroad large Sl and recreational engine rule (November 8, 2002)
Clean Air Nonroad Diesel RuleTier 4 (June 29, 2004)
Locomotive and marine rule (May 6, 2008)
Nonroad Sl rule (October 8, 2008)
Aircraft:
Itinerant (ITN) operationat airports adjusted to year 81
Locomotives:
Clean Air Nonroad Diesel Final RuleTier 4 (June 29, 2004)
Locomotive rule (April 16, 2008)
Locomotive and marine rule (May 6, 2008)
Commercial Marine:
Locomotive and marine rule (May 6, 2008)
Category 3 marine diesel engines Clean Air Act and International Maritime
Organization standards (April, 30, 2010)

In the 2016 base case, we used the 2005 base year emissions for Canada and Mexico
because appropriate futuyear emissions for sourcesthrese countriegere not available. The
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future-year emissions need to reflect expected percent reductions or increases between the base
year and the future year to be considered appropriate for this type of modeling.

For norEGU point sources, emissiongre projected by including emissions reductions
and increases from a variety of source datBor noREGU point sources, other than for certain
large municipal waste combustors and airports, emissions were not grown using economic growth
projections, butather were held constant at the emissions levels in 2Bf%ssions reductions
were applied to noEGU point source to reflect final federal measures, known plant closures,
refinery and other consent decreglse starting point was the emission projecs done for the
2005v4 platform for the proposed Transport Rulée 2014 projection factodeveloped for the
Transport Rule proposéee http://www.epa.gov/ttn/chief/emch/index.html#transporéere
updated forthese2016baselinegprojections Several additional NESHAP were promulgated since
emission projections were done for the proposed Transport Rule, and these were included for the
2016 base case. Emission reductions were also applied to include the impact of the Boiler MACT,
which had been proposed at the time of the analysis, and finalized in February 2011. This
approach, which utilized information developed between the proposdthahdile, resulted in
the reduction of roughly 400,000 tons of 88600 tons HCL and 1.8 tons of Hg nationwide. In
addition, the projection includdscal controls for NQ and VOC from théNew York State
Implementation Plan (SIRs part of another fefrt; we do not anticipate that this change
significantly impacts the results of this RIA, which are primarily resulting from changes;to SO
and PMs.

Since aircraft at airports were treated as point emissions sources in the 2005 NEI v2, we
applied projetion factors based on activity growth projected by the Federal Aviation
Administration Terminal Area Forecast (TAF) system, published December 2008 for these
sources.

The mercury emission projections included NESHAP for-B@GU source categories that
were finalized or expected to be finalized prior to the proposed Toxics rule including the Boiler
MACT (1.8 tons reduction), Portland Cement NESHAP (6.4 tons reduction), Gold Mines
NESHAP (1.8 tons reduction), Electric Arc Furnaces NESHAP (2.4 tons redudtfiergury Cell
Chlor-Alkali NESHAP (2.8 tons reduction) and Hazardous Waste Combustion NESHAP (1.1 ton

1 Controls from the NQ SIP call were assumed to have been in place by 2005 and captured in the 2005 NEI v2.
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reduction’) In addition, the projections included reduction of Hg emissions due to the
replacement of a smelter with a recovery boiler at a pulp goer pdant (0.7 tons reduction).

Emissions from stationary nonpoint sources were projected using procedures specific to
individual source categories. Refueling emissions were projected using the refueling results from
the NMIM runs performed for the onroagbbile sector. Portable fuel container emissions were
projected using estimates from previous rulemaking inventories compiled by the Office of
Transportation and Air Quality (OTAQ). Emissions of ammonia and dust from animal operations
were projected basl on animal population data from the Department of Agriculture and EPA.
Residential wood combustion was projected by replacement of obsolete woodstoves with new
woodstoves and a 1 percent annual increase in fireplaces. Landfill emissions were pusjagted
MACT controls. In addition, many of the NY SIP controls applied to nonpoint categories and
were included in the projection. All other nonpoint sources were held constant between 2005 and
the 2016 future year scenarios.

A summary of all rules angrowth assumptions impacting nr&GU stationary sources is
provided in Table &. The table is broken out into two sections: (1) the approaches used to
project emissions for the proposed Transport Rule that were carried forward for the proposed
Toxics Rule and (2) the added controls/reductions used for the proposed Toxics rule that had not
been used for the proposed Transport rule.

Table 3-7. Control strategies and/or growth assumptions included in the 2016 projection
for Non EGU stationary sources

Control Strategies and/or Growth Assumptions Applied to 2005 emissions for the 2016
projection

Projection Approaches Carried Forward from the Proposed Transport Rulé?

MACT rules, national, VOC: national applied by SCC, MACT VOC
Consent Decrees and Settlements, including refinery consent decrees, and settle All

for: Alcoa, TX and Premcor (formerly MOTIVA), DE

Municipal Waste Combustor Reductidi@ant level PM
Hazardous Waste Combustion PM
Hospital/Medical/InfectiousVaste Incinerator Regulations glgzx PM,
Large Municipal Waste Combustdrgrowth applied to specific plants All
MACT rules, plartlevel, VOC: Auto Plants VOC
MACT rules, plantlevel, PM & SO2: Lime Manufacturing PM, SQ
MACT rules, plantlevel, PM:Taconite Ore PM
Municipal Waste Landfills: project factor of 0.25 applied All
Livestock Emissions Growth from year 2002 to year 2016 NH3, PM

12 Actual reduction for hazardous waste reduction should have been 0.Bubdse to an error in the percentage
applied, a higher value was reduced.
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Residential Wood Combustion Growth and Chaoges from year 2005 to All

Year 2016

Gasoline Stage Il growthind control from year 2005 to year 2016 VOC

Portable Fuel Container Mobile Source Air Toxics Rule 2: inventory growth and | VOC

control from year 2005 to year 2016

Additional Projection Approaches For the Proposed Toxics Rufe

NESHAP: Portland Cemef®9/09/10)i plant level basedn Industrial Sector Integrated Hg, NO,

Solutions (ISIS) policy emissions in 2013. The ISIS results are from the-CH#&ent model | SO2, PM,

runs for the NESHAP and NSPS analysis of July 28, 2010 and include closures. HCL

NESHAP: I ndustrial, Commercial, I nst it (| Hg, SQ,

02/21/2011) HCL, PM

NESHAP: Gold Mine Ore Processing and Production Area Source Catbgsey on propose( Hg

rule 04-15-10)71 finalized 12/2010

NESHAP:Mercury Emissions From Mercury Cell Chigikali PlantsFinal Rule (12/19/03) Hg

Pulp and Paper Project smelter replacement for Georgia Pacific plant in VA (12/2009) Hg

NESHAP: Electric Arc Furnace Steelmaking Facilities (12/28/2007) Hg

NESHAP:Hazardais Waste Combustion (12/19/2005) Hg

New York ozone SIP standards VOC, HAP
VOC, NO

Additional Plant and Unit closures provided by state, regional, and EPA agencies All

Emission Reductions resulting from controls put on specific boiler units (ndbddACT) after | NOx, SQ,

2005, identified through analysis of the control data gathered from the ICR from the ICI B¢ HCL

NESHAP.

NESHAP: Reciprocating Internal Combustion Engines (RfCE) NOy, CO,
PM

Use Phase Il WRAP 2018 Oil and Gas, and apply Ri@frols to these emissions VOC, SQ,
NOy, CO

Use 2008 Oklahoma and Texas Oil and Gas, and apply RICE controls to these emissions| VOC, SQ,
NOy, CO,
PM

1. They were changed to reflect a 2016 future year, rather than 2012 / 2014

2. We inadvertently did napply closures that had been applied for the Transport Rule proposal; emiss
from these plants sum to 3300 tons VOC, 178 tons PM2.5, 1982 tons SO2, 1639 tons NOX, 6 tons
and 379 tons CO. At the state level, the largest impact is in West Virgiidagns NOX, which is 2% of
emissions in ptnonipm) and 1604 tons SO2 which is 7% of the ptnonipm sector. When considering
emissions from other sectors, the percentages will be much smaller. All other errors are under 500
less than 1% of the ptnigpm sector). This omission is expected to have negligible impacts on our an
since the reductions were omitted from both the base and policy cases.

3. Note that SO2 reductions are expected to occur to due fuel sulfur limits but were excluded from the
projection. They were expected to reduce SO2 by 27,000 tons, nationwide. This omission is expeq
have negligible impacts on our analysis since the reductions were omitted from both the base and f
cases.

4. Due to a software issue, emission redungifrom the LaFarge and SaintGobain consent decrees (Jan
2010) were not included in the projection. The resulting emissions are therefore too high in CA, IL,
KS, LA, MA, MI, MO, NC, OH, OK, PA, TX, WA, and WI, and are summarized nationally below.
Although these missed reductions are large, they have a minimal impact on our overall analysis be
modeling analysis for the RIA captures an appropriate difference between the future base and poliqg
and that difference is unaffected by thimission since it was omitted from both the base and the polic

cases.
Co NOX PM10 PM2_5 S0O2 VOC
(tons)  (tons) (tons) (tons) (tons) (tons)
110 13,214 269 210 16,270 6
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Table 38 shows a summary of the 2005 and 2016 modeled base case emissions for the
sum of the lower 48 states. TableS 8 311 below provide summaries of Hg, 5&hd PMsin

the 2016 base case for each sector by state.

Table 3-8.

Summary of Modeled Base Case Annudtmissions (tons/year) for48 States by

Sector. Hg, SO, and PM;5

Source SectoHg Emissions 2005 2016
EGU Point 53 29
Non-EGU Point 46 29
Nonpoint 4.8 5
Nonroad 0.5 0.5
Onroad 0.7 0.7
Average Fire
Total HG, All Sources 105 64

Source SectoS0O, Emissions
EGU Point 10,380, 78¢ 3,577,69€
Nor-EGU Point 2,089,83¢ 1,349,03¢
Nonpoint 1,259,63¢ 1,250,30C
Nonroad 771,467 35,616
Onroad 177,977 26,784
Average Fire 49,094 49,094
Total SO,, All Sources 14,728,79¢ 6,288,53(

Source SectoPM, s Emissions
EGU Point 508,903 384,320*
Non-EGU Point 440,714 404,926
Nonpoint plus Area Fugitive Dust 2,112,207 2,071,484
Nonroad 307,36¢€ 169,144
On-road 307,64t 188,320**
Average Fire 684,035 684,035
Total PM,s, All Sources 4,360,87( 3,902,22¢
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*PM2.5 based on modeled value. Subsequent IPM run with updated base case and corr
natural gas emission factor resulte@8b,253tons.

**Onroad PM2.5 for 2016 had twayrorswhich were not able to be gected prior to the AQ
modeling,resultingin a national level oveestimate of 86,000 tons in the 2016 case, whict
2% of the total PM2.5 emissions from the continent&.U.

Table 39. 2016Base Casddg Emissions (tons/year) folLower 48 States by Sector

State EGU | NonEGU Nonpoint Nonroad Onroad Total
Alabama 1.2550 0.6869 0.0293 0.0003 0.0068 1.98
Arizona 0.7487 0.0742 0.0300 0.0003 0.0070 0.86
Arkansas 0.7246 0.5523 0.0171 0.0002 0.0038 1.30
California 0.1322 2.0271 1.4881 0.4799 0.3898 4.52
Colorado 0.0832 0.6339 0.0068 0.0003 0.0058 0.73
Connecticut 0.0069 0.1839 0.1422 0.0002 0.0039 0.34
Delaware 0.0090 0.0353 0.0001 0.0019 0.0011 0.05
District of Columbia 0.0008 0.0040 0.0000 0.0005 0.01
Florida 0.4859 0.6206 0.0929 0.0013 0.0243 1.23
Georgia 0.5115 0.2056 0.0653 0.0005 0.0130 0.80
Idaho 0.3758 0.0001 0.0016 0.38
lllinois 0.4879 1.5530 0.1080 0.0007 0.0129 2.16
Indiana 1.5583 2.0018 0.0528 0.0004 0.0085 3.62
lowa 0.9994 0.3602 0.0258 0.0003 0.0038 1.39
Kansas 0.9551 0.3645 0.0201 0.0002 0.0035 1.34
Kentucky 0.8278 0.4658 0.0289 0.0002 0.0058 1.33
Louisiana 1.0188 0.3517 0.0220 0.0004 0.0053 1.40
Maine 0.0129 0.0889 0.1221 0.0001 0.0018 0.23
Maryland 0.1144 0.4264 0.1287 0.0003 0.0068 0.68
Massachusetts 0.0094 0.2339 0.3130 0.0003 0.0070 0.56
Michigan 1.5010 0.6395 0.0884 0.0009 0.0122 2.24
Minnesota 0.1610 1.8691 0.0432 0.0005 0.0066 2.08
Mississippi 0.4048 0.2666 0.0155 0.0002 0.0048 0.69
Missouri 1.9487 0.8189 0.0041 0.0004 0.0083 2.78
Montana 0.0968 0.0708 0.0079 0.0001 0.0013 0.18
Nebraska 0.4228 0.1092 0.0108 0.0001 0.0023 0.55
Nevada 0.0874 0.7880 0.0127 0.0001 0.0024 0.89
New Hampshire 0.0108 0.0272 0.0499 0.0002 0.0016 0.09
New Jersey 0.0257 0.6580 0.2333 0.0005 0.0093 0.93
New Mexico 0.2958 0.0110 0.0101 0.0001 0.0029 0.32
New York 0.0510 0.6600 0.6138 0.0009 0.0181 1.34
North Carolina 0.4868 0.5493 0.0911 0.0005 0.0105 1.14
North Dakota 0.9364 0.0268 0.0114 0.0001 0.0009 0.98
Ohio 1.5759 1.2379 0.1096 0.0006 0.0132 2.94
Oklahoma 1.0284 0.2605 0.0204 0.0002 0.0056 1.32
Oregon 0.0075 0.2949 0.0601 0.0003 0.0041 0.37
Pennsylvania 1.6132 1.9226 0.2642 0.0006 0.0130 3.81
Rhode Island 0.0466 0.0333 0.0000 0.0011 0.08
South Carolina 0.3472 0.8218 0.0302 0.0003 0.0058 1.21
South Dakota 0.0272 0.0241 0.0088 0.0001 0.0010 0.06
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State EGU | NonEGU Nonpoint Nonroad Onroad Total
Tennessee 0.7427 0.7705 0.0341 0.0003 0.0082 1.56
Texas 3.3673 3.6445 0.0728 0.0011 0.0268 7.11
Tribal Data 0.0011 0.0000 0.00
Utah 0.1838 0.2064 0.0150 0.0001 0.0030 0.41
Vermont 0.0010 0.0327 0.0001 0.0009 0.03
Virginia 0.2842 0.7885 0.1000 0.0004 0.0099 1.18
Washington 0.1666 0.1044 0.0504 0.0127 0.0065 0.34
West Virginia 0.8600 0.3142 0.0191 0.0001 0.0023 1.20
Wisconsin 0.8701 0.8148 0.0720 0.0006 0.0071 1.76
Wyoming 1.2596 0.1922 0.0042 0.0000 0.0011 1.46
Total 28.7 29.2 4.8 0.510 0.704 63.9

Table 3-10. 2016Base Case&sO, Emissions (tons/year) fol.ower 48 States by Sector

State EGU NonEGU Nonpoint | Nonroad | Onroad Fires Total
Alabama 172,198 65,649 52,312 197 513 983 291,850
Arizona 23,140 24,206 2,566 52 626 2,888 53,477
Arkansas 93,754 12,910 27,255 142 286 728 135,075
California 4,740 22,148 77,610 8,489 2,216 6,735 121,938
Colorado 55,588 1,425 6,469 47 529 1,719 65,778
Connecticut 2,643 1,832 18,438 100 275 4 23,291
Delaware 1,717 6,299 5,857 715 79 6 14,673
District of Columbia 0 686 1,559 3 36 0 2,284
Florida 122,123 40,662 70,479 4,530 1,901 7,018 246,713
Georgia 91,885 42,407 56,812 430 1,108 2,010 194,652
Idaho 0 17,137 2,911 21 167 3,845 24,082
lllinois 148,934 85,834 5,380 319 1,036 20 241,524
Indiana 229,248 64,088 59,764 160 675 24 353,959
lowa 98,518 19,010 19,816 85 291 25 137,745
Kansas 61,622 12,708 36,374 55 257 103 111,119
Kentucky 123,010 18,773 34,208 257 436 364 177,048
Louisiana 98,808 146,371 2,371 3,979 402 892 252,824
Maine 1,123 7,803 9,943 194 131 150 19,345
Maryland 36,211 13,623 40,850 1,055 513 32 92,284
Massachusetts 4,236 16,168 25,235 1,368 497 93 47,597
Michigan 169,853 24,072 42,066 440 919 91 237,440
Minnesota 51,952 18,728 14,727 252 500 631 86,789
Mississippi 55,317 22,327 6,785 244 332 1,051 86,055
Missouri 172,031 65,392 44,540 214 652 186 283,016
Montana 13,234 7,858 1,959 24 105 1,422 24,603
Nebraska 74,642 4,777 29,569 55 181 105 109,329
Nevada 11,283 2,134 12,474 25 187 1,346 27,449
New Hampshire 4,348 2,578 7,391 22 120 38 14,496
New Jersey 8,507 6,758 10,711 1,300 661 61 27,998
New Mexico 11,370 8,065 2,833 24 237 3,450 25,978
New York 28,911 20,812 125,199 979 1,303 113 177,318
North Carolina 82,544 45,264 21,992 2,177 811 696 153,484
North Dakota 76,081 9,678 5,766 35 62 66 91,688
Ohio 204,291 58,216 19,810 422 969 22 283,731
Oklahoma 139,800 31,097 7,535 45 436 469 179,382
Oregon 11,102 8,597 9,846 787 369 4,896 35,598
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State EGU NonEGU Nonpoint Nonroad | Onroad Fires Total
Pennsylvania 152,929 46,609 68,322 458 981 32 269,332
Rhode Island 0 2,725 3,364 129 72 1 6,291
South Carolina 128,070 22,746 30,001 1,037 462 646 182,963
South Dakota 29,711 1,947 10,298 22 76 498 42,552
Tennessee 106,762 39,433 32,695 173 695 277 180,036
Texas 334,636 138,883 110,147 2,103 2,084 1,178 589,030
Tribal 0 1,495 0 1,495
Utah 31,343 8,034 3,425 25 297 1,934 45,057
Vermont 0 903 5,379 7 90 49 6,428
Virginia 45,345 47,045 32,897 771 756 399 127,213
Washington 2,804 19,131 7,227 1,432 654 407 31,655
West Virginia 127,826 23,305 14,580 75 161 215 166,162
Wisconsin 77,871 18,573 6,370 123 554 70 103,561
Wyoming 55,636 22,118 6,180 18 86 1,106 85,146
Total 3,577,698 1,349,038 1,250,300 35,616 26,784 49,094| 6,288,529

*Non-US seca_c3 component not included. These emissions are 9&f665.

Table 3-11. 2016Base Casd’M2.5 Emissions (tons/year) fol.ower 48 States by Sector

Area
State EGU NonEGU Nonpoint Nonroad | Onroad | Fires Fugitive Total
Dust
Alabama 14,801 17,064 22,982 2,576 1,631| 13,938 11,591 84,583
Arizona 10,196 3,804 8,178 2,836 1,817| 37,151 12,806 76,788
Arkansas 3,805 9,905 22,683 2,191 1,108| 10,315 11,681 61,689
California 9,718 20,859 69,736 17,963 17,777| 97,302 20,386 253,741
Colorado 4,972 7,007 12,854 2,490 4,373| 24,054 11,794 67,544
Connecticut 1,632 225 9,303 1,090 2,988 56 1,014 16,308
Delaware 643 1,906 1,675 a477 514 87 497 5,801
853'&?; 0 172 407 151 229 0 162| 1,121
Florida 26,114 18,264 37,931 10,096 4,168| 99,484 14,126 210,183
Georgia 14,411 12,161 40,435 4,131 3,803| 24,082 21,286/ 120,309
Idaho 187 2,067 27,023 1,267 1,555| 52,808 14,154 99,060
lllinois 11,157 14,266 13,753 7,429 10,062 277 58,864| 115,808
Indiana 21,198 13,572 31,618 3,769 5,586 344 41,832 117,919
lowa 5,223 5,688 10,176 3,593 3,816 349 42,837 71,682
Kansas 4,634 7,556 82,581 3,078 1,736 1,468 55,263| 156,315
Kentucky 13,598 10,341 16,928 2,899 2,342 5,155 12,655 63,917
Louisiana 5,219 36,644 17,365 6,491 1,000| 12,647 10,302 89,669
Maine 712 3,143 11,958 985 1,876 2,127 1,312 22,114
Maryland 3,791 6,153 18,742 2,304 3,584 531 3,559 38,665
Massachusetts 2,754 2,127 24,749 2,531 5,278 1,324 4,580 43,343
Michigan 7,188 11,115 22,374 5,048| 10,955 1,283 23,506 81,470
Minnesota 9,011 9,665 22,535 5,035| 10,917 8,943 49,495| 115,600
Mississippi 2,554 9,491 15,685 2,495 876| 14,897 17,454 63,451
Missouri 8,040 6,334 25,550 4,217 4,335 2,636 48,202 99,315
Montana 2,453 2,528 4,925 1,427 1,239| 17,311 24,528 54,412
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Area
State EGU NonEGU Nonpoint Nonroad | Onroad Fires Fugitive Total
Dust

Nebraska 2,657 1,857 8,177 3,177 1,760 1,483 37,482 56,593
Nevada 10,903 4,029 2,612 1,364 732| 19,018 7,185 45,843
New Hampshire 1,138 508 11,543 610 1,588 534 658 16,578
New Jersey 3,380 2,577 11,837 3,358 5,483 865 549 28,049
New Mexico 5,785 1,445 5,006 1,220 1,178| 48,662 45,353| 108,648
New York 7,580 4,442 37,074 5,432| 13,467 1,601 13,647 83,242
North Carolina 12,185 11,775 36,080 4,746 3,172 9,870 11,162 88,990
North Dakota 5,338 569 2,807 2,293 1,735 934 38,263 51,940
Ohio 19,844 12,251 22,428 5,908 8,425 316 28,587 97,759
Oklahoma 7,412 5,669 45,423 2,165 1,856 6,644 44,243 113,412
Oregon 1,653 8,161 47,545 2,517 1,917| 65,350 8,738 135,881
Pennsylvania 21,187 13,237 29,061 4,839 8,838 454 13,344 90,961
Rhode Island 598 256 1,035 281 758 14 182 3,124
South Carolina 11,831 4,477 16,869 2,372 1,548 9,163 9,162 55,421
South Dakota 768 2,145 3,959 1,445 1,128 7,062 29,215 45,722
Tennessee 6,637 21,495 19,126 3,129 3,034 3,934 11,900 69,254
Texas 37,320 34,923 47,953 13,048 6,101| 21,578 143,814| 304,737
Tribal 32 1,557 0 0 1,589
Utah 5,011 3,564 8,859 1,021 2,328| 27,412 5,682 53,877
Vermont 0 337 4,882 325 1,250 696 1,528 9,018
Virginia 7,141 10,840 27,774 3,938 4,315 5,659 8,194 67,861
Washington 1,927 4,197 30,049 3,737 3,665 4,487 13,617 61,680
West Virginia 16,198 4,921 10,405 1,114 1,084 3,050 3,649 40,423
Wisconsin 6,376 7,430 24,646 3,639 8,423 994 11,870 63,379
Wyoming 7,406 10,207 2,620 896 967| 15,686 28,723 66,505

Grand Total 384,320 404,926 1,029,916/ 169,144| 188,320| 684,035| 1,030,631 3,891,291
*Non-US seca_c3 component not included. These emissioA2@@17 tons/yr.

3.4  Development of Future Year Control Case Emissions for Air Quality Modeling

For the future year control case (policy case) air quality modeling, the emissions for all
sectors were unchanged from the base case modeling except for those from EGUs. The IPM
model was used to prepare the 2016 policy case (i.e., the proposed Togjc®OREGU
emissions as described in M v.4.10 Documentatigravailable at
http://www.epa.gov/airmarkt/progsregs/epan/index.html As with the base case projections,
photochemical modeling of the policy case is based on interim IPM v.4.10. The final IPM 4.10
includes all of the updates incorporated in the base d¢asaldition, the mercury removal from
some new fabric filters isoerectly accounted for in this update. The policy modeled irfitias
scenario reflegthe emissions limits that EPA is proposing. This differs fiot@rim policycase

modeling, which was conducted before a comprehensive review of ICR data wasiafdent
the proposed emissions limits. Using limited ICR data available early in the kilgnpocess,
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EPAGs pr el icase reflected loweo HCand ynercury emissions standards than are
being proposed todayl'he changes in EGU Hg, $Gand PM s emissions as a result of the

interim policy case (utilized in the air quality modeling) for the lower 48 states are summarized in
Table 312. Statespecific summaries of EGU Hg, $@nd PM sfor the sum of the lower 48

states are shown in Tablesl 3 through 315, respectively.

Table 3-12. Summary of Emissions Changes for thé’roposed Toxics Rule in the Lower 48

States
Item Pollutant
2016 EGU Emissions HG S02 PM2.5
Base Case EGU Emissions (tons) 28.70 3,577,698 384,320
Control EGU Emissiong@ons) 6.84 1,220,379 291,044
Reductions to Base Case in 21.87 2,357,319 93,276
Control Case (tons)
Percentage Reduction of Base 76.2% 65.9% 24.3%
EGU Emissions
Total 2016 Manmade Emissions*
Total Base Case Emissions (tons) 63.92 6,288,530 3,891,292
Total Control Case Emissions (tons 42.05 3,931,211 3,798,016
Percentage Reduction of All 34.2% 37.5% 2.4%
Manmade Emissions
* |n this table, marmade emissions includes average fires.-N@seca_c3 emissions are not included
957,065 SO2; anti20,617 PM2.5

Table 3-13. State Specific Changes in Annual EGU Hipr the Lower 48 States

EGU Hg EGU Hg

2016 BaseCase | 2016Policy Case reduction reduction
State Hg (tons) Hg (tons) (tons) (%)
Alabama 1.255 0.192 1.063 85%
Arizona 0.749 0.089 0.660 88%
Arkansas 0.725 0.066 0.658 91%
California 0.132 0.084 0.048 36%
Colorado 0.083 0.090 -0.007 -8%
Connecticut 0.007 0.006 0.000 7%
Delaware 0.009 0.021 -0.012 -134%
District of Columbia 0.000 0.000 0.000
Florida 0.486 0.193 0.293 60%
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EGU Hg EGU Hg
2016 Base&Case | 2016Policy Case reduction reduction

State Hg (tons) Hg (tons) (tons) (%)
Georgia 0.512 0.215 0.296 58%
Idaho 0.000 0.000 0.000

lllinois 0.488 0.287 0.201 41%
Indiana 1.558 0.380 1.178 76%
lowa 0.999 0.152 0.847 85%
Kansas 0.955 0.097 0.858 90%
Kentucky 0.828 0.313 0.514 62%
Louisiana 1.019 0.166 0.853 84%
Maine 0.013 0.000 0.013 100%
Maryland 0.114 0.116 -0.001 -1%
Massachusetts 0.009 0.010 -0.001 -11%
Michigan 1.501 0.174 1.327 88%
Minnesota 0.161 0.074 0.087 54%
Mississippi 0.405 0.053 0.352 87%
Missouri 1.949 0.242 1.706 88%
Montana 0.097 0.045 0.052 54%
Nebraska 0.423 0.084 0.338 80%
Nevada 0.087 0.056 0.031 36%
New Hampshire 0.011 0.011 0.000 0%
New Jersey 0.026 0.026 0.000 0%
New Mexico 0.296 0.087 0.209 71%
New York 0.051 0.043 0.008 17%
North Carolina 0.487 0.207 0.280 57%
North Dakota 0.936 0.063 0.874 93%
Ohio 1.576 0.640 0.936 59%
Oklahoma 1.028 0.105 0.924 90%
Oregon 0.008 0.008 0.000 0%
Pennsylvania 1.613 0.517 1.096 68%
Rhode Island 0.000 0.000 0.000

South Carolina 0.347 0.142 0.205 59%
South Dakota 0.027 0.012 0.015 56%
Tennessee 0.743 0.153 0.590 79%
Texas 3.367 0.536 2.831 84%
Utah 0.184 0.078 0.105 57%
Vermont 0.000 0.000 0.000

Virginia 0.284 0.114 0.170 60%
Washington 0.167 0.020 0.147 88%
West Virginia 0.860 0.505 0.355 41%
Wisconsin 0.870 0.146 0.724 83%
Wyoming 1.260 0.220 1.040 83%
Total 28.7 6.8 21.9 76%
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Table 3-14. State Specific Changes in Annual EGU Sg£for the Lower 48 States

EGU SO2 EGU SO2
2016 BaseCase | 2016Policy Case reduction reduction

State SO2 (tons) SO2 (tons) (tons) (%)
Alabama 172,198 38,346 133,852 78%
Arizona 23,140 21,632 1,508 7%
Arkansas 93,754 7,314 86,440 92%
California 4,740 4,148 592 12%
Colorado 55,588 19,698 35,890 65%
Connecticut 2,643 2,041 601 23%
Delaware 1,717 3,359 (1,642) -96%
District of Columbia -

Florida 122,123 57,439 64,684 53%
Georgia 91,885 40,767 51,118 56%
Idaho 0 0 -

Illinois 148,934 47,403 101,531 68%
Indiana 229,248 111,741 117,507 51%
lowa 98,518 22,208 76,309 77%
Kansas 61,622 12,781 48,841 79%
Kentucky 123,010 97,707 25,304 21%
Louisiana 98,808 32,624 66,184 67%
Maine 1,123 0 1,123 100%
Maryland 36,211 11,528 24,683 68%
Massachusetts 4,236 2,556 1,680 40%
Michigan 169,853 27,922 141,931 84%
Minnesota 51,952 27,805 24,147 46%
Mississippi 55,317 10,595 44,722 81%
Missouri 172,031 32,412 139,619 81%
Montana 13,234 9,071 4,163 31%
Nebraska 74,642 34,551 40,091 54%
Nevada 11,283 4,735 6,548 58%
New Hampshire 4,348 730 3,618 83%
New Jersey 8,507 6,997 1,511 18%
New Mexico 11,370 9,357 2,013 18%
New York 28,911 13,468 15,443 53%
North Carolina 82,544 34,946 47,598 58%
North Dakota 76,081 11,955 64,126 84%
Ohio 204,291 77,852 126,439 62%
Oklahoma 139,800 14,196 125,605 90%
Oregon 11,102 1,423 9,679 87%
Pennsylvania 152,929 73,714 79,215 52%
Rhode Island 0 0 -

South Carolina 128,070 35,223 92,847 72%
South Dakota 29,711 7,490 22,220 75%
Tennessee 106,762 44,110 62,652 59%
Texas 334,636 81,000 253,636 76%
Utah 31,343 14,261 17,083 55%
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EGU SO2 EGU SO2

2016 BaseCase | 2016Policy Case reduction reduction
State SO2 (tons) SO2 (tons) (tons) (%)
Vermont 0 0 -
Virginia 45,345 16,029 29,317 65%
Washington 2,804 2,804 0%
West Virginia 127,826 44,129 83,696 65%
Wisconsin 77,871 24,481 53,390 69%
Wyoming 55,636 25,831 29,805 54%
Total 3,577,698 1,220,379 2,357,319 66%

Table 3-15. State Specific Changes in Annual EGU P for the Lower 48 States

EGU
EGU PM2.5 PM2.5
State 2016 BaseCase | 2016 Policy Case| reduction reduction
PM2.5 (tons) PM2.5 (tons) (tons) (%)

Alabama 14,801 9,829 4,972 34%
Arizona 10,196 7,260 2,936 29%
Arkansas 3,805 2,803 1,002 26%
California 9,718 9,550 169 2%
Colorado 4,972 4,778 194 4%
Connecticut 1,632 1,537 95 6%
Delaware 643 815 -171 -27%
District of Columbia

Florida 26,114 20,494 5,620 22%
Georgia 14,411 10,648 3,762 26%
Idaho 187 187 0 0%
lllinois 11,157 9,235 1,921 17%
Indiana 21,198 14,992 6,206 29%
lowa 5,223 4,148 1,075 21%
Kansas 4,634 2,755 1,879 41%
Kentucky 13,598 9,009 4,589 34%
Louisiana 5,219 5,345 -125 -2%
Maine 712 699 13 2%
Maryland 3,791 3,069 723 19%
Massachusetts 2,754 2,452 302 11%
Michigan 7,188 5,170 2,019 28%
Minnesota 9,011 4,440 4,571 51%
Mississippi 2,554 2,583 -29 -1%
Missouri 8,040 5,719 2,321 29%
Montana 2,453 1,803 651 27%
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EGU

EGU PM2.5 PM2.5
State 2016 Base&Case | 2016 Policy Case| reduction reduction
PM2.5 (tons) PM2.5 (tons) (tons) (%)

Nebraska 2,657 4,024 -1,368 -51%
Nevada 10,903 10,816 87 1%
New Hampshire 1,138 917 220 19%
New Jersey 3,380 3,210 170 5%
New Mexico 5,785 5,287 498 9%
New York 7,580 6,719 861 11%
North Carolina 12,185 7,651 4,534 37%
North Dakota 5,337 1,787 3,551 67%
Ohio 19,844 13,671 6,173 31%
Oklahoma 7,412 5,973 1,439 19%
Oregon 1,653 1,548 106 6%
Pennsylvania 21,187 13,119 8,068 38%
Rhode Island 598 609 -11 -2%
South Caralina 11,831 7,085 4,746 40%
South Dakota 768 567 201 26%
Tennessee 6,637 4,758 1,879 28%
Texas 37,320 32,181 5,139 14%
Utah 5,011 4,399 611 12%
Vermont 0 0 0 -98%
Virginia 7,141 6,391 750 11%
Washington 1,927 1,650 278 14%
West Virginia 16,198 9,386 6,812 42%
Wisconsin 6,376 4,653 1,724 27%
Wyoming 7,406 5,292 2,114 29%
Tribal Data 32 32 0 0%
Total 384,319 291,044 93,275 24%
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APPENDIX A.

MERCURY SPECIATION F RACTIONS USED TO SPECIATE
THE MERCURY EMISSIONS

Divalent
Category Particulate) Gaseous Elemental
Bituminous Coal and Pet. Coke, PC Boiler with ES® 0.0117 0.4656 | 0.5227
Bituminous Coal, Coal Gasification 0.0051 0.0847 | 0.9102
Bituminous Coal, PC Boiler with Dry Sorbent Injection
and ESPCS 0.0016 0.6710 | 0.3274
Bituminous Coal, PC Boiler with ESES 0.0611 0.6820 | 0.2570
Bituminous Coal, PC Boiler with ESES and Wet FGD | 0.0022 0.0778 | 0.9200
Bituminous Coal, PC Boiler wite SRHS 0.0490 0.5784 | 0.3726
Bituminous Coal, PC Boiler with ESRS and Wet FGD | 0.0063 0.2068 | 0.7870
Bituminous Coal, PC Boiler with FF Baghouse 0.0398 0.6258 | 0.3344
Bituminous Coal, PC Boiler with FF Baghouse and Wet
FGD 0.0648 0.3300 | 0.6052
BituminousCoal, PC Boiler with PM Scrubber 0.0180 0.1951 | 0.7869
Bituminous Coal, PC Boiler with SCR and SDA/FF
Baghouse 0.0506 0.4604 | 0.4890
Bituminous Coal, PC Boiler with SDA/FF Baghouse 0.0917 0.2886 | 0.6197
Bituminous Coal, PC Boiler with SNCR and EEB 0.2032 0.2712 | 0.5256
Bituminous Coal, Stoker Boiler with SDA/FF Baghouse| 0.1996 0.1794 | 0.6211
Bituminous Coal/Pet. Coke, Cyclone with EES and
Wet FGD 0.0007 0.1130 | 0.8863
Bituminous Coal/Pet. Coke, PC Boiler with FF Baghous 0.0220 0.7841 | 0.1939
Bituminous Coal/PetCoke,FluidizedBed Combustor with
SNCR and FF Baghouse 0.4244 0.2787 | 0.2970
Bituminous Wastel-luidizedBed Combustor with FF
Baghouse 0.0212 0.3881 | 0.5907
Lignite Coal, Cyclone Boiler with ESES 0.0004 0.1699 | 0.8297
Lignite Coal,Cyclone Boiler with SDA/FF Baghouse 0.0995 0.1707 | 0.7298
Lignite Coal,FluidizedBed Combustor with ESES 0.0137 0.1164 | 0.8700
Lignite Coal,FluidizedBed Combustor with FF Baghous{ 0.0042 0.7118 | 0.2840
Lignite Coal, PC Boiler with ESEES 0.0009 0.0362 | 0.9629
Lignite Coal, PC Boiler with ESES and FF Baghouse | 0.0019 0.6449 | 0.3532
Lignite Coal, PC Boiler with ESES and Wet FGD 0.0082 0.1345 | 0.8574
Lignite Coal, PC Boiler with PM Scrubber 0.0016 0.0298 | 0.9686
Lignite Coal, PC Boiler wittsDA/FF Baghouse 0.0036 0.1262 | 0.8702
Subbituminous CoakluidizedBed Combustor with
SNCR and FF Baghouse 0.0027 0.0342 | 0.9632
Subbituminous Coal, PC Boiler with ESFS 0.0016 0.3083 | 0.6901
Subbituminous Coal, PC Boiler with ESFS and Wet
FGD 0.0043 0.0294 | 0.9663
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Divalent

Category Particulate) Gaseous Elemental
Subbituminous Coal, PC Boiler with ESFS 0.0006 0.1252 | 0.8741
Subbituminous Coal, PC Boiler with ESIS and Wet

FGD 0.0117 0.0446 | 0.9437
Subbituminous Coal, PC Boiler with FF Baghouse 0.0149 0.8283 | 0.1568
Subbituminous Coal, PC Boilevith PM Scrubber 0.0145 0.0511 | 0.9344
Subbituminous Coal, PC Boiler with SDA/ESP 0.0032 0.0382 | 0.9586
Subbituminous Coal, PC Boiler with SDA/FF Baghouse| 0.0099 0.0435 | 0.9467
Subbituminous Coal/Pet. Coke, Cyclone Boiler with ES

HS 0.0093 0.0752 | 0.9155
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Chapter 4
AIR QUALITY BENEFITS OF EMISSIONS REDUCTIONS

4.1  Air Quality Modeling Platform

This section describes the air quality modeling performed by EPA in support of the
Toxics Rule A national scale air qualityjodeling analysis was performed to estimate the impact
of the sector missions changes on future yeanual and 24our PM2.5 concentrations;8
maximum ozone, total mercury deposition, as well as visibility impairment. Air quality benefits
are estimatd with the Community Mukscale Air Quality (CMAQ) model. CMAQ simulates
the numerous physical and chemical processes involved in the formation, transport, and
destruction of ozone, particulate matter and air toxics. In addition to the CMAQ model, the
modeling platform includes the emissions, meteorology, and initial and boundary condition data
which are inputs to this model.

Emissions and air quality modeling decisions are made early in the analytical process.
For this reason, it is important to nobat the inventories used in the air quality modeling and
the benefits modeling may be slightly different thanfthal utility sector inventorySimilarly,
the projected future year inventory used for this analysis is generally representative of several
years around 2016 such as 20HBwever, the air quality inventories and the final rule
inventories are generally consistent, so the air quality modeling adequately reflects the effects of
the rule Photochemical grid models use state of the science nuhalgorithms to estimate
pollutant formation, transport, and deposition over a variety of spatial scales that range from
urban to continental. Emissions of precursor species are injected into the model where they react
to form secondary species such agrezand then transport around the modeling domain before
ultimately being removed by deposition or chemical reaction.

The 2005based CMAQ modeling platform was used as the basis for the air quality
modeling for this rule. This platform represents a stmatl system of connected modeling
related tools and data that provide a consistent and transparent basis for assessing the air quality
response to projected changes in emissions. The base year of data used to construct this platform
includes emissions dmmeteorology for 2005. The platform is intended to support a variety of
regulatory and research model applications and analykes. information about the modeling
platform is available in the modeling technical support document for thiSUSIEPA, 2011)

4.1.1 Photochemical Model Background

The Community Multiscale Air Quality (CMAQ) model v4.7.1 (www.cmamgodel.org)
is a state of the sciencethhée me nsi onal-aEmbaphanedopbot ochemic
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model used to estimate air qualiyppel et al., 2008; Appel et al., 2007; Byun and Schere,
2006) CMAQ simulateghe formation and fate of photochemical oxidants, ozone, primary and
secondary PM concentrations, and air toxics over regional and urban spatial scales for given
input sets of meteorological conditions and emissions. CMAQ is applied with the AERO5
aerosoimodule, which includes the ISORROPIA inorganic chemi@tignes et al., 199&nd a
secomlary organic aerosol modul€arlton et al., 2010)The CMAQ model is applied with

sulfur and organic oxidation aqueophase chemistiCarlton et &, 2008)and the carboebhond
2005 (CBO05) gaphase chemistry modu(&ery et al., 1989)

4.1.2 Model Setup, Application, and Po$trocessing

The modeling analyses were performed for a domain covering the continental United
States, as shown in Figure 4.1. This domainahparent horizontal grid of 36 km with two
finer-scale 12 km grids over portions of the eastern and western U.S. The model extends
vertically from the surface to 100 millibars (approximately 15 km) using a spyessure
coordinate system. Air qualityoaditions at the outer boundary of the 36 km domain were taken
from a global model and vary in time and space. The 36 km grid was only used to establish the
incoming air quality concentrations along the boundaries of the 12 km grids. Only the finer grid
data were used in determinitige impacts of the emissionkanges. Table 4.1 provides
geographic information about the photochemical model domains.

Table 4.1 Geographic elements of domains used in photochemical modeling.

Photochemical Modeling Configuiah
National Grid |Western U.S. Fine GriEastern U.S. Fine Gi
Map Projection Lambert Conformal Projection
Grid Resolution 36 km 12 km 12 km
Coordinate Centet 97 deg W, 40 deg N
True Latitudes 33 deg N and 45 deg N
Dimensions 148 x 112 x 14 213 x192 x 14 279 x 240 x 14
Vertical extent 14 Layers: Surface to 100 millibar level (see Tabig)ll




Figure 4.1: Map of the photochemical modeling domains. The black outer box denotes the
36 km national modeling domain; the red inner box is the 12 km western U.S. grid; and the
blue inner box is the 12 km eastern U.S. grid.

The 36 km and 12 km modeling domaingevenodeled for the entire year of 2005 and
projected year 2016. Data from the entire year were utilized when looking at the estimation of
PM2.5, total mercury deposition, and visibility impacts from the regulation. Data from April
through October is used estimate ozone impacts. All air quality impacts are based on
improvements in future year pollution based on emissions changes from this source sector.

As part of the analysis for this rulemaking, the modeling system was used to calculate
daily and annuaM2.5 concentrations,-Br maximum ozone, annual total mercury deposition
levels and visibility impairment. Model predictions are used to estimate fyéaredesign
values of PM2.5 and ozone. Specifically, we compare a 2016 baseline scenario, a scenari
without the boiler sector controls, to a 2016 control scenario which includes the adjustments to
the boiler sector. This is done by calculating the simulated air quality ratios between any
particular future year simulation and the 2005 base.

These prdicted ratios are then applied to ambient base year design values. The design
value projection methodology used here followed EPA guidance for such analyses (USEPA,
2007). Additionally, the raw model outputs are also used in a relative sense as itipaits to
health and welfare impact functions of the benefits analysis. Only model predictions for mercury
deposition were analyzed using absolute model changes, although percent changes between the
control case and two future baselines are also estimated.



4.13 Emissions Input Data

The emissions data used in the base year and thésedineand future emissions
adjustment case are based on the 2005 v4.1 platform. The emissions cases use different
emissions data for some pollutants than the official v4 platto use data intended only for the
rule development and not for general use. Unlike the 2005 v4 platform, the configuration for this
modeling application included mercury emissions from the National Air Toxics Assessment
Inventory and some industrial Ibex sector mercury emissions more consistent with the
engineering analysis for the Industrial/lCommercial/Institutional Boilers and Process Heaters
NESHAP. Emissions for the future years for the EGU sector utilized information collected from
the utility MACT information collection request. Emissions are processed to photochemical
model inputs with the SMOKE emissions modeling system (Houyoux et al., 2000).

The 2016 baseline (or referen@ase is intended to represent the emissions associated
with growth aml controls in that year projected from the 2005 simulation year. The United States
EGU point source emissions estimates for the futurelygselineand control case are based on
an Integrated Planning Model (IPM) run for criteria pollutants, hydrochémiat, and mercury in
2016. Both control and growth factors were applied to a subset of the 20E83tdpoint and
nonpoint to create the 20dselinecase. The 2005 v4 platform 2014 projection factors were
the starting point for most of the 2016 SMOKEsed projections. The mercury projections for
nori EGU point sources accounted for emission reductions expected in the future due to
NESHAP for various noiieGU source categories that were finalized or expected to be finalized
prior to the Utility proposalncluding the Boiler MACT, Gold Mine NESHAP and Electric Arc
Furnace NESHAP. The estimated total anthropogenic emissions and emissions for the utility
sector used in the modeling assessment are shown in Tablkldr2.details on these emissions
can be foud in Chapter 3.
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Table 4.2 Estimated total inventory and EGU sector emissions for each modeling scenario.

Emissions (tons/yee

Scenari Secto VO( NO» CC SO: PM1( PM2.t
2005baselin EGU (PTIPI 40,95( 3,726,45! 601,56« 10,380,78! 615,09¢ 508,90:
All 17,613,54 22,216,09: 83,017,431 15,050,20! 13,031,71( 4,400,68!
2016baselini EGU (PTIPI 40,84% 1,76976¢ 691,31( 3,577,69! 523,50 384,32(
All 14,390,42 15,019,831 59,148,38 7,245,59! 12,772,09. 4,022,84!
2016 control cas EGU (PTIPI 38,217 1,618,19: 656,241 1,220,37! 358,16¢ 291,04«
All 14,387,79. 1486827C 59,113,31' 4,888,27! 12,606,75. 3,929,57!

Emissions (tons/yec

Scenari Secto HG: HG( HG_PM2 HC CL. NH:
2005 baselin EGU (PTIPI 21 30 1€ 351,59: 98 21,68¢
All 33 64 8.8 429,22: 6,40¢ 3,762,64.
2016 baselin EGU (PTIPI 7 21 i 74,08¢ 36,65¢
All 16 42 5.6 140,63t 6,05( 3,897,03.
2016 control cas EGU (PTIPI 2 5 0.4 8,80z 36,98:
All 11 26 5.€ 75,35] 6,05C  3,897,36!

4.2  Impacts of Sector on Future Annwal PM; s Levels

This section summarizes the results of our modeling of annual average PM2.5 air quality
impacts in the future due to reductions in emissions from this sector. Specifically, we compare a
2016baselinescenario to a 2016 control scengftioe proposed Toxics Rule interim valuethe
modeling assessment indicates a decrease up to 1.49ipginnual PM2.5 design values is
possible given an areab6s proximity to control
design value over athonitor locations is 0.70 pgfin



Legend Number of Counties
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Figure 4.2.Change in design values between the 2016 baseline and 2016 control
simulations. Negative numbers indicate lower (improved) design values in the control case
compared to the baseline.

An annual PMs design value is the concentration that determines whether a monitoring
site meets the annual NAAQS for RM The full details involved in calculating an annual M
design value are given in appendix N of 40 CFR part 50. Projected air quality barefits
estimated using procedures outlined by United States Environmental Protection Agency
modeling guidance (USEPA, 2007).

4.3 Impacts of Sector on Future 24hour PM, s Levels

This section summarizes the results of our modeling dfrzverage P air quality
impacts in the future due to reductions in emissions from this sector. Specifically, we compare a
2016baselinescenario to a 2016 control scengtioe interim results for the proposed Toxics
Rule). A decrease up to 3.1 pgiim 24-hr average Pl design value at monitor locations in the
United States is possible given an areads pro
reduced emissions from those sources. A median decrease of 13Anug#r average P
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design value at monitor locatn s i n t he United States is possi |
controlled sources and the amount of reduced emissions from those sources.
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> 05te<=00 128 Differences in Daily PM2.5 Design Values--
>0.0 5 2016cr2_hg_c1 minus 2016cr2_hg

Figure 4.3.Change in desigrnvalues between the 2016 base eaand 2016 control
simulations. Negative numbers inttate lower (improved) design values in the control case
compared to the baseline.

A 24-hour PM s design value is the concentration that determines whether a monitoring
site meets the 2hour NAAQS for PMs The full details involved in calculating a-2éur
PM, s design value are given in appendix N of 40 CFR part 50. Projected air quality benefits are
estimated using procedures outlined by United States Environmental Protection Agency
modeling guidance (USEPA, 2007).

4.4  Impacts of Sector on Future \isibility Levels

Air quality modeling conducted for this rule was used to project visibility conditions in
138 mandatory Class | federal areas across the U.S. in 2016 (USEPA, 2007). The level of
visibility impairment in an area is based on the kghtinction coefficient and a unitless



visibility index, called a fideciviewo, which
metric provides a scale for perceived visual changes over the entire range of conditions, from
clear to hazy. Under many sge conditions, the average person can generally perceive a change

of one deciview. Higher deciview values are indicative of worse visibility. Thus, an

improvement in visibility is a decrease in deciview value.

The modeling assessment indicates a medghilty improvement of 0.06 deciviews in
annual 20% worst visibility days over all Class | area monitors. An improvement in visibility up
to 2.68 deciviews on the 20% worst visibility days at Class | monitor locations in the United
States is possibleggvn an areads proximity to controlled
emissions from these sources.

4.5 Impacts of Sector on Future Ozone Levels

This section summarizes the results of our modelinglof®aximum ozone air quality
impacts in the future due to reductions in emissions from this sector. Specifically, we compare a
2016baselinescenario to a 2016 control scenario. The modeling assassideates a decrease

ofupto3.5ppbinhr averaged ozone design value is pos
controlled sources and the amount of reduced emissions from these sources. A median decrease
of 0.20 ppb in &r averaged ozone designwvaed i s possi ble given an are

controlled sources and the amount of reduced emissions from these sources. The full details
involved in calculating design value are given in appendix P of 40 CFR part 50. Projected air
guality benefits are estmbed using procedures outlined by United States Environmental
Protection Agency modeling guidance (USEPA, 2007).
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Figure 4.4. Change in design values between the 2016 baseline and 2016 control
simulations. Negative numbers indicate lower (improved) desigmalues in the control case
compared to the baseline.

4.6 Impacts of Sector on Total Mercury Deposition

This section summarizes the results of our modeling of total mercury deposition impacts
in the future based on changes to source sector emissionmbAaiata indicate that the
mercury emissions from these sources in the 2016 baseline scenario are a mixture of gaseous
elemental mercury (73%), inorganic divalent mercury (reactive gas phase mercury) (24%), and
particulate bound mercury (2%). Model r@subr the continental United States indicate that
total mercury deposition (wet and dry forms) reductions from this sector would be 24,060 pg/m

(1.0% of total mercury deposition from all sources).
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Chapter 5
MERCURY AND OTHER HA P BENEFITS ANALYSIS

51 Introduction

This chapterprovides an argsis of the benefits of the propos&dxics Rulefrom
mercury and reductions of other HAPhis analysis builds on the methodologies developed
previously for the 2005 Clean Air Mercury Rule (CAMR). This is a national scale assessment
which focuses on thexposures to methylmercury in populations who consumecaatjht
freshwater fish (recreational fishers and their families). While there are other routes of exposure,
including selfcaught saltwater fish and commercially purchased fresh and saltwhie¢hése
exposures are not evaluated because 1) focaatjht saltwater fish, we are unable to estimate
the reduction in fish tissue methylmercury that would be associated with reductions in mercury
deposition from U.S. EGUs, and 2) for commercially jpased ocean fish, it is nearly
impossible to determine the source of the methylmercury in those fish, and thus we could not
attribute mercury levels to U.S. EGUs. This benefits analysis focuses on reductions in lost 1Q
points in the population, becausetloé discrete nature of the effect, and because we are able to
assign an economic value to 1Q points. There are other neurological effects associated with
exposures to methylmercury, including impacts on motor skills and attention/behavior and
thereforerisk estimates based on IQ will not cover these additional endpoints and therefore
could further underestimate overall neurodevelopmental impacts. In addition, the NRC (2001)
n ot e dthetemeanains Bome uncertainty about the possibility of other redgtis at low
levels of exposure. In particular, there are indications of immune and cardiovascular effects, as
well as neurological effects emerging later in life, that have not been adequately stiithese"
limitations suggest that the benefits aémtury reductions are understated by our analysis,
however, the magnitude of the additional benefits is highly uncertain

In Section5.2, we discuss the potential health effects of merciegtion5.3 provides a
discussion of mercury in the environmentlirding potential impacts on wildlifeSection5.4
describes the resulting change in mercury deposition &ioguality modeling of the proposed
Toxicsrule. Section 55 presents information okey data and assumptions used in conducting
the benefit@analysis Section5.6 presents information oa doseresponse function that relates
mercury consumption in women of childbearing with changes in IQ seen in children that were
exposed prenatally. IQ is used as a surrogate for the neurobehavioral endipoiBRA relied
upon for setting the methylmercurgference dose (RfD). Sectior¥fresents exposure
modeling and benefit methodologies applied to d@hmeshold model (i.e., a model that assumes
no threshold in effects at low dosaflsmercury exposurepection 58 presents the final benefits



and riskestimates for recreational freshwater anglers and selectediskgdubpopulations.
Section 5.9 presents a qualitative description of the benefits from reductions in HAPs other than
mercury that will take lace as a result of the proposed Toxics Rule.

For this benefits assessmeBEA chose to focus on quantification of intelligence
guotient (IQ) decrements associated with prenatal mercury exposure as the initial endpoint for
guantification and valuation afhercury health benefits. Reasons for this initial focu®n
included the availability ofhoroughlyreviewed, higkhquality epidemiological studies assessing
IQ or related cognitive outcomes suitable for IQ estimation, and the availability ef well
establ shed met hods and data for economic valuat:.
previous benefits analyses for childhood lead exposure.

The quantitative estimates of human health benefits and risk levels provi8edtion
5.2 consist of two pmary sets of analysis: 1) A natiorsdale assessment of economic benefits
associated with avoided IQ loss due to reduced methylmercury (MeHg) exposure among
recreational freshwater anglers; and 2) Modeled risk levels, in terms of 1Q loss, for snskigh
subpopulations as a means of estimating potential disproportionate impacts on demographic
groups with traditionally subsistence or nsabsistence rates of fish consumption.

The first analysigSection5.2.1) estimates benefits from avoided 1Q les&gler various
regulatory scenarios for all recreational freshwater anglers in the 48 contiguous U.S. states. The
average effect on individual avoided 1Q loss in 2016 is 0.00209 1Q points, with total nationwide
benefits estimated between $0.5 and $6.1anifliin contrast, the subpopulations analyses
(Section 5.2.2focus on specific demographic groups with relatively high levels of fish
consumption. For example, an Africdmerican child in the Southeast born in 2016 to a mother
consuming fish at the (ercentile of published subsisterlde levels is estimated to
experience a loss of 7.711 IQ points as a result-afenoMeHg exposure from all sources in
the absence of Boxics Rule? The implementation of th€oxics Rulewould reduce the expected
IQ loss for this child by an estimated 0.176 IQ points.

! Monetized benefits estimates are for an immediate change in MeHg levels in fish. If a lag in the response of MeHg
levels in fish were assumed, the monetized benefits could tiéicagtly lower, depending on the length of the
lag and the discount rate used. As noted in the discussion of the Mercury Maps modeling, the relationship
between deposition and fish tissue MeHg is proportional in equilibrium, but the MMaps approacbtdoes
provide any information on the time lag of response.

2 We do note that overall confidence in IQ loss estimates above approximately 7 points decreases because we begin
to apply the underlying 1Q loss function at exposure levels (ppm hair levels) tioseereflected in
epidemiological studies used to derive those functidhs.39.1 ppm was the highest measured ppm level in the
Faroes Island study, while ~86 was the highest value in the New Zealand study (USEPA, 2005) (a 7 1Q points
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5.2 IMPACT OF MERCURY ON HUMAN HEALTH

5.2.1 Introduction

Mercury is a persistent, bioaccumulative toxic metal that is emitted from power plants in
three forms: gaseous elemental Hg YHgxidized Hg ompounds (H&f), and particlebound
Hg (Hg»). Elemental Hg does not quickly deposit or chemically react in the atmosphere,
resulting in residence times that are long enough to contribute to global scale deposition.
Oxidized Hg and HB deposit quickly from the atmosphere impacting local and regional areas in
proximity to sources. Methylmercury (MeHg) is formed by microbial action in the top layers of
sediment and soils, after Hg has precipitated from the air and deposited into watedodand.
Once formed, MeHg is taken up by aquatic organisms and bioaccumulates up the aquatic food
web. Larger predatory fish may have MeHg concentrations many tiypéslly on the order of
one million timesthat of theconcentrations in thiseeshwaterbody in which they live. Although
Hg is toxic to humans when it is inhaled or ingested, we focus in this rulemaking on exposure to
MeHg through ingestion of fish, as it is the primary route for human exposures in the U.S., and
potential health risk do not likely result from Hg inhalation exposures associated with Hg
emissions from utilities.

In 2000, the National Research Council (NRC) of the NAS issued the NAS Study, which
provides a thorough review of the effects of MeHg on human health. Tieenemerous
studies that have been published more recently that report effects on neurologic and other
endpoints.

5.2.2 Reference and Benchmark Doses

In 1995, EPA set a healtbased ingestion rate for chronic oral exposure to MeHg termed
an oral ReferencBose (RfD), at 0.0001 milligrams per kilogram per day (mglkg) The
RfD was based on effects reported for children expasateroduring the Iragi Hg poisoning
episode, in which children were exposed to high levels of Hg when their mothers consumed
contaminated grai(Marsh et al., 1987) Subsequent research from large epidemiological studies
in the Seychelle@avidson, et al., 1995)-aroe Island§Grandjean et al., 199,7and New
Zealand(Kjellstrom et al., 1989added substantially to the bodijkmowledge on neurological
effects from MeHg exposure. In 2001 EPA established a revised RfD based on the advice of the
NAS and an independent review panel convened as part of the Integrated Risk Information

loss is approximatg associated with a 40 ppm hair level given the concentra¢isponse function we are

using).

MeHg exposure is measured as milligrams of MeHg per kilogram of bodyweight per day, thus normalizing for
the size of fish meals and the differences in basgiht among exposed individuals.

1
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System (IRIS) process. In their analysis, &S examined in detail the epidemiological data

from the Seychelles, the Faroe Islands, and New Zealand, as well as other toxicological data on
MeHg. The NAS recommended that neurobehavioral deficits as measured in several different
tests among these siigs be used as the basis for the RfD.

The NAS proposed that the Faroe Islands cohort was the most appropriate study for
defining an RfD, and specifically selected ch
neurobehavioral test) as the key endpoiResults from all three studies were considered in
defining the RfD, as published in the 2001 W

Met hyl mercuryodo and in the I ntegrated Risk | nf
ARat her talsiagle meabuoedostee RfD critical endpoint, EPA based this RfD for this
assessment on several scores from the Faroesb©o

Zeal and study, and the i nt(EEPHR20.e analysis o

EPAdefined the updated RfD of 0.0001 mg/ttgy in 2001(USEPA, 2002) Although
derived from a more complete data set and with a somewhat different methodology, the current
RfD is numerically the same as the previous (1995) RfD (0.0001 ragigor 0.1 pg/kepay).

This RfD, consistent with the standard definition, is an estimate (with uncertainty
spanning perhaps an order of magnitude) of a daily exposure to the human population (including
sensitive subgroups) that is likely to be without an appreciablefid&leterious effects during a
lifetime (EPA, 2002). In general EPA believes that exposures at or below the RfD are unlikely
to be associated with appreciable risk of deleterious effects. However, no RfD defines an
exposure level corresponding to zeigky moreover the RfD does not represent a bright line,
above which individuals are at risk of advers
is that any exposures to MeHg above the RfD are of concern given the nature of the data
available formercury that is not necessarily available for many other chemicals, where exposures
have often had to be significantly above the RfD before they might be considered as causing a
hazard to public health. The scientific basis for the mercury RfD includesstve human data
and extensive data on sensitive subpopulations, including pregnant mothers; therefore, the RfD
does not include extrapolations from from animals to humans, and from the general population to
sensitive subpopulations. In addition, thesss no evidence of a threshold for Mektdated
neurotoxicity within the range of exposures in the Faroe Islands study which served as the
primary basis for the RfD. This additional confidence in the basis for the RfD suggests that alll
exposures aboveaRfD can be interpreted with more confidence as causing a potential hazard
to public health. Studies published since the current MeHg RfD was released include new
anal yses of childrends neuropsychol ogandsal eff
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cohorts, including formation of a new cohort in the Faroe Islands study. There are also a number
of new studies that were conducted in populabiased cohorts in the U.S and other countries.

A comprehensive assessment of the new literature hd®eaatcompleted by EPA. However,

data published since 2001 are generally consistent with those of the earlier studies that were the
basis of the RfD, demonstrating persistent effects in the Faroe Island cohort, and in some cases
associations of effects wilower MeHg exposure concentrations than in the Faroes. These new
studies provide additional confidence that exposures above the RfD are contributing to risk of
adverse effects, and that reductions in exposures above the RfD can lead to incremental
reducions in risk.

5.2.3 Neurologic Effects

In its review of the literature, the NAS found neurodevelopmental effects to be the most
sensitive and best documented endpoints and appropriate for establishing (&ARR{2000);
in particular NAS supported theausf results from neurobehavioral or neuropsychological tests.
The NAS repor{NRC, 2000)noted that studies in animals reported sensory effects as well as
effects on brain development and memory functions and support the conclusions based on
epidemiologystudies. The NAS noted that their recommended endpoints for an RfD are
associated with the ability of children to learn and to succeed in school. They concluded the
foll owing: AThe population at highest risk i
amounts of fish and seafood during pregnancy. The committee concludes that the risk to that
population is likely to be sufficient to result in an increase in the number of children who have to
struggle to keep up in school .o

5.2.4 Cardiovascular Impacts

The NAS summarized data on cardiovascular effects available up to 2000. Based on
these and other studies, the NRC (2000) <concl
extensive for cardiovascular effects as it is for other end points (i.e. neurolegisethe
cardiovascular system appears to be a target
NRC also stated that Aadditional studies are
methylmercury exposure on blood pressure and cardiovascular fanet at var i ous st a

Additional cardiovascular studies have been published since 2000. EPA did not to
develop a quantitative dosesponse assessment for cardiovascular effects associated with
MeHg exposures, as there is no consensus amonygistseon the doseesponse functions for
these effects. In addition, there is inconsistency among available studies as to the association
between MeHg exposure and various cardiovascular system effects. The pharmacokinetics of



some of the exposure meassl (such as toenail Hg levels) are not well understood. The studies
have not yet received the review and scrutiny of the moreastdblished neurotoxicity data
base.

5.2.5 Genotoxic Effects

The Mercury Study noted that MeHg is not a potent mutageis lsapable of causing
chromosomal damage in a number of experimental systems. The NAS concluded that evidence
that human exposure to MeHg caused genetic damage is inconclusive; they note that some earlier
studies showing chromosomal damage in lymphacytay not have controlled sufficiently for
potential confounders. One study of adults living in the Tapajés River region in @amilim
et al., 2000yeported a direct relationship between MeHg concentration in hair and DNA damage
in lymphocytes; as wias effects on chromosomes. Letggm MeHg exposures in this
population were believed to occur through consumption of fish, suggesting that genotoxic effects
(largely chromosomal aberrations) may result from dietary, chronic MeHg exposures similar to
ard above those seen in the Faroes and Seychelles populations.

5.2.6 Immunotoxic Effects

Although exposure to some forms of Hg can result in a decrease in immune activity or an
autoimmune respongATSDR, 1999) evidence for immunotoxic effects of MeHg isited
(NRC, 2000)

5.2.7 Other Human Toxicity Data

Based on | imited human and animal dat a, Me
carcinogen by the International Agency for Research on Cancer (12883 and in IRIS
(USEPA, 2002) The existing evidencsupporting the possibility of carcinogenic effects in
humans from lowdose chronic exposures is tenuous. Multiple human epidemiological studies
have found no significant association between Hg exposure and overall cancer incidence,
although a few studidzave shown an association between Hg exposure and specific types of
cancer incidence (e.g., acute leukemia and liver cafid&$, 2000)

There is also some evidence of reproductive and renal toxicity in humans from MeHg
exposure. However, overall, humdata regarding reproductive, renal, and hematological
toxicity from MeHg are very limited and are based on either studies of the tw«alddgh
poisoning episodes in Iraq and Japan or animal data, rather than epidemiological studies of
chronic exposures #he levels of interest in this analysis.



5.2.8 References

Agency for Toxic Substances and Disease Registry (ATSDR). 1999. Toxicological Profile for
Mercury. U.S. Department of Health and Human Services, Public Health Service,
Atlanta, GA.

Amorim, M.1.M., D. Mergler, M.O. Bahia, H. Dubeau, D. Miranda, J. Lebel, R.R. Burbano, and
M. Lucotte. 2000. Cytogenetic damage related to low levels of methyl mercury
contamination in the Brazilian Amazon. An. Acad. Bras. Ciénc. 72(4}5097

Davidson, P.W., G. Myers;.C. Cox,C.F. Shamlaye, D.Marsh, M.A.Tanner, M. Berlin, J.
SloaneReeves, E. Chernichia@. Choisy, A. Choi and T.W. Clarkson. 1995.
Longitudinal neurodevelopment study of Seychellois children foilgvin utero
exposure to methylmeury form matenal fish ingestion: outcomes at 19 and 29 months.
NeuroToxicology 16:67-688.

Grandjean P, Weihe P, White R, Debes F, Araki S, Yokiyama K, Murata K, Sorensen N, Dahl R,
Jorgensen P. Cognitive deficit inry@éarold children with prenatal exposure to
Methylmercury. Neurotoxicol Teratol 1997. 19:(6)41-428.

International Agencyor Research on Cancer (IARC). 1994. IARC Monographs on the
Evaluation of Carcinogenic Risks to Humans and their Supplements: Beryllium,
Cadmium, Mercury, and Exposures in the Glass Manufacturing Industry. Vol. 58. Jalili,
H.A., and A.H. Abbasi. 1961. Pairing by ethyl mercury toluene sulphonanilide. Br. J.
Indust. Med. 18(Oct.):30308 (as cited in NRC 2000).

Kjellstrom, T., P. Kennedy, S. Wallis, A. Stewart, L. Friberg, B. Lind, P. Witherspoon, and C.
Mantell. 1989. Physical and mental development dtlokin with prenatal exposure to
mercury from fish. Stage 2: Interviews and psychological tests at age 6. National Swedish
Environmental Protection Board Report No. 3642.

Marsh, D.O., T.W. Clarkson, C. Cox, et al. 1987. Fetal methylmercury poisoningomslap
between concentration in single strands of matemaaland child effects. Arch. Neurol.
44:10171022. (as cited in EPA 2002 IRIS documentation.)

National Research Council (NRC). 2000. Toxicological Effects of Methylmercury. Committee
on the Toxicdogical Effects of Methylmercury, Board on Environmental Studies and
Toxicology, Commission on Life Sciences, National Research Council. National
Academy Press, Washington, DC.

U.S. Environmental Protection Agency (EPA). 1997. Mercury Study Report to €msngr
Volume V: Health Effects of Mercury and Mercury Compounds. #BB2&/R97-007.
U.S. EPA Office of Air Quality Planning and Standards, and Office of Research and
Development.

S5-7



U.S. Environmental Protection Agency (EPA). 2002 (date of most recent reofsorline
materials; website accessed January 2005). Integrated Risk Information System (IRIS).
Methylmercury. U.S. EPA Office of Research and Development, National Center for
Environmental Assessment. Oral RfD and inhalation RfC assessments last revised
7/27/2001. Carcinogenicity assessment last revised 5/1/1995. Available online at
http://www.epa.goV/iris/subst/0073.htm

5.3 IMPACT OF MERCURY ON ECOSYSTEMS AND WILDLIFE

5.3.1 Introduction

Deposition of mercury to waterbodies can also have an impact oyseaos and
wildlife. Mercury contamination is present in all environmental media with aguatic systems
experiencing the greatest exposures due to bioaccumulation. Bioaccumulation refers to the net
uptake of a contaminant from all possible pathways anddeslthe accumulation that may
occur by direct exposure to contaminated media as well as uptake from food.

Atmospheric mercury enters freshwater ecosystems by direct deposition and through
runoff from terrestrial watersheds. Once mercury deposits, it magrbesrted to organic
methylmercury mediated primarily by sulfateducing bacteria. Methylation is enhanced in
anaerobic and acidic environments, greatly increasing mercury toxicity and potential to
bioaccumulate in aquatic foodwebs. A number of key lmwegemical controls influence the
production of methylmercury in aquatic ecosystems. These include sulfur, pH, organic matter,
i ron, mercury fAagingo, and bacteria type and

Wet and dry deposition of oxidized mercury is a domir@athway for bringing mercury
to terrestrial surfaces. In forest ecosystems, elemental mercury may also be absorbed by plants
stomatally, incorporated by foliar tissues and released in litterfall (Ericksen et al., 2003).
Mercury in throughfall, direct degsition in precipitation, and uptake of dissolved mercury by
roots (Rea et al., 2002) are also important in mercury accumulation in terrestrial ecosystems.

Soils have significant capacity to store large quantities of atmospherically deposited
mercury whee it can leach into groundwater and surface waters. The risk of mercury exposure
extends to insectivorous terrestrial species such as songbirds, bats, spiders, and amphibians that
receive mercury deposition or from aquatic systems near the forest aseshttist (Bergeron
et al. 2010a, b; Cristol et al. 2008; Rimmer et al. 2005; Wada et al. 2009 & 2010).

Numerous studies have generated field data on the levels of mercury in a variety of wild
species. Many of the data from these environmental studiesmeaceotal in nature rather than
representative or statistically designed studies. The body of work examining the effects of these



exposures is growing but still incomplete given the complexities of the natural world. A large
portion of the adverse effeatgearch conducted to date has been carried out in the laboratory
setting rather than in the wild; thus, conclusions about overarching ecosystem health and
population effects are difficult to make at this time. In the sections that follow numerous effects
have been identified at differing exposure levels.

5.3.2 Effects on Fidh

A review of the literature on effects of mercury on fish (Crump and Trudeau, 2009)
reports results for numerous species including trout, bass (large and smallmouth), northern pike,
cap, walleye, salmon and others from laboratory and field studies. The effects studied are
reproductive and include deficits in sperm and egg formation, histopathological changes in testes
and ovaries, and disruption of reproductive hormone synthesis. Stuelses were conducted in
areas from New York to Washington and while many were conducted by adding MeHg to water
or diet many were conducted at current environmental levels. While we cannot determine at this
time whether these reproductive deficits dfeaing fish populations across the United States it
should be noted that it is possible that over time reproductive deficits could have an effect on
populations. Lower fish populations would conceivably impact the ecosystem services like
recreational fieing derived from having healthy aquatic ecosystems quite apart from the effects
of consumption advisories due to the human health effects of mercury.

The Integrated Science Assessment for Oxides of Nitrogen and Biaglogical
Criteria (Final Report2008) presents information regarding the possible complementary effects
of sulfur and mercury deposition. The ISA has concluded that there is a causal relationship
between sulfur deposition and increased mercury methylation in wetlands and aquatic
environnents. This suggests that lowering the rate of sulfur deposition would also reduce
mercury methylation thus alleviating the effects of aquatic acidification as well as the effects of
mercury on fish.

5.3.3 Effects on Birds

In addition to effects on fish, mmury also affects avian species. In previous reports (EPA
1997 and CAMR 2005) much of the focus has been on large piscivorous species, in particular the
common loon. The loon is most visible to the public during the summer breeding season on
northern lake and they have become an important symbol of wilderness in these areas (Mcintyre
and Barr 1997). A multitude of loon watch, preservation, and protection groups have formed
over the past few decades and have been instrumental in promoting conservatatimedu
monitoring, and research of breeding loons (Mclntyre and Evers 2000, Evers 2006). Significant



adverse effects on breeding loons from mercury have been found to occur, including behavioral
(reduced nessitting), physiological (flight feather asyming), and reproductive (chicks

fledged/territorial pair) effects (Evers 2008, Burgess 2008) and reduced survival (Mitro, et al

2008). Additionally Evers et al. (2008) report that they believe that results from their study

integrating the effects on the guuints listed above and evidence from other studies the weight

of evidence indicates that populati@vel effects negatively impacting population viability

occur in parts of Maine and New Hampshire, an

Recently attention has turned to other piscivorous species such as the white ibis and great
snowy egret. While considered to be fistiting generally these wading birds have a diverse diet
including crayfish, crabs, snails, insects and frogs. These speeiegperiencing a range of
adverse effects due to exposure to mercury. The white ibis has been observed to have decreased
foraging efficiency (Adams and Frederick 2008). Additionally ibises have been shown to exhibit
decreased reproductive success areted pair behavior at chronic exposure to levels of dietary
MeHg commonly encountered by wild birds (Frederick and Jayasena 2010). These effects
include significantly more unproductive nests, male/male pairing, reduced courtship behavior
(head bobbing angair bowing) and lower nestling production by exposed males. In this study a
worstcase scenario suggested by the results could involve up to a 50% reduction in fledglings
due to MeHgq in diet. These estimates may be conservative if male/male pairingvitdthe
resulted in a shortage of partners for females and the effect of homosexual breeding were
magnified. In egrets mercury has been implicated in the decline of the species in south Florida
(Sepulveda, et al. 1999) and Hoffman (2010) has shown that egstrience liver and possibly
kidney effects. While ibises and egrets are most abundant in coastal areas and these studies were
conducted in south Florida and Nevada, the ranges of ibises and egrets extend to a large portion
of the United States. Ibisrtéory can range inland to Oklahoma, Arkansas and Tennessee. Egret
range covers virtually the entire United States except the mountain west. Insectivorous birds
have also been shown to suffer adverse effects due to current levels of mercury exposeire. Thes
songbirds such as Bicknell 6s thrush, tree swa
reproduction, survival, and changes in singing behavior. Exposed tree swallows produced fewer
fledglings (Brasso 2008), lower survival (Hallinger 2010) and had camipeal immune
competence (Hawley 2009). The great tit has exhibited reduced singing behavior and smaller
song repertoire in an area of high contamination in the vicinity of a metallurgic smelter in
Flanders (Gorissen 2005). While these effects were snalivanld likely have little effect on
population viability in such a shelived species.
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5.3.4 Effects on Mammals

In mammals adverse effects have been observed in mink and tewecatected in the
wild in the northeast where atmospheric deposition fnaumicipal waste incinerators and
electric utilities are the largest sources (USEPA 1999), both fish eating sppecietter from
Maine and Vermont maximum concentrations on Hg in fur nearly equal or exceed a
concentration associated with rtadity. Concentratiors in liver for mink in
Massachusetts/Connecticut and the levels in fur from mink in Maine exceed concentrations
associated witlacute mortality (Yates 2005\dverse sulethal effects may be associated with
lower Hg concentrations and consequgbt more widespreithan potential acute effects.
These effects may include increased activity, poorer maze performance, abnormal startle reflex,
and impaired escape and avoidance biehg®cheuhammer et al. 200Qonclusions

The studies cited here pride a glimpse of the scope of mercury effects on wildlife
particularly reproductive and survival effeetiscurrent exposure levelShese effects range
across species from fish to mammals and spatially across a wide area of the United States. The
literature is far from complete however. Much more research is required to establish a link
between the ecological effects on wildlife and the effect on ecosystem services (services that the
environment provides to peopley example recreational fishing, birdatching and wildlife
viewing. EPA is not, however, currently alile quantify or monetize the benefits of reducing
mercury exposures affecting provision of ecosystem services.
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5.4 MERCURY RISK AND EXPOSURE ANALYSES 1 DATA INPUTS AND
ASSUMPTIONS

5.4.1 Introduction

This section provides information regarding key data inputs and assumptions used in this
assessment. The section begins with a description of the populations modkisdssessment,
follows with information abouthe data used to @state MeHg concentrations in fish, acidses
with a summary ofhe science and related assumptions uséltis assessmeta link changes in
modeled mercury deposition to changes in fish tissue concentrations.

5.4.2 Data Inputs

Populations Assesséabr the National Aggregate Estimates of Exposed Populations in
Freshwater Fishing Households

The main source of data for identifying the size and location of the potentially exposed
populations is the Census 2000 data, summarized at thdetrattThere areaughly 64,500
tracts in the continental United States, with populations generally ranging between 1,500 and
8,000 inhabitants. For the national aggregate analysis of exposure levels, the specific population
of interest drawn from these data is the numlbevamen aged 15 to 44 (i.e., childbearing age)
in each tract. To predict populations in later years (2005 and 2016), we appliedlevehty
population growth projections for the corresponding population categérgds and Poole,
2008 to the 2000 traetevel data. To specifically estimate the portion of these populations that
are pregnant in any given year, we applied dtatel 2006 fertility rate (live births per 1,000
women aged 15 to 44 years) data from U.S. Vital StatidDesHS, 2009.

Two main sairces of nationalevel recreation activity data are available and suitable for
estimating the size and spatial distribution of freshwater recreational angler populations and
activities in the United States:

A the National Survey of Fishing, Hunting, and t\ifie-Associated Recreation
(FHWAR), maintained by the Department of the Interior (D@IP( and DOC,
1992, 1997, 2002007 and
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A the National Survey of Recreation and the Environmg&iJA, 1994).

FHWAR Angler Data. The FHWAR, conducted by the U.S. Census Bureau about every
5 years since 1955, includes data on the number and characteristics of participants as well as
time and money spent on hunting, fishing, and wildlife watching. The most ia®ety and
report are for recreational activities caieted in 2006 (DOI and DOC, 200 Data from this
report were used to provide the most recent estimate of the percentage of the resident population
in each state (16 years old or older) that engag@edshwater fishing during the year. As shown
in Table 51, these percentages vary from 3% (New Jersey) to 27% (Minnesota).
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Table 51. Summary of FWHAR State-Level Recreational Fishing Characteristics

Freshwater Anglers as

Percentage of Freshwater Fishing Trips

State Percentage of State Populaitf Lakes Rivers
Alabama 15.7% 59.9% 40.1%
Arizona 7.0% 79.2% 20.8%
Arkansas 19.5% 81.1% 18.9%
California 4.1% 53.5% 46.5%
Colorado 13.2% 63.7% 36.3%
Connecticut 6.4% 58.7% 41.3%
Delaware 5.0% 52.8% 47.2%
Florida 7.9% 67.4% 32.6%
Georgia 12.6% 70.4% 29.6%
Idaho 18.4% 44.4% 55.6%
lllinois 7.3% 76.4% 23.6%
Indiana 12.3% 77.8% 22.2%
lowa 16.8% 55.1% 44.9%
Kansas 14.8% 84.7% 15.3%
Kentucky 17.5% 80.0% 20.0%
Louisiana 14.2% 71.2% 28.8%
Maine 19.4% 73.7% 26.3%
Maryland 5.5% 40.7% 59.3%
Massachusetts 5.1% 75.5% 24.5%
Michigan 14.2% 85.6% 14.4%
Minnesota 26.9% 89.0% 11.0%
Mississippi 19.6% 79.0% 21.0%
Missouri 18.9% 80.2% 19.8%
Montana 22.8% 46.8% 53.2%
Nebraska 12.3% 80.6% 19.4%
Nevada 5.9% 80.5% 19.5%
New Hampshire 8.9% 67.9% 32.1%
New Jersey 3.1% 68.9% 31.1%
New Mexico 10.9% 56.1% 43.9%
New York 4.7% 67.2% 32.8%
North Carolina 10.7% 68.7% 31.3%
North Dakota 17.3% 87.2% 12.8%
Ohio 11.8% 78.8% 21.2%
Oklahoma 18.8% 83.1% 16.9%
Oregon 13.6% 39.0% 61.0%
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Table 51. Summary of FWHAR State-Level Recreational Fishing Characteristics
(continued)

Percentage of Freshwater Fishing Trips

Freshwater Anglers as

State Percentage of State Populatfon Lakes Rivers
Pennsylvania 8.1% 44.0% 56.0%
Rhode Island 4.4% 73.5% 26.5%
South Carolina 14.2% 75.6% 24.4%
South Dakota 14.6% 69.7% 30.3%
Tennessee 13.8% 68.6% 31.4%
Texas 9.7% 79.3% 20.7%
Utah 15.6% 68.0% 32.0%
Vermont 12.6% 71.1% 28.9%
Virginia 7.5% 70.4% 29.6%
Washington 9.5% 50.0% 50.0%
West Virginia 19.7% 50.1% 49.9%
Wisconsin 22.8% 79.5% 20.5%
Wyoming 23.5% 64.0% 36.0%

#Based on FHWAR 2006 data for residents 16 years and older.

® Based on FHWAR 2001 data for residents 16 years and older.

The methodology for assessing mercexposures also requires a further breakdown of
freshwater fishing activities into two categories: rivers (including rivers and streams) and lakes
(including lakes, ponds, reservoirs, and other flat water). Data at this level of detail are not
reported inthe summary national reports for the FHWAR; however, they are available from the
FHWAR surveyhouseholdevel data. For this analysis, data from a previous analysis and
summary 6the 2001 FHWAR householével survey dataHPA, 2005) were used to provide
estimates of the percentage of freshwater fishing days by residents in each state that were to
either the lake or river categors shown inTable 51, the highest percentage going to lakes is
in Minnesota (89%) and the highest to rivers is in Orego#o{61

NSRE Angler Data The NSRE, formerly known as the National Recreation Survey
(NRS), is a nationally administered sury@hich has been conducted periodically since 1962.
It is designed to assess outdoor recreation participatitre United States and elicit information

! Although the totahumberof fishing trips varies from year to year, there is little reason to expect thatitnef
river trips to lake trips would have changed significantly since 2001. For this reason, givenerasalirc
timetable limitations, we did not update this input to the analysis.
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regarding peopleds opinions about their natur

anglers is smaller than the FHWAR sample, but it is nonetheless a useful resource because it
provides a wide variety ohformation about fishing activities. Importantly, it includes relatively
detailed information about the nature and location of recent freshwater trips. Because the
sampling procedure is designed to be representative, inferences may be drawn abouvéhe relat
popularity of particular types of freshwater bodies (e.g., lakes, rivers) among the general public
and the average distance traveled to reach these sites. Although more recent NSRE surveys have
been conductenh 2000 and 200data from 1994 survey (NRE, 1994)is used fothis analysis

because it contains the most detailed information regarding fishing trip destinations

The NSRE 1994 elicited information from respondents atheutnost recerfishing trip.
One of the main advantages of NSRE 1994as ithncludes geocoded data for reported fishing
destinations. To specify the location of the last fishing trip, respondents were asked to provide
the name of the waterbody, the nearest town to the waterbody, and an estimate of the distance
and directiorfrom their home to the waterbod§ppendix Bdescribes how these data were used
in this analysis to estimate the percentage of freshwater fishing trips that were in different
di stance intervals from respondent SRE, tHeseme s .
estimates were further differentiated accordmghe income level and urban versusurban
location of the respondents.

High-Consuming Subpopulations in the United States

Based on a detailed review of the literature, we identified sevenabpulations with
particularly high potential risks of mercury exposure due to relatively high rates of freshwater
fish consumptiorfMoya, 2004; Burger 2002, Shilling et al. 2010, Dellinger, 2004 analysis
of potentially highrisk groups focuses on ssxibpopulations:

A low-income AfricarAmerican recreational/subsistence fishers in the Southeast
regiort

A low-income white recreational/subsistence fishers in the Southeast region
A low-income female recreational/subsistence fishers

A Hispanic subsistence fishers

! Southeast for purposes of this analysis compA$aisama, Arkansas, Florida, Georgia, Kentucky, Louisiana,
Mississippi, North Carolina, South Carolina, Tennessee, Virgamid W\est Virginia
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A Laotian subsistence fishers
A Chippewa/Ojibwe Tribe members in the Great Lakes area

To identify the size and spatial distribution of these potentially-hglhgroups, we again
used Census 2000 trdetrel population data. These data identify tdaeel populations in the
year 2000 for each of the specified racial/ethnic definitions and, mordicakggifor low-
income AfricanAmerican, white, and female populations. For this part of the analysis, the low
income designation is based on the ttagel estimates of subpopulations living in poverty.
Population size projections for future years (beyond 2000) in each selected tract were based on
countylevel growth projections for the full population (all ages and both sexes) in the most
closely correspondmrace categorywoods and Poole, 20D8~or example, the Asian and
Native American categories in the cowfgyel growth projection data were used for the Laotian
and Chippewa population projections, respectively.

For the analysis of Chippewa subpopulatéxposures, the analysis was spatially
restricted to only include census tracts in Minnesota, Wisconsin, and Michigan with centroids
that are located no more than 20 miles from the main tribal fishind theegustification for this
travel distance limdtion is discussed below)he Chippewa tribal fishing areas in these states
were defined as the territories around the Great Lakes that have been ceded to the Chippewa for
tribal fishing rights. The boundaries of this tribal fishing area are shown owyeéllFigure 51.
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Figure 5-1. Map of the Chippewa Tribal Fishing Area, Nearby Census Tract Centroids,
and HUC-12 Subwatersheds with Fish Tissue Mercury Samples

5.4.3 Mercury Concentrations in Freshwater Fish

Data Sources for Fish Tissue Concentrations

To characterize the spatial distribution of mercury concentration estimates in freshwater
fish across the country, we compiled data from three main sources, which are described below.

National Listing of Fish Advisory (NLFA) database.The NLFA, managed bgPA
(http://water.epa.gov/scitech/swguidance/fishshellfish/fishadvisprisslects and compiles fish
tissue sample data from all 50 states and from tribes acrossitee States. In particular, it
contains data for over 43,000 mercury fish tissue samples collected from 1995 to 2007.

U.S. Geologic Survey (USGS) compilation of mercury dataset&s part of its
Environmental Mercury Mapping and Analysis (EMMA) program,GEscompiled mercury fish
tissue sample data from a wide variety of sources (including the NLFA) and has posted these
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data athttp://emmma.usgs.gov/datasets.asthe compilation includes (1) staagency cected

and reported data (including Delaware, lowa, Indiana, Louisiana, Minnesota, Ohio, South
Carolina, Virginia, Wisconsin, and West Virginia) from over 40,000 fish tissue samples,
covering the period 1995 to 2007 and (2) over 10,000 fish tissue sdnopheseveral other

sources, including the National Fish Tissue Survey, the National Pesticide Monitoring Program
(NPMP), the National Contaminant Biomonitoring Program (NCBP), the Biomonitoring of
Environmental Status and Trends (BEST) datasets of th&U$Sknd USGS
(http://www.cerc.cr.usgs.gov/data/data.itand the Environmental Monitoring and Analysis
Program (EMAP) littp://www.epa.gov/emap/

EPAOGs NRiveraodhSerdam Assessment (NRSA) study datd hese data include
nearly 600 fish tissue mercury samples collected at randomly selected freshwater sites across the
United States during the period 2008 to 2009.

Approach for Compiling Fish Tissue Dataset Exxposure Analysis

Data from these three datasets were combined into a single master fish tissue dataset
covering the period 1995 to 2009. One problem encountered in combining these datasets is the
potential duplication of samples in the NLFA and USGfestollected data. Unfortunately,
these two datasets do not contain directly comparable and unique identifiers that allow duplicate
samples to be easily identified and removed. Therefore, as an alternative, the samples from these
two datasets were subdidd into data groups according to the year and state in which they were
collected. If both datasets contained a data group for the same year and the same state, then the
data group with the fewer number of observations was excluded from the master data.

The following criteria were also applied to exclude data from the master fish tissue
dataset to be used in the analysis. Samples were excluded if they

A did not include useable latitudengitude coordiates for spatial identification;

A were located at sitasutside the tidal boundaries of the continental United States (i.e.,
if they were nosampled from freshwater sites);

A did not come fromigh species found in freshwater;

A did not come from sampled fish that were at least 7 inches in length (i.e., yidikel
be consumed).
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Each remaining sample was then categorized as either a river or lake sample based on
information about the sampling site location. First, specific character strings in the site names
(e.g., fAriver, 0 fAcr eeikr,®) AWwerkes , Ws eid otnad , ®l asndi f
remaining sites were categorized balmgithdeon a G
coordinates to the nearest waterbody and its category.

The resulting master fish tissue mercury concentration elatastains 26,940 sample
concentration estimates from 3,876 river sites and 23,206 estimates from 2,167 lake sites.

A new dataset was then created by spatially grouping and averaging the river and lake
concentration estimates at the HA1€ subwatershed level. First, all of the mercury sampling
sites included in the master data were mapped and matched to théZ-HuBwatersheds in
which they are located. A total of 3,88HUC-12s in the continental United States (4.6%) contain
at least one riveor lake mercury sampleSecond, sitespecific average mercury concentration
values were generated by computing the mean concentration estimate at each site. Third, HUC
level average lake concentration estimates were computed as the mean ofsihedide
average lake concentration estimates for each HUC containing at least one lake sampling site
(1,396 HUCSs). Fourth, HUdeVvel average river concentration estimates were computed as the
mean of the sitspecific average river concentration estimategémh HUC containing at least
one river sampling site (2,655 HUCSs).

Summary of Fish Tissue Mercury Concentration Estimates Used in the Exposure Analysis

The resulting HUG@evel mercury concentration dataset is summarizéhbile 52. The
average HU@eve mercury concentration estimate for lakes is 0.29 ppm and for rivers is 0.26
ppm. The large standard deviations and ranges reported in the table also reflect the considerable
spatial variation in lake and river concentration estimates across samptiesciibed below,
the analysis uses this intesatershed spatial variation (rather than just the average point estimate
across watersheds) to estimate mercury exposttesever, in this analysis, exposure estimates
were only generated for populations ktkto these HUCs containing at least one river or lake
mercury fish tissue sample.

! This number excludes 15 HU2s containing mercury samples. These HLAS were excluded from the analysis
due to their proximity to potentially significant nair sources of mercury, including gold mines or +iaU
mercury sources includéd the 2008 Toxic Release Inventory.
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Table 52. Summary of HUC-level Average Mercury Fish Tissue Concentration

Estimates
N* Mean Std. Dev. Min Max
Lake Fish Tissue Concentrations
HUC-level averagenercury concentration (ppm) 1,396 0.286 0.231 0.000 3.56
Number of lake samples per HUC 1,396 16.62 31.61 1 458
Number of lake sampling sites per HUC 1,396 1.55 1.97 1 33
River Fish Tissue Concentrations
HUC-level average mercury concentratigpm) 2,655 0.261 0.259 0.006 4.97
Number of river samples per HUC 2,655 10.15 22.45 1 288
Number of river sampling sites per HUC 2,655 1.46 1.10 1 16

& Number of HUG12s with at least one river or lake sampling site

5.5 Linking Changes in ModeledMercury Deposition to Changes in Fish Tissue
Concentrations

5.5.1 Introduction

In the United States, humans are exposed to MeHg mainly by consuming fish that contain
MeHg. Accordingly, to estimate changes in human exposure EPA must analyze how changes in
Hg deposition from U.S. codired power plants translate into changes in MeHg concentrations
in fish. Quantifying the linkage between different levels of Hg deposition and fish tissue MeHg
concentration is an important step in the risk assessment procefgedocus of the material
described in this chapter.

To effectively estimate fish MeHg concentrations in a given ecosystem, it is important to
understand that the behavior of Hg in aquatic ecosystems is a complex function of the chemistry,
biology, andphysical dynamics of different ecosystems. The majority (95 to 97 percent) of the
Hg that enters lakes, rivers, and estuaries from direct atmospheric deposition is in the inorganic
form (Lin and Pehkonen, 1999). Microbes convert a small fraction of tHeopowrganic Hg in
the water and sediments of these ecosystems into the organic form of Hg (MeHg). MeHg is the
only form of Hg that biomagnifies in organisms (Bloom, 1992). Ecosystesnific factors that
affect both the bioavailability of inorganic Hg methylating microbes (e.g., sulfide, dissolved
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organic carbon) and the activity of the microbes themselves (e.g., temperature, organic carbon,
redox status) determine the rate of MeHg production and subsequent accumulation in fish
(Benoit et al., 2003)The extent of MeHg bioaccumulation is also affected by the number of
trophic levels in the food web (e.g., piscivorous fish populations) because MeHg biomagnifies as
large piscivorous fish eat smaller organisms (Watras and Bloom, 1992; Wren and MacCrimmon,
1986). These and other factors can result in considerable variability in fish MeHg levels among
ecosystems at the regional and local scale.

Use of Mercury Map® Project Changes in Fish Tissue Concentrations

To analyze the relationship between Hg depmsiand MeHg concentrations in fish in
freshwater aquatic ecosystems across the U.S. for the national scale benefits assessment, EPA
applied EPAOGs Office of Wat eUSSEPA R®IapMMapy Maps
implements a simplified formofthe M2 M model applied in EPAOG6S Met
Congress (USEPA, 1997). By simplifying the assumptions inherent in the freshwater ecosystem
models that were described in the Report to Congress, the MMaps model showed that these
models converge at a atfystate solution for MeHg concentrations in fish that are proportional
to changes in Hg inputs from atmospheric depositien.( over the long terpfish
concentrations are expected to decline proportionally to declines in@tarasloading to a
waterbody). The temporal response time for a change in fish tissue MeHg levels following a
change in mercury deposition can range from years to decades or more depending on the
attributes of the watershed and waterbody involved.

MMaps has several limitatns:

1. The MMaps approach is based on the assumption of a linear,-stadelyelationship
between concentrations of MeHg in fish and present day air deposition mercury
inputs. We expect that this condition will likely not be met in many waterbodies
becaus®f recent changes in mercury inputs and other environmental variables that
affect mercury bioaccumulation. For example, the US has recently reduced-human
caused emissions while international emissions have increased.

! Research has suggested that fish tissue MeHg levels in some locations may displapleasaitesponse
following a discrete change in mercury deposition, with the first phase lasting a few years to a decade or more
and primarily involving changes in aerial loading directly to the waterbody and the second phase lasting decade
(to a century or more) and reflecting longerm changes in watershed erosion and runoff to the waterbody
(Knights et al., 2009, Harris et a2007).
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2. The requirement that environmental dgions remain constant over the time
required to reach steady state inherent in the MMaps methodology may not be met,
particularly in systems that respond slowly to changes in mercury inputs.

3. Many water bodies, particularly in areas of historic gold mwedcury mining, contain
significant norair sources of mercury. The MMaps methodology will yield biased
results when applied to such waterbodies. As a simple illustrative example, if we have
mercury deposition of 100 at a given location and a MeHg fishesdration of 6n a
local fish tissue sample@nd a new emissions rule reduces deposition by half to 50,
then, in the absence of other rain deposition sources, we would assume that the
MeHg fish concentration is reduced by the same proportion, t@3 ((80) x 6).

However, if totalpre-controlmercury loading to the system is actually J0@s

another unaccounted for source (for example, an additional 100 due to area gold
mining), then the MeHg fish concentration of 6 is actually due to 200 in tetauny
loading. In this case, reducing mercury air deposition from 100 to 50 would only
reduce the total loading by 25%, to 150, which, based on the MMaps methodology,
would result in a MeHg fish concentration of 4.5 ((150 / 200) x 6) rather tHan 3.

areas where osair deposition sources are unaccounted for, MMagsed estimates

of changes in MeHg fish tissue concentrations due to reduced mercury air emissions
would therefore be biased high.

4. Finally, MMaps does not provide for a calculation of the tiaggldetween a reduction
in mercury deposition and a reduction in the MeHg concentrations iarfghas
noted earlier, depending on the nature of the watersheds and waterbodies involved,
the temporal response time for fish tissue MeHg levels following a change in mercury
deposition can range from years to decades.

This methodology thereforapplies only to situationsvhere air deposition is the sole
significant source of Hg to a water body, avderethe physical, chemical, and biological
characteristics of the ecosystem remain constant over time. EPA recognizes that concentrations
of MeHg in fishacross all ecosystems may not reach steady state and that ecosystem conditions
affecting mercury dynamics are unlikely to remain constant over time. EPA further recognizes
that many water bodies, particularly in areas of historic gold and Hg mining ierwesates,

! As noted earlier in Section 5.1,monetized benefits estimates are for an immediate change in MeHg levels in fish
(i.e., the potential lag period associated with fully realizing fish tissue MeHg levels was not reflected in benefits
modeling). Ifa lag in the response of MeHg levels in fish were assumed, the monetized benefits could be
significantly lower, depending on the length of the lag and the discount rate used. As noted in the discussion of
the Mercury Maps modeling, the relationship betweleposition and fish tissue MeHg is proportional in
equilibrium, but the MMaps approach does not provide any information on the time lag of response.
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contain significant nofair sources of Hg. Finally, EPA recognizes that MMaps does not provide
for a calculation of the time lag between a reduction in Hg deposition and a reduction in the
MeHg concentrations in fisiWhile acknowledging thedenitations, EPA is unaware of any

other tool for performing a nationatale assessment of the change in fish MeHg concentrations
resulting from reductions in atmospheric deposition of Hege following paragraphs provide
additional details on the abovenitations, as well as a brief assessment of the degree to which
conditions match those assumptions. The MMaps model (US EPA, 208Lia)essthat for long
term steadystate conditions, reductions in fish tissue concentrations are expected to track
linearlywith reductions in air deposition watershed loads.

The MMaps model represents a reduced form of the-B8Mand MCM models used in
the Mercury Study Report to Congress (USEPA, 1997), as well as the subsequent Dynamic
MCM (D-MCM) model (Harris et al., 1996 hat is, the equations of these mercury fate and
transport models are reduced to steady state and consolidated into a single equilibrium equation
equating the ratio of future/current air deposition rates to future/current fish tissue
concentrations. Atertain sites, the MMaps model has been shown to produce results equivalent
to those of these complex models over the long term, under a specific set of conditions.

Though plainly stated, the steasiyate assumption is a compilation of a number of inditidua
conditions. For example, fish tissue data may not represent average;ssegadypncentrations
for two major reasons:

1 Fish tissue and deposition rate data for the base period are not at steady state. Where
deposition rates have recently changed, theenshed or waterbody may not have had
sufficient time to fully respond. The pool of mercury in different media could be
sufficiently large relative to release rates, and thus needs more time to achieve a new
equilibrium. This is more likely to occur in deer lakes and lakes with large catchments
where turnover rates are longer and where the watershed provides significant inputs of
mercury.

1 Fish tissue data do not represent average conditions (or conditions of interest for forecast
fish levels). Methylatiorand bioaccumulation are variable and dynamic processes. If fish
are sampled during a period of high or low methylation or bioaccumulation, they would
not be representative of the average, stesiate or dynamic equilibrium conditions of
the waterbody. Tik effect is significantly more pronounced in small and juvenile fish.
Examples include tissue data collected during a drought or during conditions of fish
starvation. Other examples include areas in which seasonal fluctuations in fish mercury
levels are gnificant due, for example, from seasonal runoff of contaminated soils from
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abandoned gold and mercury mines or areas geologically rich in mercury. In such a case,
MMaps predicibns would be valid for similaconditions (e.g. wet year/dry year, or

season)n the future, rather than typical or average conditions. Alternatively, sufficient

fish tissue would need to be collected to get an average concentration that represents a
baseline dynamic equilibrium.

Other ecosystem conditions might cause projecticora the MMaps approach to be
inaccurate for a particular ecosystem. Watershed and waterbody conditions can undergo
significant changes in capacity to transport, methylate, and bioaccumulate mercury. Examples of
this include regions where sulfate and/odatposition rates are changing (in turn affecting
MeHg production independently of total mercury loading), and where the trophic status of a
waterbody is changing. A number of other water quality parameters have been correlated with
increased fish tissusoncentrations (e.g. low pH, high DOC, lower algal concentrations), but
these relationships are highly variable among different waterbodies. MMaps will be biased when
waterbody characteristics change between when fish were initially sampled, and the new
conditions of the waterbody.

As stated above, the relationship between the change in mercury deposition from air to
the change in fish tissue concentration holds only when air deposition is the predominant source
of the mercury load to a waterbody. Due tis tlequirement in the model, the national
application of the MMaps approach screenedtloate watersheds that either contained active
gold mines or had other substantial Ad8 EGU anthropogenic releases of mercury.

Identification of watersheds with goidines was based on a 2005 USGS data set characterizing
mineral and metal operations in the United States. The data represent commodities monitored by
the National Minerals Information Center of the USGS, and the operations included are those
considered aote in 2003 (online linkhttp://tin.er.usgs.gov/mineplaht/The identification of
watersheds with substantial r&GU anthropogenic emissions was based on ariERbuery for

2008 of noAEGU mercury sourcesith total annual ofsite Hg emissions (athedia) of 39.7

pounds or moreThis threshold value corresponds to the 25th percentile annuBIGLS

mercury emission value as characterigethe 2005 NATA. EPAconsidered the 25th percentile
US-EGU emissiondvel to be a reasonable screen for additional substantid/ 8daGU

releases to a given watershed.

It should be noted that MMaps was designed to address an important, but very specific
issuei that of eventual response of fish tissue to air depositiauctieas. As such it responds to
a need to understand how mercury reductions, independent of other changes in the environment,
will impact fish contamination and human health. More complex models are required in cases

5-27


http://tin.er.usgs.gov/mineplant/

where more complete descriptions areder. A dynamic model is essential for modeling
waterbody recovery during the period in which waterbody response lags reductions in mercury
loads. A dynamic model is also essential for understanding seasonal fluctuations, as well as year
to-year fluctuatims due to meteorological variability. Finally, a more complex model would be
essential for assessing the impact of other watershed and water quality changes (e.g. erosion,
wetlands coverage, and acid deposition) that might affect mercury bioaccumuldisim in

These complex models are used to derive the MMaps approach, and are themselves based on a
number of assumptions. While these assumptions are considered reasonable given the state of the
science of environmental modeling and mercury in the envirogrienvalidity of assumptions
inherent in both the MMaps approach and dynamic ecosystem scale models will need to be
reevaluated as the science of mercury fate and transport evolves.

The MMaps methodology was peer reviewed by a set of national exptresfate and
transport of mercury in watershe@@$S EPA, 2001a)While two reviewers felt it could be used
to predict future fish tissue concentrations, a third cautioned it should not be considered a robust
predictor until scientific data can be generatedalidate the approach. Reviewers
systematically identified a set of implicit assumptions that compose the steady state assumption
in the MMaps approach. They pointed out that due to evolving and complex nature of the science
of mercury, some feature$ the complex models are assumptions themselves, and thus cannot
be wholly relied upon as ultimate predictors of mercury fate and transport. The reviewers pointed
out that there is limited scientific information to directly verify this approach, anddha s
scientific data appears to refute individual components of the overall steady state assumption.
One reviewer did perform a-MCM and MMaps comparison, and found that, under these
assumptions, MMaps model did produce comparable ststatky results asie D-MCM model.
There was considerable discussion about how best to aggregate the data, to scale up to a
deposition reduction requirement, from fispecific and waterbody specific informatidrhe
description of the approaemd the methodologies as appliinthis analysisare largely
consistent with the peer review recommendations.

The MMaps report (US EPA, 2001a) presented a natecale application of Mercury
Maps to determine the percent reductions in air deposition that would be needed in waitershed
across the country for average fish tissue concentrations to achieve the nationairiteidg.
In this nationalscale assessment, fish tissue concentrations were aggregated at the scale of large
watersheds, thus presenting average results for eaehsivatl. The use of other scales of
aggregation, e.g., waterbody specific, is consistent witiviiYiapsapproach to the degree to
which different mercury loads can be discerned.
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5.5.2 The Science of Mercury Processes and Variability in Aquatic Ecosystems

The set of physical, chemical, and biological processes controlling mercury fate in
watersheds and water bodies can be grouped into specific categories: mercury cycle chemistry;
mercury processes in the atmosphere, soils and water; bioavailability of meraater; and
mercury accumulation in the food web. The following is a review of these categories, discussing
the related scientific developments that have added to our understanding of mercury processes.
This review builds upon the work previously summared i n EPAGO6s Mercury Re
(USEPA, 1997).

Mercury Cycle Chemistry

Mercury occurs naturally in the environment as several different chemical species. The
majority of mercury in the atmosphere {98%) is present in a neutral, elemental sthig)
(Lin and Pehkonen, 1999), while in water, sediments and soils the majority of mercury is found
in the oxidized, divalent state (Hg(ll)) (Morel et al., 1998). A small fraction (percent) of this pool
of divalent mercury is transformed by microbes iMteHg (CH3Hg(Il)/ MeHg) (Jackson, 1998).
MeHg is retained in fish tissue and is the only form of mercury that biomagnifies in aquatic food
webs (Kidd et al., 1995). As a result, MeHg concentrations in higher trophic level organisms
such as piscivorous fishjrds and wildlife are often 16206 times higher than aqueous MeHg
concentrations (Jackson, 1998). Transformations among mercury species within and between
environmental media result in a complicated chemical cycle. Mercury emissions from both
natural ad anthropogenic sources are predominantly as Hg(ll) species dr{tiatglis and
Keeler, 2002; Seigneur et al., 2004). Anthropogenic point sources of mercury consist of
combustion (e.g., utility boilers, municipal waste combustors, commercial/industiteishoi
medical waste incinerators) and manufacturing sources (e.g.;atkdor, cement, pulp and paper
manufacturing) (USEPA, 1997). Natural sources of mercury arise from geothermic emissions
such as crustal degassing in the deep ocean and volcanodbassdissolution of mercury from
geologic sources (Rasmussen, 1994).

Mercury Processes in the Atmosphere

The relative contributions of local, regional and long range sources of mercury to fish
mercury levels in a given water body are strongly affectetthdgpeciation of natural and
anthropogenic emissions sources. Elemental mercury is oxidized in the atmosphere to form the
more soluble mercuric ion (Hg(Il)) (Schroeder et al., 1989). Particulate and reactive gaseous
phases of Hg(ll) are the principle fosrof mercury deposited onto terrestrial and aquatic systems
because they are more efficiently scavenged from the atmosphere through wet and dry deposition
than HgO (Lindberg and Stratton, 1998). Because Hg(ll) species or reactive gaseous mercury
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(RGM) andparticulate mercury (Hg(p)) in the atmosphere tend to be deposited more locally than
Hg®, differences in the species of mercury emitted affect whether it is deposited locally or travels
longer distances in the atmosphere (Landis et al., 2004).

Mercury Pro@sses in Soils

A portion of the mercury deposited in terrestrial systems-ewigted to the atmosphere.
On soil surfaces, sunlight may reduce deposited Hg(ll) & Wiich may then evade back to the
atmosphere (Carpi and Lindberg, 1997; Frescholtz ardi 2004; Scholtz et al., 2003).
Significant amounts of mercury can bedeposited to soil surfaces in throughfall and litterfall
of forested ecosystems (St. Louis et al., 2001), and exchange of gas&duysvigetation has
been observed (e.g., (Gusgt al., 2004).

Hg(ll) has a strong affinity for organic compounds such that inorganic Hg in soils and
wetlands is predominantly bound to dissolved organic matter (Mierle and Ingram, 1991). MeHg
likewise forms stable complexes with solid and dissolvedmiogmatter (Hintelmann and Evans,
1997). These complexes can dominate MeHg speciation under aerobic conditions (Karlsson and
Skyllberg, 2003). Truly dissolved and dissolved organic carbon (Bfo@)plexed Hg(ll) and
MeHg are transported by percolation tmkow groundwater, and by runoff to adjacent surface
waters (Ravichandran, 2004). Sorbed Hg(ll) and MeHg are transported by erosion fluxes to
depositional areas on the watershed and to adjacent surface waters (e.g., (Hurley et al., 1998).

ConcentrationsfdVleHg in soils are generally very low. In contrast, wetlands are areas of
enhanced MeHg production and account for a significant fraction of the external MeHg inputs to
surface waters that have watersheds with a largeopat wetland coverage (e.¢t. Louis et
al., 2001). Accordingly, there is a positive relationship between MeHg yield and percent wetland
coveraggHurley et al., 1995). Hydrology exerts an important control on the magnitude and flux
of MeHg in wetland ecosystems (Branfireun and Ro@@02), as well as the transport of
inorganic mercury deposited in a given watershed to surface waters (Babiarz et al., 2001).

Mercury Processes in Water

In a water body, deposited Hg(ll) is reduced t& bigultraviolet and visible
wavelengths of sunlight as well as microbially mediated reduction pathways (Amyot et al., 2000;
Mason et al., 1995). In turn, Fig oxidized back to Hg(ll), driven by sunlight as well as by
Adar ko chemical ses(Labrdesatd.00l;Zahg amdLiodbeegs2001).
Driven by wind and water currents, dissolved ftgthe water column is volatilized, which can
be a significant removal mechanism for mercury in surface waters and a net source of mercury to
the atmospére (Siciliano et al., 2002).
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In the water column and sediments, Hg(ll) partitions strongly to silts and biotic solids,
sorbs weakly to sands, and complexes strongly with dissolved and particulate organic material.
The abundance of various inorganic ligarfd.g., OH CI, -, DOC) in freshwater and
saltwater ecosystems plays an important role in both oxidation and reduction of inorganic
mercury as well as its bioavailability to methylating microbes. For example, reduction of Hg(ll)
is hypothesized to be function of the predominance of Hg(QHWhich is inversely correlated
with pH (Mason et al., 1995). Reduction of Hg(Il) to*md subsequent volatilization from the
water column is important because it effectively reduces the pool of inorganic miraucpuld
potentially undergo conversion to MeHg.

Hg(ll) and MeHg sorbed to solids settle out of the water column and accumulate on the
surface of the benthic sediment layer. Surficial sediments interact with the water column via
resuspension and biotutin. The burial of sediments below the surficial zone can be a
significant removal mechanism for contamiteam surface sediments (e.Gobas et al., 1998;
Gobas et al., 1995). The depth of the active sediment layer is a highly sensitive parameter for
predicting the temporal response of different ecosystems to changes in mercury loading in
environmental fate models. This is because the reservoir of Hg(ll) potentially available for
conversion to MeHg in the sediments is a function of the depth and voluitme active
sediment layer. The compartment conducive for methylation is similarly affected (Harris and
Hutchison, 2003; Sunderland et al., 2004). Physical characteristics of different ecosystem types
affect estuarine mixing and sediment resuspensioithvaiso affect the production of MeHg in
the water and sediments (Rolfhus et al., 2003; Sunderland et al., 2004; Tseng et al., 2001).

Bioavailability of Inorganic Mercury to Methylating Microbes

The amount of bioavailable MeHg in water and sedimentsudtamgsystems is a
function of the relative rates of mercury methylation and demethylation. In the water, MeHgq is
degraded by two microbial processes and sunlight (Barkay et al., 2003; Sellers et al., 1996).
Recent research has shown that demethylatingeldigtant bacteria may adapt to systems that
are highly contaminated with total mercury, helping to explain the paradox of low MeHg and
fish Hg levels in these systems (Schaefer et al., 2004).

Mass balances for a variety of lakes and coastal ecosystemghstan situ production
of MeHg is often one of the main sources of MeHg in the water and sediments (Benoit et al.,
1998; Bigham and Vandal, 1994; Gbundbagbawa and Driscoll, 1998; Gilmour et al., 1998;
Mason et al., 1999). Sulfateducing bacteria (8B) are thought to be the principle agents
responsible for the majority of MeHg production in aquatic systems (Beyers et al., 1999;
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Compeau and Bartha, 1987; Gilmour and Henry, 1991). SRB thrive in the redoxocline, where the
maximum gradient between oxiacdhanoxic conditions exists (Hintelmann et al., 2000). Thus, in
addition to the presence of bioavailable Hg(Il), MeHg production and accumulation in aquatic
systems is a function of the geochemical parameters that enhance or inhibit the activity of
methylaing microbes, especially sulfur concentrations, redox potential (Eh) and the composition
and availability of organic carbon.

A number of factors affect the bioavailabilty of Hg(ll). A strong inverse relationship
between complexation of Hg(ll) by sulfidasad MeHg production has been demonstrated in a
number of studies (Benoit et al., 1999a; Benoit et al., 1999b; Craig and Bartlett, 1978; Craig and
Moreton, 1986). Passive diffusion of dissolved, neutral inorganic mercury species is
hypothesized as one ofgimain modes of entry across the cell membranes of methylating
microbes (Benoit et al., 1999a; Benoit et al., 2003; Benoit et al., 1999b). Thus, the formation of
neutral, dissolved mercury species such as Hd@®(OH), HgCIOH, and Hg%agq.), which
dependbn the availability of constituent ligands in the surface and interstitial waters, may
strongly influence the availability of inorganic mercury to SRB, although our understanding of
the forms of mercury that are bioavailable to methylating microbesrisritlyrincomplete
(Benoit et al., 2001; Benoit et al., 1999a; King et al., 2001) Seeton 57.5.1below for
additional detail on the relationship between sutfepositionrand mercury methylation.

Changes in the bioavailability of inorganic mercury émelactivity of methylating
microbes as a function of sulfur, carbon and ecosystem specific characteristics mean that
ecosystem changes and anthropogenic fAstresses
loading to the ecosystem but alter thee of MeHg formation may also affect mercury levels in
organisms (Grieb et al., 1990). Because mercury concentrations in fish can increase even when
there has been no change in the total amount of mercury deposited in the ecosystem,
environmental changesich as eutrophication, which may alter microbial activity and the
chemical dynamics of mercury within an ecosystem, must be considered together with emission
control strategies to effectively manage mercury accumulation in the food web.

Recent researcindicates that the bioavailability or reactivity of newly deposited Hg(ll)
may be greater than older fAlegacyo mercury in
results suggest that lakes receiving the bulk of their mercury directly from depositienlade
surface (e.g., some seepage lakes) would see fish mercury concentrations respond more rapidly
to changes in atmospheric deposition than lakes receiving most of their mercury from watershed
runoff. The implications of these data are also that systeith a greater surface area to
watershed area ratio that receive most of their inputs directly from the atmosphere (e.g., seepage
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lakes) may respond more rapidly to changes in emissions and deposition of mercury than those
receiving significant inputs ahercury from the catchment area.

Sulfur and Mercury Methylation

E P A 2088 Integrated Science Assessment (ISA) for Oxides of Nitrogen and Sulfur
Ecological Criteria (Final Reportfoncluded that evidence is sufficient to infer a casual
relationship betweesulfur deposition and increased mercury methylation in wetlands and
aquatic environments. Specifically, there appears to be a relationship betwéetepasition
and mercury methylation; however, the rate of mercury methylation varies according to several
spatial and biogeochemical factors whose influence has not been fully quantifiei(sess
2). Therefore, the correlation between S@epositionand MeHg could not be quantified for the
purpose of interpolating the association across waterbodies or regions. Nevertheless, because
changes in MeHg in ecosystems represent changes in significant human and ecological health
risks, the association betwesulfur and mercury cannot be neglected (EPA, 2008, Sections
3.4.1 and 4.5).
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Figure 5-2. Spatial and biogeochemical factors influencing MeHg production.
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As research evolves and the computational capacity of models expands to meet the
complexity of mercty methylation processes in ecosystems, the role of interacting factors may
be better parsed out to identify ecosystems or regions that are more likely to generate higher
concentrations of MeHdrigure 53 illustrates the type of current and forwdeomking research
being developed by the U.S. Geological Survey (USGS) to synthesize the contributing factors of
mercury and to develop a map of sensitive watersheds. The mercury score refer&igae in
5-3is based on S§ concentrations, acid neutralizingpacity (ANC), levels of dissolved
organic carbon and pH, mercury species concentrations, and soil types to gauge the methylation
sensitivity (Myers et al., 2007).

Interdependent biogeochemical factors preclude the existence of simple-ldted
mercuy methylation models (sdagure 53). It is clear that decreasing sulfate deposition is
likely to result in decreased MeHg concentrations. Future research may allow for the
characterization of a usable sulfafieHg response curve; however, no regionatlassification
calculation scale can be created at this time because of the number of confounding factors.

Mercury se A
score (unitless)
02 ;

3
Bl 4
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s

Figure 5-3. Preliminary USGS map of mercury methylatiori sensitive watersheds derived
from more than 55,000 water quality sites and 2,500 watershedMyers et al., 2007).
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Decreases in SO deposition have already shown promising reductions in MeHg.
Observed decreases in MeHg fish tissue concentrations have been linked to decreased
acidification and declining S® and mercury deposition in Little Rk Lake, WI (Hrabik and
Watras, 2002), and to decreased,S@eposition in Isle Royale in Lake Superior, MI (Drevnick
et al., 2007). Although the possibility exists that reductions if ®@nissions could generate a
pulse in MeHg production because otd=mased sulfide inhibition in sulfataturated waters,
this effect would likely involve a limited number of U.S. waters (Harmon et al., 2007). Also,
because of the diffusion and outward flow of both mercurysulfide complexes afid SO
increased mercury rtigylation downstream may still occur in sulfaeriched ecosystems with
increased organic matter and/or downstream transport capabilities.

Remediation of sediments heavily contaminated with mercury has yielded significant
reductions of MeHg in biotic tises. Establishing quantitative relations in biotic responses to
MeHg levels as a result of changes in atmospheric mercury deposition, however, presents
difficulties because direct associations can be confounded by all of the factors discussed in this
secton. Current research does suggest that the levels of MeHg and total mercury in ecosystems
are positively correlated, so that reductions in mercury deposited into ecosystems would also
eventually lead to reductions in MeHg in biotic tissues. Ultimatelyni@grated approach that
involves the reduction of both sulfur and mercury emissions may be most efficient because of the
variability in ecosystem responses. Reducing 8Missions could have a beneficial effect on
levels of MeHg in many waters of the Uk States.

Mercury Accumulation in the Food Web

Dissolved Hg(ll) and MeHg accumulate in aquatic vegetation, phytoplankton, and
benthic invertebrates. Unlike Hg(ll), MeHg biomagnifies though each successive trophic level in
both benthic and pelagic food eéhssuch that mercury in predatory, freshwater fish is found
almost exclusively as MeHg (Bloom, 1992; Watras et al., 1998). Thus, trophic position and food
chain complexity plays an important role in MeHg bioaccumulation (Kidd et al., 1995). The
chemical ad physical characteristics of different ecosystems affect MeHg uptake at the base of
the food chain, driving bioaccumulation at higher trophic levels. At the base of pelagic
freshwater foodvebs, MeHg uptake by plankton is thought to be a combinatioassiye
diffusion and facilitated transport (Laporte et al., 2002; Watras et al., 1998). Uptake of MeHg by
plankton can be enhanced or inhibited by the presence of different ligands bound to MeHg
(Lawson and Mason, 1998). Similarly, the assimilation efficyeof MeHg at the base of the
food chain is also affected by the type of dissolved Meblgplexes in the water and sediments.
This may be a function of differences in the ability of organisms to solubilize MeHg through

5-35



digestive processes with differenteMg complexes (Lawrence and Mason, 2001; Leaner and
Mason, 2002). The presence of organic ligands and high concentrations of DOC in aguatic
ecosystems are generally thought to limit MeHg uptake by biota (Driscoll et al., 1995; Sunda and
Huntsman, 1998; Weds et al., 1998).

In fish, MeHg bioaccumulation is a function of several uptake (diet, gills) and elimination
pathways (excretion, growth dilution) (Gilmour et al., 1998; Greenfield et al., 2001). As a result,
the highest mercury concentrations fagieen fish species correspond to smaller, iingd fish
that accumulate MeHg over their life span with minimal growth dilution (e.g., (Doyon et al.,
1998). In general, higher mercury concentrations are expected in top predators, which are often
large fid relative to other species in a waterbody.

5.5.3 Summary

In the United States, humans are exposed to MeHg mainly by consuming fish that contain
MeHg. Aquatic ecosystems respond to changes in mercury deposition in a highly variable
manner as a function differences in their chemical, biological and physical properties.
Depending on the characteristics of a given ecosystem, methylating microbes convert a small but
variable fraction of the inorganic mercury in the sediments and water derived from human
actiities and natural sources into MeHg. MeHg is the only form of mercury that biomagnifies in
the food web. Concentrations of MeHg in fish are generally on the order of a million times the
MeHg concentration in water. In addition to mercury deposition, &etpfs affecting MeHg
production and accumulation in fish include the amount and forms of sulfur and carbon species
present in a given waterbody. Thus, two adjoining water bodies receiving the same deposition
can have significantly different fish mercurgrcentrations.

Forthis analysisEPA usedthe Mercury Maps (MMaps) model to estimate changes in
freshwater fish mercury concentrations resulting from changes in mercury deposition after
regulation of mercury emissions from U.S. etigdd power plants. MMps, a simplified form of
the IEM-2M model applied in EPA's 1997 Mercury Study Report to Congress, is a static model
that assumes a proportional relationship between declines in atmospheric mercury deposition and
concentrations in fish at steady state sTieans, for example, that a 50% decrease in mercury
deposition rates is projected to lead to a 50% decrease in mercury concentrations in fish. MMaps
does not consider the dynamics of relevant ecosystem specific factors that can affect the
methylation andioaccumulation in fish in different water bodies over time, nor does it consider
the inputs of notair sources to the watershed. In all cases, the MMaps model does not address
the lag time of different ecosystems to reach steady state (i.e., when falryre@ncentrations
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reflect changes in atmospheric deposition). In addition, applying the MMaps model assumes that
atmospheric deposition is the principle source of mercury to the waterbodies being investigated
and environmental factors that affect MeHgqgluction and accumulation in organisms will

remain constant, allowing each ecosystem to reach steady state. While MMaps has several
limitations, EPA knows of no alternative tool for performing a natiscale assessment of such
changes.

5.6 References

Amyot, M., Lean, D.R.S., Poissant, L. and Doyon;R4, 2000. Distribution and transformation
of elemental mercury in the St. Lawrence River and Lake Ontario. Canadian Journal of
Fisheries and Aquatic Sciences, 57 (Suppl. 1): 165

Babiarz, C.L. et al.2001.Partitioning of total mercury and methylmercury to the colloidal phase
in freshwaters. Environmental Science and Technology, 35(24)-4733

Barkay, T., Miller, S.M. and Summers, A.O., 2003. Bacterial mercury resistance from atoms to
ecosystemd=EMS Microbiology Reviews, 27: 35334.

Benoit, J.M., Gilmour, C.C., Mason, R.P., Riedel, G.S. and Reidel, G.F., 1998. Behavior of
mercury in the Patuxent River estuary. Biogeochemistry, 402859

Benoit, J.M., Gilmour, C.C., Mason, R.P. and Heyes,1899a. Sulfide controls on mercury
speciation and bioavailability to methylating bacteria in sediment pore waters.
Environmental Science and Technology, 33(6):-957.

Benoit, J.M., Mason, R.P. and Gilmour, C.C., 1999b. Estimation of mestiifige speation in
sediment pore waters using octan@ter partitioning and implications for availability to
methylating bacteria. Environmental Toxicology and Chemistry, 18(10):-2138.

Benoit, J.M., Gilmour, C.C. and Mason, R.P., 2001. The influence of solfid®lidphase
mercury bioavailability for methylation by pure cultures of Desulfobulbus propionicus
(1pr3). Environmental Science and Technology, 35(1):122.

Benoit, J.M., Gilmour, C.C., Heyes, A., Mason, R.P. and Miller, C., 2003. Geochemical and
Biological Controls over Methylmercury Production and Degradation in Aquatic
Systems, Biogeochemistry of Environmentally Important Trace Metals. ACS Symposium
Series 835.

Beyers, D.W., Rice, J.A. and Clements, W.H., 1999. Evaluating biological significAnce o
chemical exposure to fish using a bioenergdi@sed stressaesponse model. Canadian
Journal of Fisheries and Aquatic Sciences, 56: &2

Bigham, G.N. and Vandal, G.M., 1994. A drainage basin perspective of mercury transport and
bioaccumulation: Oondaga Lake, New York, Twelfth International Neurotoxicology
Conference, Hot Springs, Arkansas USA.

5-37



Bloom, N.S., 1992. On the chemical form of mercury in edible fish and marine invertebrate
tissue. Canadian Journal of Fisheries and Aquatic Sciences,491007.

Branfireun, B. and Roulet, N., 2002. Controls on the fate and transport of methylmercury in a
boreal headwater catchment, northwestern Ontario, Canada. Hydrology and Earth System
Sciences, 6(4): 78394.

Burger, J. (2002)Daily consumption of wd fish and game: Exposures of high end
recreationalistdnternational Journal of Environmental Health Researth:4, p. 343
354

Dellinger, JA (2004). Eposure assessment and initial intervention regarding fish consumption of
tribal members in the Upp@&reat Lakes Regiomithe United State&nvironmental
Researcl95 (2004) p. 32840.

Carpi, A. and Lindberg, S.E., 1997. Sunlighediated emission of elemental mercury from soil
amended with municipal sewage sludge. Environmental Science and TechB4digQy,
20852091.

Compeau, G.C. and Bartha, R., 1987. Effect of salinity on meroetiylating activity of
sufate reducing bacteria in estuarine sediments. Applied and Environmental
Microbiology, 53: 261265.

Craig, P.J. and Bartlett, P.D., 1978. Thesrof hydrogen sulphide in environmental transport of
mercury. Nature, 275: 63637.

Craig, P.J. and Moreton, P.A., 1986. Total mercury, methyl mercury and sulphide levels in
British estuarine sedimentl. Water Research, 20(9): 11111118.

Doyon, JF., Shetagne, R. and Verdon, R., 1998. Different mercury bioaccumulation rates
between sympatric populations of dwarf and normal lake whitefish (Coregonus
clupeaformis) in the La Grande complex watershed, James Bay, Quebec.
Biogeochemistry, 40: 20316.

Drevnick, P.E., D.E. Canfield, P.R. Gorski, A.L.C. Shinneman, D.R. Engstrom, D.C.G. Muir,
G.R. Smith, P.J. Garrison, L.B. Cleckner, J.P. Hurley, R.B. Noble, R.R. Otter, and J.T.
Oris. 2007. Deposition and cycling of sulfur controls mercury accumulation in Isle
Royale fish. Environmental Science and Technology 41(21)i725682.

Driscoll, C.T. et al., 1995. The role of dissolved organic carbon in the chemistry and
bioavailability of mercury in remote Adirondack lakes. Water, Air, Soil Pollution, 80:
499-508.

Frescholtz, T. and Gustin, M.S., 2004. Soil and foliar mercury emission as a function of soil
concentration. Water, Air, and Soil Pollution, 155: 223%.

5-38



GbundgeTugbawa and Driscoll, 1998. Application of the regional mercury cycling model
(RMCM) to predct the fate and remediation of mercury in Onondaga Lake, New York.
Water, Air, and Soil Pollution, 105: 414726.

Gilmour, C.C. and Henry, E.A., 1991. Mercury methylation in aquatic systems affected by acid
deposition. Environmental Pollution, 71: :369.

Gilmour, C.C. et al., 1998. Methylmercury concentrations and production rates across a trophic
gradient in the northern Everglades. Biogeochemistry, 40:3357

Gobas, F.A.P.C., Pasternak, J.P., Lien, K. and Duncan, R.K., 1998. Development and field
validation of a multimedia exposure model for waste load allocation in aquatic
ecosystems: application to 2,3 Zgdrachlorep-dioxin and 2,3,7,8
tetrachlorodibenzofuran in the Fraser River watershed. Environmental Science and
Technology, 32: 2442449.

GobasF.A.P.C., Z'Graggen, M.N. and Zhang, X., 1995. Time response of the Lake Ontario
ecosystem to virtual elimination of PCBs. Environmental Science and Technology, 29(8):
20382046.

Greenfield, B.K., Hrabik, T.R., Harvey, C.J. and Carpenter, S.R., 200dicting mercury
levels in yellow perch: use of water chemistry, trophic ecology, and spatial traits.
Canadian Journal Fisheries and Aquatic Sciences, 581 1429.

Grieb, T.M. et al., 1990. Factors affecting mercury accumulation in fish in the uppeg&hchi
peninsula. Environmental Toxicology and Chemistry, 9:-930.

Gustin, M. et al., 2004. Application of controlled mesocosms for understanding meresoy-air
plant exchange. Environmental Science and Technology, 38:@uBRL

Harmon, S.M., J.K. KingJ.B. Gladden, and L.A. Newman. 2007. Using su{tateended
sediment slurry batch reactors to evaluate mercury methylation. Archives of
Environmental Contamination and Toxicology 52:8283.

Harris, R., Gherini, S. and Hudson, R., 1996. Regional Mercudjir@yModel: A Model for
Mercury Cycling in Lakes, RMMCM Version 1.0 Draft User Guide and Technical
Reference, Electric Power Research Institute, Wisconsin Department of Natural
Resources, Lafayette, California.

Harris, R. and Hutchison, D., 2003. Factaffecting the Predicted Response of Fish Mercury
Concentrations to Changes in Mercury Loading. 1005521, Electric Power Research
Institute, Palo Alto, CA.

5-39



Harris., R. C.John W. M. Rudd, Marc Amyot, Christopher L. Babiarz, Ken G. Beaty, Paul J.
Blanchfied, R. A. Bodaly, Brian A. Branfireun, Cynthia C. Gilmour, Jennifer A.
Graydon, Andrew Heyes, Holger Hintelmann, James P. Hurley, Carol A. Kelly, David P.
Krabbenhoft, Steve E. Lindberg, Robert P. Mason, Michael J. Paterson, Cheryl L.
Podemski, Art RobinsqgrKen A. Sandilands, George R. Southworth, Vincent L. St.
Louis, and Michael T. Takudd, J. W. M., Amyot M., et al., WhceEcosystem study
Shows Rapid FisiMercury Response to Changes in Mercury Deposition. Proceedings of
the National Academy of SciencEarly Edition,PNAS 2007 104 (42)p. 1658616591,
(published ahead of print September 27, 2007

Hintelmann, H. and Evans, R.D., 1997. Application of stable isotopes in environmental tracer
studies- measurement of monomethylmercury by isotope dilutid®MS and detection
of species transformation. Fresenius Journal of Analytical Chemistry, 3588%/8

Hintelmann, H. et al., 2002. Reactivity and mobility of new and old mercury deposition in a
boreal forest ecosystem during the first year of the METAALSSstudy. Environmental
Science and Technology, 36: 563@40.

Hintelmann, H., Keppelones, K. and Evans, R.D., 2000. Constants of mercury methylation and
demethylation rates in sediments and comparison of tracer and ambient mercury
availability. Environnental Toxicology and Chemistry, 19(9): 220211.

Hrabik, T.R., and C.J. Watras. 2002. Recent declines in mercury concentration in a freshwater
fishery: isolating the effects of eecidification and decreased atmospheric mercury
deposition in Little Rock bBke. Science of the Total Environment 29732237 .

Hurley, J. et al., 1995. Influences of watershed characteristics on mercury levels in Wisconsin
rivers. Environmental Science and Technology, 29(7): 118v5.

Hurley, J.P., Cowell, S.E., Shafer, M.M. addghes, P.E., 1998. Tributary loading of mercury
to Lake Michigan: Importance of seasonal events and phase partitioning. Science of the
Total Environment, 213: 12937.

Jackson, T.A., 1998. Mercury in aquatic ecosystems. In: W.J. Langston and M.J. Bebianno
(Editors), Metal Metabolism in Aquatic Environments. Chapman & Hall, London, pp. 77
158.

Karlsson, T. and Skyllberg, U., 2003. Bonding of ppb levels of methyl mercury to reduced sulfur
groups in soil organic matter. Environmental Science and Technolég$9324918.

Kidd, K., Hesslein, R., Fudge, R. and Hallard, K., 1995. The influence of trophic level as
measured by dekBl-15 on mercury concentrations in freslater organisms. Water, Air,
and Soil Pollution, 80(#): 10111015.

Knights, D. C, Sunderlah E. M., Barber, M. C., Johnston J. M., and Ambrose, R. B.,
Application of Ecosyster$cale Fate and Bioaccumulation Models to Predict Fish
Mercury Response Times to Changes in Atmospheric Deposition. Environmental
Toxicology and Chemistry, Vol 28, No. gp. 881893.

5-40



Lalonde, J., Amyot, M., Kraepiel, A. and Morel, F., 2001. Photooxidation of Hg(0) in artificial
and natural waters. Environmental Science and Technology, 35:1B3&/

Landis, M. and Keeler, G., 2002. Atmospheric mercury deposition to Lak@ddain during the
Lake Michigan mass balance study. Environmental Science and Technology, 36(21):
45184524.

Landis, M.S., Lynam, M. and Stevens, R.K., 2004. The Monitoring and Modeling of Mercury
Species in Support of Local Regional and Global ModelingNL Pirrone and K.R.
Mahaffey (Editors), Dynamics of Mercury Pollution on Regional and Global Scales.
Kluwer Academic Publishers, New York, NY.

Laporte, XM., Andres, S. and Mason, R.P., 2002. Effect of ligands and other metals on the
uptake of mercurgnd methylmercury across the gills and the intestine of the blue crab
(Callinectes sapidus). Comparative Biochemistry and Physiology Part C, 1319685

Lawrence, A.L. and Mason, R.P., 2001. Factors controlling the bioaccumulation of mercury and
methylmecury by the estuarine amphipod Leptocheirus plumulosus. Environmental
Pollution, 111: 217231.

Lawson, N.M. and Mason, R.P., 1998. Accumulation of mercury in estuarine food chains.
Biogeochemistry, 40: 23347.

Leaner, J.J. and Mason, R.P., 2002. Faaongrolling the bioavailability of ingested
methylmercury to channel catfish and atlantic sturgeon. Environmental Science and
Technology, 36: 5125129.

Lin, C.J. and Pehkonen, S.0O., 1999. The chemistry of atmospheric mercury: a review.
Atmospheric Enviroment, 33: 20672079.

Lindberg, S.E. and Stratton, J.E., 1998. Atmospheric mercury speciation: concentrations and
behavior of reactive gaseous mercury in ambient air. Environmental Science and
Technology, 32(1): 4%7.

Mason, R.P. et al., 1999. Mercury lmetChesapeake Bay. Marine Chemistry, 65967

Mason, R.P., Morel, F.M.M. and Hemond, H.F., 1995. The role of microorganisms in elemental
mercury formation in natural waters. Water, Air, and Soil Pollution, 80: 7875

Myers, M.D., M.A. Ayers, J.S. Baro®.R. Beauchemin, K.T. Gallagher, M.B. Goldhaber, D.R.

Hutchinson, J.W. LaBaugh, R.G. Sayre, and S.E. Schwarzbach. 2007. USGS goals for the
coming decade. Science 318:2001.

Mierle, G. and Ingram, R., 1991. The role of humic substance in the mobitizdtioercury
from watersheds. Water, Air, and Soil Riion, 56: 349357.

5-41



Morel, F., Kraepiel, A.M.L. and Amyot, M., 1998. The chemical cycle and bioaccumulation of
mercury. Annual Reviews of Ecological Systems, 29:-588.

Moya, J. 2004. Overview of fisconsumption rates in the United Statésman and Ecological
Risk Assessment: An International Jourh@) no. 6: 11961211.

Rasmussen, P.E., 1994. Current methods of estimating atmospheric mercury fluxes in remote
areas. Environmental Science and Treidbgy, 28(13): 2232241.

Ravichandran, M., 2004. Interactions between mercury and dissolved organic-raageiew.
Chemosphere, 55: 31381.

Rolfhus, K. et al., 2003. Distribution and fluxes of total and methylmercury in Lake Superior.
EnvironmentaBcience and Technology, 37(5): 88%2.

Schaefer, J. et al., 2004. Role of the bacterial organomercury lyase (MerB) in controlling
methylmercury accumulation in mercecgntaminated natural waters. Environmental
Science and Technology, 38: 430311.

Schotz, M.T., Heyst, B.J.V. and Schroeder, W.H., 2003. Modeling of mercury emissions from
background soils. Science of the Total Environment, 3042085

Schroeder, W.H., Munthe, J. and Lindqvist, O., 1989. Cycling of mercury between water air and
soil compatments of the environment. Water, Air, and Soil Pollution, 48-387.

Seigneur, C., Jayaraghavan, K., Lohman, K., Karamchandani, P. and Scott, C., 2004. Global
Source Attribution for Mercury Deposition in the United States. Environmental Science
and Tetinology, 38: 55569.

Sellers, P., Kelly, C.A., Rudd, J.W.M. and MacHutchon, A.R., 1996. Photodegradation of
methylmercury in lakes. Nature, 380: 694.

Shilling, Fraser, Aubrey White, Lucas Lippert, Mark Lub@010).Contaminated fish
consumptionindor ni ads Ce nt Engironméndal ResearctiD,e.1384a .
344.

Siciliano, S., O'Driscoll, N. and Lean, D., 2002. Microbial reduction and oxidation of mercury in
freshwater lakes. Environmental Science and Technology, 36(14):3R&&4

St. Louis, V.et al., 2001. Importance of the forest canopy to fluxes of methyl mercury and total
mercury to boreal ecosystems. Environmental Science and Technology, 3R303#39

Sunda, W.G. and Huntsman, S.A., 1998. Processes regulating cellular metal accurmdation a
physiological effects: Phytoplankton as model systems. Science of the Total
Environment, 219: 16381.

Sunderland, E.M. et al., 2004. Speciation and bioavailability of mercury immmuedid estuarine
sediments. Marine Chemistry, 90:-205.

5-42



Tseng, C.M.Amouroux, D., Abril, G. and Donard, O.F.X., 2001. Speciation of mercury in a
fluid mud profile of a highly turbid macrotidal estuary (Gironde, France). Environmental
Science and Technology, 35(13): 262G33.

USDA Fores Service (1991 "National Survey o Recreationfd the Environment: 199¢5."
Washington DC: USDA Forest Service.

United States Department of Health and Human Services @HEknters for Disease Control
and Prevention (CDC), National Center for Health Statistics (NCBiSjsion of Vital
Statistics Natality publicuse data 2062006, on CDC WONDER Online Database,
March 2009. Accesset http://wonder.cdc.gov/nataligurrent.html on Nov 3, 2010
4:44:23 PM

U.S. Department of the Interior (DOI), Fish and WildBervie and U.S. Department of
Commerce, Bureau of the Census. 1992. 1991 National Survey of Fishing, Hunting, and
Wildlife -Associated Recreation. Washington, DC: U.S. Government Printing Office.

U.S. Department of the Interior (DOI), Fish and Wildlife Servind B.S. Department of
Commerce, Bureau of the Census. 1997. 1996 National Survey of Fishing, Hunting, and
Wildlife -Associated Recreation. Washington, DC: U.S. Government Printing Office.

U.S. Department of the Interior (DOI), Fish and Wildlife Service Erfs. Department of
Commerce, Bureau of the Census. 2002. 2001 National Survey of Fishing, Hunting, and
Wildlife -Associated Recreation. Washington, DC: U.S. Government Printing Office.

U.S. Department of the Interior (DOI), Fish and Wildi8ervice and U.S. Department of
Commerce, Bureau of the Census. 2007. 2006 National Survey of Fishirtnd;land
Wildlife -Associated Recreation. Washington, DC: U.S. Government Printing Office.

U.S. Environmental Protection Agency (ERAP97. Mercury gidy Report to Congress. EPA
452/R97-005, Office of Air Quality Planning and Standards United States
Environmental Protection Agency, Washington.

U.S. Environmental Protection Agency (ER&POla. Mercury Maps. A Quantitative Spatial
Link Between Air Depsition and Fish Tissue. Final Report. EPA/828/R009,
USEPA, Washington, D.C.

U.S. Environmental Protection Agency (ER&PO1b. Methylmercury fish tissue residue
criterion, United States Environmental Protection Agency, Office of Water, 4304 EPA
823 F-01-001, January 2001,
www.epa.gov/waterscience/criteria/methylmercury/factsheet.html

U.S. Environmental Protection Agency (EPA) (2005). Regulatory Impact Analysis ofd¢ha Cl
Air Mercury Rule, Research Triangle Park, NC. June 2008.-EF2ZR05-003.

5-43


http://www.epa.gov/waterscience/criteria/methylmercury/factsheet.html

U.S. Environmental Protection Agency (EPRPO08. Integrated Science Assessment (ISA) for
Oxides of Nitrogen and SulfuEcological Criteria (Final Report). EPA/606/B8/082F.
U.S. Environmental Protection Agency, National Center for Environmental Asse$sment
RTP Division, Office of Research and Development, Research Triangle Park, NC.
Available at http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=201485.

Watras, C.J. et al., 98. Bioaccumulation of mercury in pelagic freshwater food webs. Science
of the Total Environment, 2192): 183208.

Watras, C.J. and Bloom, N.S., 1992. Mercury and methylmercury in individual zooplankton:
implications for bioaccumulation. Limnol. Oceangd7: 13131318.

Woods & Poole Economics, Inc. 200Bopulation by Single Year of Age CD. €®OM. Woods
& Poole Economics, Inc.

Wren, C.D. and MacCrimmon, H.R., 1986. Comparative bioaccumulation of mercury in two
adjacent freshwater ecosystems. Water &ebe 6: 763769.

Zhang, H. and Lindberg, S.E., 2001. Sunlight and Iron(fitluced Photochemical Production of
Dissolved Gaseous Mercury in Freshwater. Environmental Science and Technology, 35:
928935.

5.7 ANALYSIS OF THE DOSE-RESPONSE RELATIONSHIP BETWEEN
MATERNAL MERCURY BODY BURDEN AND CHILDHOOQOD IQ

5.7.1 Introduction

In considering possible health endpoints for quantification and monetization, EPA
reviewed the scientific | iterat urTexicaogicat he hea
Effectsof Methylmercury 6 publ i shed by the National, Resear
2000).

EPA chose to focus on quantification of intelligence quotient (IQ) decrements associated
with prenatal mercury exposure as the initial endpoint for quantificationalndtion of
mercury health benefits. Reasons for this initial focumcluded the availability of
thoroughlyreviewed, highguality epidemiological studies assessing IQ or related cognitive
outcomes suitable for 1Q estimation, and the availabilityell-established methods and data for
economic valwuation of avoided |1 Q deficits, as
childhood lead exposure.

Epidemiological studies of prenatal mercury exposure conducted in the Faroe Islands
(Grandjean eal., 1997), New Zealand (Kjellstrom et ,a1989;Crump et al.1998), and the
Seychelles Islands (Davidson et 4R98;Myers et al. 2003) have examined
neurodevelopmental outcomes through the administration of tests of cognitive functioning. Each
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of these studies included some but not all of the following testssdalke 1Q, performance 1Q,

problem solving, social and adaptive behavior, language functions, motor skills, attention,

memory and other functions. The NRC reviewed the studies and detérmihneh at fiEach of
studies was well designed and carefully conducted, and each examined prenatal MeHg exposures
within the range of the g¢genz2000nl Uu. S. popul at i

As pat of previous analyses, EP#itempted to identify the appropriateseresponse
coefficients from the Faroe Islands, New Zealand, andi&dles Islands studies, addvisel a
statistical approach for combining those coefficients to provide an integrated estimate of the 1Q
doseresponse coefficient.

For this assessmerEPA used anore recently revisedstimate of the IQ dosesponse
function, basedonapeerevi ewed study by Axelrad et al. (2
Axelrad study estimated a desesponse relationship between maternal mercury body burden
and sisequent childhood decrements in IQ using a Bayesian hierarchical model to integrate data
from the Faroe Islands, New Zealand, and Seychelles Islands studies.

The Axelrad study used a linear model that goes through the origin to fit popuéatéin
doseresponse relationships to the pooled data from the three studies. The application of a linear
model should not be interpreted to suggest that any of the three studies used have data showing
health effects from MeHg exposure at or below the RfD. The RfD estimate of a daily
exposure to the human population (including sensitive subgroups) that is likely to be without an
appreciable risk of deleterioedfects during a lifetimeEPA, 2002). EPA believes that
exposures at or below the RfD are unlikely tcabsociated with appreciable risk of deleterious
effects. It is important to note, however, that the RfD does not define an exposure level
corresponding to zero risk; mercury exposure near or below the RfD could pose a very low level
of risk which EPA deemito be norappreciablelt is also important to note that the RfD does not
define a bright line, above which individuals are necessarily at risk of adverse @ffedf a
linear model that goes through the origin, rather than one that reflects a ldhesféet is
technically more simple and practical. It associates an increment of 1Q benefit with a given
reduction in exposure. A linear model allows us to estimate the benefits of reductions in
exposure due to power plants without a complete assesshwhepsources of exposure. Other
models would require information on the joint distribution of exposure from power plants and
other sources to estimate the benefits of reducing the exposure due to power plants, which would
require much more precise infoation about consumption patterns.
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5.7.2 Epidemiological Studies of Mercury and Neurodevelopmental Effects

The 1Q dosaesponse estimate is based on data from three major prospective studies
investigating potential neurotoxicity of lelgvel, chronic meraly exposure: the Faroe Islands
study, the New Zealand study, and the Seychelles Child Development Study.

In assembling the New Zealand sample, Kjellstrom et al. (1989) ascertained the fish
consumption of 10,930 of 16,293 pregnant women in the study dreg.identified 935 women
who reportedly consumed fish at least 3 times per week. Hair samples were obtained from these
women, and 73 were found to have a hair mercury level of 6 parts per million (ppm) or greater.
In this group, the mean was 8.3 ppm, vathange of 6 to 86 ppm, although only one woman had
a level greater than 20 ppm. Each woman with 6 ppm hair mercury or greater was matched to 3
controls- one with hair mercury betweerG3ppm, one with hair mercury less than 3 ppm and
high fish consumptio, and one with hair mercury less than 3 ppm and low fish consumption.
Ethnic group, age, smoking, residence time in New Zealand, and child sex were also used to
select controls. The final study group included 237 children, including 57 fully matchexf 4ets
children. Although children were assessed at 4 and 6 years of age, only the data collected at the
older age is considered in this analysis, as the reliability and validity of neurodevelopmental
testing generally increases with child age.

The Faroe Isinds investigators assembled a birth coholt, 83 newborns recruited
from threehospitals over a 2inonth period in 1984987. In 1,022 women, two biomarkers of
prenatal mercury exposure were collected: ddodd mercury, and maternal hair mercury at
delivery. Neurodevelopmental assessments of 917 children were conducted at age 7 (Grandjean
et al, 1997). For these 917 children, the geometric mean concentration of mercury-iricaad
was 22.6 parts per billion (ppb) (intquartile range 13.1 40.5 b, full range 0.9 351 ppb).
The geometric mean concentration of mercury in maternal hair was 4.2 ppry(iatéte
range: 2.57.7 ppm, full range 0.2 39.1 ppm) (Budtzlorgensen et ak004a).
Neurodevelopmental assessments of the children wereictentat age 7 years (Grandjean et
al,, 1997).

In assembling the Seychelles Child Development Study sample, investigators obtained
hair samples from 779 pregnant women and ultimately enrolled a study sample consisting of 740
newborns. The mean maternalrhaiercury level was 6.8 ppm (range 298.8 ppm) (Davidson
et al, 1998). Neurodevelopmental assessments were conducted when the children were 6.5, 19,
29, and 66 months, and at 9 years. The mean maternal hair mercury level for the 643 children
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who particpated in the assessment at age 9 years was 6.9 ppm (standard deviation 4.5 ppm)
(Myers et al. 2003).

5.7.3 Statistical Analysis

Previous statistical analysienducted by Ryan (2005) producedoseresponse
relationship, integrating data from all three studies, with a central estimate of an IQ change of
0.13 1Q points (95% confidence interval28,-0.03) for every ppm of mercury in maternal hair.
Axelrad et al(2007)conducted a more redestatistical analysis integrating data from the Faroe
Islands, New Zealand, and Seychelles Islands studies to produce a single estimate of the 1Q dose
response relationship, which is used in this RIA . Additional details of the analysis are reported
in the Axelrad study and intg Supplemental Material (availaldé
http://www.ehponline.org/docs/2007/9303/suppl)p@he information is summarizesklow.

The Axelrad study used a Bayesian hiehgral statistical model to estimate the
integrated doseesponse coefficient. This is similar to the approach used by the NRC panel to
calculate a benchmark dose value integrating data from all three studiesZ00R¢. The model
makes use of dosespoise coefficients for IQ, and also considered all other cognitive endpoints
reported in the three studies in an effort to obtain more robust estimates of the 1Q relationship
that account for withirstudy (endpointo-endpoint) variability as well as variaibyl across
studies.

The Axelrad study assumed a linear relationship between mercury body burdens and
neurodevelopmental outcomes, in keeping with the recommendation of the NRC committee
(NRC, 2000). In the New Zealand and Seychelles Islands studiesfoathation necessary for
the model was obtained from the published papers, including linear regression coefficients
(Crump et al.1998; Myers et al2003). The Faroe Islands publications, however, reported
results with cord blood and maternal hair merduapsformed to the log scale and provided no
results of linear models (Grandjean et #097,1999). A report by the Faroe Islands
investigators (Budtdorgensen et aR005) provided the additional details needed for the
analysis.

The Wechsler Intellignce Scales for Children (WISC) is a standard test of childhood 1Q
that was used in each of the three studies. The version of the test administered in the Seychelles
Islands (3rd ed.; WIS@I) was different from the earlier version used in New Zealandthad
Faroe Islands (revised ed.; WIS. In a sample of approximately 200 children, the correlation
between the FulBcale IQ scores for the two versions was 0.89; thus the WRI&ad WISCIII
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appear to measure the same constructs and generate scomsilathdispersion (Wechsler
1991).

The WISGR includes 10 core subtests and three supplementary subtests. For the Faroe
Islands study, the investigators administered only three subtests of theRVISi§it Span and
Similarities (core subtests) and BlobDesign (a supplementary subtest). The Axelrad study used
data for these three subtests to estimate améQcury coefficient for the Faroe Islands cohort.

The Faroe Islands investigators fit data for these three subtests in a structural equation model
(SEM) to estimate a standardized coefficient for a hypotheticalFadle IQ (Budtzlorgensen

et al, 2005). In the SEM analysis of 1Q, the three WIBGubtests are viewed as representative
of an underlying latent IQ variable.

To estimate the associatioatitveen mercury and IQ using information from the three
studies, the Axelrad study used a hierarchical rardffects model that includes stuthy-study
as well as endpoiftoi endpoint variability. Axelrad et 8l2007)implemented the model with a
Bayesiampproach, using WinBUGS version 1.4 (http://www.+bsu.cam.ac.uk/bugs/).
Al t hough the Axel rad s thighdsypserids degsayD)antervadsh al y s i
the authors refer to these as confidence intervals to aid in the interpretagsalts(Axelrad et
al., 2007)

The integrated analysis produced a central estimate 18 (95% CI;-0.378 t0-0.009)
IQ points for each part per million maternal hair mercury, similar to the results found for both the
Faroe Islands and Seychelles studasl lower than the estimate found in the New Zealand
study.This central estimate was used as the basis for estimating 1Q loss associated with prenatal
MeHg exposure in this assessment.

5.7.4 Strengths and Limitations of the IQ DosResponse Analysis

The Axelrad study produced an estimate of the relationship between maternal mercury
body burdens during pregnancy and childhood 1Qs that incorporates data from all three
epidemiologic studies judged by the NRC to be of high quality and suitable for rislsimes.

The statistical approach makes use of all the available data (including information on results for
related tests of cognitive function), and can be used to produce popiilated estimates of a
health outcome that can be readily monetized folirubenefitcost analysis.

! There is limited evidence directly linking IQ and methylmercury exposure in the three large epidamaiol

studies that were evaluated by the NAS and EPA. Based on its evaluation of the three studies, EPA believes that
children who are prenatally exposed to low concentrations of methylmercury may be at increased risk of poor
performance on neurobehavibtests, such as those measuring attention, fine motor function, largjulise
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There are several aspects of IQ as a metric for neurodevelopmental effects in this benefit
costanalysis that are important to recognizell-Scale 1Q is a composite index that averages a
chil dbés per forfuncional éomans,prowding agaod gverall picture of
cognitive health. An extensive bodyddta documents the predictive validity of fatlale 1Q, as
measured at school age, and tatecomes such as academic and occupational success (Neisser
et al, 1996). In addition, methodse readily available for valuing shifts in 1Q and thus
conducting a benefits analysisiofferventions that shift the 1Q distribution in a population.

Methods for monetization of the othessts administered in the three sasdhave not been
developed.

It is important to recognize, however, that fadlale 1Q might not be the cognitive
endpoint that is most sensitive to prenatal mercury exposure. Significant inverse associations
were found, in both the New Zealand and Fartantts studies, between prenatal mercury levels
and neurobehavioral endpoints other than 1Q. If the effects of mercury are highly focal, affecting
only specific cognitive functions, taking fedcale 1Q as the primary endpoint for a benefits
analysis mighunderestimate the impacts. In averaging performance over diverse functions in
order to compute fudscale 1Q, the specific effects of mercury on only certain of these functions
would be Adiluted, 06 and the est i maitelhngenagni t u
the mercury biomarker would be underestimated.

Moreover, it is well known that there may be substantial deficits in cognitive wellbeing
even in individuals with normal or above average 1Q. The criterion most frequently used to
identify chidren with learning disabilities for the purposes of assignment to special education
services is a discrepancy between 1 Q and achi
reading, math, or other academic areas is significantly lower than what b@ekpected, given
his or her fullscale 1Q. Thus, there are deficits in cognitive functioning that are not captured by
IQ scores. For example, two of the most sensitive endpoints in the Faroe Islands study were the
Boston Naming Test, which assessesdu@itrieval, and the California Verbal Learning Fest
Children, which assesses the acquisition and retention of information presented verbally.
Depending on the severity of the deficits, a child who has deficits in either of these skills could
be at a condierable disadvantage in the classroom setting and at substantial educational risk.
Neither of these abilities is directly assessed by the \ARSEE WISCIII, however, and so do
not explicitly contribute to a child's 1Q score. Therefore, benefits calcosat@ying solely on
IQ decrements are likely to underestimate the benefits to cognitive functioning of reduced

visuatspatial abilities (like drawing), and verbal memory. For this analysis, EPA is adopting IQ as a surrogate for
the neurobehavioral endpoints that NAS and EPA relied fgothe RfD.
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mercury exposures. In additions, impacts on other neurological domains (such as motor skills
and attention/behavior) are not represented byctipes and thus are also excluded from the
benefits analysis.

As discussed above, the Faroe Islands study did not include testing-fodid!lQ. For
the Axelrad study, an estimate of a dagsponse coefficient for fuicale 1Q was estimated
using thethree subtests. While this extrapolation introduces some uncertainty, information has
been presented that demonstrates a high correlation between the sunotdslisscale 1Q scores.

While the Seychelles and New Zealand studies use maternal hair mesdteyexposure
biomarker, the Faroe Islands study uses cord blood mercury. For purposes of the integrated
analysis, it was necessary to express results from all three studies in the same terms. Several
studies have examined the relationship between heicury and blood mercury, and have
reported hair:blood ratios typically in the range of 200 to 300 (see ATSDR 1999, paggs2249
for a review). However, these studies generally do not use cord blood mercury, wheh is t
exposure metric in the Faroe Ististudy. One analysis found that mercury concentrations in
cord blood are, on average, 70 percent higher than those in maternal blood (Stern and Smith
2003). For onversion of Faroe Islandkata from cord blood mercury to maternal hair mercury,
the Axelrad study used data specific to this population, indicating a median maternal hair:cord
blood mercury ratio of 200 (Budtlorgensen et ak004a).

Oneuncertainty concerning the New Zealand study is the strong influence of one child in
the study populatiowith a particularly high maternal hair mercury level. Published analyses of
the New Zealand study presented results with data for this child both included and excluded
(Crump et al.1998). In keeping with the conclusions of the NRC (2000), the integratssl
response analysis the Axelrad studynade use of the dosesponse coefficients calculated
with this child omitted. A sensitivity analysis using the New Zealand coefficient with this child
included results in an integrated dassponse coefficienthat is reduced in magnitude by 25
percent {0.125 versus a primary central estimate@®f.8).

Some uncertainty is also associated with the Seychelles study due to the exclusion of
some members of the cohort from the data reported by Myers et al. @&@D8%ed as input to
this integrated doseesponse analysis. The Seychelles researchers did not include a small
number of outliers (defined as observations with model residuals exceeding 3 standard deviation

units), and no results are available forthé fulc o hor t . However, the aut h
cases, the association between prenatal MeHg exposure and the endpoint was the same,
irrespective of whether o020@3). i ers were include
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Finally, the integrated dosesponse analysis asses the exposures assigned to each
study subject are accurate representations of true exposure. In reality, there is likely to be some
discrepancy between measured and actual exposures, for example, due to variation in hair length.
Alternatively, the trueexposure of interest may have been during the first trimester of pregnancy,
whereas exposures in maternal hair and cord blood measured at birth reflect exposures later in
pregnancy. Presence of exposure measurement error could introduce a bias iftshenestu
likely towards the null (Budtdorgensen et aR004b).

5.7.5 PossibleConfounding from LongChained Polyunsaturated Fatty Acids

Maternal consumption of fish during pregnancy exposes the fetus taHhamg
polyunsaturated fatty acids (LCPUFASEglieved to be beneficial for fetal brain development,
and to the neurotoxicant MeHg (Helland et al., 2003; Daniels et al., 2004; Dunstan et al., 2006;
Judge et al., 2007). Reports from the Seychelles Islands study cohort have suggested a negative
impactof MeHg exposure, accompanied by a simultaneous beneficial effect of-@nega
LCPUFAs on childrends development (Davidson e
whether this result was evidence for independent influences of MeHg and LCPUR#fDr e
modification. A recent study by Lynch et al. (2010) used varying coefficient models to
characterize the interaction of mercury and nutritional covariates (Hastie and Tibshirani, 1993),
including omeg&8 LCPUFASs, using data from the Seychelles Islastddy.

The Seychelles Islands study cohort of moittald pairshad fish consumption
averaging 9neals per week. Lynch et al., (2010) assessed maternal nutritional status for five
different nutritional covariates known to be present in fisB (CPUFA,n-6 LCPUFA, iron
status, iodine status, and choline) and assoc
study also included prenatal MeHg exposure (measured in maternal hair).

Lynch et al., (2010) examined two child neurodevelopmental outconagte{BScales
Infant Developmentl (BSID-Il) Mental Developmental Index (MDI) and Psychomotor
Developmental Index (PDI)), each administered at 9 and at 30 months. The varying coefficient
models allowed the possible interactions between each nutritionglocemt and MeHg to be
modeled as a smoothly varying function of MeHg as an effect modifier. Iron, iodine, choline,
and omeg#® LCPUFAs had little or no observable modulation at different MeHg exposures. In
contrast the omega LCPUFA docosahexaenoic acidchbeneficial effects on the BSIDPDI
that were reduced or absent at higher MeHg exposures. The results from Lynch et al. (2010)
suggest a potentially useful modeling method that could shed further light on the issue of
interactions between nutritionebvariates.

5-51



A recent study by Rice et al. (201&)nsidered possible confoundingairprobabilistic
assessment of the health benefits of reducing MeHg exposure in the United States. In deciding on
a doseresponse relationship between MeHg exposure andtefha 1Q loss, the authors chose
to use theentralestimae from the Axelrad studyotinghoweverthat Axelradet al. (2007did
not explicitly consider possible confounding of the Mel@relationship by the concurrent
consumption of LCPUFAs that mighthhance cognitive development and bias downward the
observed regression coefficient estimates from the Faroe Islands, New Zealand, and Seychelle
Islands studiesRRice et al. (2010)hereforemultiplied the central estimatéom Axelrad et al.

(2010)by an adjustmenftactor to offset the possible downward bias frioadequate confounder

contro, A factor of 1.5 was selected itJorgeasenken owl e d
al. (2007) that the parameter estimates from the three epidemiologicekstualy be biased

downward by a factor of approximately 2 because of failure touadely control for
confoundingo (Rice et al., 2010).

There remains uncertainty with respect to the nature and magnitude of potential
confounding between LCPUFAs and MeHgddhe associated effects on childhood
neurodevelopment due to maternal ingestion during pregnancy. Additional research is needed to
provide further clarity on this issue, but recent studies such as those referenced above reinforce
the view that fish consuption during pregnancy should be approached as a case of multiple
exposures to nutrients and to MeHg, with a complex and potentially interactive set of risks and
benefits related to infant developmebue to the remaining uncertainty regarding the potential
confounding between LCPUFAs and MeHg exposure, we have not incorporated any factors or
other quantitative adjustments into this assessment.
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5.8 MERCURY BENEFITS ANALYSIS MODELING METHODOLOGY

5.8.1 Introduction

This section describes the methodology used to model fishing behavior and associated
MeHg exposurdevels. The methodology incorporates data, assumptions, and analytical
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techniques already described in previoestens.Sectionss.7.2 ands.7.3 below describe

elements of the methodology applied to develop a natgcaé estimate of benefits assodate

with avoided 1Q loss among freshwater recreational andgb&stion5.7.4 describes a variation

of the methodology used to estimate risk levels (as measured by IQ loss) among modeled high
risk subpopulations.

5.8.2 Estimation of Expsed Populations and Fishing Behaviors

This section describes the methodology used to estimate the average daily ingestion of
mercury (g/day) through noncommercial freshwater fish consumption (Hgl) for selected
populations of interest. Because the primagasurable health effect of cona@rn
developmental neurological abnormalities in childrevccurs as a result of-utero exposures
to mercury, the specific population of interest in this case is prenatally exposed children. To
identify and estimate the sipd this exposed population, thenefitsanalysis focuses on
pregnant women in freshwater recreational angler households.

Generally speaking, estimating mercury exposures for this exposure pathway and
population of interest requires three main components

N; = size of the exposed population of interest i (annual number of pregnant women
in freshwater angler households during the year),

CHg = average concentration (ppm) of methyl mercury in noncommercial freshwater
fish filets consumed by population né

Ci = average daily consumption rate (gm/day) of noncommercial freshwater fish by

population i.

The flow diagram irFigure5-4 illustrates the approach used to estimate the first two
components of this equatidr\;andCHg. It shows the spatial scale thie data used to estimate
these components and describes how these components are interrelated. For the third
componerd Cdr ec o mme nd at i oEnwonmental ExpdsheadossHandbook
(EPA, 1997 were used to estimate an average gomgion rate estimate for recreationally
caught freshwater fish.

First, 2000 Census dafl.S. Census Bureau, Census 2000 Summary File 3, Detailed
Tables, United Stateg)ere used to define the size, age, gender distribution, and income of the
populationswithin each census tract in the 48 contigubuS. states.
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Description

Number of females of
childbearing age
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Number of pregnant women

Number of angler residents (age > 15)
Population (age > 15)

Portion of population that is anglers

Number of prenatally exposed children
in angler households

NPA = NP*na

NPA in demographic group i,
distance j, and waterbody type k

Portion of freshwater fishing days by residents
to waterbody type k (k = lake (l) or river (r))

Portion of freshwater fishing trips by residents
in demographic group i (i = 1i 4) to sites in
distance interval j (j = 07 10, >10i 20, >25i 50,
or >50i 100)

Portion of resident anglers in demographic
group i (i = 1i 4)

Average Hg fish tissue concentration by
waterbody type (k) and distance (j)

NPAijk = NPA* Pi * €jj * Ck

Ci, Cr

7

€j

\

CHgjk

Spatial Scale

Census Tract

State

Census Tract

State

State

State

Census Tract

Census Tract

State

National

Census Tract

Census Tract

Data Source/Computation

Census

Vital Stats

Eq. (4.1)

FHWAR

Census

Eq. (4.2)

Eq. (4.2)

Eq. (4.3)

FHWAR

NSRE

Census

NLFWA/
USGS/GIS

Figure 5-4. Methodology for Estimating and Linking Exposed Populations and Levels of Mercury Exposure
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1. Estimating the number of pregnant women (NP) livinth# census tract as

NP = NF * §, (5.1
where
NF = number of females aged 15 to 44 in the t(@ansus 2000) and
fs = statelevel general fertility rate (average number of live births in a year per 1,000

women aged 15 to 44) (2006 Vital Statistics).

2. Estimating the annual number of prenatally exposed children in angler households
(NPA) as

NPA = NP*(NAJ/Ny), (5.2)
where
NAs= statelevel number of angler residentsHWAR) and

Ns = adult population of state s (Census).

Using Eq. (5.2) to estimate NPA jres that (1) the fraction of pregnant women in a
state who are in freshwater angler households is equal to the fraction of households in the state
that include freshwater anglers (i.e., pregnant women are no more or less likely than the rest of
the statgoopulation to live in households with freshwater anglers) and (2) the fraction of
households in the state that includes freshwater anglers is equal to the fraction of adult residents
in the state who are freshwater anglers.

To estimate NPA for years aft2000, it was assumed that stieel fertility rates (§)
and angler participation rates (MMNs) would remain constant; however, the number of women
of childbearing age in each block (NF) was increased based on deueltyopulation growth
projectiongWoods and Poole€008. In other words, for the period 2000 to 2016, the estimated
NPA for each census tract was assumed to increase at the same rate as the projected annual
population growth rates for females 15 to 44 inrtkerresponding counties.
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Census Data:

100 Miles Number of Females Aged 15i 44

Percentage of Population with

50 Miles Income >$50k and <$50k

20 Miles Urban v. Rural Classification

10 Miles

Hg Fish
Tissue

Sample Data:

\ 4 y

Average Average Average Average Average Average Average Average
River River River River Lake Lake Lake Lake
Hg Conc. Hg Conc. Hg Conc. Hg Conc. Hg Conc. Hg Conc. Hg Conc. Hg Conc.
501 100 miles 207 50 miles 107 20 miles 07 10 miles 07 10 miles 107 20 miles 207 50 miles 507 100 miles
(CHgrs) (CHgrs) (CHgr) (CHgn) (CHgu) (CHgp) (CHgis) (CHgu)

Figure 5-5. Linking Census Tracts to Demographic Data and Mercury Fish Tissue Samples
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Fourth, to match exposed populations in each tract with mercury concentrations, we first
divided the exposed population into four distinct demographic groupsi(i4):lurban/low
income, urban/high income, nonurban/low income, and nonurban/high inCorestimate the
portion of households in each demographic groufofp =11 4), tractlevel Census data were
used to specify (1) the percentage of the population in each tract that resides in an urban area and
(2) the percentage thi household income less than $50,000 (i.e., the portion in thentmane

group).
In addition, it was assumed that

1. each exposed individual in a census tract is associated with freshwater fishing in a
single distance interval and a single waterbody {ypee all the fish they consume
comes from the same distance and type of waterbodgyl

2. the exposed populations in each census tract (rather than just the fishing trips) are
distributed across the distance intervals and waterbody types accorthieg to
estimated proportions (i.e., parameters c, e, and p shokigure 54).

More specifically, a maximum of 32 separate exposed subpopulations were defined for each
census tract:

NPAjx = NPA * p * e * ¢ (for all i, j, and k) (5.3

for

171 4 demographic subgroup in the census tract,

17 4 distance interval, and

—
I

=~
I

lake or river.
(SeeFigure5-4 for definitions of p, g;, and ).

Using this approach, we were able to separately match each subpopulatigniitRA
t he ¢ e ns u gemercarccontentraton wrthe corresponding distance and waterbody
category (CHg).

! An alternative would be to assume that all anglers in the census tract have the same distribution of trips across
distance intervals and water types. This assumption would imply no variationdéagitx mercury exposures
within a censugract, but it would not affect the estimatedathl exposure antbtal IQ losses in the tract.
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To approximate the percentage freshwater fishing trips (and exposed individuals) from
each census tract matched to each waterbody type ¢, we used statlevelaverages. These
averages were calculated for each state, base
that are to each waterbody type, based on FBONVAR data.

Data from NSRE 1994 were used to approximate the percentage of freshwatgr fishi
trips (and exposed individuals) matched to di
Four distance intervals were defined a8¢@miles, >1020 miles, >2050 miles, and >50L00
miles. Based on sefeported trip distance information fronearly 2,000 respondents (see
Appendix Bfor details), each of these distance categories was associated with rougldy 20%
the reported trips in the NSRE sample. Four distinct demographic groups were also found to
have significantly different average trddistances for freshwater fishing in the NSRE sample:
high-income urban, higimcome rural, lowincome urban, and losmcome rural. An annual
household income threshold of $50,000 (in 2000 dollars) was used to define high and low
income, because it is de to the median value for both the NSRE sample and the U.S.
population. The portion of trips for each demographic groedl(i 4) to each distance interval
(1=17 4)is defined asje The estimated values foy &re reported il\ppendixB.

To estimate average daily mercury ingestion rates for egobsedsubpopulatiom=ijk,
we applied the following equation:

Hgl, = CHgFG* C.= (CHg* CCF) * C, (5.4)
where
Hgl —average daily mercury ingestion rate |
CHg = average mercury concenticn in uncooked freshwater fish (ppm);
CCF = cooking conversion factor: ratio of mercury concentration in cooked fish to
mercury concentration in uncooked fish (= 1.5);
CHgFC = average mercury concentration in cooked freshwater fish (ppm); and
C = avera@ daily selfcaught freshwater cooked fish consumption rate (gm/day)

= 8 gm/day.

To determine an appropriate daily fish consumption rate (C) for the analysis, EPA
conducted an extensive review of existing literature characterizingagiht freshwatergh
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consumption. Based on this review, it was decided that the ingestion rates for recreational
freshwater fishers, s pe Environmedtal Bxposuigacorso mme nd e d
Handbook(EPA, 1997) (mean of 8 gm/day and"9%ercentile of 25 gm/dayjepresented the

most appropriate values to use in this analysis. These recommended values were derived based

on ingestion rates from four studies conducted in Maine, Michigan, and Lake Ontario (Ebert et

al., 1992 Connelly et al. 1996 West et al., 1989Vest et al., 1993 which measurednnual

average daily intake rates for seught freshwater fish by all recreational fishers including

consumes and norconsumer®f fish. The mean values presented in these four studies ranged

from 5 to 17 gm/day, while the 9%ercent values ranged from 13 to 39 gm/day (Note: the 39

gm/day value actually represents 96e r cent val ue) . TheueERPA werreec o |
developed by considering the range and spread of means'&pér@gnile values presented in

the four studies. EPA recognizes that using mean afigp&@senile consumption rates based on

these four studies may not be representative of fishing behavior across the esitae 48udy

area and that regional trends in consumption may differ from the values used in this analysis.
Moreover, rates of consumption bsegnant women in freshwater angler households may be

different from those of the recreational fishers themseklesiever, EPA believes that these

four studies do represent the best available data for developing recreational fisher ingestion rates

in the United States.

Because the consumption rate estimate C is for cooked fish and the mercury
concentrations are estimated for uncooked filet, a conversion factor (CCF) was applied to
estimate mercury concentrations in cooked fish. Cooking fish tends to rib@uaeerall weight
of fish by approximately onthird (Great Lakes Sport Fish Advisory Task Force, )J9B8cause
volatilization of mercury is unlikely to occur during cooking, the overall amountes€ury will
stay unchanged during cooking, and the concentration of mercury will increase by a factor of
roughly 1.5 (Morgan, Berry, and Graves, 1997

5.8.3 Estimation of Lost Future Earning

Estimating the |1 Q decrements in children t
required two steps. First, based on the estimated average daily maternal ingestion rate, the
expected mercury concentration in the hair of exposed pregnant womertiwasezsas
follows:

CHgH, = (0.08)* * (Hgl /W), (5.5)

where
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CHgH = average mercury concentration in maternal hair (ppm) and
w = average body weight for female adults below age 45 (= 64 kg).

This conversion rate between average daily ingestion rate atedtrmal hair concentration
is based on the one compartment model developed by Swartout and Rige T2@02002 EPA
Workshop on Methylmercury Neurotoxicity recommended that this one compartment model
might be better suitetthan the PBPK model in mieling doseresponse (EPA, 2002The
average body weight estimate (W) waRA based on
1997).

Second, to estimate the expected 1Q decremesffspringresulting from inutero
exposure to mercury through mot-tesponsed6 fi sh con
relationship was applied:

dlQ,=0.18 * CHgH, (5.6)
where
dlQ = 1Q decrement in exposed mother/child (IQ pts).

The 0.18 doseesponse coefficien this equation is based on the summary findings reported in
Axelrad et al. (200)

The valuation approach used to assess monetary losses due to 1Q decrements is based on
an approach applied irgvious EPA analysg&PA, 2008. The approach expresses the loss to
an affected individual resulting from IQ decrements in terms of foregone future earnings (net of
changes in education costs) for that individddlese losses were estimated using thevatig
eqguation:

Vi=VIQ * dIQ;, (5.7)
where
Vv = present value of net loss per exposed mother/child (2006 dollars) and
VIQ = netloss per change in IQ point.

The net loss per 1Q point decrement is estimated based on the following relationship:
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VIQ = (z* PVY) i (s * PVS), (5.8)

where
PVY = median present value of lifetime earnings,
PVS = present valuef education costger additional year of schooling,
z = percentage change in PVY pepdaint change in 1Q, and
S = years of additional schooling p&point increase in 1Q.

The estimate for PVY is derived using earnings and labor force participation rate data
from the 2006 Current Population Survey (CPS) and assumiram (hyividual born today
would begin working at age 16 and retire at age 6 Ah@rowth rate of wages is 1% per year,
adjusted for survival probabilities and labor force participation by age; ate{B)e earnings
are discounted back to the yeatoth. Using a 3% discount ratéhe resulting present value of
median lifetime arnings is $555,427 in 2006 dollars.

Estimates of the average effect of-pdint increase in IQ on lifetime earnings (z) range
from a 1.76% increase (Schwartz, 198#la 2.379% increase (Salkever, 1p9hepercentage
increases in the two studies reflect both the direct impact of IQ on hourly wages and indirect
effects on annual earnings as the result of additional schooling and increased labor force
participation. The estimate faris based on Schwartz (1499wvho reports an increase of 0.131
years of schooling per 1Q point.

In addition to this positive net effect on earnings, an increase in 1Q is also assumed to have a
positive effect on the amount of time spent in school (s) and on associated costsT{RVS).
range ofestimate forsis based on Schwartz (1994ho reports an increase of 0.131 years of
schooling per 1Q poindnd Salkever (1995) who reports an increase of 0.1007 years.

The estimate for PVS is derived using an estimate of $16,425 per additional year of schooling in
1992 dollars (EPA, 200Q5which is based on U.S. Department of Education data reflecting both
direct annual expenditures per student and annual average opportunity cost (i.e., lost income
from being in school). We assume these costs are incurred whenaduiadborn today turns

19, based on an average 12.9 years of education among people aged 25 and over in the United
States. Discounting at a 3% rate to the year of birth results in an estimate of $13,453 per
additional year of schooling in 2006 dollars.
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To incorporate (1) uncertainty regarding the size of z and (2) different assumptions regarding the
discount rate,le resulting value estimates for the average net loss per 1Q point decrement (VIQ)
are expressed as a rangssAming a 3% discount ratélQ ranges from $8,0B (using the

Schwartz estimate forand 3 to $11859(using the Salkever estimaleWith a 7% discount

rate assumption, the VIQ estimates range fro88%8 $1958

5.8.4 Analysis of Potentially HighRisk Subpopudtions

The methodology described above is designed to evaluate the aggregate effect of fish
tissue mercury concentrations and, correspondingly, the aggregate benefits of reduced
concentrations due to proposed emission controls. However, this approaciotpes/ide
specific insight into the effects for subpopulations that may be at particularly high risk from
mercury exposures because of freshwater fish consumption. In particular, the aggregate analysis
applies a uniform average fish consumption ratefdChe entire exposed population. Although
appropriate for an aggregate analysis, this single average rate obscures the large variation in
consumption rates that have been observed in studies of specific subpopulations.

To assess effects on potentialiglrrisk populations, we modified the methodology
described above i8ection 5.7.2nd focused on six subpopulatidos which more specific
freshwater fish consumption rate estimates are available

A low-income AfricarAmerican recreational/subsistence @ishin the Southeast
regiort

A low-income white recreational/subsistence fishers in the Southeast region
A low-income female recreational/subsistence fishers

A Hispanic subsistence fishers

A Laotian subsistence fishers

A Chippewa/Ojibwe Tribe members in the Greakes area

These specific subpopulations were selected based on published empirical evidence of
particularly high sefcaught freshwater fish consumption rates among these gievigdence for
the first three groups is based on a study by Burger (2@0i&)h collected survey data from a

! The lowincome designation is based on Census 2000 estimates of populations living in poverty. The Southeast for
purposes of this analysis comprigdabama,Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippi,
North Carolina, South Carolina, Tennessee, Virgiamd West Virginia
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randomsampleopar t i ci pants in the Pal metSC.Out&igE8Br t s men
respondents, 39 we black 415 were white, and 149 were female. The sample size fofetle
populationis relatively smallwhich increases uncertainty, particulariyhigher percentile

consumption ratgalues provided for this group. In this studgsults are alseplit outfor poor
respondent§0-20K$ annual income). These consumption rates are relativelygagiculaty

for the higher percentiles. This observation forms the basis for our decision to assess a number of
the subsistence populations only for watersheds located in US Census tracts containing members
of source populations below the poverty line for the waiitd black population3.he black and

white fisher populations were extrapolated to cover all watersheds modeled for risk in the
Southeastern states. The rationale for this was that fishing activity by these two groups could be
generalized in this regiorf the country. Note, however that these scenarios were only assessed

for watersheds in the Southeast located within US Census tracts with at least 25 individuals from
that ethnic group below the poverty lir@&ven the focus of the risk assessment on consion

by women (in considering risk to pregnant women in particular), we extrapolated the female
consumption rates to all watersheds in tbetmental US with at least 2bdividuals below the

poverty lire.

Evidence for the Hispanic and Laotian groupeslzased on a study by Shilling et al.
(2010). This gudy looks at subsistence fishing activity among ethnic groups associated with
more urbanized areas near the Sacramento and San Joaquin rivers in the Central Valley in CA.
The authors note that many dkse ethnic groups relied on fishing in origin countries and bring
that practice here (e.g., Cambodian, Viethamese and Mexican). The authors also note that fish
consumption rates reported here for specific ethnic groups (specifically Southeast Asian) are
generally inline with rates seen in WA and OR studi€kefish consumption rates for
Hispanics and Laotians weegtrapolated to cover US Census tracts with at least 25 poor
members of the ethnic populations

For the Chippewa population, we use resutistfa study byDellinger (2004) which
gathered data oselfreported fish consumption rates bsibes in the Great Lakes ard@ecause
fishing activity is highly variable across Tribes (and closely associated with heritage cultural
practices) we have neitrapolated fishing behavior outside of #reas ceded to the Tribes
covered in the study (regions in the vicinity of the Great Lakésh.e t er ms HAsubsi st e
Arecreational o fishing are based on sdrilee t er mi
the population of interest. In general, subsistence fishers are individuals whose primary
objective in fishing is to acquire food for household consumption. For recreational fishers, the
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primary objective is to enjoy the outdoor activity; howevish consumption is also often an
objective.

To assess the distribution of individual risks from mercury exposure in these specific
subpopulations, we modified the methodology in the following ways:

1. We limited the analysis to only include census traatlk at least 25 residents (100
residents for the Chippewa group) in the defined demographic group (based on the
2000 Census). Tracts with fewer individuals were assumed to be less representative
of the location and conditions of the subpopulation ofege

2. Rather than using four distance intervals around each census tract, we limited the
analysis to one distance interval (0 to 20 miles). This interval was selected to better
reflect the likely shorter distances traveled by-imaome and/or subsistea fishers
who fish with relatively high frequency. As a result, the populations were not
subdivided according to income or urban classification; however, the separation
between river and lake anglers was preserved using the same methodology described
abo\e to define cand ¢.

3. Due to data limitationsather than specifically selecting and estimating populations
of pregnant women in angler households for the-higkhdemographic subgroup of
interest, we used the entire population of the defined dembigraubgroup in each
selected census tradthis approach was used becatlse purpose of this part of the
analysis isnotto estimate the total size of the exposed population or the aggregate
impacts on this demographic subgroup. Instead, the objestigeexamine the
potentialdistribution of risks within the groupJsing the entire subgroup population
to represent the risk distribution in the exposed population relies deyhe
assumptiorthatthe spatial distribution of the entire subgroup provialesasonable
approximation fo the distribution of pregnant women in highnsuming angler
households. In other wordswas assumed that tlexpectedproportion of the
subgr oup 6 3negch@eosusaratiabcansists gbregnant women in fishing
households is the same across the selected census tracts. The main limitation of this
assumption is that it does not allow or account for spatial variation in freshwater
angler participation rates for the subgroups of interest. Unfortunately, data tesaddre
these limitations are not readily available.
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4. Population size projections for future years (beyond 2000) in each selected tract were
based on countlevel growth projections for the full population (all ages and both
sexes) in the most closely corresgping racecategory (Woods and Poole, 200Bor
example, the Asian and Native American categories were used for the Laotian and
Chippewa population projections, respectively.

5. Rather than assuming a single fish consumptada (C) for all exposed individuals,
the analysis assumed and applied a diffedesttibutionof consumption rates for
each subgroup, based on evidence from existing empirical studiekafdes-3).

Using the consumption rate information reportedafle5-3, we fit a separate leg
normal distribution of consumption rates for each of the six subpogusatiVe then
applied Equation (2) to estimate a specific mercury ingestion rate (Hgi)each
subpopulation membén the selected census tracts. specify the average fish tissue
mercury concentration (CHg), residents were divided into river and lake fishers
according to the statevel percentages (as describedeattion5.7.2) and assigned
the corresponding average mercury concentration withi@®@aile interval from the
tract centroid. To specify the consumption rate (C) for each individual, we randomly
drew a separate value from the specificfmgmal consumption rate distribution
developed for the subpopulatidbquations %.3) to (5.8) werethen used to estimate
the corresponding IQ loss for each individual.
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Table 53. Reported Distributions of SelfCaught Freshwater Fish Consumption Rates
among Selected Potentially HigFRisk Subpopulations

SeltCaught Freshwater Fish Consumption Rite

(g/day)
Sample Mean
Population Size (Median) 90" (95™) Percentile Study
Low-income AfricarAmerican 39 171(137) 446 (557) Burger(2002)
recreational/subsistence fishers in
Southeast
Low-income white 415 38.8(15.3) 93 (129) Burger(2002)
recreational/subsistence fishers in
Southeast
Low-income female 149 39.1 (11.6) 123 (173) Burger(2002)
recreational/subsistence fishers
Hispanic subsistence fishers 45 25.8 (19.1) 98*(155.9) Shilling et al.
(2010)
Laotian subsistence fishers 54 47.2 (17) 144.8 (265.8) Shilling et al.
(2010)
Great Lakes tribal groups 822 60 (113°) 136.7(213.1} Dellinger (2004

2 Derived values using a legormal distribution, based on the median #rel95" percentile oistandard deviation

reported in study.

® Standard deviation in parentheses, rather than median.
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5.9 MERCURY BENEFITS AND RISK ANALYSIS RESULTS

5.9.1 Baseline Incidence

Applying the methodology describaad Section5.7, we first used GIS to link census tract
centroids in the continental United States with HUZwatersheds contang mercury fish
tissue sample data for 1995 to 2007. We found that, out of the 64,500 tracts irsthte48ea,
almost all of them are located within 100 miles of at least one-#HiR2@ith freshwater mercury
fish tissue sampling dat@herefore, verydw tracts were entirely excluded from the analysis due
to a lack of sampling data within 100 mil@sble5-4 reports the number of tracts linked to
HUC-level river or lake mercury concentration estimates within each distance interval. As
expected, this maber decreases as the size of the distance interval decreases. For example, 33%
are within 10 miles of a HUQ2 containing a lake sample, and 52% are within 10 miles of
HUC-12 containing aiver sample.

Table5-4 also reports the average river and lakéQdHlevel fish tissue mercury
concentrations found within each distance interval. Assuming that the 1995 to 2007 samples are
representative of baseline conditions in 2005, the distgpeeific mean lake concentrations
range from 0.26 to 0.3 ppm, and theameiver concentrations vary from 0.25 to 0.27 ppm.

Table5-4 also reports corresponding river and lake mercury concentration estimates for a
2016 base case scenario. This scenario represents total mercury deposition from all global natural
and anthropogec sources based on projected 2016 conditions, including future anticipated
regulations (e.g., Transport Rule). As descrilme8ection5.4, CMAQ air quality modeling runs
were used to estimate average mercury deposition levels byl2ls0bwatershed uretr both
the 2005 base case and the 2016 base case scenarios. For this analysis, it is assumed that HUC
level fish tissue mercury concentrations would change (between the two scenarios) by the same
percentage as the change in modeled deposition levelsalDtee mean concentrations decline
by 6% to 9%in the 2005 base case compared \héh 2016 base case scenarios.

With these tractevel mercury concentration estimates, we then estimated the size of the
exposed populations (NPA) in 2005 and 2016. These estimates are repddbbbH5. As
described irBection5.7.2, a separate exposed population (WpP#as estimeed for each
distance interval (j = 1 4) and waterbody (k = lake or river) combination at each tract. If
mercury concentration data were not available for a specific disteaiezbody combination,
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then the corresponding exposed populafarthe tracNPAy) was not included in the analysis.
Consequently, the exposed populatstimates reported ifiable5-5 are best interpreted as
lower-bound estimates of the total exposed populaixcluding potentially exposed
populations from the analysis because of missing/unavailable mercury concentration data
reduced the total exposed population estimate by roughly Z4ése excluded populations
include the portions of the tratdvel exposed @pulations that were matched with fishing trip
travel distancethat either (1) did not overlap with at least one HUZwith sampling data or

(2) weregreater than 100 miles (see AppenBjx For 2005, thee were estimated to be 239,174
prenatally exposedhildren, and for 2016 the estimate is 244,286 prenatally exposed children.
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Table 5-4. Summary of Baseline Mercury Fish Tissue Concentrations

2005 Base Case

2016 Base Case

Min Mean Max Median Min Mean Max Median
Distance from Tract Centroid N? (ppm)  (ppm)  (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Lake Sampling Sites
0i 10 miles 20,998 0.000 0.297 3.561 0.198 0.000 0.276  3.420 0.178
>10i 20 miles 35,149 0.000 0.285 3.561 0.209 0.000 0.264  3.420 0.187
>20i 50 miles 55,885 0.000 0.289 3.561 0.223 0.000 0.270  3.420 0.202
>50i 100 miles 61,820 0.000 0.264  2.333 0.241 0.000 0.247 2.251 0.227
River Sampling Sites
0i 10 miles 33,342 0.006 0.246  4.967 0.185 0.005 0.224 4924 0.168
>10i 20 miles 44,493 0.006 0.269  4.967 0.195 0.005 0.247 4924 0.174
>20i 50 miles 54,970 0.019 0.270 4.480 0.203 0.019 0.251 4.441 0.183
>50i 100 miles 62,868 0.023 0.267  4.967 0.214 0.022 0.251 4.924 0.192

& Number of tracts (out of 64,419) with at least one HLEOwith sample data in the distance interval.
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Table 55. Baseline Levels of Mercury Exposure and 1Q Impacts Due to Freshwater Sefaught Fish Consumption

2005 Base Case

2016 Base Case

Number of Average Number of Average
Number of  Prenatally Exposed Maternal Average Prenatally Exposed Maternal Average
Census Children (NPA) Daily IQ Loss Children (NPA) Daily IQ Loss
Tracts with Mercury per Mercury per
Hg Samples Mean Ingestion Exposed  Total IQ Mean Ingestion Exposed Total IQ
w/in 100 per Total in (Hgl) Child Point per Total in (Hgl) Child Point

State Miles Tract State (egl/d (dIQ) Losses Tract State (eg/ d Q) Losses
Total 63,978 3.74 239,174 3.04 0.11 25,544.9 3.82 244,286 2.84 0.10 24,419.4
AL 1,081 5.51 5,956 3.28 0.12 685.9 5.53 5,981 3.04 0.11 638.3
AR 623 6.45 4,017 3.80 0.13 537.1 6.55 4,084 3.66 0.13 525.9
AZ 1,097 3.17 3,476 2.21 0.08 269.8 3.75 4,117 2.18 0.08 316.3
CA 6,801 1.19 8,089 6.04 0.21 1,716.4 1.26 8,599 5.74 0.20 1,734.0
CO 1,045 3.53 3,693 1.20 0.04 155.3 3.92 4,101 1.18 0.04 169.8
CT 812 2.47 2,003 4.58 0.16 322.2 2.38 1,929 4.29 0.15 291.3
DC 181 2.23 404 1.67 0.06 23.7 2.03 367 1.35 0.05 17.4
DE 196 1.77 348 1.98 0.07 24.2 1.79 352 1.71 0.06 21.2
FL 3,144 3.28 10,299 5.24 0.18 1,897.5 3.71 11,651 5.17 0.18 2,118.9
GA 1,614 8.38 13,525 3.14 0.11 1,494.8 8.74 14,111 2.88 0.10 1,431.0
1A 791 6.39 5,052 1.21 0.04 215.3 6.18 4,888 1.15 0.04 197.5
ID 280 6.30 1,765 2.43 0.09 150.9 7.13 1,996 2.31 0.08 162.3
IL 2,950 2.33 6,884 1.83 0.06 442.3 2.32 6,831 1.49 0.05 356.9
IN 1,409 5.47 7,711 2.20 0.08 596.7 5.51 7,759 1.90 0.07 519.2
KS 716 2.08 1,490 2.38 0.08 124.8 2.06 1,478 2.34 0.08 121.8
KY 993 4.99 4,954 2.19 0.08 381.9 4.92 4,889 1.90 0.07 326.1
LA 1,103 6.91 7,623 3.82 0.13 1,022.9 6.59 7,269 3.77 0.13 962.6
MA 1,357 1.81 2,456 5.40 0.19 466.0 1.74 2,359 5.04 0.18 417.7
MD 1,210 2.23 2,703 2.16 0.08 204.8 2.35 2,840 1.76 0.06 176.2
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Table 55. Baseline Levels of Mercury Exposure and 1Q Impacts Due to Freshwater Selfaught Fish Consumption

(continued)

2005 Base Case

2016 Base Case

Number of Average Number of Average
Number of  Prenatally Exposed Maternal Average Prenatally Exposed Maternal Average
Census Children (NPA) Daily IQ Loss Children (NPA) Daily IQ Loss
Tracts with Mercury per Mercury per
Hg Samples Mean Ingestion Exposed  Total IQ Mean Ingestion Exposed Total IQ
w/in 100 per Total in (Hgl) Child Point per Total in (Hgl) Child Point

State Miles Tract State (egl/d (diQ) Losses Tract State (eg/ d Q) Losses
ME 344 4.66 1,602 5.12 0.18 288.3 4.31 1,484 5.05 0.18 263.4
MI 2,701 3.89 10,520 2.72 0.10 1,005.0 3.79 10,234 2.37 0.08 854.0
MN 1,294 11.53 14,915 2.86 0.10 1,501.2 11.71 15,157 2.77 0.10 1,474.7
MO 1,311 3.66 4,796 1.80 0.06 302.7 3.75 4,911 1.70 0.06 294.2
MS 604 9.18 5,546 5.11 0.18 996.2 9.32 5,632 4.98 0.18 986.9
MT 267 3.62 965 2.40 0.08 81.5 3.68 984 2.38 0.08 82.3
NC 1,554 5.13 7,976 3.29 0.12 921.5 5.33 8,280 2.95 0.10 859.1
ND 224 2.89 647 3.43 0.12 78.1 2.79 626 3.41 0.12 74.9
NE 500 3.97 1,984 1.60 0.06 111.9 4.03 2,014 1.56 0.05 110.5
NH 272 3.68 1,001 5.53 0.19 194.5 3.71 1,010 5.39 0.19 191.2
NJ 1,930 1.02 1,965 3.28 0.12 226.5 1.00 1,936 2.98 0.10 202.7
NM 244 1.75 426 1.74 0.06 26.0 1.89 461 1.77 0.06 28.6
NV 471 1.70 803 3.78 0.13 106.8 2.09 985 3.60 0.13 124.8
NY 4,791 1.41 6,770 3.86 0.14 918.4 1.35 6,486 3.54 0.12 807.0
OH 2,923 4.11 12,015 1.61 0.06 678.8 3.93 11,489 1.30 0.05 527.0
OK 987 5.65 5,580 3.07 0.11 602.9 5.73 5,653 3.03 0.11 601.4
OR 754 5.14 3,877 2.80 0.10 382.1 5.43 4,095 2.81 0.10 404.3
PA 3,116 2.40 7,485 2.30 0.08 605.9 2.31 7,194 191 0.07 482.2
RI 233 1.55 361 6.01 0.21 76.2 1.53 356 5.15 0.18 64.5
SC 864 7.39 6,388 4.43 0.16 995.4 7.59 6,559 4.08 0.14 941.0
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Table 5-5. Baseline Levels of Mercury Exposure and 1Q Impacts Due to Freshwater Selfaught Fish Consumption
(continued)

2005 Base Case 2016 Base Case
Number of Average Number of Average
Number of  Prenatally Exposed Maternal Average Prenatally Exposed Maternal Average
Census Children (NPA) Daily IQ Loss Children (NPA) Daily IQ Loss
Tracts with Mercury per Mercury per
Hg Samples Mean Ingestion Exposed  Total IQ Mean Ingestion Exposed Total IQ
w/in 100 per Total in (Hgl) Child Point per Total in (Hgl) Child Point
State Miles Tract State (egl/d (diQ) Losses Tract State (eg/ d Q) Losses
SD 225 3.29 740 1.77 0.06 45.9 3.20 719 1.72 0.06 43.6
TN 1,253 4.95 6,204 3.01 0.11 656.7 5.06 6,335 2.76 0.10 615.5
TX 4,310 3.97 17,127 2.83 0.10 1,701.2 4.32 18,633 2.67 0.09 1,748.9
uTt 482 3.95 1,905 2.05 0.07 137.3 4.68 2,254 2.06 0.07 163.5
VA 1,524 3.66 5,580 2.61 0.09 512.7 3.82 5,820 2.19 0.08 448.7
VT 179 3.50 627 3.85 0.14 84.8 3.37 604 3.70 0.13 78.6
WA 1,315 3.67 4,823 1.69 0.06 287.2 3.90 5,133 1.68 0.06 302.8
wi 1,313 8.03 10,543 2.77 0.10 1,026.2 7.85 10,309 2.59 0.09 938.1
wv 466 6.53 3,042 2.10 0.07 224.3 6.10 2,840 1.66 0.06 166.1
Wy 124 4.13 512 1.97 0.07 35.5 3.99 495 1.97 0.07 34.3
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For each exposed population, we then estimated their average mercungmggst
(Hgl) using Equation (%) and the IQ los associated with this exposure lev&s reportedn
Table5-5, in 2005, the average estimated mercury ingestion rate for the population of exposed
pregnant women was 3.04 ug/day. For 2016, the ingestion rate was estimated to be 2.84 ug/day
(6.6% lower). The corresponding average 1Q loss per prenatally exposed ahi@dt in 2005
and 0.10 in 2016. Multiplying these average 1Q losses by the size of the exposed population, the
total loss in IQ points due to mercury exposures through consumption-casglfit freshwater
fish was estimated to be 25,545 in 2005. For2i6 base case, the total decrease in 1Q points
was estimated to be 24,419 (4.4% lower).

5.9.2 1Q Loss and Economic Valuation Estimates

In addition to thébase case scenarios described apGXAQ air quality modeling runs
were used to estimate averagecuey deposition levels for three emissions control scenarios:

A 2005 EGU ZeraOut. This scenario represents total mercury deposition from all
global natural and anthropogenic sourersept for U.S. EGUsased on currerday
conditions.

A 2016 EGU ZeraOut. This scenario represents total mercury deposition from all
global natural and anthropogenic sourersept for U.S. EGUsased on projected
2016 conditions, including future anticipated regulations (e.g., Transport Rule).

A 2016Toxics Rule This scenario reesents total mercury deposition from all global
natural and anthropogenic sources based on projected 2016 conditions, including
future anticipated regulations (e.g., Transport Rafejthe Toxics Rule

For these three scenarios, it was again assumethéhBitUClevel fish tissue mercury
concentrations would change (relative to the 2005 base case) by the same percentage as the
change in modeled deposition levels.

Mercury exposure and 1Q loss estimates were then derived for these three scenarios,
using theexposed population estimates for the relevant year (2005 or 2016) and the
corresponding mercury concentration estimates for the relevant emission scenafiu{zero
ToxicsRule). In addition, the valuation methodology summarize8eation5.7.2(in paticular,
Equation b.7]) was applied to estimate the present value of IQ loss estimates for the two base
case and three emissions control scenarios.
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To assess the aggregate benefits of reductions in EGU emissions, we evaluated five
emission reduction scarios.

A 2005 EGU zeraut (relative to 2005 base case)
A 2016 base case (relative to 2005 base case)
A 2016 EGU zeraut (relative to 2016 base case)
A 2016Toxics Rule(relative to 2005 base case)
A 2016Toxics Rule(relative to 2016 base case)

The benefits of edcemission reduction scenario are calculated as the difference (i.e.,
decrease) in total present value of 1Q losses between the selected emission control scenario and
the selected base case scenario.

5.9.3 Primary Results for National Analysis of Exposuré®m Recreational Freshwater

Fish Consumption

Table5-6 summarizes the aggregate national 1Q and presdue loss estimates for the
two base case and three emission control scenarios. The highest losses are estimated for the 2005
base case. For the pdation of prenatally exposed children included in the ana(gdisost
240,000, as reported in Tablesh mercury exposures under baseline conditions during the year
2005 are dsmated to have resulted in more than 25,500 1Q pointsAssiuming a 3%liscount
rate, the present value of these losses ranges from $204.8 million to $292.5'mhi® nange
of total loss estimates is based on the range eli@gint value (VIQ) estimates summarized in
Section 5.7.3. These losses represent expecteghpredue of declines in future net earnings
over the entire lifetimes of the children who are prenatally exposed during the year\2ib0&.
7% discount ratghe present valueange is considerably lower: $32million to $50.0million.

The lowest losseare estimated to result from the 2016 zmubscenario, with total 1Q
losses of less than 24,08fhong roughly 244,000 prenatally exposed childnesh present values
of these losses ranging from $190.2 &8%.3million (3% discount rate).

! Monetized benefits estimates are for an immediate change in MeHg levels in fish. If a lag in the response of MeHg
leves in fish were assumed, the monetized benefits could be significantly lower, depending on the length of the
lag and the discount rate used. As noted in the discussion of the Mercury Maps modeling, the relationship
between deposition and fish tissue MeBlgroportional in equilibrium, but the MMaps approach does not
provide any information on the time lag of response.
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Table 5-6. Summary Estimates of the Aggregate Size and Present Value of IQ Losses
Under Alternative Base Case and Emissions Control Scenarios

Average
IQ Loss
per Total 1Q
Prenatally  Losses
Exposed from One Present Value ofTotal IQ Losses (2006 dollars)
Child Year of
Scenario (diQ) Exposure 3% Discount Rate 7% Discount Rate
2005 base case 0.1068 25,544.9 $204,690,894 - $302,936,39z $22,811,552 - $50,016,819
2005 EGU zeraut 0.0985 23,561.5 $188,798,51¢ - $279,416,15Z2 $21,040,444 - $46,133,471
2016 base case 0.1000 24,419.4 $195,672,451 - $289,589,36€ $21,806,502 - $47,813,136
2016 EGU zeraut 0.0971  23,722.2 $190,085,85¢ - $281,321,377 $21,183,910 - $46,448,036
2016Toxics Rule 0.0979 23,908.6 $191,579,401 - $283,531,77t $21,350,356 - $46,812,987

For the five emission reduction scenarios described ali@de5-7 reports estimates of
aggregate nationwide benefits associated with reductions in mercury exposures and resulting
reductions in IQ losses. Most importantly, the benefits of the Z0k&s Rulescenario (relative
to the 2016 base case) are estimated tgeréetween $4.1 million and $5.8 million (assuming a
3% discount rate), because of an estimated 511 point reduction in 1Q losses. These benefits are
73% as large as the benefits of the 2016-pertascenario (relative to the same 2016 base case).
Relativeto the2005base case, the benefits of the 20b&ics Rulescenario range from $13.1
million to $18.7 million (3% discount). Despite growth in the exposed population from 2005 to
2016, the changes from the 2005 base case to the 2106 base case ac68bmnbfahese
benefits, while the changes from the 2016 base case to th&aRit8 Ruleaccount for 31%.
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Table 57. Aggregate Benefit Estimates for Reductions 1Q Losses Associated with
Alternative Emissions Reduction Scenarios

Decrease in
Average IQ Decrease in
Loss per Total IQ Present Value of Decrease in Total IQ Losses
Emission Prenatally Losses from (2006dollars)
Reduction Exposed One Year of
Scenario Child (dIQ)® Exposure 3% Discount Rate 7% Discount Rate

2005 EGU zeraut 0.00829 1983.3
(relative to 2005 $15,892,375
base case)

2016 base case 0.00684 1125.5
(relative to 2005 $9,018,443
base case)

$23,520,239 $1,771,108 - $3,883,348

$13,347,026 $1,005,051 - $2,203,683

2016 EGU zeraut 0.00285 697.2
(relative to 2016 $5,586,592
base case)

2016Toxics Rule 0.00893 1636.3
(relative to 2005 $13,111,493
base case)

$8,267,989 $622,592 - $1,365,100

$19,404,617 $1,461,196 - $3,203,832

2016Toxics Rule 0.00209 510.8
(relative to 2016 $4,093,050
base case)

$6,057,591 $456,145 - $1,000,149

#As reported in Table-5, the estimated number of prenatally exposed children is 239,174 in 2005 and 244,286 in
2016.

5.9.4 Primary Results for Potentially HighRisk Subpopulations

As described irsection5.7.4 the methodology used to estimate alggregatebenefits of
mercury emission reductions was also adapted and applied to assess effects on the distribution of
individuaklevelrisks among specific potentially higisk subpopulations in the Wlad States.

The analysis of these subpopulations focuses on the distribution of individual mercury exposures
risks (i.e., expected 1Q loss) within these groups, particularly in the high end of the risk
distributions. It also examines the distribution efuctions in 1Q loss in these groups as a result

of EGU mercury emission reductions.

LowIncome AfricarAmerican Recreational/Subsistence Fishers in the Southeast Region

The analysis of lowncome AfricarAmericans in the Southeast United States focuses o
census tracts that have @t)least one HUQ.2 within 20 miles with a mercury fish tissue
concentration estimate and @)least 25 AfricasAmerican inhabitants living below the poverty
level. Using countylevel growth projections, there were an esteda3.09 million lowincome
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African Americans in these areas in 2005, and 3.56 million are expected to reside in these areas
in 2016. The geographic distribution of the expected 2016 population is shakiguire 56.

The spatial distribution of these alation estimates faall low-income African
Americans in these areas was used to model the distribution of risk among pregnant women in
recreational/subsistence fishing households in this group. This approach was used because
population estimates for thiatter group are not readily available and difficult to generate. The
approach assumes that the spatial distribution of these pregnant women is the same as for the
total low-income African American population in these areas. Populations were linkexl at th
tract level to average mercury fish tissue concentrations within 20 miles using the methods
described irSection5.7.4. The distribution of mercury ingestion and 1Q loss resulting from these
fish tissue levels was then simulated using the fish consumyatie distribution for this
subpopulation summarized Trable5-3.

1 A rough approximation of the size of the annual exposed populat@wincome African American
pregnant women in angler householdshie Southeast in 203-6can be estimated by multiplying the total
population estimate (3.56 million) by (1) the percent of the total U.S. population that is female andldd21%;
Census 2000) (2) the fertility rate for African American women of chidbg age (6.9%; U.S. Vital Statistics
2005), and (3) the percent of the kiveome African American population that are freshwater fisheB846
Henderson 2004). The resulting estimated exposed population is between 9,400 and 12,600 individuals.
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Figure 5-6. Modeled African-American population below the poverty level by census tract
in the Southeast for 2016.

Table5-8 summarizes the estimated distribution of 1Q loss among this subpopulation due
to mercury exposure through consumption of-salight freshwater fish. These distribution
estimates are reported for populations in two time periods (2005 and 2016) und=dease
conditions and under alternative emission control scenarios. In the 2016 base case, the median IQ
loss is estimated to be 1.87 points and the 95th percentile is 11.56 points per exposed individual.
Under the 2018 oxics Rule the median declines to82 points and the 95th percentile to 11.33
points.
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Table 58. Simulated Distribution of IQ Loss (per ExposedPerson) for Low-Income
African -American Recreational/Subsistence Fishers in the Southeast Region

Percentile
Scenario 25th 50th 75th 90th 95th Mean
2005 base case 0.930 1.980 4.173 8.104 12.023 3.601
2005 EGU zereut 0.835 1.805 3.854 7.555 11.271 3.342
2016 base case 0.868 1.868 3.974 7.771 11.556 3.437
2016 EGU zereut 0.832 1.801 3.848 7.551 11.246 3.335
2016Toxics Rule 0.843 1.820 3.884 7.611 11.328 3.363

Table5-9 summarizes the estimated distributiorr@eductionsin 1Q loss associated with
alternative emission reduction scenaridhe median reduction in IQ loss resulting from the
2016Toxics Rule(relative to the 2016 base case) scenario is 0.032 points, and the 95th
percentile is 0.274 points.

Table 59. Simulated Distribution of Reduction in IQ Loss (per ExposedPerson) for Low-
Income African-American Recreational/Subsistence Fishers in the Scheast

Region
Percentile

Emission Reduction Scenario 25th 50th 75th 90th 95th Mean
2005 EGU zeraut 0.049 0.123 0.290 0.607 0.935 0.260

(relative to 2005 base case )
2016 EGU zeraut 0.019 0.050 0.118 0.240 0.363 0.103

(relative to 2016 base case)
2016Toxics Rule 0.011 0.032 0.082 0.176 0.274 0.074

(relative to 2016 base case)

LowIncome White Recreational/Subsistence Fishers in the Southeast Region

The analysis of the losincome white population in the Southeast United States uses the
samemethodolog as for the lowincome AfricarAmerican subpopulation, except that it uses
tractlevel population estimates fatl whites livingbelow the poverty leveh the southeast

! Thescenarios comparing different years (i.e., 2016 base case [relative to 2005 base case] and 2016 TOXICS
[compared to 2005 base case]) were not evaluated foediietionin individual exposure analysis because the
exposed populations are different in the periods.
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United States, and it uses the different fish consumption rate distrifatiohis population
described inrable5-3. For this group, thepatial distribution of all lowncome whites in these
areas wasised to simulate the distribution of IQ lessesulting from exposures via pregnant
women in recreational/subsistence fighlmuseholds. The total leimcome white population in
the southeastern stat@as3.26 million for 2005 andvas projected to b&.58 millionin 2016.
The geographic distribution of this population for 2016 is showkigare5-7.

— ) T 51 T [dal A=
T MODELED WHITE POPULATION
BELOW THE POVERTY LEVEL BY CENSUS TRACT 2016 *
L e |
]

white below pov pop 2016 [
25-200

[ 201 - 500
* Excludes tracts that:
- 501-1000 (1) have fewer than 25 low-income white inhabitants
I 1001 - 7302 in 2016 or
Census tract (2) are more than 20 miles from the nearest HUC-12
with at least one freshwater fish tissue mercury sample. -~

Figure 5-7. Modeled White population below the poverty level by census tract in the
Southeast for 2016.

Table5-10 summarizes the estimated distribution of IQ loss among this subpopulation. In
the 2016 base case, the median I1Q loss is estimated to be 0.188 points, and the 95th percentile is

1 A rough approximation of the size of the annual exposed populata-income white pregnant women in

angler households in the Southeast in 20&8n be estimated by multiplying the total population estimate (3.58
million) by (1) the peracat of the total U.S. population that is female and agd4.21%; Census 2000) (2) the

fertility rate for white women of childbearing age (6.6%; U.S. Vital Statistics 2005), and (3) the percent of the low
income white population that are freshwater fish@&011%; Henderson 2004). The resulting estimated exposed
population is between 15,800 and 17,400 individuals.
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2.459 points per exposed individual. Under the 2Ddx%ics Rule the median dgines to 0.184
points and the 95th percentile to 2.415 points.

Table 510. Simulated Distribution of IQ Loss (per Exposed Person) for Lowincome
White Recreational/Subsistence Fishers in the Southeast Region

Percentile
Scenario 25th 50th 75th 90th 95th Mean
2005 base case 0.071 0.203 0.580 1.480 2.586 0.670
2005 EGU zereut 0.063 0.182 0.527 1.362 2.396 0.618
2016 base case 0.065 0.188 0.541 1.396 2.459 0.633
2016 EGU zereut 0.062 0.182 0.525 1.358 2.396 0.617
2016Toxics Rule 0.063 0.184 0.530 1.371 2.415 0.622

Table5-11 summarizes the estimated distribution of reductions in 1Q loss associated with
alternative emission redtion scenarios. ie median reduction in IQ loss resulting from the
2016Toxics Rule(relative to the 2016 base case) scenario is 0.002 points, and the 95th
percentile is 0.045 points.

Table 5-11. Simulated Distribution of Reduction in IQ Loss (per Exposed Person) for Low
Income White Recreational/Subsistence Fishers in the Southeast Ragi

Percentile
Emission Reduction Scenario 25th 50th 75th 90th 95th Mean
2005 EGU zeraut 0.004 0.013 0.042 0.113 0.204 0.051
(relative to 2005 base case )
2016 EGU zeraut 0.001 0.004 0.013 0.036 0.066 0.017
(relative to 2016 base case)
2016Toxics Rule 0.001 0.002 0.008 0.024 0.045 0.011

(relative to 2016 base case)

LowIncome Female Recreational/Subsistence Fisher

The analysis of the losincome female population uses tritel female population and
poverty estimates for the entire continental United States, and it uses the specific fish
consumption rate distribution for this population describebainle5-6. Forthis group, the total
modeled populations used to simulate the distribution of IQ loss were 18.4 million for 2005 and
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20.1 million for 2016. The geographic distribution of the population modeled for 2016 is shown
in Figure 58.

MODELED FEMALE POPULATION
BELOW THE POVERTY LEVEL BY CENSUS TRACT 2016 *

tot female below pov 2016
25-200
[T 201-500
I s01- 1000 * Excludes tracts that:
(1) have fewer than 25 low-income female inhabitants
I 1001 - 10727 in 2016 or
Census tract (2) are more than 20 miles from the nearest HUC-12

with at least one freshwater fish tissue mercury sample.

Figure 5-8. Modeled femalepopulation below the poverty level by census tract for 2016.

Table5-12 summarizes the estimated distribution of IQ loss among this subpopulation. In
the 2016 base case, the median 1Q loss is estimated to be 0.111 points, and the 95th percentile is
3.122points per exposed individual. Under the 20b&ics Rule the median declines to 0.108
points and the 95th percentile to 3.064 points.

1 A rough approximation of the size of the annual exposed populat@wincome pregnant women in
angler households in 20%&an be estintad by multiplying the total population estimate (20.1 million) by (1) the
percent of the total female U.S. population that is agé41&2%; Census 2000) (2) the fertility rate for all women
of childbearing age (6.7%; U.S. Vital Statistics 2005), andh@percent of the lowmcome women that are
freshwater fishers (7%; Henderson 2004). The resulting estimated exposed population is roughly 62,100
individuals.
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Table 5-12. Simulated Distribution of IQ Loss (per Exposed Person) for Lowincome
Female Recreational/Subsistence Fish&in the United States

Percentile
Scenario 25th 50th 75th 90th 95th Mean
2005 Base Case 0.030 0.122 0.480 1.629 3.373 0.932
2005 EGU Zerenut 0.027 0.109 0.431 1.477 3.073 0.855
2016 Base Case 0.027 0.111 0.439 1.499 3.122 0.868
2016 EGU ZereOut 0.026 0.107 0.425 1.457 3.038 0.846
2016Toxics Rule 0.026 0.108 0.429 1.470 3.064 0.853

Table5-13 summarizes the estimated distribution of reductions in 1Q loss associated with
alternative emission redtion scenarios. fie median reduction in IQ loss resulting from the
2016Toxics Rule(relative to the 2016 base case) scenario is 0.001 points, and the 95th
percentile is 0.053 points.

Table 5-13. Simulated Distribution of Reduction in IQ Loss (per Exposed Person) for Low
Income Female Recreational/Subsistence Fishers in the United States

Percentile
Emission Reduction Scenario 25th 50th 75th 90th 95th Mean
2005 EGU zeraut 0.001 0.007 0.034 0.127 0.274 0.077
(relative to 2005 base case )
2016 EGU zeraut 0.000 0.002 0.010 0.037 0.078 0.021
(relativeto 2016 base case)
2016Toxics Rule 0.000 0.001 0.006 0.024 0.053 0.015

(relative to 2016 base case)

Hispanic Subsistence Fisher

The analysis of the Hispanic population uses tiaa| population estimates for this
group for the entire continental United States, and it uses the specific fish consumption rate
distribution for this population describedTiable5-6. For this group,he total modeled
populations used to simulate the distribution of IQ loss were 19.6 million for 2005 and 27.2
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million for 2016. The geographic distribution of the population modeled for 2016 is shown in
Figure 59.

l MODELED HISPANIC POPULATION BY CENSUS TRACT 2016 *

hispanic 2016
25 - 200
201 - 500

I 501 - 1000
* Excludes tracts that:
I 001 - 20628 (1) have fewer than 25 Hispanic inhabitants in 2016 or
Census tract (2) are more than 20 miles from the nearest HUC-12
with at least one freshwater fish tissue mercury sample.

Figure 5-9. Modeled Hispanic population by census tract for 2016.

Table5-14 summarizes the estimated distribution of IQ loss among this subpopulation. In
the 2016 base case, the median 1Q loss is estimated to be 0.184 points, and the 95th percentile is
2.494 pointgper exposed individual. Under the 20Ié&xics Rule the median declines to 0.180
points and the 95th percentile to 2.468 points.

! A rough approximation of the size of the annual exposed populatiispanic pregnant womein angler

households in 2016can be estimated by multiplying the total population estimate (27.2 million) by (1) the percent
of the total U.S. population that is female and agd4%21%; Census 2000) (2) the fertility rate for Hispanic

women of chilthearing age (9.9%; U.S. Vital Statistics 2005), and (3) the percent of the Hispanic population that are
freshwater fishers (6%; Henderson 2004). The resulting estimated exposed population is between 59,900 and
71,900 individuals.

5-88



Table 5-14. Simulated Distribution of IQ Loss (per Exposed Person) for Hispanic
Recreational/Subsistence Fishers in the Unite8tates

Percentile
Scenario 25th 50th 75th 90th 95th Mean
2005 base case 0.066 0.202 0.588 1.530 2.732 0.724
2005 EGU zereut 0.060 0.186 0.546 1.435 2.578 0.686
2016 base case 0.059 0.184 0.538 1.402 2.494 0.657
2016 EGU zereut 0.058 0.179 0.526 1.378 2.456 0.647
2016Toxics Rule 0.058 0.180 0.530 1.385 2.468 0.650

Table5-15 summarizes the estimated distribution of reductions in 1Q loss associated with
alternative emission redtion scenarios. ie median reduction in IQ loss resulting from the
2016Toxics Rule(relative to the 2016 base case) scenario is 0.001 points, and the 95th
percentile is 0.03 points.

Table 515. Simulated Distribution of Reduction in IQ Loss (per Exposed Person) for
Hispanic Recreational/Subsistence Fishers in the United States

Percentile
Emission Reduction Scenario 25th 50th 75th 90th 95th Mean
2005 EGU zereut 0.001 0.006 0.027 0.084 0.157 0.038
(relative to 2005 base case )
2016 EGU zereut 0.000 0.002 0.008 0.023 0.042 0.010
(relative to 201@ase case)
2016Toxics Rule 0.000 0.001 0.005 0.016 0.030 0.007

(relative to 2016 base case)

Laotian Subsistence Fishers

The analysis of the Laotian population uses tkat| population estimates for this group
for the entire continental United States, and it uses the specific fish consumption rate distribution
for this population described Fable5-6. For this group, thtotal modeled populations used to
simulate the distribution of 1Q loss were 80,000 for 2005 and 137,500 fot. 2E6geographic
distribution of the population modeled for 2016 is showRigure 510.

! A rough approximatio of the size of the annual exposed populatibaotian pregnant women in angler

households in 2016can be estimated by multiplying the total population estimate (0.14 million) by (1) the percent
of the total U.S. population that is female and agd481%; Census 2000) (2) the fertility rate for Asian women

of childbearing age (6.7%; U.S. Vital Statistics 2005), and (3) the percent of the Laotian population that are
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with at least one freshwater fish tissue mercury sample.

Census tract

Figure 5-10. Modeled Laotian population by censugract for 2016.

Table5-16 summarizes the estimated distribution of IQ loss among this subpopulation. In
the 2016 base case, the median 1Q loss is estimated to be 0.196 points, and the 95th percentile is
4.260 points per exposed individual. Under the ZDd%ics Rule the median declines to 0.192
points and the 95th percentile to 4.210 points.

freshwater fishers (280%; Henderson, 2004; Hutchison and Kraft, 1994). The res@sitigated exposed
population is between 600 and 3,000 individuals.
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Table 5-16. Simulated Distribution of IQ Loss (per Exposed Person) for Laotian
Recreational/Subsistence Fishers in the United States

Percentile
Scenario 25th 50th 75th 90th 95th Mean
2005 base case 0.061 0.212 0.744 2.330 4.559 1.265
2005 EGU zeraut 0.057 0.198 0.692 2.197 4.335 1.201
2016 base case 0.056 0.196 0.688 2.142 4.260 1.145
2016 EGU zereput 0.054 0.190 0.671 2.097 4.184 1.126
2016Toxics Rule 0.055 0.192 0.676 2111 4.210 1.133

Table5-17 summarizes the estimated distribution of reductions in 1Q loss associated with
alternative emission redtion scenarios. ie median reduction in IQ loss resulting from the
2016Toxics Rule(relative to the 2016 base case) scenario is 0.001 points, and the 95th
percentile is 0.047 points.

Table 5-17. Simulated Distribution of Reduction in IQ Loss (per Exposed Person) for
Laotian Recreational/Subsistence Fishers in the United States

Percentile
EmissionReduction Scenario 25th 50th 75th 90th 95th Mean
2005 EGU zereut 0.000 0.003 0.022 0.093 0.209 0.064
(relative to 2005 base case )
2016 EGU Zereput 0.001 0.003 0.011 0.036 0.073 0.019
(relative to 2016 base case)
2016Toxics Rule 0.000 0.001 0.006 0.022 0.047 0.012

(relative to 2016 base case)

Chippewa Tribe Members in the Great Lakes Area

The analysis of the Chippewa population uses-ea@l population estimates for this
group in Minnesota, Wisconsin, and Michigan, for tracts within 20 miles of the fishing area
ceded to the tribe. It uses the specific fish consumption rate distribatitimg population
described inrable5-6. For this group, the total modeled populations used to simulate the
distribution of IQ loss were 23,900 for 2005 and 29,500 for 20& geographic distribution of
the population modeled for 2016 is showrFigure 511.

! A rough approximation of the size of the annual exposed populaippewa pregnant women in
angler households in the Great Lakes are 20 be estimated by multiplying the tgtelpulation estimate (29.5
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Figure 5-11. Modeled Chippewa population by census tract in the Great Lakes area for
2016.

Table5-18 summarizes the estimated distribution of IQ loss among this subpopulation. In

the 2016 base case, the median IQ loss is estimated to be 0.398 points and the 95th percentile is
3.284 points per exposed individual. Under the ZDd%ics Rule the median déines to 0.392
points and the 95th percentile to 3.241 points.

thousand) by (1) the percent of the total U.S. population that is female and-4¢€21%0; Census 2000) (2) the

fertility rate for American Indian women of childbearing age (6%; U.S. Vital Statistics 2005), and (3) the plercent o
the Chippewa population that are freshwater fishers (26%, assumed to be twice national average). The resulting
estimated exposed population is roughly 300 individuals.
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Table 518. Simulated Distribution of IQ Loss (per exposed person) for Chippewa in the
Great Lakes Area

Percentile
Scenario 25th 50th 75th 90th 95th Mean
2005 base case 0.175 0.410 0.989 2.125 3.341 0.940
2005 EGU zeraut 0.168 0.397 0.955 2.049 3.237 0.909
2016 base case 0.165 0.398 0.949 2.089 3.284 0.902
2016 EGU zeraut 0.162 0.391 0.933 2.056 3.231 0.887
2016Toxics Rule 0.163 0.392 0.937 2.062 3.241 0.890

Table5-18 summarizes the estimated distribution of reductions in 1Q loss associated with
alternative emission redtion scenarios. ie median reduction in IQ loss resulting from the
2016Toxics Rule(relative to the 2016 base case) scenario is 0.005 points, a@étthe
percentile is 0.041 points.

Table 519. Simulated Distribution of Reduction in IQ Loss (per Exposed Person) for
Chippewa in the Great Lakes Area

Percentile
Emission Reduction Scenario 25th 50th 75th 90th 95th Mean
2005 EGU zeraut 0.005 0.012 0.030 0.068 0.112 0.030
(relative t02005 base case )
2016 EGU zeraut 0.002 0.006 0.014 0.033 0.053 0.014
(relative to 2016 base case)
2016Toxics Rule 0.002 0.005 0.011 0.026 0.041 0.011

(relative to 2016 base case)

Comparison of Risk Distributiorecross HighRisk Subpopulations

Using the results summarized abok&ure5-12 compares the simulated 1Q loss
distributions for the six potential higtisk subpopulations under the 2016 base ceseasio.
The lowincome AfricanAmerican population in th8outheast United States stands out from the
other groups, with relatively high individual risk levels at each percentile. It is estimated that 5%
of the prenatally exposed population in this group in 2016 (the 95th and greater percentile)
would experiencéQ losses of more than 11.55 points because of mercury in freshwater fish
under base case conditions. The group with the next highest estimated individual risk levels at
the 95th percentile and above is the Laotian subpopulation, with 1Q losses of kt36apd
greater.
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Figure 5-12. Comparison of 1Q Loss Distributions for Selected HighRisk Populations
(2016 Base Case)

Figure5-13 provides a similar comparison for the distribution of reductions in 1Q loss
associated with the 20T®xics Rule(relativeto the 2016 base caségain, the lowincome
African-American subpopulation stands out from the others with the highest reductions at each
percentile. It is estimated that 5% of the prenatally exposed population in this group in 2016
would have expecteaductions in 1Q losses of more than 0.274 points because of reductions in
mercury emissions. At the 95th percentile, all of the other subpopulations have expected
reductions in IQ loss between 0.03 and 0.053 1Q points.
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Figure 5-13. Comparison of Reductio in IQ Loss Distributions for Selected HighRisk
Populations (2016Toxics RuleRelative to 2016 Base Case)

5.9.5 Discussionof Assumptions, Limitations, and Uncertainties

Uncertainty regarding theodel results and estimates reported in Se&iBoan aise
from several sources. Some of the uncertainty can be attributed to model uncertainty. For
example, to estimate exposures a number of different modeling approaches have been selected
and combined The separate model components are summarized in Fguaad equations (5.)
to (5.8) each of which simplifies potentially complex processes. The results, therefore, depend
importantly on how these models are selecspécified and combined

Another important source of uncertainty can be characterized as input or parameter
uncertainties. Each of the modeling components discussed in this report requires summary data
and estimates of key model parametems. example, estimating I1Q losses asatex with
consumption of freshwater fish requires estimates of the size of the exposed population of
interest, the average mercury concentrations in consumed fish, the freshwater fish consumption
rate for the exposed population, and the concentragispamse relationship between mercury
ingestion and IQ losall of these inputs are measured with some degree of uncertainty and can
affect, to differing degrees, the confidence range of our summary results. The discussion below
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identifies and highlights sonwf the key model parameters, characterizes the source and extent
of uncertainties associated with them, and characterizes the potential effects of these
uncertainties on the model results.

To organize this discussion, we discuss different components ofdtieling framework
separately. This section first discusses issues related to estimating the mercury concentrations
and then those related to estimating the exposed population. After that, it discusses issues related
to matching these two components ameitconcludes by discussing the estimation of mercury
ingestion through fish consumption.

Mercury Concentration Estimates

As described irfsection5.2.2 the mercury concentration estimates for the analysis come
from several different sources, includingifisssue sample data from the National Listing of
Fish Advisories (NLFA) and several other staad nationalevel sources. These estimates
were then used to approximate mercury concentrations across the study area. Some of the key
assumptions, limitatios, and uncertainties associated with these estimates are the following:

A The fish tissue sampling data from various sources are subject to measurement and
reporting error and variability. The NLFA is the largest and most detailed source of
data on mercurin fish; however, even this system was not centrally designed (e.g.,
by EPA) using a common set of sampling and analytical methods. Rather, states
collected the data primarily to support the development of advisories, and the data are
submitted voluntarilfo EPA. Each state uses different methods and criteria for
sampling and allocates different levels of resources to their monitoring programs. In
addition, there are uncertainties regarding the precise locations (lat/long coordinates)
of some of the sampe The heterogeneity and potential errors across state sampling
programs can bias the results in any direction and contribute to uncertainty.

A The fish tissue sampling data were assigned as either lake or river samples, based on
the site name and/or the &i®n coordinates mapped to the nearest type of
waterbody. This process also involves measurement error and may have resulted in
misclassifications for some of the samples. These errors are not expected to bias
results, but they contribute to uncertainty.

A The mercury concentration estimates used in the model were based on simple
temporal and spatial averages of reported fish tissue samples. This approach assumes

that the mercury samples are representat:i
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same HUG12) in similar waterbodies (i.e., rivers or lakes). However, even though
states use a variety of approaches to monitor and sample fish tissue contaminants, in
some cases, the sampling sites are selected to target areas with high levels of angler
activity andor a high level of pollution potential. To the extent that sample selection
procedures favor areas with relatively high mercury, the spatial extrapolation methods
used in this report will tend to overstate exposures. These approaches also implicitly
assumehat mercury concentration estimates are strongly spatially correlated, such
that closer sampling sites (i.e., from the same HUC or distance interval) provide more
information about mercury concentrations than more distant sites. To the extent that
spatid correlation is weaker than assumed, this will increase the degree of uncertainty
in the modeling results.

A To generate average mercury fish tissue concentration estimates, all available samples
from the three main data sources (1 28®9) and from freshwaer fish larger the 7
inches were included in the analysis. Smaller fish were excluded to better
approximate concentrations in the types of fish that are more likely to be consumed,
and samples from years before 1995 were excluded to better represeréceate
conditions. Even with these sample selection procedures, average concentration
estimates from the retained samples may still under or overestimate actual
concentrations in currently consumed fish.

Exposed Population Estimates

The methods described iSection 5.7 to estimate the total exposed population of interest
in 2005 and 2016 involve the following key assumptions, limitations, and uncertainties:

1 Theapproach relies on data from the FHWAR to estimate-&tats freshwater
angler activity levelsincluding freshwater fishing participation rates and ke
river trip ratios. Each of these data elements is measured with some error in the
FHWAR, but they are based on a relatively large sample. More importantly the
statelevel averages are applieal@ach modeled census tract in the state;
therefore, the model fails to capture witlsitate variation in these factors, which
contributes to uncertainty in the model estimates.

1 The analysis also uses stdgel fertility rate data to approximate the rafe
pregnancy among women of childbearing age in angler households for a smaller
geographic area. The stdéxel fertility rates from the National Vital Statistics
are estimated with relatively little error; however, applying these rates to specific
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censs tracts (and specifically to women in angler households) does involve
considerably more uncertainty.

The approach assumes that, in each census tract, the percentage of women who
live in freshwater anglenouseholdgi.e., households with at least one frester
angler) is equal to the percentage of the state pdplilationthat fishes.

Applying the statdevel participation rate to approximate the conditions at a block
level creates uncertainty. More importantly, however, using indivtdaséd

fishing participation rates to approximate household rates is likely to
underestimate the percentage of women living in freshwater angler households.
Unfortunately data on household participation levels in freshwater fishing are not
readily available.

Census tragpopulations are only included in the model if they are matched to
distance intervaland waterbody typethat have spatial overlap with at least one
HUC-12 subwatershed containing a mercury concentrations estifoatbat
waterbody typeBy design, tts approach undercounts the exposed population (by
roughly 40 to 45%) and, therefore, leads to underestimates of national aggregate
baseline exposures and risks and underestimates of the risk reductions and
benefits resulting from mercury emission reducion

All of the tractlevel population estimates are based on Census 2000 data, which
are projected forward to 2005 and 2016 using colewgl growth projections for

the subpopulations of iatest from Woods and Poole (2008herefore, the 2005
and 2016 ppulation estimates incorporate uncertainty from both the growth
projections themselves and from transferring the colawyl growth estimates to
the tract level.

The purpose of the analysis of potentially high risk subpopulations is not to estimate the
size of the exposed population but rather to characterize the distribution of indiedelaiisks

in the subpopulations of interest. Nevertheless, the size and spatial distribution of the total
population in each group was used as a proxy for charantethe spatial distribution of
pregnant women in freshwater fishing households in each group.

! For example, hypothetically if one out of every three members in each househelt] the population rate would
be 33%, but the household rate would be 100%.
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The main assumption underlying this approachas theexpectedroportion of the
Subgr oup 0 snegch @eosusarattiabcansists gbregnant womem fishing
households is the same across the selected census tracts. The main limitation of this assumption
is that it does not allow or account for spatial variation in (1) the percentage of the subpopulation
that are women of childbearing age, (2) thecpatage of these women that are pregnant (i.e.,
fertility rate) and (3) the freshwater angler participation rates for the subgroups of interest.
Unfortunately, spatially varying data for the last component (fishing participation rates among
the subpopuladns of interest) are not readily available. This assumption is not expected to bias
the results but it does contribute to uncertainty in the estimated distributions of indiexeial
risks.

Matching of Exposed Populations to Mercury Concentrations

The methods described in Section 5.7 to match the exposed population estimates with the
corresponding mercury concentration estimates involve the following key assumptions,
limitations, and uncertainties:

1 For the aggregate benefits analysis, ttacel exposd populations are assigned to
waterbody types based on stéeel ratios of lakeo-river fishing days (from the
FHWAR). They are further assigned to distance intervals based on observed travel
distance patterns in national fishing data (NSE#4). Bothof these assignment
methods involve uncertainty, but particularly the second method because it is based on
much more aggregate data and on a much snaadtémore datedample of anglers. This
approach does not take into account the physical characteostihe area in which the
population is located. In particular, the allocation of exposures to lakes or rivers at
different distances from each census tract does not take into account the presence or
number of these waterbodies in each distance intavgailg these state and national
level estimates to represent conditions at a local (i.e., census tract) level increases
uncertainty in the model results, but it is not expected to bias the results in either
direction.

1 For the analysis of potentially higisk populations, these methods and assumptions were
slightly modified. In particular, because these analyses focus eimémme and/or
subsistence fishing populations, all trips were assumed to occur within 20 miles of the
census tract. Unfortunately,id difficult to evaluate the accuracy of this restriction due to
limited data on travel distances for the subgroups of interest.
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One potentially important factor that is not included for matching populations and
mercury concentrations is the effect of f@nsumption advisories on fishing behavior.
Evidence summarized in Jakus, McGuinness, and Krupnick Y20@@ests that awareness of
advisories by anglers is relatively low (less than 50%), and even thosarevhwvare do not
always alter their fishing behavior. Nonetheless, anglers are less likely to fish in areas with
advisories. Unfortunately, we were not able to reliably quantify the reduction and redistribution
of fishing trips in either model to account fish advisories. By excluding these effects, the
model estimates are likely to overstate mercury exposures.

Fish Consumption Estimates

One of the most influential variables in both modeling approaches is the rate of self
caught freshwater fish consungati The following key assumptions, limitation, and
uncertainties are associated with the methods used:

1 For the aggregate analysis we have assumed 8 g/day for the general population in
freshwater angler househol ds ( bdostenatelypon r ec
data are not available to reliably vary this rate with respect to characteristics of the
population across the entire study area. Uncertainty regarding the true average fish
consumption rate has a direct effect on uncertainty for the aggeegaisure and benefit
estimates. Because a single consumption rate is applied uniformly across the entire
exposed population and because it is a multiplicative factor in the model, the two
uncertainties are directly proportional to one another. The recadede8 g/day rate is
based on four studies with mean estimates ranging from 5 g/day (37% less than 8) to 17
g/day (113% more than 8). If it is assumed that this range of estimates represents the
uncertainty in theneanfreshwater fish consumption rate fbee study population, then
the resulting uncertainty range for the estimateinmercury ingestion level (and
resulting 1Q loss) will also be betweeB7% and +113% of the mean mercury ingestion
level.

1 To analyze the distributions of individukgvel risks in potentially high risk
subpopulations, wapplied empirical distributions of fish consumption rates for specific
subpopulationsOne of the main limitations of this approach is that these empirical
distributions are based on relatively small and laealisamples. In particular, the
estimated distribution of consumption rates fordmaome African American
subsistence/recreational fishers in the Southeastern U.S. (see Table 5.3) is based on a
very small sample (N=39) drawn from one location (ColumB@). The sample sizes
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for the other groups, particularly the Hispanic (N= 45) and Laotian (N=54) populations
are also small; therefore, there is considerable uncertainty regarding how well these
empirical consumption rate distributions reflect actualsrafeconsumption in the
subpopulations of interest.

Another related angotentidly influential variable in the modeling approaisithe
assumed conversion factor for mercury concentrations between uncooked and cooked fish.
Studies have found that cookifigh tends to reduce the overall weight of fish by approximately
onethird (Great Lakes Sport Fish Advisory Task Force, 19@gout affecting the overall
amount of mercury. But these conversiotesadepend on cooking practices and types of fish.
Uncertainty regarding this conversion factor also has a proportionate effect on the modeling
results.

Measurement and Valuation of 1Q Related Effects

The models for estimating and valuing 1Q effects inealree main steps. The first step
is translating maternal mercury ingestion rates to mercury levels in hair. The second step is
translating differences in hair mercury concentrations during pregnancy to 1Q changes in
offspring. The third step is translagj 1Q losses into expected reductions in lifetime earnings. As
discussed below, each of these steps also invitee®llowing assumptions, limiations, and
uncertainies.

1 The conversion of mercury ingestion rate to mercury concentration in hair is
basedon uncertainty analysis of a toxicokinetic model for estimating reference
dose (Swartout and Rice, 2Q0The conversion factor was estimated by
considering the variability and uncertainty in various inputs used in detiveng
dose including body weight, hatio-blood mercury ratio, halife of MeHg in
blood, and others. Therefore, there is uncertainty regarding the conversion factor
between hair mercury concentration and mercury ingestion rate. Although, the
median conveisn factor (0.0& g/kg-day/hairppm) is used, the 90% confidence
interval is from 0.037 to 0.16g/kg day/haikppm. Any change in the conversion
factor will proportionately affect the benefits results because of the linearity of the
model.

1 The doserespone model used to estimate neurological effects on children
because of maternal mercury body burden is susceptible to various uncertainties.
In particular, there arlareemain concerns. First, there are other cognitive end
points that have stronger assoicatwith MeHg than 1Q point losses. Therefore,
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using 1Q points as a primary end point in the benefits assessment may
underestimate the impacts. Second, bitmHair ratio for mercury is uncertain,
which can cause the results from analyses based on meonagntration in

blood to be uncertain. Third, uncertainty is associated with the epidemiological
studies used in deing the dosaesponse models.

1 With regard to the relationship between prenatal methylmercury exposure and
childhood 1Q loss, we expectapter uncertainty in associated estimates of IQ loss
as exposure levels increase beyond those observed in the primary studies (i.e.,
Faroe Islands, New Zealand, Seychelles Islands studies) used to derive the dose
response function. In particular, higindtotal exposure estimates for some of the
subsistencdevel fishing subpopulations included in this assessment likely exceed
levels observed in the three primary studies.

1 To parameterize the dosesponse relationship between maternal hair
concentrationsrad 1Q lossfor this analysiswe applied the results of an
integrative study by Axelrad et al. (2007)he implications of applying this study
include the following:

o This approach may confound potentially positive cognitive effects of fish
consumption andmore specifically, omega fatty acids. Results from
Rice (2010) offer a reasonable, but highly uncertain, estimate for
offsetting the possible downward bias resulting from the positive
confounding effects of fattthe acids.
central estimate of Axelrad but adjusted upwards by a factor of 1.5 to
ARacknowl edge t he r-dcgensen (2@07)thatthe nt o f
parameter estimates from these thepelemiological studies (Faroe
Islands Seychellesslands, New Zealandnay be biased downward by a
factor of approximately 2 because of failure to adequately control for
c o nf o u A thirdstgdy, ©ken (2008), analyzes a cohort in
Massachusetts and al so s-pemsoto supp
coefficient range due to evidemof fatty acid confounding (i.e., positive
cognitive effects of fatty acids in fish may have previously led to
underestimates of mercugftributable 1Q loss). This study offers further
gualitative support for a high@nd estimate but is limited by thect that
it did not control for the childreno
a significant factor in early cognitive development.
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o The doseresponse coefficient from the Axelrad et al. study is sensitive to
the exclusion of oneutlier datgpoint from the Seychelles study
Including the outlier would reduce the effect size by about 25 pet€ent.
this outlier actually reflects the true response for a subset of the
populations, then risks (as modeled) could be biased high specifically for
this subpopution

0 Because the dogesponse coefficient is applied uniformly across the
entire exposed population and is a multiplicative factor in the model, the
uncertainty in this parameter has a directly proportional effect on the
reported risk and benefit estineat In other words, adjusting the absolute
value of the doseesponse coefficient upward by a factor of 1.5 (i.e.,
based on Rige2010)would yieldreductions in IQ losses and benefits
from mercury emission reductions that are also greater by a factor of 1.5.

1 The valuation of IQ losses is based on a-ualtie approach developed by EPA, which
estimates that the average effect ofoint reduction in 1Q is to reduce the present value
of net future earnings. Three key assumptions of thisvatite approach atéat
(1) there is a linear relationship between IQ changes and net earnings losespu(i)
value applies to even very small changes in IQ, anthnit value will remain
constant (in real present value terms) for several years into the fuaate oEthese
assumptions contributes to uncertainty in the result. In particular the unit value estimate is
itself subject to two main sources of uncertainty.

o The first source is directly related to uncertainties regarding the average
reductions in futurearnings and years in school as a result of IQ changes.
The average percentage change estimates are subject to statistical error,
modeling uncertainties, and variability across the population. To address these
uncertainties we have included in the analysid reported results a range of
values for this parameter, based on statistical analyses by Salkever{h895
Schwartz (1994)

o The second main source of uncertainty is the estimates of average lifetime
earnings and costs of schooling. Both of these estimates are derived from
national statistics from the early 1990s, but they are also subject to statistical
error, modeling uncertainties, and variability across the population. It is also
worth noting thathe lost future earnings estimates do not inclogsent
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value estimates for nonwage/nonsalary earnings (i.e., fringe benefits) and
household (nonmarket) production. Based on the results of Gebdse

(2009) includng thesedactors wouldincrease the present value of median
earnings (both explicit and implicit) by a factor of roughly 1.9. However, it is
not known whether 1Q changes have a similar effect on these other (implicit)
earnings.

Unquantified Benefits

In addition tothe uncertainties discussed above associated with the benefit analysis of
reducing exposures to MeHg from recreational freshwater angling, we are unable to quantify
several additional benefits, which adds to the uncertainties in the final estimate dsbenef

Table5-20displays the health and ecosystem effects associated with MeHg exposure that
are discussed i8ection 5.2Zor which we are currently unable to quantiye note that
specifically with regard to health effects, the NRC (2000) providedailmning observation:
fiNeurodevelopmental effects are the most extensively studied sensitive end point for MeHg
exposure, but there remains some uncertainty about the possibility of other health effects at low
levels of exposure. In particular, there aréications of immune and cardiovascular effects, as
well as neurological effects emerging later in life, that have not been adequately &tudied.

Table 5-20. Unquantified Health and Ecosystem Effects Associated with Exposure to

Mercury
Category of Healthor Ecosystem Effect Potential Health or Ecosystem Outcomes
Neurologic Effects Impaired cognitive development
Problems with language
Abnormal social development
Cardiovascular Effects* Potential for fatal and nefatal AMI (heart
attacks)
GenotoxicEffects* Association with genetic effects
Immunotoxic Effects* Possible autoimmunity effects in antibodies
Ecological Effects* Neurological effects in wildlife (birds, fish, an
mammals) that is similar to humans

*These are potential effects and are qoantified because the literature is either contradictory or
incomplete.

In addition to the health and ecosystem effects that we are not able to quantify, we are
currently unable to quantify exposures to other segments of the U.S. population including
consumption of commercial seafood and freshwater fish (produced domestically as well as
imported from foreign sources) and consumption of recreationally caught seafood from estuaries,
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coastal waters, and the deep ocean. These consumption pathways imp@actahdecreational
anglers who are not modeled in our benefits analysis as well as the general U.S. population.
Reductions in domestic fish tissue concentrations can also impact the health of foreign
consumers (consuming U.S. exports). Because of tedttheaetical limitations in the science,

EPA is unable to quantify the benefits associated with several of these fish consumption
pathways. For example, reductions in U.S. power plant emissions will result in a lowering of the
global burden of elementalercury, which will likely produce some degree of reduction in

mercury concentrations for fish sourced from the open ocean and freshwater and estuarine
waterbodies in foreign countries. In the case of mercury reductions for fish in the open ocean,
complexiies associated with modeling the linkage between changes in air deposition of mercury
and reductions in biomagnification and bioaccumulation up the food chain (including open ocean
dilution and the extensive migration patterns of certain-bmsumptionigh such as tuna)

prevent the modeling of fish obtained from the open ocean. In the case of commercial fish
obtained from foreign freshwater and estuarine waterbodies, although technical challenges are
associated with modeling lorrgnge transport of elemtal mercury and the subsequent impacts

to fish in these distant locations, additional complexities such as accurately modeling patterns of
harvesting and their linkages to commercial consumption in the United States prevent inclusion
of foreignsourced feshwater and estuarine fish in the primary benefits analysis.

Finally, with regard to commercialgroduced freshwater fish sourced in the United
States (i.e., fish from catfish, bass, and trout farms), we are unable to accurately quantify effects
from this consumption pathway because many of the fish farms operating in the United States
use feed that is not part of the aquatic food web of the waterbody containing the fish farm (e.qg.,
use of agriculturabased supplemental feed). In addition, many of thedanvolve artificial
Aconstructedod waterbody environments that are
regions where those farms are |l ocated, thereb
assumption in linking changes to mercury depositochanges in mercury fish tissue
concentrations (e.g., waterbodies may have restricted or absent watersheds and modified aquatic
chemistry, which can effect methylation rates and impact time scales for reachingssttady
mercury fish tissue concenti@ns following reductions in mercury deposition). Some research
indicates that the recycling of water at fish farms can magnify the mercury concentration because
the system does not remove mercury as it is recycled, while newly deposited mercury i® added
the system. Thus, additional research on aquaculture farms is necessary before a benefits analysis
can be conducted.
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Exclusion of these commercial pathways means that this benefits analysis, although
covering an important source of exposure to domesticury emissions (recreational
freshwater anglers), excludes a large and potentially important group of individuals. Recreational
freshwater consumption accounts for approximately 10 to 17% of total U.S. fish consumption,
and 90% is derived from commerks&urces (domestic seafood, aquaculture, and imports)
(EPA, 2005).

In conclusion, several unquantified benefits associated with this analysis add to the
overall uncertainty in estimating total benefits. To the extent that the proposed rule will reduce
mercury deposition from power plants over estuarine areas, coastal, and open ocean waters, there
would be a subsequent reduction in mercury fish tissue concentrations in these different
waterbodies and an associated benefit from avoided decrements in Ihanknown health
and ecosystem effects.

5.96 Overall Conclusions

Total Baselinencidenceof 1Q Loss: SelCaught Fish Consumption among Recreational
Freshwater Anglers

1 Out of 64,500 census tracts in the continental U.S., 63,978 are located within 100
miles of at least one HUC2 watershed with freshwater mercury fish tissue sampling
data, and therefore were included in the modeling of IQ loss among recreational
freshwater anglers.

1 Approximately 240,000 prenatally exposed children were modeled, wiakexage
IQ loss of 0.11 and 0.10 IQ points, respectively, fromsalfght freshwater fish
consumption for the 2005 and 2016 base case scenarios.

1 The highest estimated stegpecific average 1Q loss among children of freshwater
recreational anglers is 0.2Q points under the 2005 base case scenario, in both
California and Rhode Island.

i Total estimated 1Q loss from sedaught freshwater fish consumption among children
of recreational anglers is estimated at 25,555 and 24,419 1Q points, respectively, for
the 2005 and 2016 base case scenarios.

1 The present economic value of baseline 1Q loss for 2005 ranges from $204.7 million
to $302.9 million, assuming a 3% discount rate, and from $22.8 million to $50
million, assuming a 7% discount rate.

1 The present economi@lue of baseline 1Q loss for 2016 ranges from $195.7 million

to $289.6 million, assuming a 3% discount rate, and from $21.8 million to $47.8
million, assuming a 7% discount rate.
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Avoided 1Q Loss and Economic Benefits due to Requlatory Action:GalightFish
Consumption among Recreational Freshwater Anglers

1 Eliminatingall mercury air emissions from U.S. EGUs in 2016 would result in an
estimated 0.00893 fewer 1Q points lost per prenatally exposed child frocesegiht
freshwater fish consumption, as qoaned with the 2005 base case scenario.

1 The present economic value of avoided IQ loss from eliminating all mercury air
emissions from U.S. EGUs in 2016 is estimated at a range of $5.6 million to $8.3
million, assuming a 3% discount rate, and $0.6 millm§1.4 million, assuming a
7% discount rate.

1 Reduced mercury air emissions due to implementation ofdkies Rulein 2016
would result in an estimated 0.00209 fewer 1Q points lost per prenatally exposed
child from selfcaught freshwater fish consumpti@s, compared with the 2016 base
case scenario.

1 The present economic value of avoided IQ loss from reduced mercury air emissions
due to implementation of theoxics Rulein 2016 is estimated at a range of $4.1
million to $6.1 million, assuming a 3% discouate, and $0.5 million to $1 million,
assuming a 7% discount rate.

Risk (1Q loss) Associated with Selfaught Freshwater Fish Consumption among
SelectedHigh-Risk Subpopulatiors

M Low-Income AfricanAmerican Subsisteneleevel Fishers in the Southeast

o Inthe 2016 base case scenario, the median 1Q loss is estimated to be 1.87
IQ points and the 95percentile is 11.56 1Q points per exposed individual.

o0 The median reduction in 1Q loss resulting from the 20&gics Rule
(relative to the 2016 base case scenario) is 0.032 IQ points, andthe 95
percentile is 0.274 1Q points.

M Low-Income White Subsistendeevel Fishers in the Southeast

o Inthe 2016 base case scenario, the median 1Q loss is estimated to be 0.19
IQ points ancthe 95" percentile is 2.46 1Q points per exposed individual.

o The median reduction in 1Q loss resulting from the 20&gics Rule
(relative to the 2016 base case scenario) is 0.002 IQ points, andthe 95
percentile is 0.045 1Q points.

! We do note that overall confidence in IQ loss estimates above approximately 7 points decreases because we begin
to apply the underlying 1Q loss function at exposure levels (ppimevels) above those reflected in
epidemiological studies used to derive those functi®hs.39.1 ppm was the highest measured ppm level in the
Faroes Island study, while ~86 was the highest value in the New Zealand study (USEPA, 2005) (a 7 1Q points
loss is approximately associated with a 40 ppm hair level given the concenrtegipamse function we are
using).
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1 Low-Income Female Sisistence_evel Fishers

o Inthe 2016 base case scenario, the median 1Q loss is estimated to be 0.11
IQ points and the 95percentile is 3.12 1Q points per exposed individual.

o0 The median reduction in 1Q loss resulting from the 20&gics Rule
(relative tothe 2016 base case scenario) is 0.001 IQ points, and ‘the 95
percentile is 0.053 1Q points.

1 Hispanic Subsisteneeevel Fisher

o Inthe 2016 base case scenario, the median 1Q loss is estimated to be 0.18
IQ points and the 95percentile is 2.94 1Q points pexposed individual.

0 The median reduction in 1Q loss resulting from the 20&gics Rule
(relative to the 2016 base case scenario) is 0.001 IQ points, andthe 95
percentile is 0.030 1Q points.

i Laotian Subsistenekevel Fishers

0 Inthe 2016 base caseenario, the median IQ loss is estimated to be 0.20
IQ points and the 95percentile is 4.26 1Q points per exposed individual.

o0 The median reduction in 1Q loss resulting from the 20&gics Rule
(relative to the 2016 base case scenario) is 0.001 IQspaind the 95
percentile is 0.047 1Q points.

1 Chippewa Tribal Members in the Great Lakes Area

o Inthe 2016 base case scenario, the median 1Q loss is estimated to be 0.40
IQ points and the 95percentile is 3.28 1Q points per exposed individual.

o The mediameduction in I1Q loss resulting from the 20TI6xics Rule
(relative to the 2016 base case scenario) is 0.005 IQ points, andthe 95
percentile is 0.041 1Q points.

5.10 Benefits Associated with Reductions in Other HAP than Mercury

5..10.1Hazards

Emissiors data collected during development of this proposed rule show that HCI
emissions represent the predominant HAP emitted by industrial boilers. a@dalit
fired EGUs emit lesser amounts of HF, chlorine, metals (As, Cd, Cr, Hg, Mn, Ni, and
Pb), and organ HAP emissions. Although numerous organic HAP may be emitted from
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coal and oitfired EGUSs, only a few account for essentially all the mass of organic HAP
emissions. These organic HAP are formaldehyde, benzene, and acetaldehyde.

Exposure to high levelsf these HAP is associated with a variety of adverse
health effects. These adverse health effects include chronic health disorders (e.g.,
irritation of the lung, skin, and mucus membranes, effects on the central nervous system,
and damage to the kidneyghd acute health disorders (e.g., lung irritation and
congestion, alimentary effects such as nausea and vomiting, and effects on the kidney and
central nervous system). We have classified three of the HAP as human carcinogens and
five as probable humasarcinogens. The following sections briefly discuss the main
health effects information we have regarding the key HAPs emitted by EGUs.

Acetaldehyde

Acetaldehyde is classified in EBAIRIS database as a probable human carcinogen, based
on nasal tumors irats, and is considered toxic by the inhalation, oral, and intravenousroutes.
Acetaldehyde is reasonably anticipated to be a human carcinogen by the U.S. Department of
Health and Human Services (DHHS) in ' Report on Carcinogens and is classified
possibly carcinogenic to humans (Group 2B) by the IART:he primary noncancer effects of
exposure to acetaldehyde vapors include irritation of the eyes, skin, and respiratdry tract.

Arsenic

Arsenic, a naturally occurring element, is found thieug the environment and is
considered toxic through the oral, inhalation and dermal routes. Acutetg@iaythighlevel
inhalation exposure tAs dust or fumes has resulted in gastrointestinal effects (nausea, diarrhea,
abdominal pain, and gastrointiesii hemorrhage); central and peripheral nervous system disorders
have occurred in workers acutely exposed to inorgasicChronic (longterm) inhalation
exposure to inorganids in humans is associated with irritation of the skin and mucous
membranes Chronic inhalation can also lead to conjunctivitis, irritation of the throat and

! U.S. Environmental Protection Agency (U.S. EPA). 1991. Integrated Risk Information System File of

Acetaldehyde. Research and Development, National Center for Environmental Assessment, Washington, DC. This

material is available electronically at http#w.epa.gov/iris/subst/0290.htm.

2 U.S. Department of Health and Human Services National Toxicology Program 11th Report on Carcinogens
available at: http://ntp.niehs.nih.gov/go/16183.

® International Agency for Research on Cancer (IARC). 199%\R&iaton of some organic chemicals, hydrazine,
and hydrogen peroxide. IARC Monographs on the Evaluation of Carcinogenic Risk of Chemical to Humans,
Vol 71. Lyon, France.

* U.S. Environmental Protection Agency (U.S. EPA). 198ttegrated Risk Information Sgsh File of
Acetaldehyde.Research and Development, National Center for Environmental Assessment, Washington, DC.
This material is available electronically at http://www.epa.gov/iris/subst/0290.htm.
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respiratory tract and perforation of the nasal septu®ronic oral exposure has resulted in
gastrointestinal effects, anemia, peripheral neuropathy, skin lesions, hypErfagon, and liver

or kidney damage in humans. Inorgafgexposure in humans, by the inhalation route, has been
shown to be strongly associated with lung cancer, while ingestion of inoAgimdiumans has
been linked to a form of skin cancer andats bladder, liver, and lung cancer. EPA has classified
inorganicAs as a Group A, human carcinogen

Benzene

The EPASs IRIS database lists benzene as a known human carcinogen (causing leukemia)
by all routes of exposure, and concludes that exposussagiated with additional health effects,
including genetic changes in both humans and animals and increased proliferation of bone marrow
cells in mice**® EPA states in its IRIS database that data indicate a causal relationship between
benzene exposuend acute lymphocytic leukemia and suggest a relationship between benzene
exposure and chronic ndymphocytic leukemia and chronic lymphocytic leukemidelARC
has determined that benzene is a human carcinogen and the DHHS has characterized lzenzene as
known human carcinogér.

A number of adverse noncancer health effects including blood disorders, such as
preleukemia and aplastic anemia, have also been associated witérlorexposure to benzefe.

Cadmium

1 Agency for Toxic Substances and Disease Registry (A)SBledical Management Guidelines for Arsenic.
Atlanta, GA: U.S. Department of Health and Human Services. Available on the Internet at <
http://www.atsdr.cdc.gov/mhmi/mmg168.html#bookmark02>

2 U.S. Environmental Protection Agency (U.S. EPA). 1998. IntedrRisk Information System File for Arsenic.
Research and Development, National Center for Environmental Assessment, Washington, DC. This material is
available electronically ahttp://www.epa.gov/iris/subst/0278.htm.

3 U.S. Environmental Protectiong&ncy (U.S. EPA). 2000. Integrated Risk Information System File for Benzene.

Research and Development, National Center for Environmental Assessment, Washington, DC. This material is

available electronically at: http://www.epa.gov/iris/subst/0276.htm.

* International Agency for Research on Cancer, IARC monographs on the evaluation of carcinogenic risk of

chemicals to humans, Volume 29, Some industrial chemicals and dyestuffs, International Agency for Research on

Cancer, World Health Organization, LyonahRce, p. 345889, 1982.

® Irons, R.D.; Stillman, W.S.; Colagiovanni, D.B.; Henry, V.A. (1992) Synergistic action of the benzene metabolite

hydroquinone on myelopoietic stimulating activity of granulocyte/macrophage eslionylating factor in vitro,

Prac. Natl. Acad. Sci. 89:3693695.

® International Agency for Research on Cancer (IARC). 1987. Monographs on the evaluation of carcinogenic risk
of chemicals to humans, Volume 29, Supplement 7, Some industrial chemicals and dyestuffs, World Health
Organiation, Lyon, France.

" U.S. Department of Health and Human Services National Toxicology Program 11th Report on Carcinogens
available at: http://ntp.niehs.nih.gov/go/16183.

8 Aksoy, M. (1989). Hematotoxicity and carcinogenicity of benzene. Environ. Health Perspect. -897193

° Goldstein, B.D. (1988). Benzene toxicity. Occupational medicine. State of the Art Reviews-534541
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Breathing air with lower levels &@@dover long periods of time (for years) results in a
build-up of Cdin the kidney, and if sufficiently high, may result in kidney disease. Lung cancer
has been found in some studies of workers expodséd itothe air and studies of rats thathaled
Cd. The U.S. DHHS has determined tiiat andCd compounds are known human carcinogens.
ThelARC has determined th&tdis carcinogenic to humans. EPA has determineddtia a
probable human carcinogén.

Chlorine

The acute (short term) toxic effects@f are primarily due to its corrosive properties.
Chlorine is a strong oxidant that upon contact with water moist tissue (e.g., eyes, skin, and upper
respiratory tract) can produce major tissue darhagaronic inhalation exposure to low
concentrations ol (1 to 10parts per millionppm) may cause eye and nasal irritation, sore
throat, and coughing. Chronic exposur€tg usually in the workplace, has been reported to
cause corrosion of the teeth. Inhalation of higleeicentrations of Glgas (greger thanl5 ppm)
can rapidly lead to respiratory distress with airway constriction and accumulation of fluid in the
lungs (pulmonary edema). Exposed individuals may have immediate onset of rapid breathing, blue
discoloration of the skin, wheezing, raleshemoptysis (coughing up blood or blesigin
sputum). Intoxication with high concentrationsG¥ may induce lung collapse. Exposurelip
can lead to reactive airways dysfunction syndrome (RADS), a chemical imitutted type of
asthma. Dermabgposure taCl, may cause irritation, burns, inflammation and blisters. EPA has
not classifiedCl, with respect to carcinogenicity.

Chromium

Chromium may be emitted in two forms, trival&@t(Cr") or hexavalen€r (Cr'®). The
respiratory tract is the major target organ@st® toxicity, for acute and chronic inhalation
exposures. Shortness of breath, coughing, and wheezing have been reported from acute exposure
to Cr*®, while perforations and ulcerations of the septbranchitis, decreased pulmonary
function, pneumonia, and other respiratory effects have been noted from chronic exposures.
Limited human studies suggest tlat® inhalation exposure may be associated with complications
during pregnancy and childbirthut there are no supporting data from animal studies reporting

1 Agency for Toxic Substances aBikease Registry (ATSDR). 200Bublic Health Statement for Cadmiu@AS#
130619-0. Atlantg GA: U.S. Department of Health and Human Services, Public Health Sekvii@able on
the Internet akhttp://www.atsdr.cdc.gov/PHS/PHS.asp?id=46&tid=15

2 Agency for Toxic Substances and Disease Registry (ATSDR). Medical Management Guidelines for Chlorine.
Atlanta, GA: U.S. Department of Health and Human Services.
http://www.atsdr.cdc.gov/immg/mmg.asp?id=198&tid=36.
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reproductive effects from inhalation exposur€tt®. Human and animal studies have clearly
established the carcinogenic potentiaCof by the inhalation route, resulting in an increasskl r
of lung cancer. EPA has classifi€d™® as a Group A, human carcinogéeFrivalent Cris less
toxic thanCr'®. The respiratory tract is also the major target orga@ifSrtoxicity, similar to

Cr*®. EPA has not classifiedr™ with respect to carabgenicity.

Formaldehyde

Since 1987, EPA has classified formaldehyde as a probable human carcinogen based on
evidence in humans and in rats, mice, hamsters, and monlEg3A. is currently reviewing
recently published epidemiological data. After revieviimg currently available epidemiological
evidence, the IARC (2006) characterized the human evidence for formaldehyde carcinogenicity as
Asufficient, 0 based upon the data on nasophar.y
leukemia was characterizedfas t r >oERAYis réviewing the recent work cited above from the
NCI and NIOSH, as well as the analysis by the CIIT Centers for Health Research and other studies,
as part of a reassessment of the human hazard andedps@se associated with formaldedyd

Formaldehyde exposure also causes a range of noncancer health effects, including irritation
of the eyes (burning and watering of the eyes), nose and throat. Effects from repeated exposure in
humans include respiratory tract irritation, chronic bromhihd nasal epithelial lesions such as
metaplasia and loss of cilia. Animal studies suggest that formaldehyde may also cause airway
inflammationi including eosinophil infiltration into the airway3.here are several studies that
suggest that formaldetig may increase the risk of asthinparticularly in the young?

Hydrogen Chloride

Hydrogen chloride is a corrosive gas that can cause irritation of the mucous membranes of
the nose, throat, and respiratory trastief exposure to 35 ppm causes thiigétation, and levels

1 U.S. EPA. 1987. Assessment of HedRisks to Garment Workers and Certain Home Residents from Exposure to

Formaldehyde, Office of Pesticides and Toxic Substances, April 1987
2 International Agency for Research on Cancer (2006) FormaldempleoRyethanol and-fert-Butoxypropan2-

ol. Monographs Volume 88. World Health Organization, Lyon, France.
3 Agency for Toxic Substances and Disease Registry (ATSDR). 1999. Toxicological profile for Formaldehyde.
Atlanta, GA: U.S. Department of Health and Human Services, Public Health Service.
http://www.atsdr.cdc.gov/toxprofiles/tp111.html
4 WHO (2002) Concis International Chemical Assessment Document 40: Formaldehyde. Published under the
joint sponsorship of the United Nations Environment Programme, the International Labour Organization, and the
World Health Organization, and produced within the framewbtkeInterOrganization Programme for the Sound
Management of Chemicals. Geneva.
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of 50 to 100 ppm are barely tolerable for 1 hbdthe greatest impact is on the upper respiratory
tract; exposure to high concentrations can rapidly lead to swelling and spasm of the throat and
suffocation. Most seriously expospdrsons have immediate onset of rapid breathing, blue
coloring of the skin, and narrowing of the bronchiolEgposure tdHCl can lead to RADS, a
chemically or irritantinduced type of asthma. Children may be more vulnerable to corrosive
agents than adults because of the relatively smaller diameter of their airways. Children may also
be more vulnerable to gas exposure becatisereased minute ventilation per kg and failure to
evacuate an area promptly when expos#gtirogen chloridénas not been classified for

carcinogenic effects

Hydrogen Fluoride

Acute (shorterm) inhalation exposure to gase¢ifscan cause severe pasitory damage
in humans, including severe irritation and pulmonary edema. Chronictdomgjoral exposure to
fluoride at low levels has a beneficial effect of dental cavity prevention and may also be useful for
the treatment of osteoporosis. Expogorkigher levels of fluoride may cause dental fluorosis.
One study reported menstrual irregularities in women occupationally exposed to fluoride via
inhalation. The EPA has not classifidé for carcinogenicity

Lead

The main target foPbtoxicity is the nervous system, both in adults and children. Long
term exposure of adults Rbat work has resulted in decreased performance in some tests that
measure functions of the nervous system. Lead exposure may also cause weakness in fingers,
wrists, or anles. Lead exposure also causes small increases in blood pressure, particularly in
middle-aged and older people. Lead exposure may also cause anemia.

Children are more sensitive to the health effec8ldhan adults. No safe blodtblevel
in children has been determinedt lower levels of exposur@&bcan affect a child mental and
physical growth. Fetuses exposedPtmn the womb may be born prematurely and have lower

1 Agency for Toxic Substances and Disease Registry (ATSDR). Medical Management Guidelines for Hydrogen
Chloride. Atlanta, GA: U.S. Department of Health and Human SenAagslable online at
http://www.atsdr.cdc.gov/immg/mmg.asp?id=758&tid=147#bookmark02.

2 U.S. Environmental Protection Agency (U.S. EPA). 1995. Integrated Risk Information System File of Hydrogen
Chloride. Research and Development, National Center for Bmagntal Assessment, Washington, DC. This
material is available electronically at .http://www.epa.gov/iris/subst/0396.htm.

% U.S. Environmental Protection Agency. Health Issue Assessment: Summary Refvi¢salth Effects Associated
with Hydrogen Fluoride ahRelated Compounds. EPA/6088/002F. Environmental Criteria and Assessment
Office, Office of Health and Environmental Assessment, Office of Research and Development, Cincinnati, OH.
1989.
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weights at birth. Exposure in the womb, in infancy, or in early childhaedrahy slow mental
development and cause lower intelligence later in childhdbere is evidence that these effects
may persist beyond childhodd.

There are insufficient data from epidemiologic studiesieto conclude thaPbcauses
cancer (is carcinaic) in humans. The DHHS has determined BiiindPbcompounds are
reasonably anticipated to be human carcinogens based on limited evidence from studies in humans
and sufficient evidence from animal studies, and the EPA has determinBt ihatprolable
human carcinogen.

xi. Manganese

Health effects in humans have been associated with both deficiencies and excess intakes of
Mn. Chronic exposure to high levels dh by inhalation in humans results primarily in central
nervous system effects. Vaueaction time, hand steadiness, andreysd coordination were
affected in chronicalhexposed workers. Manganism, characterized by feelings of weakness and
lethargy, tremors, a masklike face, and psychological disturbances, may result from chronic
exposure to higher levels. Impotence and loss of libido have been noted in male workers afflicted
with manganism attributed to inhalation exposures. The EPA has cladifisdGroup D, not
classifiable aso carcinogenicity in humahs

Nickel

Respiratory effects have been reported in humans from inhalation expolsiiireéNo
information is available regarding the reproductive or developmental effedisrohumans, but
animal studies have reported such effects. Human and animal studiesguated an increased
risk of lung and nasal cancers from exposumditeefinery dusts and nickel subsulfide. The EPA
has classifiedhickel subsulfide as a human carcinogen and nickel carbonyl as a probable human
carcinogef. ThelARC has classifie Ni compounds as carcinogenic to humans

1 Agency for Toxic Substances and Disease Registry (ATSDR).. 20blic Health Statement for Lead. CAS#
743992-1. Atlanta GA: U.S. Department of Health and Human Services, Public Health Sekvaitable on
the Internet at http://www.atsdr.cdc.gov/ToxProfiles/phs13.html

2U.S. Environmental Protection Agendgtegrated Risk Information System (IRIS) on Manganese. National
Center for Environmental Assessment, OfficeRésearch and Development, Washington, [1699.

% U.S. Environmental Protection Agency. Integrated Risk Information System (IRIS) on Nickelfligbs\ational
Center for Environmental Assessment, Office of Research and Development, Washington, DC. 1999.

4 U.S. Environmental Protection Agency. Integrated Risk Information System (IRIS) on Nickel Carbonyl. National
Center for Environmental AssessmgeOffice of Research and Development, Washington, DC. 1999.

® Nickel (IARC Summary & Evaluation , Volume 49, 1990),
http://www.inchem.org/documents/iarc/vol49/nickel.html
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Selenium

Acute exposure to elementd hydrogen selenide, and selenium dioX#eQ) by
inhalation results primarily in respiratory effects, such as irritation of the mucous membranes,
pulmonary edema, severmhchitis, and bronchial pneumonia. ecompound, selenium
sulfide, is carcinogenic in animals exposed orally. EPA has classified ele®easah Group D,
not classifiable as to human carcinogenicity, and selenium sulfide as a Group B2, probable hum
carcinogen.
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APPENDIX B.
ANALYSIS OF TRIP TRAVEL DISTANCE FOR RECREATIONA L FRESHWATER
ANGLERS

As described irsection 5.77, the method used to estimate exposures to mercury in
freshwater fish requires information about how far individuals typically travel for freshwater
fishing. This appendix describes the data and methods used to analyze travel distance patterns by
freshwate anglers, and it reports the results that were used to estimate exposures.

B.1Data

To conduct an analysis of trip travel distance for freshwater anglers, we used data from
the NSRE 1994. As described previously, this 16,08&0n survey elicited inforation on
waterbased recreation activiti@sspecifically boating, fishing, swimming, and wildlife
viewingd during the previous year. Respondents were asked #imumost recent tripaken in
each of the four categories. Of particular interest to thilysisas data concerning fishing trip
characteristics for all respondents who fished in freshwater bodies during the previous year. Of
the 3,220 respondents who had reported fishing, 2,482 visited either a lake, pond, river, or stream
on their most recerttip.

The fishing module elicited location information about most recent fishing trip taken
during the preceding 12 months. This trip was recorded as either a singialtiday trip to a

specific water body (fsit euwoeptly iasdgeges ofquestionsgd by t h
were asked to gather location data on the specific site visited, including the site name, the state in
which the site was located, and the name of the city or town nearest the site. To identify potential
determinants of travelistance for a freshwater fishing trip, we analyzed the 2,384 available
responses to the following survey question: 0
from your home, t o ylahleB-1glesents summaryistatisticsofaavel* s i t e *

distance, which are reported separately for sidglg multiday, and aggregated trips. As would
be expected, median travel distance varied according to trip type, from 20 miles for aaingle
trip to almost 140 miles for a multiday trip. Acrosgibtrip types, the average travel distance
was slightly less than 100 miles.
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Table B-1. Reported Trip Travel Distance for Freshwater Anglers (miles)

N Mina P5 P25 P50 Mean P75 P95 Max

All trip types 2384 0 2 10 20 91.9 45 125 3000
Singleday tripsonly 1791 0 2 10 20 41 45 125 1100
Multiday trips only 586 3 18 70 138 248.2 300 850 3000

& Seven respondents reported traveling O miles for their most recent trip; all were described-dagiiigis.
Note: Ninetyeight respondents who visité@shwater bodies on their most recent fishing trip did not report the travel distance.

B.1 Analysis of Travel Distance Data

The influence of multiple demographic characteristics on travel distance was tested using
multivariate regression analysiBableB-2 reports descriptive statistics for the anglers included
in this analysis. As indicated by the table, over 90 percent of the sample is white; males comprise
a higher percentage of the sample (62 percent) than females. More than half the sample had
compkted at least some college and thi@aths of the sample reported being employed. The
survey asked respondents to classify their place of residence as either rural, suburban, or urban.
Approximately 40 percent described their area as rural, 37 perceabarban, and 23 percent as
urban. Respondents were assigned to a U.S. Census geographic region by matching their zip
code to a corresponding state. The states were then aggregated to the appropriate Census region
(http://www.census.gov/geo/www/us_regghigif). The majority of respondents resided in the
South and Midwest, followed by the West and Northeast.

Table B-2. Demographic Characteristics of Freshwater Anglers

N Frequengy
Gender 2267 62% Male
Race 2250 91% White
4% Black
2% Hispanic
2% Other
Education 2262 11% Less than high school degree

34% High school degree/equivalent
55% Some college or more

Work status 2263 75% Employed

Geography 2237 23% Urban
37% Suburban
41% Rural

Region 2205 13% Northeast

33% South
31% Midwest
23% West

2 In total, 2,384 respondents reported information on trip travel distance to a freshwater destination.
Note: Values may not add to 100 percent due to rounding.
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TableB-3 presents additional characteristics on the demographic distribution of the
sample. The average age of respondents was 38 years, while household size averaged
approximately three members, with |l ess than o
averagaveekly leisure time was 28 hours. However, this varied significantly across the sample,
from zero to 168 hours. In the survey, family income is reported as a categorical variable, with
respondents selecting the income range that reflected family incahe pnevious year. The
midpoint of this range was taken to produce a continuous income variable. Subsequently, this
value was converted to (2000$) using the consumer price index. Median (mean) income was
estimated to be $57,325 ($66,496) annually.

Table B-3. Demographic Characteristics of Freshwater Anglers

N Mean SD Min Max
Age 2245 38.4 14.5 16 92
Household size 2255 3.1 15 1 10
s 2270 0.3 0.7 1 5
yrs 2254 2.2 0.9 0 7
Weekly leisure time (hrs) 2025 27.7 23.9 0 168
Family income (2000%) 1851 66496 57324 8938 208547

Multivariate regression analysis was used to identify determinants of travel distance to
freshwater fishing sites. The dependent variable in this analysis was the miles traveled to the
most recent freshwater fishing site. The explanatory variables inchededal demographic and
geographic characteristics of the respondents.

Separate regressions were conducted for the full sample (1) -dagteips only (2), and
multiday trips only (3). The results are reported ableB-4. Family income was estimateo
have a positive and highly significant effect in all three models. Dummy variables for urban and
suburban location were also found to have positive and highly significant effects in all models.
These results suggest that wealthier anglers and tivoggih or near metropolitan areas tend to
travel further to fishing sites, relative to lessalthy anglers and those living in rural areas. In
models (1) and (2) dummy variables for the Midwest and West regions also had positive and
highly significant &ects on trip travel distance, relative to the South region. The Northeast
region did not have a statistically significant effect on distance traveled. Education was estimated
to be positively and significantly related to distance traveled in the fidsserond models.
(Note that the respondentés |l evel of educatio
was recoded as a continuous variable for the regression analysis.) Neither age, race, nor gender
had significant effects (at a 5 percentdwon travel distance in any of the models.



B.3 Summary Results Applied in the Population Centroid Approach

Given the high significance of geographic area and family income across the regressions,
nonparametric results (frequency distributions) wereegred for four mutually exclusive
subgroups of respondents and five travel distance categories. Theassudéported i ableB-
5. Respondents were categorized into the four following groups:

A G1: family income>$50,000 (in 2000 dollars) and urbansoiburban resident
o0 (N =452 for singleday trips)
0 (N =649 for singleand multiday trips)
A G2: family income<$50,000 and urban or suburban resident
o (N =329 for singleday trips)
0 (N =417 for singleand multiday trips)
A G3: family income>$50,000 andural resident
o (N =295 for singleday trips
o (N =376 for singleand multiday trips)
A G4: family income<$50,000 and rural resident
o (N =309 for singleday trips)

o (N =386 for singleand multiday trips)

B-4



Table B-4. OLS Regression Results for Determinargt of Reported Trip Travel Distance (miles)

@ 2 (3
Full Sample (both single Single-Day Multiday
and multiday trips) Trips Only Trips Only
Variable Description Coefficient t-stat Coefficient t-stat Coefficient t-stat
CONSTANT 0.6966 1.54 1.7954 3.89** 2.2493 3.26**
AGE 0.0044 1.83* 0.0011 0.44 0.001 0.28
GENDER 0.0572 0.83 0.0173 0.25 0.1446 1.39
EDUC 0.1729 2.48** 0.1552 2.21** 0.128 1.22
MINORITY 710.0437 i0.36 0.0228 0.19 710.1391 710.76
FAMILY INCOME (log) 0.187 4.41% 0.0827 1.92* 0.1759 2.78**
URBAN 0.3491 3.95** 0.2799 3.12%* 0.2121 1.62*
SUBURBAN 0.3422 4.48** 0.193 2.50** 0.4298 3.67**
NEAST 710.0387 i0.36 10.2549 12.42% 0.1525 0.89
MIDWEST 0.3856 4.65%* 0.1 1.21 0.4923 3.63**
WEST 0.6103 6.73** 0.3374 3.59** 0.3239 2.32**
R*=0.077 R*=0.041 R*=0.112
N=1,798 N = 1,360 N =434

** = gignificant at 5 percent level.
* = significant at 10 percent level.

Table B-5. Travel Distance Frequencies by Demographic Group (Percentage in each distance
category)

(G1) (G2)
High-Income and Low-Income and (G3) (G4)
Urban/Suburban  Urban/Suburban  High-Income and Low-Income and
Travel Distance (mi) Resident Resident Rural Resident Rural Resident
Singleday trips only (N=1,385)
(N =452) (N = 329) (N = 295) (N =309)
Distance<10 mi 23% 32% 31% 34%
>10 mi to 20mi 18% 23% 22% 24%
>20 mi to 50 mi 31% 20% 28% 26%
>50 mi to 100 mi 17% 19% 14% 11%
Jistance >100 mi 11% 6% 5% 5%
Full sample (both singleand multiday trips) (N 1,828)
(N = 649) (N =417) (N = 376) (N = 386)
Distance<10 mi 16% 26% 24% 29%
>10mi to 20 mi 13% 18% 18% 21%
>20 mi to 50 mi 24% 18% 25% 25%
>50 mi to 100 mi 19% 19% 16% 14%
Jistance >100 mi 27% 18% 17% 11%

These categories were selected because they match categories that can be easily identified
in Census data and because they split the sample into roughly similar group sizes. Travel
distance was categorized into ranges reported in the first colurab&&B-5. The results are
consistent with those generated from the regression analysis. Among respondents-@agingle
trips, the number that traveled longer distances (greater than 100 miles) increased from the low
income rural cohort (5 percent) to the higirecome urban/suburban cohort (11 percent). The
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same pattern holds for those taking either a sirgglenultiday trip. The number traveling longer
distances more than doubled, from 11 percent amongnoome rural respondents to 27 percent
among highincome urban/suburban respondents. These results indicate-imgbee
urban/suburban anglers travel greater distances to freshwater destinations thamclomer
urban/suburban anglers and rural anglers.

As described irbection 5.7the trip frequency eshates reported ifiableB-5 for the full
sample were used in the population centroid approach to weight exposures to mercury in
fish according to distance from the Census tract centroid, income levels in the tract, and
whether the tract is predominantlyral or urban/suburban.
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Chapter 6
CO-BENEFITS ANALYSIS AN D RESULTS

Synopsis
This chapter contains a subset of thigeriapollutant relatedhealth and welfarexpected
to occur as a cbenefit of the proposetioxicsRule in 205. This rule is expected to yield
significant reductions in S@&nd NQ from EGUSs, which in turn would lower overall ambient
levels of PM s across much of the eastern U.S. In this chapter we quantify the health and welfare
co-benefits resulting from these air quality improvements.

We estimate the monetized-benefits of the proposed remedy to#%8 billion to $140
billion at a 3% discount rate ar®b3 billion to $120billion at a 7% discount rate in 261 All
estimates ar@n 2007$. Thisco-benefits analysis accounts for both decreases and increases in
emissions across the country resulting from aspects of the proposed provisions of the rule from
reductions in S@ NOx and directly emitted PM. These estimates omit the ledits from
several important categories, including ecosystem benefits and the direct health benefits from
reducing exposure tivopospheric Ozon&O, and SQdue to time constraints.

6.1 Overview

This chapter contains a subset of the estimated healtivelfareco-benefits of the
proposedloxicsRule in 205. TheToxicsRule is expected to yield significanétreductions in
SO,and NQ from EGUSs, which in turn would lower overall ambient levels of,Blsihd ozone
across much of the eastern U.S. Thalysis in this chapter aims to characterize the benefits of
these air quality changes by answering two key questions:

1. What are the health and welfare effects of changes in ambient particulate mattgr (PM
resulting from reductions in precursors inclgihO, SO, and directlyemitted PM 5?
2. What is the economic value of these effects?

In this analysis we consider an array of health and welfare impacts attributable to changes
in PM, s air quality. The 2009 PW Integrated Science Assessment (U.S. EPA, 2009d) identify
the human health effects associated with these ambient pollutants, which include premature
mortality and a variety of morbidity effects associated with acute and chronic exposures. PM
welfare effecs include visibility impairment and materials damage x M@lfare effects include
aguatic and terrestrial acidification and nutrient enrichment (U.S. EPA, 2008f)wéfare
effects include aquatic and terrestrial acidification and increased mercurnylatietih(U.S.
EPA, 2008f). Though models exist for quantifying these ecosystem impacts, time and resource
constraints precluded us from quantifying most of those effects in this analysis.
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Table 61 summarizes the total monetizedlmenefits of the propesl rule in 2016. This
table reflects the economic value of the change in £lated human health impacts and the
monetized value of CQeductions occurring as a result of the proposed Toxics Rule.

Table6-2 summarizes the human health and welfarefitsrcategories contained within
the primary benefits estimate, those categories that were unquantified due to limited data or time.

Table 6-1: Estimated monetizedco-benefits of the proposedroxics Rulgbillions of

2007$)
Benefits Estimate Eastern U.S? Western U.S. Total
Pope et al. (2002) PM mortality estimate
Using a 3% discount $55 +B $1 +B $57+B
rate ($4.8 $170) ($0. 15 $3.1) ($4.5 $170)
Using a 7% discount $51 +B $0.9 +B $52 +B
rate ($4.15 $160) ($0.15 $2.8) ($4.15 $160)

Laden et al. (2006pPM, s mortality estimate

Using a 3% discount $140 +B $2.5+B $140 +B
rate (%120 $390) ($0.2 $7.2) (%125 $400)
Using a 7% discount $120 +B $2.2+B $120 +B
rate ($115 $360) ($0.25 $6.6) ($115 $360)

 For notational purposes, unquantified benefits are indissied h a @Bo6 t o r ep.!
additional monetary benefits and disbenefits. Data limitations prevented us from quantifying the
endpoints, and as such, these benefits are inherently more uncertain than those benefits that w
able to quantify. Adetailed listing of unquantified health and welfare effects is provided in Tdhle
Estimates here are subject to uncertainties discussed further in the body of the document. Estir
rounded to two significant figures. Value of totattmnefits incldes CQ-related benefits discountec
at 3%.

BIncludes Texas and those states to the north and east.

Theco-benefits analysis in this chapter relies on an array of data égttuding air
guality modeling, health impact functions and valuafiomctionsamong othe® which are
themselves subject to uncertainty and may also in turn contribute to the overall uncertainty in
this analysis. As a means of characterizing this uncertainty we employ two primary techniques.
First, we use Monte Carlo methods @draracterizing random sampling error associated with the
concentration response functions from epidemiological studies and economic valuation
functions. Second, because this characterization of random statistical error may omit important
sources of uncerirety we also employ the results of an expert elicitation on the relationship
between premature mortality and ambient,REbncentration (Roman et al., 2008); this
provides additional insight into the likelihood of different outcomes and about the state of
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knowledge regarding the benefits estimates. Both approaches have different strengths and
weaknesses, which are fully described in Chapter 5 of the PM NAAQS RIA (U.S. EPA, 2006).

Given that reductions in premature mortality dominate the size of the ovenaditized
co-benefits, more focus on uncertainty in mortaligyated benefits gives us greater confidence
in our uncertainty characterization surrounding tBfslR.5related cebenefits. Certain EPA
RI Abs including the 2008 Ga oontanedNa st sehsltivily ( U. S
analyses, only some of which we include here due in part to time constraints. In particular, these
analyses characterized the sensitivity of the monetized benefits to the specification of alternate
cessation lags anddame growth adjustment factors. The estimai@tenefits increased or
decreased in proportion to the specification of alternate income growth adjustments and cessation
lags, making it possible for readers to infer the sensitivity of the results in thiRhese
parameters by referring to the PM NAAQS RIA (2006d) and Ozone NAAQS RIA (2008a).

For example, the use of an alternate lag structure would change the¢taded
mortality benefits discounted at 3% discounted by between 10.4%23f6; when dicounted at
7%, these benefits change by between 31%-49®%b. \When applying higher and lower income
growth adjustments, the monetary value of;BMelated premature changes between 30% and
10%; the value of chronic endpoints change between 5%28hd@nd the value of acute
endpoints change between 6% aritb.

Consistent with the proposed Transport Rule (U.S. EPA, 2@&0hin the estimated
number of avoided PpA-related premature mortalities resulting from the implementation of the
Toxics Ruleaccoding to the projected 2@lbaseline PMls air quality levelgFigures6-19 to6-

21). This presentation is consistent with our approach to applying Pgrtality risk

coefficients that have not been adjusted to incorporate an assumed thr@steddoided PM
related impacts we estimate in this analysis opcedominantlyamong populations exposed at

or above thdowest measured air quality level (LMbf eachepidemiologicaktudy, increasing

our confidence in the PM mortality analysis. Approxima®o of the avoided impacts occur at
or above an annual mean RMevel of 10 pug/m (the LML of the Laden et al. 2006 study);
about85% occur at or above an annual meanEMvel of 7.5 pg/m(the LML of the Pope et

al. 2002 study). As we model mortalitpmpacts among populations exposed to levels of PM

that are successively lower than the LML of each study our confidence in the results diminishes.
However, the analysis below confirms that the great majority of the impacts occur at or above
each dMwdyods
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Table 6-2: Human Health and Welfare Effects of Pollutants Affected by thd’roposed

Toxics Rule
E?fléléiant/ Quantified and monetized in base estimate Unquantified
Premature mortality based on cohort study Low birth weight, preterm birth and other
estimateband experelicitation estimates reproductive outcomes
Hospital admissions: respiratory and p .
X ulmonary function
cardiovascular
Emergency room visits for asthma Chronic respiratory diseases other than chronic
bronchitis
Nonfatal heart attacks (myocardial infarctions, Non-asthma respiratory emergency room visits
PM: Lower and upper respiratory illness UVb exposure (+)°
health? Minor restricted activity days
Work loss days
Asthma exacerbations (among asthmatic
populations
Respiratory symptoms (among asthmatic
populations)
Infant mortality
Household soiling
Visibility in Class | areas in SE, SW, and CA  Visibility in residential areas
PM: regionS Visibility in non-class | areas and class 1 areas in
welfare NW, NE, and Central regions
UVb exposure (+)°
Global climate impacts
Premature mortality based on shtatm study
estimates
Hospital admissions: respiratory
Emergency room visits for asthma
Ozone: Minor restricted activity days
health School loss days
Chronic respiratory damage
Premature aging of the lungs
Non-asthma respiratory emergency room visits
UVb exposure (+)°
Decreased outdoor worker productivity
Yields for:
--Commercial forests
--Fruits andvegetables, and
--Other commercial and noncommercial crops
Ozone: Damage to urban ornamental plants
welfare Recreational demand from damaged forest
aesthetics
Ecosystem functions
UVb exposure (+)°
Climate impacts
Respiratory hospitadmissions
Respiratory emergency department visits
NO,: Asthma exacerbation
health Acute respiratory symptoms

Premature mortality
Pulmonary function
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Commercial fishing and forestry from acidic
deposition effects
Commercial fishingagriculture and forestry from
nutrient deposition effects
NOx: Recreation in terrestrial and estuarine ecosysterr
welfare from nutrient deposition effects
Other ecosystem services and existence values 1
currently healthy ecosystems
Coastal eutrophication fromitrogen deposition
effects

Respiratory hospital admissions
Asthma emergency room visits
SO Asthma exacerbation
health Acute respiratory symptoms
Premature mortality
Pulmonary function

Commercial fishing and forestry froacidic
deposition effects

Recreation in terrestrial and aquatic ecosystems
from acid deposition effects

Increased mercury methylation

SOx:

welfare

A In addition to primary economic endpoints, there are a number of biological responses that have been ass
with PM health effects including morphological changes and altered host defense mechanisms. The public
impact of these biological respses may be partly represented by our quantified endpoints.

B Cohort estimates are designed to examine the effects of long term exposures to ambient pollution, but rele

estimates may also incorporate some effects due to shorter term exposukam@eet al., 200for a discussion

of this issue). While some of the effects of short term exposure are likely to be captured by the cohort estim

there may be additional premature mortality from short term PM exposure notechipttine cohort estimates

included in the primary analysis.

€ May result in benefits or disbenefits.

DVisibility -related benefits quantified in air quality modeled scenario, but not the revised scenario. The total
benefits reported in Table 61 do not reflect visibility benefits.

6.2  Benefits Analysis Methods

We foll owfanidamag eaktyatng total bdnefits of the modeled
changes in environmental quality. This approach estimates changes in individual health and
welfare endpoints (specific effects that can be associated with changes in air quality) and assigns
values to those chang@assuming independence of the individual values. Total benefits are
calculated simply as the sum of the values for allowerlapping health and welfare endpoints.
The ndfamragtei ono approach is the standard met hc
environmental quality programs and has been used in several recent published analyses (Levy et
al., 2009; Hubbell et al., 2009; Tagaris et al., 2009).

To assess economic value in a darmfagetion framework, the changes in environmental
quality must be ainslated into effects on people or on the things that people value. In some
cases, the changes in environmental quality can be directly valued, as is the case for changes in
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visibility. In other cases, such as for changes in ozone and PM, a healthltamnd wepact
analysis must first be conducted to convert air quality changes into effects that can be assigned
dollar values.

For the purposes of this RIA, the health impacts analysis (HIA) is limited to those health
effects that are directly linked to araht levels of air pollution and specifically to those linked to
ozone and PM. There may be other, indirect health impacts associated with implementing
emissions controls, such as occupational health impacts for coal miners.

The welfare impacts analysslimited to changes in the environment that have a direct
impact on human welfare. For this analysis, we are limited by the available data to examine
impacts of changes in visibility in Class 1 areas. We also provide qualitative discussions of the
impact of changes in other environmental and ecological effects, for example, changes in
deposition of nitrogen and sulfur to terrestrial and aquatic ecosystems, but we are unable to place
an economic value on these changes due to time and resource limitation

We note at the outset that EPA rarely has the time or resources to perform extensive new
research to measure directly either the health outcomes or their values for regulatory analyses.
Thus, similar to Kunzli et al. (2000) and other recent health cirgraalyses, our estimates are
based on the best available methods of benefits transfer. Benefits transfer is the science and art
of adapting primary research from similar contexts to obtain the most accurate measure of
benefits for the environmental qugllchange under analysis. Adjustments are made for the level
of environmental quality change, the sedemographic and economic characteristics of the
affected population, and other factors to improve the accuracy and robustness of benefits
estimates.

6.2.1 Health Impact Assessment

The Health Impact Assessment (HIA) quantifies the changes in the incidence of adverse
health impacts resulting from changes in human exposure @ &M ozone air quality. HIAs
are a welestablished approach for estimatite retrospective or prospective change in adverse
health impacts expected to result from populaterel changes in exposure to pollutants (Levy
et al. 2009). P@ased tools such as the environmeB&efits Mapping andAnalysisProgram
(BenMAP) can gstematize health impact analyses by applying a database of key input
parameters, including health impact functions and population projections. Analysts have applied
the HIA approach to estimate human health impacts resulting from hypothetical changes in
pollutant levels (Hubbell et al. 2005; Davidson et al. 2007, Tagaris et al. 2009). EPA and others



have relied upon this method to predict future changes in health impacts expected to result from
the implementation of regulations affecting air quality (IEBA, 2008a).

The HIA approach used in this analysis involves three basic steps: (1) utilizing-CAMXx
generated projections of Biland ozone air quality and estimating the change in the spatial
distribution of the ambient air quality; (2) determining thbsgguent change in populatitavel
exposure; (3) calculating health impacts by applying concentreggponse relationships drawn
from the epidemiological literature (Hubbell et al. 2009) to this change in population exposure.

A typical health impact faction might look as follows:
Yoo=cy g 0P 1 @hén

whereyg is the baseline incidence rate for the health endpoint being quantified (for
example, a health impact function quantifying changes in mortality would use the baseline, or
background, mortality rate for the given population of inter&sipis the populatin affected by
the change in air qualitxi s t he change in air quality; and
from the epidemiological study. Tools such as BenMAP can systematize the HIA calculation
process, allowing users to draw upon a library oftexgsair quality monitoring data, population
data and health impact functions.

Figure6-1 provides a simplified overview of this approach.
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Figure 6-1: lllustration of BenMAP Approach

6.2.2 Economic Valuation of Health Impacts

After quantifying the change in adverse health impacts, the final step is to estimate the
economic value of these avoided impacts. The appropriate economic value for a change in a
health effect depends on whether the health effect is viewedite(beforethe effect has
occurred) oex postafter the effect has occurred). Reductions in ambient concentrations of air
pollution generally lower the risk of future adverse health effects by a small amount for a large
population. The appropriate economic meassutbereforeex anteéwillingness to Pay (WTP) for
changes in risk. However, epidemiological studies generally provide estimates of the relative
risks of a particular health effect avoided due to a reduction in air pollution. A convenient way to
use this dta in a consistent framework is to convert probabilities to units of avoided statistical
incidences. This measure is calculated by dividing individual WTP for a risk reduction by the
related observed change in risk. For example, suppose a measurdasrabilee the risk of
premature mortality from 2 in 10,000 to 1 in 10,000 (a reduction of 1 in 10,000). If individual
WTP for this risk reduction is $100, then the WTP for an avoided statistical premature mortality
amounts to $1 million ($100/0.0001 changeisk). Using this approach, the size of the affected
population is automatically taken into account by the number of incidences predicted by



epidemiological studies applied to the relevant population. The same type of calculation can
produce values fostatistical incidences of other health endpoints.

For some health effects, such as hospital admissions, WTP estimates are generally not
available. In these cases, we use the cost of treating or mitigating the effect as a primary
estimate. For example,rfthe valuation of hospital admissions we use the avoided medical costs
as an estimate of the value of avoiding the health effects causing the admission. These cost of
illness (COI) estimates generally (although not in every case) understate the true value
reductions in risk of a health effect. They tend to reflect the direct expenditures related to
treatment but not the value of avoided pain and suffering from the health effect.

We use the BenMAP model (Abt Associates, 2008) to estimate the healthsrapédc
monetized health benefits for the proposed remedy. F&drbelow shows the data inputs and
outputs for the BenMAP model.
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Figure 6-2: Data inputs and outputs for the BenMAP model

6.2.3 Adjusting the results of the Pl benefits analysis to account for the emission

reductions in the proposed rule

As described ihapter3 of this RIA, EPAmodified the proposed rule requirements after
the completion of the air quality modeling for this rule. These changes to the rule affected both
the overall level and distribution of RMprecursor emissions across the U.S., which in turn
affect the levePM; 5 co-benefits. Tme constraints prevented the Agency from modeling the air
guality changes resulting frothis updated emissions scenario. Inthe absence of updated air
guality modeling, we adjusted our benefits estimates to reflect these emissimesity
applying benefit peton estimates.

Benefit perton (BPT) estimates quantify the health impacts and monetized human health
benefits of an incremental change in air pollution precursor emissiocisclimstances where
we are unable to perform ajuality modeling because of resource or time constraints, this
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approach can provideraasonabl@estimate of the benefits of emission reduction scenarios. EPA
has used the benefit pan technique in previous RIAs, including the recent Ozone NAAQS
RIA (U.S. EPA, 2008)theNO, NAAQS RIA (U.S. EPA, 2010band the proposetdransport

rule (U.S. EPA, 2010c).

For this cebenefits analysis we created ften estimates of Pp4-relatedincidence and
monetized benefits based on the benefits of the air quaditieled scenario. Our approach here
is methodologically consistent witihe techniqueeported in FannFulcher & Hubbel(2009),
but adjusted for this analysis to better match the spatial distribution of air quality changes
expected unddhe Toxics Rule To derive the BPT estimates for this analysis, we:

1. Quantified the human and monetized health benefits of changes in each PM $fgecie
first estimated the health impacts and monetized benefits of reductions in directly
emitted PM, particulate sulfatand particulate nitrate.We found that, reductions in
NOx and SOx led to significant decreases in particulate sulfate and small increases in
particulate nitrate, indicating that nitrate replacement limited the nitrate reductions from
NOx decreases. Redians in directly emitted Pl were fairly modest, providing a
very small change in PM. We elected not to generate a NOx benefit per ton for three
reasons: (a) reductions in N@missions for this rule were relatively small; (b) previous
EPA modeling mdicates that Pl formation is less sensitive to N@®mission
reductions on a paxg/n? basis (Fann, Fulcher and Hubbell, 2009); and (c) particulate
nitrate formation is governed by complex Aarear chemistry that is difficult to
characterize using benefit peem estimates.

2. Divided the health impacts and monetized benefits by the emissiuctionFor the

reasons described above, we quantified a SO2 benefit per ton estimate alone. By dividing

the particulate sulfateclated benefits in the eastern and western U.S. by the total SO
related emission reductions in these two areas, wea@edean array of eastern and
western benefit per ton estimates.

1Consistent with advice from the Health Effects Subcommittee of the Sdelvtsory Board, we assume that each
PM specisis equally toxic. We quantify the change in incidence for each PM specie by applying risk
coefficients based on undifferentiated pjvhass .

2The Toxics Rule reduces both Sghd NOx emissions. In geneD; is a precursor to particulate sulfate and
NOXx is a precursor to particulate nitrate. However, there are also several interactions between the PM
precursors which cannot be easily quantified. For example, under conditions in whielve©are réuced by
a substantial margin, "nitrate replacement" may occur. This occurs when particulate ammonium sulfate

concentrations are reduced, thereby freeing up excess gaseous ammonia. The excess ammonia is then available

to react with gaseous nitric acidfym particulate nitrate when meteorological conditions are conducive (cold
temperatures and high humidity). The impact of nitrate replacement is also affected by concurrent NOx
reductions. NOXx reductions can lead to decreases in nitrate, which comipletie® process of nitrate
replacement. NOx reductions can also lead to reductions in photochempradogts which can reduce both
particulate sulfate and secondary organic carbon PM concentrations.

6-11



The resulting BPT estimates were then multiplied by the projecte@®Ssion
reductions for th@roposed Toxics rulscenario to produce an estimate of thedPidlated
health impacts and metizedco-benefits. There is no analogous approach for estimating a BPT
for visibility, and so the benefits of the alternative remedies omit this important monetized
benefit however, in the model scenario (Appen@ix visibility benefits added $2.2B tbe
monetized benefits

An implicit assumption in our approach is that the size and distribution pé®@sions,
and the relative levels of NOx and S€missions, are fairly similar in the modeled and revised
policy cases. While the modeled and revipeticy case achieve roughly similar levels of, SO
reductions (2.35nillion tons versus 2.06 million tons, respectively), the modeled case
concentrates SQeductions primarily among a few Midwestern and southeastern states, while
the revised case distrites SQ reductions more evenly across both the Midwest, southeast and
west. Likewise, the modeled case generates the largest NOx reductions in the Midwest, while the
revised case shifts these reductions to western states including Montana, ColoraddantdeJta
shifting distribution of NQ and SQ reductions between the modeled and revised cases are likely
to affect the overall size of the benefits, a factor that we incompletely account for in our benefit
perton estimates.

We did not develop anzoneberefit per ton estimat@®r two reasons. First, the overall
level of ozonerelated benefits in the modeled case is relatively small compared to those
associated with P4 reductiongsee appendi<), due in part to the fairly modest N@mission
reductions. Second, the complex ndimear chemistry of ozone formation introduces uncertainty
to the development and application of a benefit per ton estimate. Taken together, these factors
argued against developing an ozone benefit per ton estimate for thissRée&ially given the
shift in the geographic pattern of NOx reductions

6.3  Uncertainty Characterization

In any complex analysis using estimated parameters and inputs from numerous models,
there are likely to be many sources of uncertainty and this @ayso exception. As outlined
both in this and preceding chapters, many inputs were used to derive the estimate of benefits for
the proposed remedy, including emission inventories, air quality models (with their associated
parameters and inputs), epidetngical health effect estimates, estimates of values (both from
WTP and COlI studies), population estimates, income estimates, and estimates of the future state
of the world (i.e., regulations, technology, and human behavior). Each of these inputs may be
uncertain and, depending on its role in the benefits analysis, may have a disproportionately large
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impact on estimates of total benefits. For example, emissions estimates are used in the first stage
of the analysis. As such, any uncertainty in emissestisnates will be propagated through the

entire analysis. When compounded with uncertainty in later stages, small uncertainties in
emission levels can lead to large impacts on total benefits.

The National Research Council (NRC) (2002, 2008) highlightedeed for EPA to
conduct rigorous quantitative analysis of uncertainty in its benefits estimates and to present these
estimates to decision makers in ways that foster an appropriate appreciation of their inherent

uncertainty. In general, the NRC conclddet hat EPAOGs gener al met hodo
benefits of reducing air pollution is reasonable and informative in spite of inherent uncertainties.
Since the publication of these reports, EPAOGsS

make pr@gress toward the goal of characterizing the aggregate impact of uncertainty in key
modeling elements on both health incidence and benefits estimates in two key ways: Monte
Carlo analysis and expedierived concentratieresponse functions. In this anakjsive use both
of these two methods to assess uncertainty quantitatively, as well as provide a qualitative
assessment for those aspects that we are unable to address quantitatively.

First, we used Monte Carlo methods for characterizing random samplorgassociated
with the concentration response functions from epidemiological studies and random effects
modeling to characterize both sampling error and variability across the economic valuation
functions. Monte Carlo simulation uses random sampling ft@tnibutions of parameters to
characterize the effects of uncertainty on output variables, such as incidence of premature
mortality. Specifically, we used Monte Carlo methods to generate confidence intervals around
the estimated health impact and dollanéfits. The reported standard errors in the
epidemiological studies determined the distributions for individual effect estimates.

Second, because characterization of random statistical error omits important sources of
uncertainty (e.g., in the functionfairm of the moddé e.g., whether or not a threshold may
exist), we also incorporate the results of an expert elicitation on the relationship between
premature mortality and ambient Rytoncentration (Roman et al., 2008). Use of the expert
elicitation andincorporation of the standard errors approaches provide insights into the
likelihood of different outcomes and about the state of knowledge regarding the benefits
estimates. However, there are significant unquantified uncertainties present in upstegam inp
including emission and air quality. Both approaches have different strengths and weaknesses,
which are fully described in Chapter 5 of the PM NAAQS RIA (U.S. EPA, 2006).
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In benefit analyses of air pollution regulations conducted to date, the estimatezt of
reductions in premature mortality has accounted for 85% to 95% of total monetized benefits.
Therefore, it is particularly important to attempt to characterize the uncertainties associated with
reductions in premature mortality. The health imganttions used to estimate avoided
premature deaths associated with reductions in ozone have associated standard errors that
represent the statistical errors around the effect estimates in the underlying epidemiological
studies. In our results, we reparedible intervals based on these standard errors, reflecting the
uncertainty in the estimated change in incidence of avoided premature deaths. We also provide
multiple estimates, to reflect model uncertainty between alternative study designs.

For prematte mortality associated with exposure to PM, we follow the same approach
used in the RIA for 2006 PM NAAQS (U.S. EPA, 2006), presenting two empirical estimates of
premature deaths avoided, and a set of twelve estimates based on results of the exgiem elicit
study. Even these multiple characterizations, including confidence intervals, omit the
contribution to overall uncertainty of uncertainty in air quality changes, baseline incidence rates,
populations exposed and transferability of the effect estitnaleverse locations. Furthermore,
the approach presented here does not yet include methods for addressing correlation between
input parameters and the identification of reasonable upper and lower bounds for input
distributions characterizing uncertaintyadditional model elements. As a result, the reported
confidence intervals and range of estimates give an incomplete picture about the overall
uncertainty in the estimates. This information should be interpreted within the context of the
larger uncertaity surrounding the entire analysis.

Some key sources of uncertainty in each stage of the PM health impact assessment are
the following:

A gaps in scientific data and inquiry;

A variability in estimated relationships, such as epidemiological effect estimates,
introduced through differences in study design and statistical modeling;

A errors in measurement and projection for variables such as population growth rates;

A errors due to misspecification of model structures, including the use of surrogate
variables, suchsausing PMo when PM s is not available, excluded variables, and
simplification of complex functions; and

A biases due to omissions or other research limitations.
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In Table6-3 we summarize some of the key uncertainties in the benefits analysis.

Table 6-3. Primary Sources of Uncertainty in the Benefits Analysis

1. Uncertainties Associated with Impact Functions
- The value of the ozone or PM effect estimate in each infpaction.

- Application of a single impact function to pollutant changes and populations in all locations.

- Similarity of futureyear impact functions to current impact functions.

- Correct functional form of each impact function.

- Extrapolation of effect estiates beyond the range of ozone or PM concentrations observed in the sou
epidemiological study.

- Application of impact functions only to those subpopulations matching the original study population.

2. Uncertainties Associated with CANodeled Ozone and PM Concentrations
- Responsiveness of the models to changes in precursor emissions from the control policy.
- Projections of future levels of precursor emissions, especially ammonia and crustalsnateria
- Lack of ozone and Pp4 monitors in all rural areas requires extrapolation of observed ozone data from
to rural areas.

3. Uncertainties Associated with PM Mortality Risk
- Limited scientific literature supporting a direct biological mecharfsnobserved epidemiological evidenc

- Direct causal agents within the complex mixture of PM have not been identified.

- The extent to which adverse health effects are associated wiHbvelrexposures that occur many times i
the year versus peaxposures.

- The extent to which effects reported in the kbagn exposure studies are associated with historically hig
levels of PM rather than the levels occurring during the period of study.

- Reliability of the PM s monitoring data in reflecting actu@M, s exposures.

4. Uncertainties Associated with Possible Lagged Effects
- The portion of the PMelated longterm exposure mortality effects associated with changes in annual F

levels that would occur in a single year is uncertain as well gsotiien that might occur in subsequent
years.

5. Uncertainties Associated with Baseline Incidence Rates
- Some baseline incidence rates are not location specific (e.g., those taken from studies) and therefore

accurately represent the actladation-specific rates.
- Current baseline incidence rates may not approximate well baseline incidence rates in 2014.
- Projected population and demographics may not represent well-figargopulation and demographics.

6. Uncertainties Associated with &@wmic Valuation
- Unit dollar values associated with health and welfare endpoints are only estimates of mean WTP a

therefore have uncertainty surrounding them.
- Mean WTP (in constant dollars) for each type of risk reduction may differ from cestmiates because
of differences in income or other factors.

7. Uncertainties Associated with Aggregation of Monetized Benefits
- Health and welfare benefits estimates are limited to the available impact functions. Thus, unquanti

unmonetizedenefits are not included.
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6.4  Benefits Analysis Data Inputs

In Figure6-2, we summarized the key data inputs to the health impact and economic
valuation estimate. Below we summarize the data sources for each of these inputs, including
demographic projections, effect coefficients, incidence rates and economic valQaition.
approach here is generpltonsistent with the propos@dansport Rule (U.S. EPA, 2010c).

6.4.1 Demographic ata

Quantified and monetized human health impacts depend on the demographic
characteristics of the population, including age, location, and incdvieeuse projections based
on economic forecasting models developed by Woods and Poole, Inc (Woods and Poole, 2008).
The Woods and Poole (WP) database contains cdewmgy projections of population by age,
sex, and race out to 2030. Projections in eaemty are determined simultaneously with every
other county in the United States to take into account patterns of economic growth and
migration. The sum of growth in courlgvel populations is constrained to equal a previously
determined national popuian growth, based on Bureau of Census estimates (Hollman et al.,
2000). According to WP, linking countgvel growth projections together and constraining to a
nationatlevel total growth avoids potential errors introduced by forecasting each county
independently. County projections are developed in a-#bage process:

1. First, nationalevel variables such as income, employment, and populations are
forecasted.

2. Second, employment projections are made for 172 economic areas defined by the Bureau
of Ebnhomi ¢c Analysidase®i mgppamaidx paht ch r el
industriatsector production of nelocally consumed production items, such as outputs
from mining, agriculture, and manufacturing with the national economy. The export
based apprazn requires estimation of demand equations or calculation of historical
growth rates for output and employment by sector.

3. Third, population is projected for each economic area based on net migration rates
derived from employment opportunities and follogriia cohorfcomponent method based
on fertility and mortality in each area.

4. Fourth, employment and population projections are repeated for counties, using the
economic region totals as bounds. The age, sex, and race distributions for each region or
courty are determined by aging the population by single year of age by sex and race for
each year through 2016 based on historical rates of mortality, fertility, and migration.

6-16



6.4.2 Effect Coefficients

The first step in selecting effect coefficients isdentify the health endpoints to be
guantified. We base our selection of health e
Science Assessments (which replace the Criteria Document), with input and advice from the
EPA Science Advisory BoardHealth Effets Subcommittee (SABIES), a scientific review
panel specifically established to provide advice on the use of the scientific literature in
developing benefits analyses for air pollution regulations (http://www.epa.gov/sab/). In general,
we follow a weightof evidence approach, based on the biological plausibility of effects,
availability of concentratiomesponse functions from well conducted pesiiewed
epidemiological studies, cohesiveness of results across studies, and a focus on endpoints
reflectingpublic health impacts (like hospital admissions) rather than physiological responses
(such as changes in clinical measures like Forced Expiratory Volume (FEV1)).

There are several types of data that can support the determination of types and magnitude
of health effects associated with air pollution exposures. These sources of data include
toxicological studies (including animal and cellular studies), human clinical trials, and
observational epidemiology studies. All of these data sources provide impmmtanbutions to
the weight of evidence surrounding a particular health impact. However, only epidemiology
studies provide direct concentratiogsponse relationships which can be used to evaluate
populationlevel impacts of reductions in ambient pollutienels in a health impact assessment.

For the dataderived estimates, we relied on the published scientific literature to ascertain
the relationship between PM and adverse human health effects. We evaluated epidemiological
studies using the selection eriia summarized in Tab&4. These criteria include consideration
of whether the study was pesviewed, the match between the pollutant studied and the
pollutant of interest, the study design and location, and characteristics of the study population,
anmong other considerations. The selection eR @nctions for the benefits analysis is guided by
the goal of achieving a balance between comprehensiveness and scientific defensibility. In
general, the use of results from more than a single study can peowidee robust estimate of
the relationship between a pollutant and a given health effect. However, there are often
differences between studies examining the same endpoint, making it difficult to pool the results
in a consistent manner. For example, staidi®y examine different pollutants or different age
groups. For this reason, we consider very carefully the set of studies available examining each
endpoint and select a consistent subset that provides a good balance of population coverage and
match with he pollutant of interest. In many cases, either because of a lack of multiple studies,
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consistency problems, or clear superiority in the quality or comprehensiveness of one study over
others, a single published study is selected as the basis of theesfigtite.

Table 6-4. Criteria Used when Selecting GR functions

Consideration Comments
PeerReviewed Peerreviewed research is preferred to research that has not undergone ttevipeer
Research process.

Among studies that consider chronic exposure (e.g., over a year or longer), prospec
Study Type cohort studies are preferred over ecological studies because they control for importe
individuaklevel confounding variables that cannot be controlled for in ecabgiadies.

Studies examining a relatively longer period of time (and therefore having more date
preferred, because they have greater statistical power to detect effects. More recen

Study Period studies are also preferred because of possitdages in pollution mixes, medical care,
and lifestyle over time. However, when there are only a few studies available, studi
from all years will be included.

The most technically appropriate measures of benefits would be bageagarct functions
that cover the entire sensitive population but allow for heterogeneity across age or ¢
relevant demographic factors. In the absence of effect estimates specific to age, se
preexisting condition status, or other relevant factoragly be appropriate to select effe
estimates that cover the broadest population to match with the desired outcome of tl
analysis, which is total nationfdvel health impacts. When available, nugitly studies
are preferred to single city studies dese they provide a more generalizable
representation of the-R function.

Population Attributes

Studies examining a relatively large sample are preferred because they generally he
more power to detect small magnitude effects. A large sample can be obtainestah s

Study Size . ) .
y ways, either through a large population or through repeated observations on a small
population (e.g., through a symptom diary recorded for a panel of asthmatic children
U.S. studies are more desirable than-bloB. studies becausé potential differences in
Study Location pollution characteristics, exposure patterns, medical care system, population behavi

lifestyle.

When modeling the effects of ozone and PM (or other pollutant combinations) jointly
Pollutants Included in important to use properly specified impact functions that include both pollutants. Us
Model single-pollutant models in cases where both pollutants are expected to affect a healt
outcome can lead to doubteunting when pollutants are correlated.

For this analysis, impact functions based o, Pafie preferred to PMbecause of the
focus on reducing emissions of PMprecursors, and because air quality modeling was
Measure oPM conducted for this size fraction of PM. Where RNlnctions are not availdédy PM,o
functions are used as surrogates, recognizing that there will be potential downward
(upward) biases if the fine fraction of RjMis more (less) toxic than the coarse fraction.

Economically Some health effects, such asckd expiratory volume and other technical measuremel
Valuable Health of lung function, are difficult to value in monetary terms. These health effects are nc
Effects guantified in this analysis.
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Consideration Comments

Although the benefits associated with each individhealth endpoint may be analyzed
separately, care must be exercised in selecting health endpoints to include in the ov
benefits analysis because of the possibility of degblenting of benefits.

Non-overlapping
Endpoints

When several effect estimates for a pollutant agiv@n health endpoint have been
selected, they are quantitatively combined or pooled to derive a more robust estimate of the
relationship. The BenMAP Technical Appendices provides details of the procedures used to
combine multiple impact functions (Abt Assates, 2008). In general, we used fixed or random
effects models to pool estimates from different studies of the same endpoint. Fixed effects
pooling simply weights each studyds estimate
studies with greatestatistical power (lower variance). Random effects pooling accounts for both
within-study variance and betwestudy variability, due, for example, to differences in
population susceptibility. We used the fixed effects model as our null hypothesis and the
determined whether the data suggest that we should reject this null hypothesis, in which case we
would use the random effects model. Pooled impact functions are used to estimate hospital
admissions and asthma exacerbations. For more details on metadde psol incidence
estimates, see the BenMAP Manual Appendices (Abt Associates, 2008), which are available
with the BenMAP software at http://www.epa.gov/benmap.html.

Effect estimates selected for a given health endpoint were applied consistentlyalicross
locations nationwide. This applies to both impact functions defined by a single effect estimate
and those defined by a pooling of multiple effect estimates. Although the effect estimate may, i
fact, vary from one location to another (e.g., becaushffefences in population susceptibilities
or differences in the composition of PM), locatispecific effect estimates are generally not
available.

=)

The specific studies from which effect estimates for the primary analysis are drawn are
included in Table-5. We highlight in blue those studies that have been added since the 2005
CAIR benefits analysis and incorporated into the central benefits estimate. In all cases where
effect estimates are drawn directly from epidemiological studies, standard errosediEs a
partial representation of the uncertainty in the size of the effect estimate. Below we provide the
basis for selecting these studies.
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Table 6-5. Health Endpoints and Epidemiological Studies Used to Quantify Health

Impacts?
Study
Endpoint Pollutant Study Population
Premature Mortality
Premature mortalify cohort (Pal\r/lliifjal Pope et al. (2002) >29 years
study, altcause avg) Laden et al(2006) >25 years
Premature mortality, total PM 5 o
' (annual Expert Elicitation (Roman &tl., 2008) >24 years
exposures
avg)
Premature mortality all- PMo 5
(annual Woodruff et al. (2006) Infant (<1 year)
cause
avg)
Chronic lliness
PM:s
Chronic bronchitis (annual Abbey et al. (1995) >26 years
avg)
PM:s
Nonfatal heart attacks (24-hour Peters edl. (2001) Adults (>18
av) years)
Hospital Admissions
Respiratory PM, 5 Pooled estimate:
(24-hour Moolgavkar (2003 ICD 490 496 (COPD) >64 years
avg) Ito (2003P ICD 490 496 (COPD)
PM: s
(24-hour Moolgavkar (200® ICD 490 496 (COPD) 20i 64 years
avg)
PM: s
(24-hour Ito (2003P ICD 480 486 (pneumonia) >64 years
avg)
PM: s
(24-hour Sheppard (20038) ICD 493 (asthma) <65 years
avg)
Cardiovascular Pooled estimate: >64 years
PM, 5 Moolgavkar (2003 ICD 390 429 (all
(24-hour cardiovascular)
avg) Ito (2003p ICD 410414, 427428 (ischemic
heart disease, dysrhythmia, heart failure)
PM, 5 Moolgavkar (200® ICD 390 429 (all 20i 64 years
(24-hour cardiovascular)
avg)
Asthmarelated ER visits PM, 5
(24-hour Norris et al. (1999) 0i 18 years
avg)
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Study
Endpoint Pollutant Study Population

Other Health Endpoints

PM, 5 8i 12 years
Acute bronchitis (annual Dockery et al. (1996)
avg)
PMyg Asthmatics, ®
Upper respiratory symptom: (24-hour Pope et al. (1991) 11 years
avg)
PM; s 7i 14 years
Lower respiratory symptom: (24-hour Schwartz and Neas (2000)
avg)
PM, < Pooled estimate: 6i 18 year$
Asthma exacerbations (24-hour Ofsl';ro eth al(2001) (cough, wheeze and shortne
avg) of breath)
Vedal et al. (1998) (cough)
PM, s 18 65 years
Work loss days (24-hour Ostro (1987)
avg)
. . o PM, 5 18 65 years
IE)/Ilnor Resricted Activity (24-hour Ostro and Rothschild (1989)
ays (MRADSs) avg)

& Studies or air quality metrics highlighted in blue represent updates incorporated since the 2005 CAIR RIA

® The original study populations were 8 to 13 for the Ostro et al. (2B0dy and 6 to 13 for the Vedal et al. (1998)
study. Based on advice from the Science Advisory Board Health Effects SubcommitteblESABve extended
the applied population to 6 to 18, reflecting the common biological basis for the effect in chiltirefinader
age group. See: U.S. Science Advisory Board. 2004. Advisory Plans for Health Effects Analysis in the Analytical
Pl an for EPA®s Se c oBerkfitsfandCogis@fche Cleaa AirfAnt,al 899020, EPASAB-
COUNCIL-ADV-04-004. See atsNational Research Council (NRC). 20&2timating the Public Health
Benefits of Proposed Air Pollution Regulatiokgashington, DC: The National Academies Press.

¢ Gilliland et al. (2001) studied children aged 9 and 10. Chen et al. (2000) studiednchitdr&l. Based on recent
advice from the National Research Council and the EPA-BEB, we have calculated reductions in school
absences for all schealged children based on the biological similarity between children aged 5 to 17.

6.4.2.1 PM, s Premature Mortality Effect Coefficients

Both long and shorterm exposures to ambient levels of RMir pollution have been
associated with increased risk of premature mortality. The size of the mortality risk estimates
from epidemiological studies, ¢rserious nature of the effect itself, and the high monetary value
ascribed to prolonging life make mortality risk reduction the most significant health endpoint
guantified in this analysis.

Although a number of uncertainties remain to be addressed bypwedtesearch (NRC,
2002), a substantial body of published scientific literature documents the correlation between
elevated PMsconcentrations and increased mortality rates (U.S. EPA, 2009d)-sEires
methods have been used to relate stesrh (oftan dayto-day) changes in PM concentrations
and changes in daily mortality rates up to several days after a period of elevated PM
concentrations. Cohort methods have been used to examine the potential relationship between
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communitylevel PM exposuresver multiple years (i.e., loAgerm exposures) and community

level annual mortality rates. Researchers have found statistically significant associations between
PM;sand premature mortality using both types of studies. In general, the risk estimatesrbase

the cohort studies are larger than those derived fromdemes studies. Cohort analyses are

thought to better capture the full public health impact of exposure to air pollution over time,
because they account for the effects of loegn exposureand possibly some component of
shortterm exposures (Kunzli et al., 2001; NRC, 2002). This section discusses some of the issues
surrounding the estimation of BMrelated premature mortality. To demonstrate the sensitivity

of the benefits estimates to thgecific sources of information regarding the impact ot PM
exposures on the risk of premature death, we are providing estimates in our results tables based
on studies derived from the epidemiological literature and from the EPA sponsored expert
elicitation. The epidemiological studies from which these estimates are drawn are described
below. The expert elicitation project and the derivation of effect estimates from the expert
elicitation results are described in the 2006,BMAAQS RIA and Roman et af2008). In the

interest of brevity we do not repeat those details here. However, Bid@summarizes the

estimated PMs-related premature mortalities avoided using risk estimates drawn from the expert
elicitation.

Over a dozen epidemiological studiesve found significant associations between
various measures of lorigrm exposure to PM and elevated rates of annual mortality, beginning
with Lave and Seskin (1977). Most of the published studies found positive (but not always
statistically significantpssociations with available PM indices such as total suspended particles
(TSP). However, exploration of alternative model specifications sometimes raised questions
about causal relationships (e.g., sdaci pialrd et
studies (Lave and Seskin, 1977; Ozkaynak and Thurston, 1987) were criticized for a number of
methodological limitations, particularly for inadequate control at the individual level for
variables that are potentially important in causing mortalilghsas wealth, smoking, and diet.

Over the last 17 years, several studies us
published that appear to be consistent with t
cohort o st udi e smprowwrdntewetthe@arlisriwgrkbedause they include
individual level information with respect to health status and residence. The most extensive
analyses have been based on data from two prospective cohort groups, often referred to as the
Harvar@ tid isx Studyo (Dockery et al ., 1993; Lad
Society or ACS studyo (Pope et al ., 1995; Pop
2009); these studies have found consistent relationships between fine padtedéors and
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premature mortality across multiple locations in the United States. A third major data set comes
from the Californiabased 7th Day Adventist Study (e.g., Abbey et al., 1999), which reported
associations between lottgrm PM exposure and molitg in men. Results from this cohort,

however, have been inconsistent, and the air quality results are not geographically representative
of most of the United States, and the lifestyle of the population is not reflective of much of the
U.S. population. Aalysis is also available for a cohort of adult male veterans diagnosed with
hypertension has been examined (Lipfert et al., 2000; Lipfert et al., 2003, 2006). The
characteristics of this group differ from the cohorts in the@iies, ACS, and 7th Day

Adventist studies with respect to income, race, health status, and smoking status. Unlike previous
long-term analyses, this study found some associations between mortality and ozone but found
inconsistent results for PM indicators. Because of the selectiueenaf the population in the
veterano6és cohort, we have chosen not to inclu
(2000) study in our benefits assessment.

Given their consistent results and broad geographic coverage, and importance in
informing the NAAQS development process, the-Sikies and ACS data have been particularly
important in benefits analyses. The credibility of these two studies is further enhanced by the fact
that the initial published studies (Pope et al., 1995 and Dockery £0@8) were subject to
extensive reexamination and reanalysis by an independent team of scientific experts
commissioned by the Health Effect Institute (HEI) (Krewski et al., 2000). The final results of the
reanalysis were then independently peer reviewea 8pecial Panel of the HEI Health Review
Committee. The results of these reanalyses confirmed and expanded the conclusions of the
original investigators. While the HEI reexamination lends credibility to the original studies, it
also highlights sensitiviés concerning the relative impact of various pollutants, such agis0
potential role of education in mediating the association between pollution and mortality, and the
influence of spatial correlation modeling. Further confirmation and extensior @hthngs of
the 1993 Six City Study and the 1995 ACS study were recently completed using more recent air
guality and a longer followap period for the ACS cohort was published over the past several
years (Pope et al., 2002, 2004; Laden et al., 2006, $kieat al. 2009). The follow up to the
Harvard Six City Study both confirmed the effect size from the first analysis and provided
additional confirmation that reductions in PMare likely to result in reductions in the risk of
premature death. This addibal evidence stems from the observed reductions insfieach
city during the extended followp period. Laden et al. (2006) found that mortality rates
consistently went down at a rate proportionate to the observed reductionggn PM
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A number of aditional analyses have been conducted on the ACS cohort data (Jarrett et
al., 2009; Pope et al., 2009). These studies have continued to find a strong significant
relationship between PM and mortality outcomes and life expectancy. Specifically, much of
the recent research has suggested a stronger relationship between cardiovascular mortality and
lung cancer mortality with P4, and a less significant relationship between respiratdaged
mortality and PMs. The extended analyses of the ACS cohora @étewski et al. 2009)
provides additional refinements to the analysis offelted mortality by (a) extend the follew
up period by 2 years to the year 2000, for a total of 18 years; (b) incorporate ecological., or
neighborhoodevel covariates so as toetter estimate personal exposure; (c) perform an
extensive spatial analysis using land use regression modeling. These additional refinements may
make this analysis wedluited for the assessment of P®&lated mortality for EPA benefits
analyses.

In devdoping and improving the methods for estimating and valuing the potential
reductions in mortality risk over the years, EPA consulted with the-BEB. That panel
recommended using lortgrm prospective cohort studies in estimating mortality risk reduction
(U.S. EPASAB, 1999b). This recommendation has been confirmed by a report from the
National Research Council, which stated that
analysis to capture all/l i mp or RCa2002, peli0d).&Morée s fr o
specifically, the SAB recommended emphasis on the ACS study because it includes a much
larger sample size and longer exposure interval and covers more locations (e.g., 50 cities
compared to the Six Cities Study) than other studidéts &ind. Because of the refinements in the
extended followup analysis, the SABIES recommended using the Pope et al. (2002) study as
the basis for the primary mortality estimate for adults and suggests that alternate estimates of
mortality generated urgg other cohort and timseries studies could be included as part of the
sensitivity analysis (U.S. ERSAB, 2004b). The PM NAAQS Risk and Exposure Assessment
(U.S EPA, 2010) utilized risk coefficients drawn from the Krewski et al. (2009) study. In a
Decanber of 2009 consultation with the SABES, the Agency proposed utilizing the Krewski
et al. (2009) extended analysis of the ACS cohort data. The panel is scheduled to issue an
advisory in early 2010.

As noted above, since 2004 SAB review, an extenddéalfalp of the Harvard Six cities
study has been published (Laden et al., 2006) and in recent RIAs (see for example the SO
NAAQS, PM NAAQS, CAIR and Nonroad Diesel RIAs), we have included this estimate of
mortality impacts based on application of th&k@unction derived from this study. We use this
specific estimate to represent the Six Cities study because it both reflects among thetmost up
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date science and was cited by many of the experts in their elicitation responses. It is clear from
the expert etiitation that the results published in Laden et al. (2006) are potentially influential,

and in fact the expert elicitation results encompass within their range the estimates from both the
Pope et al. (2002) and Laden et al. (2006) studies (see Bigrbelow). These are logical

choices for anchor points in our presentation because, while both studies are well designed and
peer reviewed, there are strengths and weaknesses inherent in each, which we believe argues for
using both studies to generate besedstimates.

6.4.22 Chronic Bonchitis

CB is characterized by mucus in the lungs and a persistent wet cough for at least 3
months a year for several years in a row. CB affects an estimated 5 percent of the U.S.
population (American Lung Association,99. A limited number of studies have estimated the
impact of air pollution on new incidences of CB. Schwartz (1993) and Abbey et al. (1995)
provide evidence that lorggrm PM exposure gives rise to the development of CB in the United
States. Becausedoxics Ruleis expected to reduce BM this analysis uses only the Abbey
et al. (1995) study, because it is the only study focusing on the relationship betwegandM
new incidences of CB.

Nonfatal Myocardial Infarctions (Heart Attacks)

Nonfatal hart attacks have been linked with shi@tm exposures to PMin the United
States (Peters et al., 2001) and other countries (Poloniecki et al., 1997). We used a recent study
by Peters et al. (2001) as the basis for the impact function estimatindatienship between
PM, s and nonfatal heart attacks. Peters et al. is the only available U.S. study to provide a
specific estimate for heart attacks. Other studies, such as Samet et al. (2000) and Moolgavkar
(2000), show a consistent relationship betwaknardiovascular hospital admissions, including
those for nonfatal heart attacks, and PM. Given the lasting impact of a heart attacktenrtong
health costs anelarnings, we provide a separate estimate for nonfatal heart attacks. The estimate
usal in theToxicsRule analysis is based on the single available U.S. effect estimate. The
finding of a specific impact on heart attacks is consistent with hospital admission and other
studies showing relationships between fine particles and cardiovascatas dfbth within and
outside the United States. Several epidemiologic studies (Liao et al., 1999; Gold et al., 2000;
Magari et al., 2001) have shown that heart rate variability (an indicator of how much the heart is
able to speed up or slow down in resgots momentary stresses) is negatively related to PM
levels. Heart rate variability is a risk factor for heart attacks and other coronary heart diseases
(Carthenon et al., 2002; Dekker et al., 2000; Liao et al., 1997; Tsuiji et al., 1996). As such,
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significant impacts of PM on heart rate variability are consistent with an increased risk of heart
attacks.

Hospital and Emergency Room Admissions

Because of the availability of detailed hospital admission and discharge records, there is
an extensive body of érature examining the relationship between hospital admissions and air
pollution. Because of this, many of the hospital admission endpoints use pooled impact
functions based on the results of a number of studies. In addition, some studies have examined
the relationship between air pollution and emergency room visits. Since most emergency room
visits do not result in an admission to the hospital (the majority of people going to the emergency
room are treated and return home), we treat hospital admissidresmergency room visits
separately, taking account of the fraction of emergency room visits that are admitted to the
hospital.

The two main groups of hospital admissions estimated in this analysis are respiratory
admissions and cardiovascular admissiofisere is not much evidence linking ozone or PM
with other types of hospital admissions. The only type of emergency room visits that have been
consistently linked to ozone and PM in the United States are aséaed visits.

To estimate avoided inaihces of cardiovascular hospital admissions associated with
PM, s, we used studies by Moolgavkar (2003) and Ito (2003). Additional published studies show
a statistically significant relationship between Bénd cardiovascular hospital admissions.
Howevae, given that the control options we are analyzing are expected to reduce primargdy PM
we focus on the two studies that examine;BMBoth of these studies provide an effect estimate
for populations over 65, allowing us to pool the impact functionshis age group. Only
Moolgavkar (2000) provided a separate effect estimate for populations 20 684l
cardiovascular hospital admissions are thus the sum of the pooled estimate for populations over
65 and the single study estimate for populati@f to 64. Cardiovascular hospital admissions
include admissions for myocardial infarctions. To avoid doablenting benefits from
reductions in myocardial infarctions when applying the impact function for cardiovascular
hospital admissions, we firstpsted the baseline cardiovascular hospital admissions to remove
admissions for myocardial infarctions.

!Note that the Moolgavkar (2000) study has narbepdated to reflect the more stringent GAM convergence
criteria. However, given that no other estimates are available for this age group, we chose to use the existing
study. Given the very small (<5 percent) difference in the effect estimates foe p&ogahd older with
cardiovascular hospital admissions between the original and reanalyzed results, we do not expect this choice to
introduce much bias.
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To estimate total avoided incidences of respiratory hospital admissions, we used impact
functions for several respiratory causes, including chraostractive pulmonary disease
(COPD), pneumonia, and asthma. As with cardiovascular admissions, additional published
studies show a statistically significant relationship betweemRN respiratory hospital
admissions. We used only those focusing on PMBoth Moolgavkar (2000) and Ito (2003)
provide effect estimates for COPD in populations over 65, allowing us to pool the impact
functions for this group. Only Moolgavkar (2000) provides a separate effect estimate for
populations 20 to 64. Total CORspital admissions are thus the sum of the pooled estimate
for populations over 65 and the single study estimate for populations 20 to 64. Only Ito (2003)
estimated pneumonia and only for the population 65 and older. In addition, Sheppard (2003)
provided an effect estimate for asthma hospital admissions for populations under age 65. Total
avoided incidences of Pivelated respiratoryelated hospital admissions are the sum of COPD,
pneumonia, and asthma admissions.

To estimate the effects of PM air pgdibn reductions on asthanalated ER visits, we use
the effect estimate from a study of children 18 and under by Norris et al. (1999). As noted
earlier, there is another study by Schwartz examining a broader age group (less than 65), but the
Schwartz stdy focused on PM rather than Pis. We selected the Norris et al. (1999) effect
estimate because it better matched the pollutant of interest. Because children tend to have higher
rates of hospitalization for asthma relative to adults under 65, wikeilf capture the majority
of the impact of PMls on asthma emergency room visits in populations under 65, although there
may still be significant impacts in the adult population under 65.

To estimate avoided incidences of respiratory hospital admssagsociated with ozone,
we used a number of studies examining hospital admissions for a range of respiratory illnesses,
including pneumonia and COPD. Two age groups, adults over 65 and children under 2, were
examined. For adults over 65, Schwartz (1996Vides effect estimates for two different cities
relating ozone and hospital admissions for all respiratory causes (defined as ICD cddes 460
519). Impact functions based on these studies were pooled first before being pooled with other
studies. Two stdies (Moolgavkar et al., 1997; Schwartz, 1994a) examine ozone and pneumonia
hospital admissions in Minneapolis. One additional study (Schwartz, 1994b) examines ozone
and pneumonia hospital admissions in Detroit. The impact functions for Minneapolis were
pooled together first, and the resulting impact function was then pooled with the impact function
for Detroit. This avoids assigning too much weight to the information coming from one city.
For COPD hospital admissions, two studies are available: Muokdg et al. (1997), conducted
in Minneapolis, and Schwartz (1994b), conducted in Detroit. These two studies were pooled
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together. To estimate total respiratory hospital admissions for adults over 65, COPD admissions
were added to pneumonia admissiomsl the result was pooled with the Schwartz (1995)

estimate of total respiratory admissions. Burnett et al. (2001) is the only study providing an
effect estimate for respiratory hospital admissions in children under 2.

We used two studies as the sourcéhefconcentratiomesponse functions we used to
estimate the effects of ozone exposure on astietated emergency room (ER) visits: Peel et al.
(2005) and Wilson et af2005). We estimated the change in ER visits using the effect
estimate(s) from eachusty and then pooled the results using the random effects pooling
technique (see Abt, 2005). The Peel et al. study (2005) estimated astated ER visits for all
ages in Atlanta, using air quality data from 1993 to 2000. Using Poisson generalizedrestimat
eguations, the authors found a marginal association between the maximumldailye/erage
ozone level and ER visits for asthma over@$ moving average (lags of 0, 1, and 2 days) in a
single pollutant model. Wilson et al. (2005) examined theiogiship between ER visits for
respiratory illnesses and asthma and air pollution for all people residing in Portland, Maine from
1998 2000 and Manchester, New Hampshire from 12880. For all models used in the
analysis, the authors restricted the ozda& incorporated into the model to the months ozone
levels are usually measured, the spisugnmer months (April through September). Using the
generalized additive model, Wilson et al. (2005) found a significant association between the
maximum daily 8hou average ozone level and ER visits for asthma in Portland, but found no
significant association for Manchester. Similar to the approach used to generate effect estimates
for hospital admissions, we used random effects pooling to combine the resultstaeross
individual study estimates for ER visits for asthma. The Peel et al. (2005) and Wilson et al.
(2005) Manchester estimates were not significant at the 95 percent level, and thus, the
confidence interval for the pooled incidence estimate based onstiuel$es includes negative
values. This is an artifact of the statistical power of the studies, and the negative values in the
tails of the estimated effect distributions do not represent improvements in health as ozone
concentrations are increased. Instdhdse should be viewed as a measure of uncertainty due to
limitations in the statistical power of the study. We included both hospital admissions and ER
visits as separate endpoints associated with o0zone exposure because our estimates of hospital
admisson costs do not include the costs of ER visits and most asthma ER visits do not result in a
hospital admission.

Acute Health Events and School/Work Loss Days

In addition to mortality, chronic iliness, and hospital admissions, a number of acute
health effets not requiring hospitalization are associated with exposure to ambient levels of
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ozone and PM. The sources for the effect estimates used to quantify these effects are described
below.

Around 4 percent of U.S. children between the ages of 5 and 17enqeeepisodes of
acute bronchitis annually (American Lung Association, 2002c). Acute bronchitis is
characterized by coughing, chest discomfort, slight fever, and extreme tiredness, lasting for a
number of days. According to the MedlinePlus medical dopgdia’ with the exception of
cough, most acute bronchitis symptoms abate within 7 to 10 days. Incidence of episodes of acute
bronchitis in children between the ages of 5 and 17 were estimated using an effect estimate
developed from Dockery et al. (1996

Incidences of lower respiratory symptoms (e.g., wheezing, deep cough) in children aged
7 to 14 were estimated using an effect estimate from Schwartz and Neas (2000).

Because asthmatics have greater sensitivity to stimuli (including air pollutioldyen
with asthma can be more susceptible to a variety of upper respiratory symptoms (e.g., runny or
stuffy nose; wet cough; and burning, aching, or red eyes). Research on the effects of air
pollution on upper respiratory symptoms has thus focusedfect®fn asthmatics. Incidences of
upper respiratory symptoms in asthmatic children aged 9 to 11 are estimated using an effect
estimate developed from Pope et al. (1991).

Health effects from air pollution can also result in missed days of work (eithar fr
personal symptoms or from caring for a sick family member). Days of work lost dueto PM
were estimated using an effect estimate developed from Ostro (1987). Children may also be
absent from school because of respiratory or other diseases cawsgubyre to air pollution.
Most studies examining school absence rates have found little or no association wttp&M
several studies have found a significant association between ozone levels and school absence
rates. We used two recent studieslil@id et al. (2001) and Chen et al. (2000), to estimate
changes in absences (school loss days) due to changes in ozone levels. The Gilliland et al. study
estimated the incidence of new periods of absence, while the Chen et al. study examined absence
on agiven day. We converted the Gilliland estimate to days of absence by multiplying the
absence periods by the average duration of an absence. We estimated an average duration of
school absence of 1.6 days by dividing the average daily school abserfoenmafden et al.
(2000) and Ransom and Pope (1992) by the episodic absence rate from Gilliland et al. (2001).

!See http://mwww.nlm.nih.gov/medlineplus/ency/article/000124.htm, accessed January 2002.
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This provides estimates from Chen et al. (2000) and Gilliland et al. (2001), which can be pooled
to provide an overall estimate.

MRAD result whenndividuals reduce most usual daily activities and replace them with
less strenuous activities or rest, yet not to the point of missing work or school. For example, a
mechanic who would usually be doing physical work most of the day will instead sjgedalyth
at a desk doing paper and phone work because of difficulty breathing or chest pain. The effect of
PM, s and ozone on MRAD was estimated using an effect estimate derived from Ostro and
Rothschild (1989).

For theToxics Rule we have followed the SABIES recommendations regarding asthma
exacerbations in developing the primary estimate. To prevent dooibieing, we focused the
estimation on asthma exacerbations occurring in children and excluded adults from the
calculation® Asthma exacerbations aaging in adults are assumed to be captured in the general
population endpoints such as work loss days and MRADs. Consequently, if we had included an
adultspecific asthma exacerbation estimate, we would likely decdolat incidence for this
endpoint. Kwever, because the general population endpoints do not cover children (with regard
to asthmatic effects), an analysis focused specifically on asthma exacerbations for children (6 to
18 years of age) could be conducted without concern for daolbieting.

To characterize asthma exacerbations in children, we selected two studies (Ostro et al.,
2001; Vedal et al., 1998) that followed panels of asthmatic children. Ostro et al. (2001) followed
a group of 138 AfricasAmerican children in Los Angeles for 13 vkserecording daily
occurrences of respiratory symptoms associated with asthma exacerbations (e.g., shortness of
breath, wheeze, and cough). This study found a statistically significant association between

! Estimatingasthma exacerbations associated with air pollution exposures is difficult, due to concerns about double
counting of benefits. Concerns over double counting stem from the fact that studies of the general population also
include asthmatics, so estimatesduhsolely on the asthmatic population cannot be directly added to the general
population numbers without double counting. In one specific case (upper respiratory symptoms in children), the
only study available is limited to asthmatic children, so thipemd can be readily included in the calculation of
total benefits. However, other endpoints, such as lower respiratory symptoms and MRADSs, are estimated for the
total population that includes asthmatics. Therefore, to simply add predictions of -adtitethsymptoms
generated for the population of asthmatics to these total populsts®d estimates could result in double
counting, especially if they evaluate similar endpoints. The-8&B, in commenting on the analytical blueprint
for 812, acknowledgkthese challenges in evaluating asthmatic symptoms and appropriately adding them into the
primary analysis (SABHES, 2004). However, despite these challenges, thel 2B recommends the addition
of asthmarelated symptoms (i.e., asthma exacerbationte@rimary analysis, provided that the studies use the
panel study approach and that they have comparable design and baseline frequencies in both asthma prevalence
and exacerbation rates. Note also, that the-Si&S, while supporting the incorporationasthma exacerbation
estimates, does not believe that the association between ambient air pollution, including ozone and PM, and the
new onset of asthma is sufficiently strong to support inclusion of this astiated endpoint in the primary
estimate.
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PM, s, measured as a dfbur average, and the taprevalence of shortness of breath and

wheeze endpoints. Although the association was not statistically significant for cough, the

results were still positive and close to significance; consequently, we decided to include this
endpoint, along with sharess of breath and wheeze, in generating incidence estimates (see
below). Vedal et al. (1998) followed a group of elementary school children, including 74
asthmatics, located on the west coast of Vancouver Island for 18 months including measurements
of daly peak expiratory flow (PEF) and the tracking of respiratory symptoms (e.g., cough,

phlegm, wheeze, chest tightness) through the use of daily diaries. Association betwgand®M
respiratory symptoms for the asthmatic population was only reporteddagridpoints: cough

and PEF. Because it is difficult to translate PEF measures into clearly defined health endpoints
that can be monetized, we only included the cengdgited effect estimate from this study in
guantifying asthma exacerbations. We emetbthe following pooling approach in combining
estimates generated using effect estimates from the two studies to produce a single asthma
exacerbation incidence estimate. First, we pooled the separate incidence estimates for shortness
of breath, wheezend cough generated using effect estimates from the Ostro et al. study,

because each of these endpoints is aimed at capturing the same overall endpoint (asthma
exacerbations) and there could be overlap in their predictions. The pooled estimate from the
Ostro et al. study is then pooled with the couglated estimate generated using the Vedal study.
The rationale for this second pooling step is similar to the first; both studies are attempting to
guantify the same overall endpoint (asthma exacerbations).

6.4.3 Baseline Incidence Estimates

Epidemiological studies of the association between pollution levels and adverse health
effects generally provide a direct estimate of the relationship of air quality changesédiatike
risk of a health effect, radr than estimating the absolute number of avoided cases. For example,
a typical result might be that a 10 ppb decrease in daily ozone levels might, in turn, decrease
hospital admissions by 3 percent. The baseline incidence of the health effect is néoessary
convert this relative change into a number of cases. A baseline incidence rate is the estimate of
the number of cases of the health effect per year in the assessment location, as it corresponds to
baseline pollutant levels in that location. To derive total baseline incidence per year, this rate
must be multiplied by the corresponding population number. For example, if the baseline
incidence rate is the number of cases per year per million people, that number must be multiplied
by the millions of peple in the total population.

Table6-6 summarizes the sources of baseline incidence rates and provides average
incidence rates for the endpoints included in the analysis. For both baseline incidence and
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prevalence data, we used agpeecific rates where aNable. We applied concentratiorsponse
functions to individual age groups and then summed over the relevant age range to provide an
estimate of total population benefits. In most cases, we used a single national incidence rate, due
to a lack of more spmlly disaggregated data. Whenever possible, the national rates used are
national averages, because these data are most applicable to a national assessment of benefits.
For some studies, however, the only available incidence information comes frondige stu
themselves; in these cases, incidence in the study population is assumed to represent typical
incidence at the national level. Regional incidence rates are available for hospital admissions,
and countylevel data are available for premature mortal{e have projected mortality rates

such that future mortality rates are consistent with our projections of population growth (Abt
Associates, 2008); this represents a change from the 2005 CAIR analysis, which used static rates.

For the set of endpointdfecting the asthmatic population, in addition to baseline
incidence rates, prevalence rates of asthma in the population are needed to define the applicable
population. Tabl&-7 lists the prevalence rates used to determine the applicable population for
asthma symptom endpoints. Note that these reflect current asthma prevalence and assume no
change in prevalence rates in future yeBRA is aware that more current estimates of asthma
prevalence are available from the American Lung Association. Howseeapplied these older
rates to maintain methodological consistency with the propbsatsport Rule. We anticipate
incorporating more recent prevalence rates for the RIA accompanying the rule; other things
being equal, the newer rates would result irrgelaoverall estimate of asthrelated impacts.

Table 6-6: Baseline Incidence Rates and Population Prevalence Rates for Use in Impact
Functions, General Population

Rates
Endpoint Parameter Value Sourcé
Mortality Daily or annual mortality rate Qggcgﬁg; & CDC Wonder (19961998)
projected to 2015 " U.S. Census bureau
specific rate
Age-, region,
Hospitalizations Daily hospitalization rate and cause 1999 NHDS public use data fifes
specific rate
Age- and 2000 NHAMCS public use data
Asthma ER Visits Daily asthma ER visitate region specific  files®; 1999 NHDS public use dat:
visit rate files”
Annual prevalence rate per
person .
Chronic Bronchitis 1 Aged 1844 0.0367 izggc?a?g(gglgzr,gr?bha uz)g
1 Aged 4564 0.0505 '
1 Aged 65 and older 0.0587

Annual incidence rate per persa 0.00378 Abbey et al. (1993Table 3)
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Rates

Endpoint Parameter Value Sourcé
Daily nonfatal myocardial
infarctionincidence rate per . )
Nonfatal Myocardial ~person, 18+ 1909 TFIDS public use %até‘-lf'f)es
Infarction (heart 1 Northeast 0.0000159 ~ 2Jsted by 798 Tor probapility o
attacks) 1  Midwest 0.0000135 (Rosam%n ot al 193’99
1 South 0.0000111 "
1 West 0.0000100
Incidence (and prevalence)
among asthmatic African
American children
1 daily wheeze 0.076 (0.173) Ostroetal (2001
1 daily cough 0.067 (0.145)
AsthmaExacerbations 1 daily dyspnea 0.037 (0.074)

Prevalence among asthmatic
children

1 dailywheeze 0.038 Vedal et al. (1998
1 daily cough 0.086
1 daily dyspnea 0.045
. Annual bronchitis incidence rate American Lung Association
Acute Bronchitis children 0.043 (20026 Table 11)
Lower Respiratory pa!ly lower resplratqry symptorr 0.0012 Schwartz et al. (19947 able 2)
Symptoms incidence among childrén
. Daily upper respiratory sympton
Upper Respiratory incidence among asthmatic 0.3419 Pope etl. (1991 Table 2)
Symptoms children
Work Loss Days Daily WLD incidence rate per
person (1865) 1996 HIS (Adams, Hendershot,
1 Aged 1824 0.00540 and Marano, 1999Table 41);
1 Aged 2544 0.00678 U.S. Bureau of the Census (200(
1 Aged 4564 0.00492
Minor Restricted Daily MRAD incidence rate per 0.02137 Ostro and Rothschild (1988.

Activity Days

person

243)

2 The following abbreviations are used to describe the national surveys conducted by the National Center for Health

Statistics: HIS refers to the National Health Interview Survey; N&iD&tional Hospital Discharge Survey;
NHAMCSO National Hospital Ambulatorivliedical Care Survey.

® See ftp://ftp.cdc.gov/pub/Health_Statistics/INCHS/Datasets/NHDS/.
¢ See ftp://ftp.cdc.gov/pub/Health_ Statistics/NCHS/Datasets/NHAMCS/.

9 Lower respiratory symptoms are defined as two or more of the following: cough, chest pgjm, gtrid wheeze.
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Table 67. Asthma Prevalence Rates Used for this Analysis

Asthma Prevalence Rates

Population Group Value Source

All Ages 0.0386 American Lung Association (2002&able 79 based on 1999 HIS
<18 0.0527 American Lung Association (2002a, Tablé Hased on 1999 HIS
5117 0.0567 American Lung Association (2002a, Tablé Hased on 1999 HIS
18144 0.0371 American Lung Association (2002a, Tablé Hased on 1999 HIS
451 64 0.0333 American Lung Association (2002a, Tablé® Hased on 1999 HIS
65+ 0.0221 American Lung Association (2002a, Tablé® Hased on 1999 HIS
Male, 27+ 0.021 2000 HIS public usdata file§

African American, 5to 17 0.0726 American Lung Association (2002a, Tablé 9ased on 1999 HIS

African American, <18 0.0735 American Lung Association (2002a, Tablé 9ased on 1999 HIS

& Seeftp://ftp.cdc.gov/pub/Health_Statistics/NCHS/Datasets/NHIS/2000/.

6.4.4 Economic Valuation Estimates

Reductions in ambient concentrations of air pollution generally lower the risk of future
adverse health effects for a large populatimerefore, the appropriate economic measure is
WTP for changes in risk of a health effect rather than WTP for a health effect that would occur
with certainty (Freeman, 1993 pidemiological studies generally provide estimates of the
relative risks of a paicular health effect that is avoided because of a reduction in air pollution.
We converted those to units of avoided statistical incidence for ease of presentation. We
calculated the value of avoided statistical incidences by dividing individual WTaPrisk
reduction by the related observed change in risk.

WTP estimates generally are not available for some health effects, such as hospital
admissions. In these cases, we used the cost of treating or mitigating the effect as a primary
estimate. These cbef-illness (COIl) estimates generally understate the true value of reducing
the risk of a health effect, because they reflect the direct expenditures related to treatment, but
not the value of avoided pain and suffering (Harrington and Portney, 198 &rBeeg7). We
provide unit values for health endpoints (along with information on the distribution of the unit
value) in Tables-8. All values are in constant year 2006 dollars, adjusted for growth in real
income out to 208 using projections providedbySandar d and Poor 6s. Econc
that WTP for most goods (such as environmental protection) will increase if real income
increases. Many of the valuation studies used in this analysis were conducted in the late 1980s
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and early 1990s. Becausereah c o me has grown since the studie
willingness to pay for reductions in the risk of premature death and disease likely has grown as

well. We did not adjust cost of illnesmsed values because they are based on current costs.

Similarly, we did not adjust the value of school absences, because that value is based on current
wage rates. For these two reasons, these cost of illness estimates may underestimate the

economic value of avoided health impacts in@00he discussion below gvides additional

details on ozone and RMrelated related endpoints.

Mortality Valuation

Following the advice of the EEAC of the SAB, EPA currently uses the VSL approach in
calculating the primary estimate of mortality benefits, because we beliewvaktigation
provides the most reasonable single estimate
for reductions in mortality risk (U.S. ER8AB, 200Q. The VSL approach is a summary
measure for the value efmall changes in mortality risk experienced by a large number of
people. For a period of time (20@4008), the Office of Air and Radiation (OAR) valued
mortality risk reductions using a value of statistical life (VSL) estimate derived from a limited
analysis of some of the available studies. OAR arrived at a VSL using a range of $1 million to
$10 million (2000%$) consistent with two metdaalyses of the wagesk literature. The $1
million value represented the lower end of the interquartile range fremditbzek and Taylor
(2002) metaanalysis of 33 studies. The $10 million value represented the upper end of the
interquartile range from the Viscusi and Aldy (2003) retalysis of 43 studies. The mean
estimate of $5.5 million (2000$) was also consistettt the mean VSL of $5.4 million
estimated in the Kochi et al. (2006) metaalysis. However, the Agency neither changed its
official guidance on the use of VSL in ruteakings nor subjected the interim estimate to a
scientific peefreview process thrayh the Science Advisory Board (SAB) or other pesfiew

group.

During this time, the Agency continued work to update its guidance on valuing mortality
risk reductions, including commissioning a report from ratalytic experts to evaluate
methodologicbquestions raised by EPA and the SAB on combining estimates from the various
data sources. In addition, the Agency consulted several times with the Science Advisory Board
Environmental Economics Advisory Committee (SEEAC) on the issue. With input fnothe
metaanalytic experts, the SABEAC advised the Agency to update its guidance using specific,
appropriate metanalytic techniques to combine estimates from unique data sources and
different studies, including those using different methodologies {agerisk and stated
preference) (U.S. ERSAB, 2007).
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Until updated guidance is available, the Agency determined that a singleepiesred
estimate applied consistently best reflects the &\C advice it has received. Therefore, the
Agency haglecided to apply the VSL that was vetted and endorsed by the SAB in the Guidelines
for Preparing Economic Analyses (U.S. EPA, 200@ile the Agency continues its efforts to
update its guidance on this issue. This approach calculates a mean valu¥ &cressmates
derived from 26 labor market and contingent valuation studies published between 1974 and
1991. The mean VSL across these studies is $6.3 million (260D$. Agency is committed to
using scientifically sound, appropriately reviewed evigeincvaluing mortality risk reductions
and has made significant progress in respondingtotheESEBACGO6s speci fi c reconm
The Agency anticipates presenting results from this effort to the [SBBC in Spring 2010 and
that draft guidance will be aylable shortly thereafter.

As indicated in the previous section on quantification of premature mortality benefits, we
assumed for this analysis that some of the incidences of premature mortality related to PM
exposures occur in a distributed fashion dier20 years following exposure. To take this into
account in the valuation of reductions in premature mortality, we applied an annual 3% discount
rate to the value of premature mortality occurring in future years.

The economics literature concerning gppropriate method for valuing reductions in
premature mortality risk is still developing. The adoption of a value for the projected reduction
in the risk of premature mortality is the subject of continuing discussion within the economics
and public poly analysis community. EPA strives to use the best economic science in its
analyses. Given the mixed theoretical finding and empirical evidence regarding adjustments to
VSL for risk and population characteristics, we use a single VSL for all reduationgrtality
risk.

Although there are several differences between the labor market studies EPA uses to
derive a VSL estimate and the PM air pollution context addressed here, those differences in the

! In the (draft) update of the Economic Guidelines (U.S. EPA, 2008d), EPA retained the VSL endorsed by the SAB
with the understanding that further updates to the mortality risk valuation guidance would be forthcoming in the
near future. Therefore, thisgpart does not represent final agency policy.

2 In this analysis, we adjust the VSL to account for a different currency year (2006%) and to account for income
growth to 2014. After applying these adjustments to the $6.3 million value, the VSL is $7.8M.

% The choice of a discount rate, and its associated conceptual basis, is a topic of ongoing discussion within the
federal government. EPA adopted a 3% discount rate for its base estimate in this case to reflect reliance on a
Asoci al r at e dstountirigooacept. rWehave atsooaleutated benefits and costs using a 7% rate
consistent with an fAopportunity cost of capitalo conc
regulatory requirements. In this case, the benefit ancestistates were not significantly affected by the choice
of discount rate. Furt her Guiddimes foeré$riepammg EcoénontichAnatyses opi ¢ a
(EPA, 2@.0).
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affected populations and the nature of the risks implis bptvard and downward adjustments.
Table6-11 lists some of these differences and the expected effect on the VSL estimate for air
pollution-related mortality. In the absence of a comprehensive and balanced set of adjustment
factors, EPA believes it is reanable to continue to use the $6.3 million value while
acknowledging the significant limitations and uncertainties in the available literature.

Table 6-8: Expected Impact on Estimated Benefits of Premature Mortality Reductions of
Differences Between Facts Used in Developing Applied VSL and
Theoretically Appropriate VSL

Attribute Expected Direction of Bias
Age Uncertain, perhaps overestimate
Life Expectancy/Health Status Uncertain, perhaps overestimate
Attitudes Toward Risk Underestimate
Income Uncertain
Voluntary vs. Involuntary Uncertain, perhaps underestimate
Catastrophic vs. Protracted Death Uncertain, perhaps underestimate

The SABEEAC has reviewed many potential VSL adjustments and the state of the
economics literature. The SABEACadvi sed EPA t o 0 eriskibdsedivB8le t o u:
as its primary estimate, including appropriate sensitivity analyses to reflect the uncertainty of
these estimates, 0 and that #@Athe only risk cha
madeig he ti mi ng of t heé. Imdewlaping dunprintary esinfrate pfthe 0 0 0 a
benefits of premature mortality reductions, we have followed this advice and discounted over the
lag period between exposunedapremature mortality.

Uncertainties Specific to Premature Mortality Valuatidrne economic benefits
associated with reductions in the risk of premature mortality are the largest category of
monetized benefits of thEoxicsRule. In addition, in prior analyses, EPA has identified
valuation of mortalityrelated benefits as the largest contributor to the range of uncertainty in
monetized benefits (U.S. EPA, 1999bBecause of the uncertainty in estiesbf the value of
reducing premature mortality risk, it is important to adequately characterize and understand the
various types of economic approaches available for valuing reductions in mortality risk. Such an

! This conclusion was based on an assessment oftaimntg based on statistical error in epidemiological effect
estimates and economic valuation estimates. Additional sources of model error such as those examined in the PM
mortality expert elicitation may result in different conclusions about the retagiveibution of sources of
uncertainty.
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assessment also requires an understarafingw alternative valuation approaches reflect that
some individuals may be more susceptible to air polleitidmced mortality or reflect

differences in the nature of the risk presented by air pollution relative to the risks studied in the
relevant econamics literature.

The health science literature on air pollution indicates that several human characteristics
affect the degree to which mortality risk affects an individual. For example, some age groups
appear to be more susceptible to air pollution thidwers (e.g., the elderly and children). Health
status prior to exposure also affects susceptibility. An ideal benefits estimate of mortality risk
reduction would reflect these human character
i mprove noméd@ncew of survival plus WTP to i mpr
The ideal measure would also take into account the specific nature of the risk reduction
commodity that is provided to individuals, as well as the context in which risk is eddice
measure this value, it is important to assess how reductions in air pollution reduce the risk of
dying from the time that reductions take effect onward and how individuals value these changes.
Each individual 6s s ur vsuwiang beyomnd ageen age,rshotldchskit pr o b
as a result of an environmental quality improvement. For example, changing the current
probability of survival for an individual al s
survival. This probabilityhift will differ across individuals because survival curves depend on
such characteristics as age, health state, and the current age to which the individual is likely to
survive.

Although a survival curve approach provides a theoretically preferred miethealuing
the benefits of reduced risk of premature mortality associated with reducing air pollution, the
approach requires a great deal of data to implement. The economic valuation literature does not
yet include good estimates of the value of the& reduction commodity. As a result, in this
study we value reductions in premature mortality risk using the VSL approach.

Other uncertainties specific to premature mortality valuation include the following:

A Acrossstudy variation: There is considerablencertainty as to whether the available
literature on VSL provides adequate estimates of the VSL for risk reductions from air
pollution reduction. Although there is considerable variation in the analytical designs
and data used in the existing literatubes majority of the studies involve the value of
risks to a middleaged working population. Most of the studies examine differences
in wages of risky occupations, using a hedonic wage approach. Certain
characteristics of both the population affected twedmortality risk facing that

6-38



population are believed to affect the average WTP to reduce the risk. The
appropriateness of a distribution of WTP based on the current VSL literature for
valuing the mortalityrelated benefits of reductions in air pollutiooncentrations
therefore depends not only on the quality of the studies (i.e., how well they measure
what they are trying to measure), but also on the extent to which the risks being
valued are similar and the extent to which the subjects in the studissgnilar to the
population affected by changes in pollution concentrations.

Level of risk reduction:The transferability of estimates of the VSL from the wage

risk studies to the context of the PM NAAQS analysis rests on the assumption that,
within a reasonable range, WTP for reductions in mortality risk is linear in risk
reduction. For example, suppose a study provides a result that the average WTP for a
reduction in mortality risk of 1/100,000 is $50, but that the actual mortality risk
reduction resliting from a given pollutant reduction is 1/10,000. If WTP for

reductions in mortality risk is linear in risk reduction, then a WTP of $50 for a

reduction of 1/100,000 implies a WTP of $500 for a risk reduction of 1/10,000 (which

is 10 times the risk redtion valued in the study). Under the assumption of linearity,

the estimate of the VSL does not depend on the particular amount of risk reduction
being valued. This assumption has been shown to be reasonable provided the change
in the risk being valued iwithin the range of risks evaluated in the underlying studies
(Rowlatt et al., 1998

Voluntariness of risks evaluatedslthough jobrelated mortality risks may differ in
several ways from air pollutierelated mortality risksthe most important difference
may be that jolyelated risks are incurred voluntarily, or generally assumed to be,
whereas air pollutiomelated risks are incurred involuntarily. Some evidence
suggests that people will pay more to reduce involuntardyrired risks than risks
incurred voluntarily. If this is the case, WTP estimates based onngkggtudies
may understate WTP to reduce involuntarily incurred air pollutédated mortality
risks.

Sudden versus protracted deathA:final important diffeence related to the nature of
the risk may be that some workplace mortality risks tend to involve sudden,
catastrophic events, whereas air pollutietated risks tend to involve longer periods
of disease and suffering prior to death. Some evidence stggbat WTP to avoid a
risk of a protracted death involving prolonged suffering and loss of dignity and
personal control is greater than the WTP to avoid a risk (of identical magnitude) of
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sudden death. To the extent that the mortality risks addrestad assessment are
associated with longer periods of illness or greater pain and suffering than are the
risks addressed in the valuation literature, the WTP measurements employed in the
present analysis would reflect a downward bias.

A Seltselection andlgll in avoiding risk: Recent research (Shogren and Stamland,
2002 suggests that VSL estimates based on hedonic wage studies may overstate the
average value of a risk reduction. This is based on the fact that tveagskirade
off revealed in hedonic studies reflects the preferences of the marginal worker (i.e.,
that worker who demands the highest compensation for his risk reduction). This
worker must have either a higher workplace risk than the average worker, aigkwer
tolerance than the average worker, or both. However, the risk estimate used in
hedonic studies is generally based on average risk, so the VSL may be upwardly
biased because the wage differential and risk measures do not match.

A Baseline risk and ageRecent research (Smith, Pattanayak, and Van Houtven, 2006)
finds that because individuals reevaluate their baseline risk of death as they age, the
marginal value of risk reductions does not decline with age as predicted by some
lifetime consumption modsl This research supports findings in recent stated
preference studies that suggest only small reductions in the value of mortality risk
reductions with increasing age.

Chronic Bronchitis Valuation

The best available estimate of WTP to avoid a case afd@ies from Viscusi, Magat,
and Huber (1991 The Viscusi, Magat, and Huber study, however, describes a severe case of
CB to the survey respondents. We therefore employ an estimate of WTP to avoid a pollution
relatedcase of CB, based on adjusting the Viscusi, Magat, and Huber) (@9@hate of the
WTP to avoid a severe case. This is done to account for the likelihood that an average case of
pollution-related CB is not as sever&he adjustment is made by applying the elasticity of WTP
with respect to severity reported in the Krupnick and Cropper j1908y. Details of this
adjustment procedure are provided in the Benefits Technical Suppartrieat (TSD) for the
Nonroad Diesel rulemaking (Abt Associates, 2003

We use the mean of a distribution of WTP estimates as the central tendency estimate of
WTP to avoid a pollutiomelated case of CB in this analysis. Tistribution incorporates
uncertainty from three sources: the WTP to avoid a case of severe CB, as described by Viscusi,
Magat, and Huber; the severity level of an average polkratated case of CB (relative to that
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of the case described by Viscusi, ¢d, and Huber); and the elasticity of WTP with respect to
severity of the illness. Based on assumptions about the distributions of each of these three
uncertain components, we derive a distribution of WTP to avoid a poltglated case of CB

by statisical uncertainty analysis techniques. The expected value (i.e., mean) of this distribution,
which is about $340,000 (2006%$), is taken as the central tendency estimate of WTP to avoid a
PM-related case of CB.

Nonfatal Myocardial Infarctions Valuation

The Agency has recently incorporated into its analyses the impact of air pollution on the
expected number of nonfatal heart attacks, although it has examined the impact of reductions in
other related cardiovascular endpoints. We were not able to identikgblsWTP value for
reductions in the risk of nonfatal heart attacks. Instead, we use a COIl unit value with two
components: the direct medical costs and the opportunity cost (lost earnings) associated with the
illness event. Because the costs assatiaith a myocardial infarction extend beyond the initial
event itself, we consider costs incurred over several years. Uskgpagéic annual lost
earnings estimated by Cropper and Krupnick (329@ a 3% discount ratee estimated a
present discounted value in lost earnings (in 20063$) over 5 years due to a myocardial infarction
of $8,774 for someone between the ages of 25 and 44, $12,932 for someone between the ages of
45 and 54, and $74,746 for someone between treaids and 65. The corresponding-age
specific estimates of lost earnings (in 2006$) using a 7% discount rate are $7,855, $11,578, and
$66,920, respectively. Cropper and Krupnick (19® not provide lost earnings estims for
populations under 25 or over 65. As such, we do not include lost earnings in the cost estimates
for these age groups.

We found three possible sources in the literature of estimates of the direct medical costs
of myocardial infarction:

A Wittels et & (1990 estimated expected total medical costs of myocardial infarction
over 5 years to be $51,211 (in 19863%) for people who were admitted to the hospital
and survived hospitalization. (There does not appear to be any disgoused.)
Wittels et al. was used to value coronary heart disease in the 812 Retrospective
Analysis of the Clean Air Act. Using the GBIfor medical care, the Wittels
estimate is $144,111 in year 2006$. This estimated cost is based on a medical cost
model, which incorporated therapeutic options, projected outcomes, and prices (using
Aknowl edgeabl e cardiologistsd as consul t a
medical decision algorithms to estimate the probabilities of certain events and/or
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medical pocedures being used. The authors note that the average length of
hospitalization for acute myocardial infarction has decreased over time (from an
average of 12.9 days in 1980 to an average of 11 days in 1983). Wittels et al. used 10
days as the averagetheir study. It is unclear how much further the length of stay

for myocardial infarction may have decreased from 1983 to the present. The average
length of stay for ICD code 410 (myocardial infarction) in the \2€00 Agency for
Healthcare Researciné@ Quality (AHRQ) HCUP database is 5.5 days. However, this
may include patients who died in the hospital (not included among our nonfatal
myocardial infarction cases), whose length of stay was therefore substantially shorter
than it would be if they hadon died.

A Eisenstein et al. (200®stimated 1§ear costs of $44,663 in 19973, or $64,003 in
2006$ for myocardial infarction patients, using statistical prediction (regression)
models to estimate inpatient costs. Only inpatests (physician fees and hospital
costs) were included.

A Russell et al. (1998stimated firsyear direct medical costs of treating nonfatal
myocardial infarction of $15,540 (in 1995%) and $1,051 annually thereatfter.
Convering to year 2006$, that would be $30,102 forye&r period (without
discounting) or $38,113 for a @ar period.

In summary, the three different studies provided significantly different values (see Table

6-9).
Table 6-9: Alternative Direct Medical Cost of lllness Estimates for Nonfatal Heart
Attacks
Study Direct Medical Costs (2006$) Over an xYear Period, for x =
Wittels et al. (199D $144,11% 5
Russell et al. (1998 $30,102 5
Eisenstein et a(2001) $64,003 10
Russell et al. (1998 $38,113 10

2 Wittels et al. (199pdid not appear to discount costs incurred in future years.

® Using a 3% discount rate. Discounted values as reported in the study.

As noted above, the estimates from these three studies are substantially different, and we
have not adequately resolved the sources of differences in the estimates. Because the wage
related opportunity cost estimates from Cropper and Krupnick j1&@8@r a Syear period, we
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used estimates for medical costs that similarly covey@ab period (i.e., estimates from Wittels
et al. (1990 and Russell et al. (1998We used a simple average of the twgear estimates, or
$65,902, and added it to theyBar opportunity cost estimate. The resulting estimates are given
in Table6-10.

Table 6-10: Estimated Costs Over a 5Year Period (in 2006$) of a Nonfatal Myocardial

Infarction
Age Group Opportunity Cost Medical Cost Total Cost
0i 24 $0 $84,955 $84,955
25i 44 $10,757 $84,955 $95,713
45i 54 $15,858 $84,955 $100,811
55i 65 $91,647 $84,955 $176,602
> 65 $0 $84,955 $84,955

& An average of the-gear costs estimated by Wittels et al. (1980d Russell et al. (1998
® From Cropper and Krupnick (199sing a 3%discount rate.

6.45 Hospital Admissions Valuation

In the absence of estimates of societal WTP to avoid hospital visits/admissions for
specific illnesses, estimates of total cost of illness (total medical costs plus the value of lost
productivity) typicaly are used as conservative, or lower bound, estimates. These estimates are
biased downward, because they do not include the willingiogsay value of avoiding pain and
suffering.

The International Classification of Diseases (K8D1979) codespecificCOIl estimates
used in this analysis consist of estimated hospital charges and the estimated opportunity cost of
time spent in the hospital (based on the average length of a hospital stay for the iliness). We
based all estimates of hospital charges andheofystays on statistics provided by the Agency
for Healthcare Research and Quality (AHRQ 2000). We estimated the opportunity cost of a day
spent in the hospital as the value of the lost daily wage, regardless of whether the hospitalized
individual is inthe workforce. To estimate the lost daily wage, we divided the 1990 median
weekly wage by five and inflated the result to year 2006$ using th&JCPii a | | items. o
resulting estimate is $127.93. The total eofstilness estimate for an ICD codpecifichospital
stay lastingh days, then, was the mean hospital charge plus $127.93 multiplied by
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Table 6-11: Unit Values for Economic Valuation of Health Endpoints (2006%)

Health Endpoint

Premature Mortality (Value of a Statistical

Life)

Chronic Bronchitis (CB)

2000

Income Level

$6,300,000

$340,000
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Central Estimate of Value Per Statistical

2016 Income Level

$8,600,000

$470,000

Derivation of
Distributions of
Estimates

EPA currently
recommends a centra
VSL of $6.3m
(2000%) based on a
Weibull distribution
fitted to 26 published
VSL estimates (5
contingent valuation
and 21 labor market
studies). The
underlying studies,
the distribution
parameters, and othel
useful information are
available in Appendix
B of EPA's current
Guidelines for
Preparing Economic
Analyses (U.S. EPA,
2000).

The WTP to avoid a
case of pollution
related CB is
calculated as where x
is the severity of an
average CB case,
WTP,3is the WTP for
a severe case of CB,
and $ is the paramete
relating WTP to
severity, based on the
regression results
reported in Krupnick
and Cropper (1992).
The distribution of
WTP for an average
severitylevel case of
CB was genetad by
Monte Carlo methods
drawing from each of
three distributions: (1)
WTP to avoid a
severe case of CB is
assigned a 1/9
probability of being
each of the first nine
deciles of the
distribution of WTP
responses in Viscusi



Nonfatal Myocardial Infarction (heart
attack)

3% discount rate

Age 0 24

Age 2544

Age 4554

Age 55 65

Age 66 and over

7% discount rate
Age 0 24

Age 2544

Age 4554

Age 5565

Age 66 and over

$79,685 $79,685
$88,975 $88,975
$93,897 $93,897
$167,532 $167,532
$79,685 $79,685
$77,769 $77,769
$87,126 $87,126
$91,559 $91,559
$157,477 $157,477
$77,769 $77,769
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et al. (1991); (2) the
severityof a
pollution-related case
of CB (relative to the
case described in the
Viscusi study) is
assumed to have a
triangular distribution,
with the most likely
value at severity level
6.5 and endpoints at
1.0 and 12.0; and (3)
the constant in the
elasticity ofWTP

with respect to
severity is normally
distributed with mean
= 0.18 and standard
deviation = 0.0669
(from Krupnick and
Cropper [1992]). This
process and the
rationale for choosing
it is described in
detail in the Costs anc
Benefits of the Clean
Air Act, 1990 to 2010
(U.S. EPA, 1999b).
No distributional
information available.
Age-specific costof-
illness values reflect
lostearnings and
direct medical costs
over a 5year period
following a nonfatal
MI. Lost earnings
estimates are based ¢
Cropper and Krupnick
(1990). Direct
medical costs are
based on simple
average of estimates
from Russell et al.
(1998) and Wittels et
al. (1990).

Lost earnings:
Cropper and Krupnick
(1990). Present
discounted value of 5
years of lost earnings
age of onset: at <
25144 $8,774 $7.,8
45154 $12,932 11,5
55/ 65 $74,746 66,9
Direct medical



Hospital Admissions
Chronic Obstructive Pulmonary Disease
(COPD)

Asthma Admissions

All Cardiovascular

$16,606

$8,900

$24,668
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$16,606

$8,900

$24,668

expenses: An average
of:

1. Wittels et al.
(1990)
($102,658 no
discounting)

2. Russell et al.
(1998), 5year
period ($22,331
at 3% discount
rate; $21,113 at
7% discount rate)

No distributional
informationavailable.
The COI estimates
(lost earnings plus
direct medical costs)
are based on ICD
codelevel

information (e.g.,
average hospital care
costs, average length
of hospital stay, and
weighted share of
total COPD category
ilinesses) reported in
Agency fa
Healthcare Research
and Quality (2000)
(www.ahrg.gov).

No distributional
information available.
The COI estimates
(lost earnings plus
direct medical costs)
are based on ICD
codelevel

information (e.qg.,
average hospital care
costs, average length
of hospital stay, and
weighted share of
total asthma category
ilinesses) reported in
Agency for
Healthcare Research
and Quality (2000)
(www.ahrg.gov).

No distributional
information available.
The COIl estimates
(lost earnings plus
direct medical costs)
are based on ICD
codelevel



All respiratory (ages 65+)

All respiratory (agesi®)

Emergency Room Visits for Asthma

$24,622

$10,385

$384
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$24,622

$10,385

$384

information (e.g.,
average hospital care
costs, average length
of hospital stay, and
weighted share of
total cardiovacular
category illnesses)
reported in Agency
for Healthcare
Research and Quality
(2000)
(www.ahrg.gov).

No distributions
available. The COI
point estimates (lost
earnings plus direct
medical costs) are
based orilCD-9 code
level information
(e.g., average hospita
care costs, average
length of hospital
stay, and weighted
share of total COPD
category illnesses)
reported in Agency
for Healthcare
Research and Quality
2000
(www.ahrg.gov).

No distributions
available. The COI
point estimates (lost
earnings plus direct
medical costs) are
based on ICE® code
level information
(e.g., average hospita
care costs, average
length of hospital
stay, and weighted
share of total COPD
category illnesses)
reported in Agency
for Healthcare
Research and Quality
2000
(www.ahrg.gov).

No distributional
information available.
Simple average of twc
unit COl values:

(1) $311.55, from
Smith et al. (1997
and

(2) $260.67, from



Respiratory Ailments Not Requiring Hospitalization

Upper Respiratory Symptoms (URS)

Lower Respiratory Symptoms (LRS)

$30

$16
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$19

$30

Stanford et al. (1999).

Combinations of the
three symptoms for
which WTP estimates
are available that
closely match those
listed by Popet al.
result in seven

di fferent
clusters, o
describing
URS. A dollar value
was derived for each
type of URS, using
mid-range estimates
of WTP (IEc, 1994) to
avoid each symptom
in the cluster and
assuming additivity of
WTPs. In theabsence
of information
surrounding the
frequency with which
each of the seven
types of URS occurs
within the URS
symptom complex,
we assumed a uniforr
distribution between
$9.2 and $43.1.
Combinations of the
four symptoms for
which WTP estimates
are available that
closely match those
listed by Schwartz et
al. resultin 11

di fferent
clusters, o
describing
LRS. A dollar value
was derived for each
type of LRS, using
mid-range estimates
of WTP (IEc, 1994) to
avoid each symptom
in the cluster and
assuming additivity of
WTPs. The dollar
value for LRS is the
average of the dollar
values for the 11
different types of
LRS. In the absence
of information



Asthma Exacerbations

Acute Bronchitis

$43

$360
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$53

$440

surrounding the
frequency with which
each of thel 1 types
of LRS occurs within
the LRS symptom
complex, we assumec
a uniform distribution
between $6.9 and
$24.46.

Asthma exacerbation:
are valued at $45 per
incidence, based on
the mean of average
WTP estimates for the
four sverity
definition
ast hma day
described in Rowe
and Chestnut (1986).
This study surveyed
asthmatics to estimat
WTP for avoidance of
a fibad ast
as defined by the
subjects. For purpose
of valuation, an
asthma exacerbation
is assumedotbe
equivalent to a day in
which asthma is
moderate or worse as
reported in the Rowe
and Chestnut (1986)
study. The value is
assumed have a
uniform distribution
between $15.6 and
$70.8.

Assumes a-@lay
episode, with the
distribution of the
daily value specified
as uniform with the
low and high values
based on those
recommended for
related respiratory
symptoms in
Neumann et al.
(1994). The low daily
estimate of $10 is the
sum of the migtange
values recommended
by IEc(1994)for two
symptoms believed to
be associated with



Work Loss Days (WLDs)

Minor Restricted Activity Days (MRADS)

Variable (U.S.
median = $130)

$51

AsthmaRelated Emergency Room Visits Valuation

Variable (U.S.
median = $130)

$62

acute bronchitis:
coughing and chest
tightness. The high
daily estimate was
taken to be twice the
value of a minor
respiratory restricted
activity day, or $110.
No distribution
available. Point
estimate is based on
countyspecific
median annual wages
divided by 50
(assuming 2 weeks of
vacation) and then by
53 to get median
daily wage. U.S. Year
2000 Censs,
compiled by
Geolytics, Inc.
Median WTP estimate
to avoid one MRAD
from Tolley et al.
(1986). Distribution is
assumed to be
triangular with a
minimum of $22 and
a maximum of $83,
with a most likely
value of$52. Range is
based on assumption
that value should
exceed WTP for a
single mild symptom
(the highest estimate
for a single

sympton®d for eye
irritationd is $16.00)
and be less than that
for a WLD. The
triangular distribution
acknowledges that the
actual valie is likely
to be closer to the
point estimate than
either extreme.

To value asthma emergency room visits, we used a simple average of two estimates from
the health economics literature. The first estincat@es from Smith et al. (1997), who reported
approximately 1.2 million asthra@lated emergency room visits in 1987, at a total cost of
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$186.5 million (1987%). The average cost per visit that year was $155; in 2006$, that cost was
$400.88 (using the CRJ for medical care to adjust to 2006$). The second estimate comes from
Stanford et al. (1999), who reported the cost of an average astlated emergency room visit

at $335.14, based on 199097 data. A simple average of the two estimates yields a (rdunde
unit value of $368.

Minor Restricted Activity Days Valuation

No studies are reported to have estimated WTP to avoid a minor restricted activity day.

However, one of EPAOGS contractors, | Ec (1994)

avoid aminor respiratoryrestricted activity day, using estimates from Tolley et al. (1986) of
WTP for avoiding a combination of coughing, throat congestion and sinusitis. The IEc estimate
of WTP to avoid a minor respiratory restricted activity day is $381880%), or about $62.04
(2006%).

Although Ostro and Rothschild (1989) statistically linked ozone and minor restricted
activity days, it is likely that most MRADs associated with ozone exposure are, in fact, minor
respiratoryrestricted activity days. Fahe purpose of valuing this health endpoint, we used the
estimate of mean WTP to avoid a minor respiratory restricted activity day.

Visibility Valuation

Reductions in N@and SQ emissions along with the secondary formation oL,BEM
would improve the level of visibility throughout the United States because these suspended
particles and gases degrade visibility by scattering and absorbing light (U.S. EPA, 2009d).

Visibility has direct signi f iiesandtbes overalsemeopl e d

of wellbeing (U.S. EPA, 2009d)ndividuals value visibility both in the places they live and

work, in the places they travel to for recreational purposes, and at sites of unique public value,
such as the Great Smokey Mountdwetional Park. This section discusses the measurement of
the economic benefits of improved visibility.

Visual air quality (VAQ) is commonly measured as either light extinction, which is
defined as the loss of light per unit of distance in terms of ieveegameters (MM or the
deciview (dv) metric (Pitchford and Malm, 1993), which is a logarithmic function of extinction.
Extinction and deciviews are physical measures of the amount of visibility impairment (e.g., the
amount of A ha z dion)and deciviewhncreasing las thexamount af haze increases.
Pitchford and Malm characterize a change of

change under many circumstances. o0 Light ext.i

atmosphere #t occurs when light is either scattered or absorbed, which converts the light to
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heat. Particulate matter and gases can both scatter and absorb light. Fine particles with

significant lightextinction efficiencies include sulfates, nitrates, organicagrblemental

carbon, and soil (Sisler, 1996]he extent to which any amount of light extinction affects a
personbés ability to view a scene depends on b
the appearance of a nearby object (i.e. a buildgggnerally less sensitive to a change in light

extinction than the appearance of a similar object at a greater disteed-iguré-3 for an

illustration of the important factors affecting visibility.

Characteristics of Observer

® Detection Thresholds

@ Psychological Response to
Incoming Light

® Value Judgements

Optical Characteristics of lllumination

e Sunlight (Sun Angle)
e Cloud Cover (Overcast, Puffy, etc.)
o Sky

Optical Characteristics of
Intervening Atmosphere

Optical Characteristics of
® Light Added to Sight Path by Viewed Target

Particles and Gases

e Image-Forming Light Subtracted
from Sight Path by Scattering
and Absorption

@ Color

©® Contrast Detail (Texture)
e Form

® Brightness

Figure 6-3: Important factors involved in seeng a scenic vista (Malm, 1999)

In conjunction with the U.S. National Park Service, the U.S. Forest Service, other Federal
land managers, and State organizations in the U.S., the U.S. EPA has supported visibility
monitoring in national parks and wilderneseas since 1988. The monitoring network known
as IMPROVE (Interagency Monitoring of Protected Visual Environments) now includes 150

sites that represent almost all of the Class | areas across the country (se6-E)qlfesS. EPA,
2009d).
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Figure 6-4. Mandatory Class | Areas in the U.S.

Annual average visibility conditions (reflecting light extinction due to both anthropogenic
and noranthropogenic sources) vary regionally across the U.S. (U.S. EPA, 2009d). The rural
East generally has higher levelsimpairment than remote sites in the West, with the exception
of urbaninfluenced sites such as San Gorgonio Wilderness (CA) and Point Reyes National
Seashore (CA), which have annual average levels comparable to certain sites in the Northeast
(U.S. EPA,2004). Higher visibility impairment levels in the East are due to generally higher
concentrations of fine particles, particularly sulfates, and higher average relative humidity levels.
While visibility trends have improved in most Class | areas, thentedata show that these areas
continue to suffer from visibility impairment. In eastern parks, average visual range has
decreased from 90 miles to-25 miles, and in the West, visual range has decreased from 140
miles to 3590 miles (U.S. EPA, 2004; U.EPA, 1999b).

EPA distinguishes benefits from two categories of visibility changes: residential
visibility and recreational visibility. In both cases economic benefits are believed to consist of
use values and nonuse values. Use values includedtietie benefits of better visibility,
improved road and air safety, and enhanced recreation in activities like hunting and

birdwatching. Nonuse values are based on peo
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free of humarinduced haze. Nonusalues may be more important for recreational areas,
particularly national parks and monuments.

Residential visibility benefits are those that occur from visibility changes in urban,
suburban, and rural areas. In previous assessments, EPA used a sasityemial visibility
valuation conducted in 1990 (McClelland et al., 199Subsequently, EPA designated the
McClelland et al. study as significantly less reliable for regulatory becesit analysis
consistent with SAB adee (U.S. EPASAB, 1999. Although a wide range of published, peer
review literature supports a n@ero value for residential visibility (Brookshire et al., 1982; Rae,
1983; Tolley et al., 1986; Chestnut aRdwe, 1990c; McClleand et al., 1993; Loehman et al.,
1994), the residential visibility benefits have not been calculated in this analysis.

For recreational visibility, only one existing study provides defensible monetary
estimates of the value of visibifithanges in a 1988 survey on recreational visibility value
(Chestnut and Rowe, 1990a; 1990BIthough there are a number of other studies in the
literature, they were conducted in the early 1980s and did not usedséttat are considered
defensible by current standards. The Chestnut and Rowe study uses the CV method. There has
been a great deal of controversy and significant development of both theoretical and empirical
knowledge about how to conduct CV surveysihe past decade. Il n EPAOGS
Chestnut and Rowe study contains many of the elements of a valid CV study and is sufficiently
reliable to serve as the basis for monetary estimates of the benefits of visibility changes in
recreational areds.This study serves as an essential input to our estimates of the benefits of
recreational visibility improvements in the primary benefits estimates.

For the purposes of this analysis, recreational visibility improvements are defined as
those that occur spdicially in federal Class | aredsA key distinction between recreational and
residential benefits is that only those people living in residential areas are assumed to receive
benefits from residential visibility, while all households in the United Statesssumed to
derive some benefit from improvements in Class | areas. Values are assumed to be higher if the
Class | area is located close to their hotiide Chestnut and Rowe study measured the demand
for visibility in Class | areas managed by the iNia&al Park Service (NPS) in three broad regions

'!An SAB advisory letter indicates that fmany members of
the best a-5ABCOENCILADY-00-80R,A999p.13). However, the committee did not formally
approve use of these estimates because of concerns about thevigserd status of the study. EPA believes the
study has received adequate review and has been cited in numerenevigeexd publications (Gstnut and
Dennis, 199Y.
2 The Clean Air Act designates 156 national parks and wilderness areas as Class | areas for visibility protection.
% For details of the visibility estimates discussed in this chapter, pleaseor#ferBenefits TSD for the Nonroad
Diesel rulemaking (Abt Associates, 2003
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of the country: California, the Southwest, and the Southeast. Respondents in five states were
asked about their WTP to protect national parks or-NR8aged wilderness areas within a
particular region. Theurvey used photographs reflecting different visibility levels in the
specified recreational areas. The visibility levels in these photographs were later converted to
deciviews for the current analysis. The survey data collected were used to estifidte a
equation for improved visibility. In addition to the visibility change variable, the estimating
equation also included household income as an explanatory variable.

The Chestnut and Rowe study did not measure values for visibility improvement in Class
| areas outside the three regions. Their study covered 86 of the 156 Class | areas in the United
States. We can infer the value of visibility changes in the other Class | areas by transferring
values of visibility changes at Class | areas in the stugipms. A complete description of the
benefits transfer method used to infer values for visibility changes in Class | areas outside the
study regions is provided in the Benefits TSD for the Nonroad Diesel rulemaking (Abt
Associates, 2003

The Chestnut and Rowe study (Chestnut and Rowe, 1990a;)1888bugh representing
the best available estimates, has a number of limitations. These include the following:

A The age of the study (late 1980g)l increase the uncertainty about the
correspondence of the estimated values to those that might be provided by current or
future populations.

A The survey focused only on populations in five states, so the application of the
estimated values to populat®outside those states requires that preferences of
populations in the five surveyed states be similar to those e$umweyed states.

A There is an inherent difficulty in separating values expressed for visibility
improvements from an overall value for iroped air quality. The Chestnut and
Rowe study attempted to control for this
households are being asked about visibility, human health, and vegetation protections
i n urban areas and at Haeveromstdfthgpgar ks i n o
respondents did not feel that they were able to segregate visibility at national parks
entirely from residential visibility and health effects.

A Itis not clear exactly what visibility improvements the respondents to the Chestnut
andRowe survey were valuing. The WTP question asked about changes in average
visibility, but the survey respondents were shown photographs of only summertime
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conditions, when visibility is generally at its worst. It is possible that the respondents
believedthose visibility conditions held yeaiound, in which case they would have

been valuing much larger overall improvements in visibility than what otherwise

would be the case. For the purpose of the benefits analysis for this rule, EPA assumed
that respondgs provided values for changes in annual average visibility. Because
most policies will result in a shift in the distribution of visibility (usually affecting the
worst days more than the best days), the annual average may not be the most relevant
metricfor policy analysis.

A The survey did not include reminders of possible substitutes (e.g., visibility at other
parks) or budget constraints. These reminders are considered to be best practice for
stated preference surveys.

A The Chestnut and Rowe survey feed on visibility improvements in and around
national parks and wilderness areas. The survey also focused on visibility
improvements of national parks in the southwest United States. Given that national
parks and wilderness areas exhibit unique charatitsy it is not clear whether the
WTP estimate obtained from Chestnut and Rowe can be transferred to other national
parks and wilderness areas, without introducing additional uncertainty.

In general, the survey design and implementation reflect thedpi@riwhich the survey
was conducted. Since that time, many improvements to the stated preference methodology have
been developed. As future survey efforts are completed, EPA will incorporate values for
visibility improvements reflecting the improved saywdesigns.

The estimated relationship from the Chestnut and Rowe study is only directly applicable
to the populations represented by survey respondents. EPA used benefits transfer methodology
to extrapolate these results to the population affected bethetions in precursor emissions
associated with this rule. A general WTP equation for improved visibility (measured in
deciviews) was developed as a function of the baseline level of visibility, the magnitude of the
visibility improvement, and houseflibincome. The behavioral parameters of this equation were
taken from analysis of the Chestnut and Rowe data. These parameters were used to calibrate
WTP for the visibility changes resulting from this rule. The method for developing calibrated
WTP functons is based on the approach developed by Smith et al.)(2802ilable evidence
indicates that households are willing to pay more for a given visibility improvement as their
income increases (Chestnut, 1897 The benefits estimates here
that a 1% increase in income is associated with a 0.9% increase in WTP for a given change in
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visibility. A more detailed explanation of the visibility benefits methodology is provided in
Apperdix | of the PM NAAQS RIA (U.S. EPA, 2006).

One major source of uncertainty for the visibility benefits estimate is the benefits transfer
process used. Judgments used to choose the functional form and key parameters of the
estimating equation for WTP foine affected population could have significant effects on the
size of the estimates. Assumptions about how individuals respond to changes in visibility that
are either very small or outside the range covered in the Chestnut and Rowe study could also
affed the results.

In addition, our estimate of visibility benefits is incomplete. For example, we anticipate
improvement in visibility in residential areas for which we are currently unable to monetize
benefits, such as the Northeastern and Central regfahe U.S. The value of visibility benefits
in areas where we were unable to monetize benefits could also be substantial. EPA requests
public comment on the approach taken here to quantify the monetary value of changes in
visibility in Class | areas.

Growth in WTP Reflecting National Income Growth Over Time

Our analysis accounts for expected growth in real income over time. Economic theory
argues that WTP for most goods (such as environmental protection) will increase if real incomes
increase. There substantial empirical evidence that the income elastiotyVTP for health
risk reductions is positive, although there is uncertainty about its exact value. Thus, as real
income increases, the WTP for environmental improvements also increases. Altrerugh
analyses assume that the income elasticity of WTP is unit elastic (i.e., a 10% higher real income
level implies a 10% higher WTP to reduce risk changes), empirical evidence suggests that
income elasticity is substantially less than one and thusvediainelastic. As real income rises,
the WTP value also rises but at a slower rate than real income.

The effects of real income changes on WTP estimates can influence benefits estimates in
two different ways: through real income growth between thegy®dif P study was conducted
and the year for which benefits are estimated, and through differences in income between study
populations and the affected populations at a particular time. Empirical evidence of the effect of
real income on WTP gathered to el& based on studies examining the former. The
Environmental Economics Advisory Committee (EEAC) of the Science Advisory Board (SAB)

! Income elasticity is a common economic measure equal to the percentage change in WTP for a 1% change in
income.
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advised EPA to adjust WTP for increases in real income over time but not to adjust WTP to
account for crossectionalino me di f ferences fAbecause of the s

distinctions, and because of i nsu-5ABj2000@®.nt evVvi
A recent advisory by another committee associated with the SAB, the Advisory Council on
CleanArConp |l i ance Analysis, has provided conflict
general principle that the willingness to pay to reduce mortality risks is likely to increase with

growth in real income (U.S.ERBEAB, 2004a, p. 52) 0 exsmddbehat A
assumed for the WTP for serious nonfatal health effects (U.SSERB, 2004a, p. 52)
note that figiven the | imitations and uncert ai
does not support the use of the proposed adjustrferaggregate income growth as part of the

primary analysis (U.S.ERS AB, 2004a, p. 53).0 Until these

reconciled, EPA will continue to adjust valuation estimates to reflect income growth using the
methods described belowhile providing sensitivity analyses for alternative income growth
adjustment factors.

Based on a review of the available income elasticity literature, we adjusted the valuation
of human health benefits upward to account for projected growth in reahdoge. Faced
with a dearth of estimates of income elasticities derived froms$enies studies, we applied
estimates derived from cressctional studies in our analysis. Details of the procedure can be
found in Kleckner and Neumann (1999An abbreviated description of the procedure we used to
account for WTP for real income growth between 1990 ané BOdresented below.

Reported income elasticities suggest that the severity of a health effect is a primary
determinat of the strength of the relationship between changes in real income and WTP. As
such, we use different elasticity estimates to adjust the WTP for minor health effects, severe and
chronic health effects, and premature mortality. Note that becausewairigiy of empirical
sources used in deriving the income elasticities, there may appear to be inconsistencies in the
magnitudes of the income elasticities relative to the severity of the effept®(i one might
expect that more severe outcomes wohlovgless income elasticity of WTP). We have not
imposed any additional restrictions on the empirical estimates of income elasticity. One
explanation for the seeming inconsistency is the difference in timing of conditions. WTP for
minor ilinesses is ofteaxpressed as a short term payment to avoid a single episode. WTP for
major illnesses and mortality risk reductions are based on longer term measures of payment
(such as wages or annual income). Economic theory suggests that relationships become more
elastic as the length of time grows, reflecting the ability to adjust spending over a longer time
period. Based on this theory, it would be expected that WTP for reducing long term risks would
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be more elastic than WTP for reducing short term risks. Weea|sect that the WTP for
improved visibility in Class | areas would increase with growth in real income. The relative
magnitude of the income elasticity of WTP for visibility compared with those for health effects
suggests that visibility is not as mucheofecessity as health, thus, WTP is more elastic with
respect to income. The elasticity values used to adjust estimates of benefits ane201
presented in Table-12.

Table 6-12: Elasticity Values Used to Account for Projected Real Income Growth

Beneit Category Central Elasticity Estimate
Minor Health Effect 0.14
Severe and Chronic Health Effects 0.45
Premature Mortality 0.40
Visibility 0.90

@ Derivation of estimates can be found in Kleckner and Neumann &889Chestnut (1997 COI estimates are
assigned an adjustment factor of 1.0.

In addition to elasticity estimates, projections of real gross domestic product (GDP) and
populations from 1990 to 2020 are needed to adjust benefitsdotnefhl per capita income
growth. For consistency with the emissions and benefits modeling, we used national population
estimates for the years 1990 to 1999 based on U.S. Census Bureau estimates (Hollman, Mulder,
and Kallan, 2000 These population estimates are based on application of a-cohgrbnent
model applied to 1990 U.S. Census data projections (U.S. Bureau of Censys, RiX0be
years between 2000 and &) ive appliel growth rates based on the U.S. Census Bureau
projections to the U.S. Census estimate of national population in 2000. We used projections of
real GDP provided in Kleckner and Neumann (1999 the years 1990 to 2010We used
projections of real GDP (in chained Nd96 dol l
the years 2010 to 26%

Using the method outlined in Kleckner and Neumann (188€the population and
income data described above, we calculated WTP adjustment factors for each of the elasticity
estimates listed in Tab&13. Benefits for each of the categories (minor health effects, severe
and chronic health effects, premature margaiind visibility) are adjusted by multiplying the
unadjusted benefits by the appropriate adjustment fabtote that, for premature mortality, we

1 U.S. Bureau of Economic Analysis, Ala 2A (1992$) (available at http://www.bea.doc.gov/bea/dn/0897nip2/
tab2a.htm.) and U.S. Bureau of Economic Analysis, Economics and Budget Outlook. Note that projections for
2007 to 2010 are based on average GDP growth rates between 1999 and 2007.

Inpr evi ous analyses, we used the Standard and Poords pr
discontinuity in the adjustment factors between 2010 and 2011. We refined the method by applying the relative
growth rates for GDP derived fromthe®td ar d and Poor és projections to the
Bureau of Economic Analysis projections.
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applied the income adjustment factor to the present discounted value of the stream of avoided
mortalitiesoccurring over the lag period. Also note that because of a lack of data on the
dependence of COI and income, and a lack of data on projected growth in average wages, no
adjustments are made to benefits based on the COI approach or to work loss daykand wo
productivity. This assumption leads us to underpredict benefits in future years because it is
likely that increases in real U.S. income would also result in increased COI (due, for example, to
increases in wages paid to medical workers) and increastaf work loss days and lost worker
productivity (reflecting that if worker incomes are higher, the losses resulting from reduced
worker production would also be higher).

Table 6-13: Adjustment Factors Used to Account for Projected Real Income Growth

Benefit Category 2016
Minor Health Effect 1.06
Severe and Chronic Health Effects 1.19
Premature Mortality 1.16
Visibility 1.41

@ Based on elasticity values reported in Tabl& U.S. Census population projections, and projections of real GDP
per capita.

6.5 Unquantified Health and Welfare Benefits

This analysis is limited by the available data and resources. As such, we are not able to
guantify several welfare benefit categories, as shown in Bableln this section, we provide a
gualitativeassessment of some of the primary welfare benefit categories from reduciram O
SO, emissions: health and ecosystem benefits of reducing nitrogen and sulfur emissions and
deposition and vegetation benefits from reducing ozonhile we were unable tquantify how
large these benefits might be as a result of the emission reductions achieved by this rule,
previous EPA assessments show that these benefits could be substantial (U.S. EPA, 2008f; U.S.
EPA, 2009c; U.S. EPA, 2007b; U.S. EPA, 1999b). The aamissf these endpoints from the
monetized results should not imply that the impacts are small or unimportant.

6.5.1 Ecosystem Services

Ecosystem services can be generally defined as the benefits that individuals and
organizations obtain from ecosysteni&PA has defined ecological goods and services as the
Aout puts of ecological functions or processes
welfare or have the potential to do so in the future. Some outputs may be bought and sold, but

! Some quantitative estimates of the total value of certain recreational and environmental goods given current and
historic emission levels arequided below. They do not reflect benefits that would accrue as a result of this
result. However, these valueswig be expected to increase as emissions are decreased a result of this rule.
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services and human wdiking. The interrelatedness of these categories means thateany on
ecosystem may provide multiple services. Changes in these services can affect human well
being by affecting security, health, social relationships, and access to basic material goods
(MEA, 2005).

In the Millennium Ecosystem Assessment (MEA, 2005), ystesn services are
classified into four main categories:

1. Provisioning: Products obtained from ecosystems, such as the production of food and water

2. Regulating: Benefits obtained from the regulation of ecosystem processes, such as the control
of climate andlisease

3. Cultural: Nonmaterial benefits that people obtain from ecosystems through spiritual
enrichment, cognitive development, reflection, recreation, and aesthetic experiences

4. Supporting: Services necessary for the production of all other ecosystemnesesuich as
nutrient cycles and crop pollination
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Figure 6-5: Linkages between categories of ecosystem services and components of human
well-being from Millennium Ecosystem Assessment (MEA, 2005)

The monetization of ecosystem services generally involves estimating the value of
ecological goods and services based on what people are willing to pay (WTP) to increase
ecological services or by what people are willing to accept (WTA) in compensation for
reductions in them (U.S. EPA, 2006b). There are three primary approaches for estimating the
monetary value of ecosystem services: mablested approaches, revealed preference methods,
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and stated preference methods (U.S. EPA, 2006b). Because econoationalfiecosystem
services can be difficult, nonmonetary valuation using biophysical measurements and concepts
also can be used. An example of a nonmonetary valuation method is the use ofvelaéve
indicators (e.g., a flow chart indicating uses @fater body, such as boatable, fishable,
swimmable, etc.). It is necessary to recognize that in the analysis of the environmental responses
associated with any particular policy or environmental management action, only a subset of the
ecosystem servicewikely to be affected are readily identified. Of those ecosystem services that
are identified, only a subset of the changes can be quantified. Within those services whose
changes can be quantified, only a few will likely be monetized, and many will remain
nonmonetized. The stepwise concept leading up to the valuation of ecosystems services is
graphically depicted in Figure 6.
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Figure 6-6: Schematic of the benefits assessment process (U.S. EPA, 2006b)
6.5.2 Ecosystem Benefits of Reduced Nitrogen a@dlfur Deposition

Science of Deposition

Nitrogen and sulfur emissions occur over large regions of North America. Once these
pollutants are lofted to the middle and upper troposphere, they typically have a much longer
lifetime and, with the generally stnger winds at these altitudes, can be transported long
distances from their source regions. The length scale of this transport is highly variable owing to
differing chemical and meteorological conditions encountered along the transport path (U.S.
EPA, 2008).. Sulfur is primarily emitted as SQand nitrogen can be emitted as NO, NID
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NHs. Secondary particles are formed from,NDd SQ gaseous emissions and associated
chemical reactions in the atmosphere. Deposition can occur in either a wet (i.e., rain, snow,
sleet, hail, clouds, or fog) or dry form (i.e., gases or particles). Together these emissions are
deposited onto terrestriahd aquatic ecosystems across the U.S., contributing to the problems of
acidification, nutrient enrichment, and methylmercury production as represented in@-igure
Although there is some evidence that nitrogen deposition may have positive effects on
agricultural and forest output through passive fertilization, it is likely that the overall value is
very small relative to other health and welfare effects.
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Figure 6-7: Schematics of Ecological Effects of Nitrogen and Sulfur Deposition
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The lifetimes of particles vary with particle size. Accumulatioode particles such as
sulfates are kept in spension by normal air motions and have a lower deposition velocity than
coarsemode patrticles; they can be transported thousands of kilometers and remain in the
atmosphere for a number of days. They are removed from the atmosphere primarily by cloud
processes. Particulates affect acid deposition by serving as cloud condensation nuclei and
contribute directly to the acidification of rain. In addition, the-ghase species that lead to the
dry deposition of acidity are also precursors of particles. Tdrerereductions in N@and SQ
emissions will decrease both acid deposition and PM concentrations, but not necessarily in a
linear fashion. (U.S. EPA, 2008f). Sulfuric acid is also deposited on surfaces by dry deposition
and can contribute to environmaheffects (U.S. EPA, 2008f).

Ecological Effects of Acidification

Deposition of nitrogen and sulfur can cause acidification, which alters biogeochemistry
and affects animal and plant life in terrestrial and aquatic ecosystems across the U.S. Soill
acidfication is a natural process, but is often accelerated by acidifying deposition, which can
decrease concentrations of exchangeable base cations in soils (U.S. EPA, 2008f). Major
terrestrial effects include a decline in sensitive tree species, suchsgsued Picea rubenps
and sugar mapledger saccharum(U.S. EPA, 2008f). Biological effects of acidification in
terrestrial ecosystems are generally linked to aluminum toxicity and decreased ability of plant
roots to take up base cations (U.S. EPA, 20@&creases in the acid neutralizing capacity and
increases in inorganic aluminum concentration contribute to declines in zooplankton, macro
invertebrates, and fish species richness in aquatic ecosystems (U.S. EPA, 2008f).

Geology (particularly surfial geology) is the principal factor governing the sensitivity of
terrestrial and aquatic ecosystems to acidification from nitrogen and sulfur deposition (U.S. EPA,
2008f). Geologic formations having low base cation supply generally underlie the waterisheds
acid-sensitive lakes and streams. Other factors contribute to the sensitivity of soils and surface
waters to acidifying deposition, including topography, soil chemistry, land use, and hydrologic
flow path (U.S. EPA, 2008f).

Aquatic Ecosystems

Aquaticeffects of acidification have been well studied in the U.S. and elsewhere at
various trophic levels. These studies indicate that aquatic biota have been affected by
acidification at virtually all levels of the food web in acid sensitive aquatic ecosysteffiests
have been most clearly documented for fish, aquatic insects, other invertebrates, and algae.
Biological effects are primarily attributable to a combination of low pH and high inorganic
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aluminum concentrations. Such conditions occur more fretyuéuring rainfall and snowmelt

that cause high flows of water and less commonly duringfliow conditions, except where

chronic acidity conditions are severe. Biological effects of episodes include reduced fish

condition factor, changes in speciesmoposition and declines in aquatic species richness across
multiple taxa, ecosystems and regions. These conditions may also result in direct fish mortality

(Van Sickle et al., 1996). Biological effects in aquatic ecosystems can be divided into two major
categories: effects on health, vigor, and reproductive success; and effects on biodiversity.
Surface water with ANC values greater than 50
most fish (i.e., brook trout, others) and other aquatic organisrss BPA, 2009c). Table-14

provides a summary of the biological effects experienced at various ANC levels.

Table 6-14: Aquatic Status Categories

Category Label ANC Levels Expected Ecological Effects
. Near complete loss of fish populations is expected. Planktonic communitieg
<0 micro . . . . L
Acute equivalent per have extremely low diversity and are dominated by acidophilic forms. The
Concern quivalen’ p . .| number of individuals in plankton species that are present is greatly
, EOAO jt
reduced.
Severe Highly sensitive to episodic acidification. During episodes of high acidifying
Concern 0z¢ m t A N7 deposition, brook trout populations may experience lethal effects. Diversity
and distribution of zooplankton communities decline sharply.
Fish species richness is greatly reduced (i.e., more than half of expected
Elevated ~| species can be missing). On average, brook trout populations experience
20z t AN . . . . .
Concern sublethal effects, including loss of health, reproduction capacity, and fithess
Diversity and distribution of zooplankton communities decline.
Fish species richness begins to decline (i.e., sensitive species are lost from
lakes). Brook trout populations are sensitive and variable, with possible
Moderate . . o L
Concern 50zp mm t Al sublethal effects. Diversity and distribution of zooplankton communities
also begin to decline as species that are sensitive to acidifying deposition a
affected.
Low Fish species richness may be unaffected. Reproducing brook trout
Concern epnn t AN populations areexpected where habitat is suitable. Zooplankton
communities are unaffected and exhibit expected diversity and distribution.

A number of national and regional assessments have been conducted to estimate the
distribution and extent of surface water acidity in the U.S (U.S. EPA, 2008f). As a result, several
regions of the U.S. have been identified as containing a large numb&esfand streams that

! Condition factor is an index that describes the relationtstiiween fish weight and length, and is one measure of
sublethal acidification stress that has been used to quantify effects of acidification on an individual fish (U.S.EPA,
2008f).
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are seriously impacted by acidification. Fig6r8 illustrates those areas of the U.S. where
aguatic ecosystems are at risk from acidification.
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Figure 6-8: Areas Potentially Sensitive to Aquatic Acidification (U.S. EPA, 2008f)

Because acidification primarily affects the diversity and abundance of aquatic biota, it
also affects the ecosystem services that are derived from the fish and other aquatic life found in
these surface waters.

While acidification is unlikely to have serisunegative effects on, for example, water
supplies, it can limit the productivity of surface waters as a source of food (i.e., fish). In the
northeastern United States, the surface waters affected by acidification are not a major source of
commercially rised or caught fish; however, they are a source of food for some recreational and
subsistence fishermen and for other consumers. For example, there is evidence that certain
population subgroups in the northeastern United States, such as the Hmong aew&lkeihnic
groups, have particularly high rates of sefught fish consumption (Hutchison and Kraft, 1,994
Peterson et al., 1994 However, it is not known if and how their consumption patteras a
affected by the reductions in available fish populations caused by surface water acidification.

Inland surface waters support several cultural services, including aesthetic and
educational services and recreational fishing. Recreational fishing sydaklestreams is among
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the most popular outdoor recreational activities in the northeastern United States. Based on
studies conducted in the northeastern United States, Kaval and Loomis ¢200@)ed average
consumesurplus values per day of $36 for recreational fishing (in 2007 dollars); therefore, the
implied total annual value of freshwater fishing in the northeastern United States was $5.1 billion
in 2006 For recreation days, consumer surplus value is most commonly measured using
recreation demand, travel cost models.

Another estimate of the overarching ecological benefits associated with reducing lake
acidification levels in Adirondacks National Park danderived from the contingent valuation
(CV) survey (Banzhaf et al., 2006), which elicited values for specific improvements in
acidificationrelated water quality and ecological conditions in Adirondack lakes. The survey
described a base version withnor improvements said to result from the program, and a scope
version with large improvements due to the program and a gradually worsening status quo. After
adapting and transferring the results of this study and converting 4®at @nnual payments to
permanent annual payments using discount rates of 3% and 5%, the WTP estimates ranged from
$48 to $107 per year per household (in 2004 dollars) for the base version and $54 to $154 for the
scope version. Using these estimates, the aggregate annuakbaiefininating all
anthropogenic sources of N@nd SQ emissions were estimated to range from $291 million to
$829 million (U.S. EPA, 20090).

In addition, inland surface waters provide a number of regulating services associated with
hydrological and dinate regulation by providing environments that sustain aquatic food webs.
These services are disrupted by the toxic effects of acidification on fish and other aquatic life.
Although it is difficult to quantify these services and how they are affectedibification,
some of these services may be captured through measures of provisioning and cultural services.

Terrestrial Ecosystems

Acidifying deposition has altered major biogeochemical processes in the U.S. by
increasing the nitrogen and sulfur contehsoils, accelerating nitrate and sulfate leaching from
soil to drainage waters, depleting base cations (especially calcium and magnesium) from soils,
and increasing the mobility of aluminum. Inorganic aluminum is toxic to some tree roots. Plants
affected by high levels of aluminum from the soil often have reduced root growth, which restricts
the ability of the plant to take up water and nutrients, especially calcium (U. S. EPA, 2008f).

! These estimates reflect the total value of the service, not the marfusmaje in the value of the service as a result
of the emission reductions achieved by this rule.

2These estimates reflect the total value of the service, not the marginal change in the value of the service as a result
of the emission reductions achieveay this rule.
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These direct effects can, in turn, influence the response @f piests to climatic stresses such

as droughts and cold temperatures. They can also influence the sensitivity of plants to other
stresses, including insect pests and disease (Joslin et al., 1992) leading to increased mortality of
canopy trees. In the U.Serrestrial effects of acidification are best described for forested
ecosystems (especially red spruce and sugar maple ecosystems) with additional information on
other plant communities, including shrubs and lichen (U.S. EPA, 2008f).

Certain ecosystesnn the continental U.S. are potentially sensitive to terrestrial
acidification, which is the greatest concern regarding nitrogen and sulfur deposition U.S. EPA
(2008f). Figureb-9 depicts the areas across the U.S. that are potentially sensitive stritdrre
acidification.
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Figure 6-9: Areas Potentially Sensitive to Terrestrial Acidification (U.S. EPA, 2008f)

Both coniferous and deciduous forests throughout the eastern U.S. are experiencing
gradual losses of base cation nutrients from the soil due to accelerated leaching from acidifying
deposition. This change in nutrient availability may reduce the qualforedt nutrition over
the long term. Evidence suggests that red spruce and sugar maple in some areas in the eastern
U.S. have experienced declining health because of this deposition. For red $ioeee, (
rubeng dieback or decline has been observadsshigh elevation landscapes of the
northeastern U.S., and to a lesser extent, the southeastern U.S., and acidifying deposition has
been implicated as a causal factor (DeHayes et al., 1999). Bid@shows the distribution of
red spruce (brown) andigar maple (green) in the eastern U.S.
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Figure 6-10: Distribution of Red Spruce (pink) and Sugar Maple (green) in the Eastern
U.S. (U.S. EPA, 2008f)

Terrestrial acidification affects several important ecological endpoints, including declines
in habitatfor threatened and endangered species (cultural), declines in forest aesthetics (cultural),
declines in forest productivity (provisioning), and increases in forest soil erosion and reductions
in water retention (cultural and regulating).

Forests in the ntineastern United States provide several important and valuable
provisioning services in the form of tree products. Sugar maples are a particularly important
commercial hardwood tree species, providing timber and maple syrup. Inthe United States,
sugar naple saw timber was nearly 900 million board feet in 2006 (USFS, 2006), and annual
production of maple syrup was nearly 1.4 million gallons, accounting for approximately 19% of
worldwide production. The total annual value of U.S. production in thesewaars
approximately $160 million (NASS, 20R8Red spruce is also used in a variety of products
including lumber, pulpwood, poles, plywood, and musical instruments. The total removal of red
spruce saw timber from timberland in the Unittadtes was over 300 million board feet in 2006
(USFS, 2006).

Forests in the northeastern United States are also an important source of cultural
ecosystem servicdsnonuse (i.e., existence value for threatened and endangered species),
recreational, and adwitic services. Red spruce forests are home to two federally listed species
and one delisted species:
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1. Sprucefir moss spiderNlicrohexura montivage endangered
2. Rock gnome lichenGymnoderma linea)® endangered
3. Virginia northern flying squirrelGlaucomyssabrinus fuscy® delisted, but important
Forestlands support a wide variety of outdoor recreational activities, including fishing,
hiking, camping, ofroad driving, hunting, and wildlife viewing. Regional statistics on
recreational activities that areespfically forest based are not available; however, more general
data on outdoor recreation provide some insights into the overall level of recreational services
provided by forests. More than 30% of the U.S. adult population visited a wilderness or
primitive area during the previous year and engaged in day hiking (Cordell et a)., 006
1999 to 2004, 16% of adults in the northeastern United Stattsipated in ofroad vehicle
recreation, for an average of 27 days peary(Cordell etl., 2005. The average consumer
surplus value per day of efbad driving in the United States was $25 (in 2007 dollars), and the
implied total annual value of efbad driving recreation in the northeasternteiStates was
more than $9 billion (Kaval and Loomis, 2003). More than 5% of adults in the northeastern
United States participated in nearly 84 million hunting days (U.S. FWS and U.S. Census Bureau,
2007). Ten percent of adults in nbdastern states participated in wildlife viewing away from
home on 122 million days in 2006. For these recreational activities in the northeastern United
States, Kaval and Loomis (20083timated average consumer susplalues per day of $52 for
hunting and $34 for wildlife viewing (in 2007 dollars). The implied total annual value of
hunting and wildlife viewing in the northeastern United States was, therefore, $4.4 billion and
$4.2 billion, respectively, in 2006.

As previously mentioned, it is difficult to estimate the portion of these recreational
services that are specifically attributable to forests and to the health of specific tree species.
However, one recreational activity that is directly dependent on favaditons is fall color
viewing. Sugar maple trees, in particular, are known for their bright colors and are, therefore, an
essential aesthetic component of most fall color landscapes. A survey of residents in the Great
Lakes area found that roughly 3@%fresidents reported at least one trip in the previous year
involving fall color viewing (Spencer and Holecek, 2Q0%) a separate study conducted in
Vermont, Brown (2002)eported that more than 22%hwuseholds visiting Vermont in 2001
made the trip primarily for viewing fall colors.

Two studies estimated values for protecting Fedgrvation spruce forests in the southern
Appalachian Mountains. Kramer et al. (20@8nducted a contingent valuation study estimating
householdsé WTP for pr o elewatiosspruce forpstsdranedamages e ma i
associated with air pollution and insect infestatidfedian household WTPag estimated to be
roughly $29 (in 2007 dollars) for a smaller program, and $44 for the more extensive program.
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Jenkins et al. (2002onducted a very similar study in seven Southern Appalachian states on a
potential program to maintain forest conditions at status quo levels. The overall mean annual
WTP for the forest protection programs was $208 (in 2007 dallsijtiplying the average

WTP estimate from these studi@gthe total number of households in the sestate

Appalachian region results in an aggregate annual range of $470 million to $3.4 billion for
avoiding a significant decline in the health of higlevation spruce forests in the Southern
Appalachian regin.

Forests in the northeastern United States also support and provide a wide variety of
valuable regulating services, including soil stabilization and erosion control, water regulation,
and climate regulationThe total value of thessosystem services is very difficult to quantify
in a meaningful way, as is the reduction in the value of these services associated with total
nitrogen and sulfur deposition. As terrestrial acidification contributes to root damages, reduced
biomass growt, and tree mortality, all of these services are likely to be affected; however, the
magnitude of these impacts is currently very uncertain.

6.5.3 Ecological Effects Associated with Gaseous Sulfur Dioxide

Uptake of gaseous sulfur dioxide in a plant gans a complex process involving
adsorption to surfaces (leaves, stems, and soil) and absorption into leaygen&itates into
leaves through to the stomata, although there is evidence for limited pathways via the cuticle.
Pollutants must be transpged from the bulk air to the leaf boundary layer in order to get to the
stomata. When the stomata are closed, as occurs under dark or drought conditions, resistance to
gas uptake is very high and the plant has a very low degree of susceptibility to Injury
contrast, mosses and lichens do not have a protective cuticle barrier to gaseous pollutants or
stomates and are generally more sensitive to gaseous sulfur and nitrogen than vascular plants
(U.S. EPA, 2008f). Acute foliar injury usually happens withours of exposure, involves a
rapid absorption of a toxic dose, and involves collapse or necrosis of plant tissues. Another type
of visible injury is termed chronic injury and is usually a result of variableeg@osures over
the growing season. Besslfoliar injury, chronic exposure to low $€ncentrations can result
in reduced photosynthesis, growth, and yield of plants (U.S. EPA, 2008f). These effects are
cumulative over the season and are often not associated with visible foliar injury. hAsliait
injury, these effects vary among species and growing environmentis 880 considered the
primary factor causing the death of lichens in many urban and industrial areas (Hutchinson et al.,
1996).

! These estimates reflect the marginal value of the service for the hypothetical program described in the survey, not
the marginal change in the value of the service as a result of the emission reductions achieved by this rule.
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In addition to the role of sulfate deposition methylation, the technologies installed to
reduce emissions of N@nd SQ associated with this proposed rule would also reduce mercury
emissions. EPA recently commissioned an information collection request that will soon provide
greatly improved powendustry mercury emissions estimates that will enable the Agency to
better estimate mercury emissions changes from its air emissions control actions. For this reason,
the Agency did not estimate Hg changes in this rule and will instead wait for thesataew d
which will be available in the near future. Due to time and resource limitations, we were unable
in any event to model mercury dispersion, deposition, methylation, bioaccumulation in fish
tissue, and human consumption of merecoptaminated fish thatould be needed in order to
estimate the human health benefits from reducing these mercury emissions.

6.54 Nitrogen Enrichment
Aquatic Enrichment

One of the main adverse ecological effects resulting from N deposition, particularly in the
Mid-Atlantic region of the United States, is the effect associated with nutrient enrichment in
estuarine waters. A recent assessment of 141 estuaries nationwhgeNstional Oceanic and
Atmospheric Administration (NOAA) concluded that 19 estuaries (13%) suffered from
moderately high or high levels of eutrophication due to excessive inputs of both N and
phosphorus, and a majority of these estuaries are locatleel aoastal area from North Carolina
to Massachusetts (NOAA, 2007For estuaries in the Midtlantic region, the contribution of
atmospheric distribution to total N loads is estimated to range between 10% and 58% (Valigura
et al., 200).

Eutrophication in estuaries is associated with a range of adverse ecological effects. The
conceptual framework developed by NOAA emphasizes four main types of eutrophication
effectd low dissolved oxygen (DO), harmful algabbims (HABS), loss of submerged aquatic
vegetation (SAV), and low water clarity. Low DO disrupts aquatic habitats, causing stress to
fish and shellfish, which, in the shedrm, can lead to episodic fish kills and, in the lbagn,
can damage overall gnah in fish and shellfish populations. Low DO also degrades the
aesthetic qualities of surface water. In addition to often being toxic to fish and shellfish, and
leading to fish kills and aesthetic impairments of estuaries, HABs can, in some instkacks, a
harmful to human health. SAV provides critical habitat for many aquatic species in estuaries
and, in some instances, can also protect shorelines by reducing wave strength; therefore, declines
in SAV due to nutrient enrichment are an important ssofcconcern. Low water clarity is the
result of accumulations of both algae and sediments in estuarine waters. In addition to
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contributing to declines in SAV, high levels of turbidity also degrade the aesthetic qualities of
the estuarine environment.

Estuaries in the eastern United States are an important source of food production, in
particular fish and shellfish production. The estuaries are capable of supporting large stocks of
resident commercial species, and they serve as the breeding groumtds@amadhabitat for
several migratory species. To provide an indication of the magnitude of provisioning services
associated with coastal fisheries, from 2005 to 2007, the average value of total catch was $1.5
billion per year. It is not known, howevavhat percentage of this value is directly attributable
to or dependent upon the estuaries in these states.

In addition to affecting provisioning services through commercial fish harvests,
eutrophication in estuaries may also affect the demand for seaf@waxample, a well
publicized toxic pfiesteria bloom in the Maryland Eastern Shore in 1997, which involved
thousands of dead and lesioned fish, led to an estimated $56 million (in 2007 dollars) in lost
seafood sales for 360 seafood firms in Marylanthénmonths following the outbreak (Lipton,
1999.

Estuaries in the United States also provide an important and substantial variety of cultural
ecosystem services, including wab&rsed recreational and aesthetic services. The watkiyqu
in the estuary directly affects the quality of these experiences. For example, there were 26
million days of saltwater fishing coastal states from North Carolina to Massachusetts in 2006
(FWA and Census, 2007). Assuming an average consumer sugplesfar a fishing day at $36
(in 2007 dollars) in the Northeast and $87 in the Southeast (Kaval and Loomis, 2003), the
aggregate value was approximately $1.3 billion (in 2007 dolldrsjddition, almost 6 million
adults participated in motorboatingdnastal states from North Carolina to Massachusetts, for a
total of nearly 63 million days annually during 192900 (Leeworthy and Wiley, 2001)Jsing
a national daily value estimate of $32 (in 2007 dollars) for motoirigpéKaval and Loomis
(2003) the aggregate value of these coastal motorboating outings was $2 billion per year.
Almost 7 million participated in birdwatching for 175 million days per year, and more than 3
million participated in visits to no#beach coastal waterside areas.

Estuaries and marshes have the potential to support a wide range of regulating services,
including climate, biological, and water regulation; pollution detoxification; erosion prevention;

!These estimates reflect the total value of the service, not the marginal change in the value of the service as a result
of the emission reductions achieved by this rule.

2 These estimates reflect the total value of the service, not the marginal chéreyedtue of the service as a result
of the emission reductions achieved by this rule.
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and proection against natural hazards from declines in SAV (MEA, ROG3\V can help

reduce wave energy levels and thus protect shorelines against excessive erosion, which increases
the risks of episodic flooding and associated damages tesmeas properties or public

infrastructure or even contribute to shoreline retreat.

Terrestrial Enrichment

Terrestrial enrichment occurs when terrestrial ecosystems receive N loadings in excess of
natural background levels, either through atmospheric deposr direct application. Evidence
presented in the Integrated Science Assessment (U.S. EPA) 80pBbrts a causal relationship
between atmospheric N deposition and biogeochemical cycling and fluxes of N and carbon in
terrestrialsystems. Furthermore, evidence summarized in the report supports a causal link
between atmospheric N deposition and changes in the types and number of species and
biodiversity in terrestrial systems. Nitrogen enrichment occurs over a long time per&d; a
result, it may take as much as 50 years or more to see changes in ecosystem conditions and
indicators. This long time scale also affects the timing of the ecosystem service changes.

One of the main provisioning services potentially affected by N deposs grazing
opportunities offered by grasslands for livestock production in the Central U.S. Although N
deposition on these grasslands can offer supplementary nutritive value and promote overall grass
production, there are concerns that fertilizatioay favor invasive grasses and shift the species
composition away from native grasses. This process may ultimately reduce the productivity of
grasslands for livestock production. Losses due to invasive grasses can be significant; for
example, based ontdgoeconomic model of cattle grazing in the upper Great Plains, Leitch,
Leistritz, and Bangsund (1996) and Leistritz, Bangsund, and Hodur (2004) estimated $130
million in losses due to a leafy spurge infestation in the Dakotas, Montana, and Wyoming.
Howe\er, the contribution of N deposition to these losses is still uncertain.

6.55 Benefits of Reducing Ozone Effects on Vegetation and Ecosystems

Ozone causes discernible injury to a wide array of vegetation (U.S. EPA, 2006a; Fox and
Mickler, 1996). In tems of forest productivity and ecosystem diversity, ozone may be the
pollutant with the greatest potential for regiosahle forest impacts (U.S. EPA, 2006a). Studies
have demonstrated repeatedly that ozone concentrations commonly observed in polisted are
can have substantial impacts on plant function (De Steiguer et al., 1990; Pye, 1988).

!These estimates reflect the total value of the service, not the marginal change in the value of the service as a result
of the emission reductions achieved by this.
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When ozone is present in the air, it can enter the leaves of plants, where it can cause
significant cellular damage. Like carbon dioxide (C@nd other gaseous sudstes, ozone
enters plant tissues primarily through the st
and Atkinson, 1986). Once sufficient levels of ozone (a highly reactive substance), or its
reaction products, reaches the interior of planscélican inhibit or damage essential cellular
components and functions, including enzyme activities, lipids, and cellular membranes,
disrupting the plant's osmotic (i.e., water) balance and energy utilization patterns (U.S. EPA,
2006a; Tingey and Taylot,982). With fewer resources available, the plant reallocates existing
resources away from root growth and storage, above ground growth or yield, and reproductive
processes, toward leaf repair and maintenance, leading to reduced growth and/or reproduction.
Studies have shown that plants stressed in these ways may exhibit a general loss of vigor, which
can lead to secondary impacts that modify plants' responses to other environmental factors.
Specifically, plants may become more sensitive to other atpolls, or more susceptible to
disease, pest infestation, harsh weather (e.g., drought, frost) and other environmental stresses,
which can all produce a loss in plant vigor in ozseesitive species that over time may lead to
premature plant death. Fuetimore, there is evidence that ozone can interfere with the
formation of mycorrhiza, essential symbiotic fungi associated with the roots of most terrestrial
plants, by reducing the amount of carbon available for transfer from the host to the symbiont
(U.S.EPA, 2006a).

This ozone damage may or may not be accompanied by visible injury on leaves, and
likewise, visible foliar injury may or may not be a symptom of the other types of plant damage
described above. Foliar injury is usually the first visible sigmjury to plants from ozone
exposure and indicates impaired physiological processes in the leaves (Grulke, 2003). When
visible injury is present, it is commonly manifested as chlorotic or necrotic spots, and/or
increased leaf senescence (acceleratdfdalging). Because ozone damage can consist of visible
injury to leaves, it can also reduce the aesthetic value of ornamental vegetation and trees in urban
landscapes, and negatively affects scenic vistas in protected natural areas.

Ozone can produce thobacute and chronic injury in sensitive species depending on the
concentration level and the duration of the exposure. Ozone effects also tend to accumulate over
the growing season of the plant, so that even lower concentrations experienced for a longer
duration have the potential to create chronic stress on sensitive vegetation. Not all plants,
however, are equally sensitive to ozone. Much of the variation in sensitivity between individual
plants or whole speci es gulatetheeiteattofgas exclmnge iae p |l a
leaf stomata (e.g., avoidance of ozone uptake through closure of stomata) (U.S. EPA, 20064a;

6-75



Winner, 1994). After injuries have occurred, plants may be capable of repairing the damage to a
limited extent (U.S. EPA, 2@&). Because of the differing sensitivities among plants to ozone,
ozone pollution can also exert a selective pressure that leads to changes in plant community
composition. Given the range of plant sensitivities and the fact that numerous other
environmetal factors modify plant uptake and response to ozone, it is not possible to identify
threshold values above which ozone is consistently toxic for all plants.

Because plants are at the base of the food web in many ecosystems, changes to the plant
commurity can affect associated organisms and ecosystems (including the suitability of habitats
that support threatened or endangered species and below ground organisms living in the root
zone). Ozone impacts at the community and ecosystem level vary widelydilegp upon
numerous factors, including concentration and temporal variation of tropospheric ozone, species
composition, soil properties and climatic factors (U.S. EPA, 2006a). In most instances,
responses to chronic or recurrent exposure in forestegisteass are subtle and not observable
for many years. These injuries can cause skawel forest decline in sensitive ecosystems (U.S.
EPA, 2006a, McBride et al., 1985; Miller et al., 1982). It is not yet possible to predict ecosystem
responses to ozomath much certainty; however, considerable knowledge of potential
ecosystem responses has been acquired througtdongbservations in highly damaged
forests in the United States (U.S EPA, 2006a).

Ozone Effects on Forests

Air pollution can affect therevironment and affect etagical systems, leading to
changes in the ecological camnity and influencing the diversity, health, and vigor of
individual species (U.SEPA, 2006a).0zone has been shown in numerous studies to have a
strong effect on the kéth of many plants, including a variety of commercial and ecologically
important forest tree species throughout the United States (U.S. EPA, 2007b).

In the U.S., this data comes from the U.S. Department of Agriculture (USDA) Forest
Service Forest Inventg and Analysis (FIA) program. As part of its Phase 3 program, formerly
known as Forest Health Monitoring, FIA examines ozone injury to egensitive plant species
at ground monoring sites in forestland across the country (excluding woodlots and trdes).
FIA looks for damage on the foliage of ozesensitive forest plant species at each site that
meets certain minimum criteria. Because ozone injury is cumulative over the course of the
growing season, examinations are conducted in July and Awgosn ozone injury is typically
highest.
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Monitoring of ozone injury to plants by the USDA Forest Service has expanded over the
last 10 years from monitoring sites in 10 states in 1994 to nearly 1,000 monitoring sites in 41
states in 2002. The data unigieng the indictor in Figuré-11 are based on averages of all
observations collected in 2002, the latest year for which data are publicly available at the time
the study was conducted, and are broken down by U.S. EPA Regions. Ozone damage to forest
plants is classified using a subjeetifive-category biosite index based on expert opinion, but
designed to be equivalent from site to site. Ranges of biosite values translate to no injury, low or
moderate foliar injury (visible foliar injury to highly setige or moderately sensitive pln
respectively), and high or severe foliar injury, which would be expected to result-late¢er
ecosystenlevel responses, respectively (U.S. EPA, 2006a; Coulston, 2004). The highest
percentages of observed high and severe foliar injury, whicmase likely to be associated with
tree or ecosysteitievel responses, are primarily found in the Mitlantic and Southeast regions.

Degree of injury:

‘ None ‘ Low lModerate‘ High ‘Severel

Percent of monitoring sites in each category:

o atee) | 68.5 | 167 [111]37
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(180 sites)
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?;3ggre:) | . los] 1132
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Figure 6-11: Ozone Injury to Forest Plants in U.S. by EPA Regions, 2082
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Assessing the impact of groutel/el ozoneon forests in the eastern United States
involves understanding the risks to sensitive tree species from ambient ozone concentrations and
accounting for the prevalence of those species within the forest. As a way to quantify the risks to
particular plantgrom groundlevel ozone, scientists have developed ozexgosure/tree
response functions by exposing tree seedlings to different ozone levels and measuring reductions
in growth as fibiomass | oss. 0 Typi cadulaty, seed
and measure their growth loss from ozone pollution. The mechanisms of susceptibility to ozone
within the leaves of seedlings and mature trees are identical, and the decreases predicted using
the seedlings should be related to the decrease inllqviers fitness for mature trees, but the
magnitude of the effect may be higher or lower depending on the tree species (Chappelka and
Samuelson, 1998)in areas where certain ozonesensitive species dominate the forest community, the
biomass loss from omne can be sigificant. Significant biomass loss can be defined as a more than
2% annual biomass loss, which would cause long term ecological harm as thershort
negative effects on seedlings compound to affect-teng forest health (Heck, 1997).

Some of the common tree species in the United States that are sensitive to ozone are
black cherry Prunus seroting tulip-poplar Liriodendron tulipifera) and eastern white pine
(Pinus strobus) Ozoneexposure/tregesponse functions have been developeaéch of these
tree species, as well as for aspogulus tremuliodgsand ponderosa pinifius ponderosa
(U.S. EPA, 2007b). Other common tree species, such afu&kqusspp) and hickory Carya
spp.), are not as sensitive to ozone. Consequemwtly knowledge of the distribution of
sensitive species and the level of ozone at particular locations, it is possible to estimate a
Abi omass | osso for e aAskshowngneFgured?, carent ambient t hei r
levels of ozone are assoi@d with significant biomass loss across large geographic areas (U.S.
EPA, 2009b). However, this information is unavailable this rule.

To estimate the biomassskfor forest ecosystems across the eastered)Sitates, the
biomass loss for each ofdlseven tree spes was calculated using the thraenth, 12hour
W126 exposure metric at each | eRfunttions.nfhe al ong
W126 exposure metric was calculated using monitored ozone data from CASTNET and AQS
sites, andh threeyear average was used to mitigate the effect of variations in meteorological and
soil moisture conditions. The biomass loss estimate for each species was then multiplied by its
prevalence in the forest community using the U.S. Department of AgrieUSDA) Forest
Service IV index of tree abundance calculated from Forest Inventory and Analysis (FIA)
measurements (Prasad, 2003). Sources of uncertainty include theeaposare/plantesponse
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functions, the tree abundance index, and other fa@ays soil moisture). Although these
factors were not considered, they can affect ozone daroag®edka, 1993.
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Figure 6-12: Estimated Black Cherry, Yellow Poplar, Sugar Maple, Eastern White Pine,
Virginia Pine, Red Maple, and Quaking Aspen Biomaskoss due to Current Ozone
Exposure, 20062008 (U.S. EPA, 2009b)

Ozone damage to the plants including the trees and understory in a forest can affect the
ability of the forest to sustain suitable habitat for associated species particularly threatened and
endangered species that have existence Vadueonuse ecosystesarvice- for the public.
Similarly, damage to trees and the |l oss of bi
the form of timber for various commercial uses. In addition, ozone can cause discoloration of
leaves and more rapid senescerel shedding of leaves), which could negatively affect fall
color tourism because the fall foliage would be less available or less attractive. Beyond the
aesthetic damage to fall color vistas, forests provide the public with many other recreational and
educational services that may be impacted by reduced forest health including hiking, wildlife
viewing (including bird watching), camping, picnicking, and hunting. Another potential effect of
biomass loss in forests is the subsequent loss of climate tiegudarvice in the form of reduced
ability to sequester carbon (Felzer et al., 2005).
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Ozone Effects on Crops and Urban Ornamentals

Laboratory and field experiments have also shown reductions in yields for agronomic
crops exposed to ozone, including vedpds (e.g., lettuce) and field crops (e.g., cotton and
wheat). Damage to crops from ozone exposures includes yield losses (i.e., in terms of weight,
number, or size of the plant part that is harvested), as well as changes in crop quality (i.e.,
physicalappearance, chemical composition, or the ability to withstand storage) (U.S. EPA,
2007b). The most extensive field experiments, conducted under the National Crop Loss
Assessment Network (NCLAN) examined 15 species and numerous cultivars. The NCLAN
resus show that fAseveral economically important
typical of those found in the United Statesbo
have shown reduced economic benefits as a result of predicted reduttong yields, directly
affecting the amount and quality of the provisioning service provided by the crops in question,
associated with observed ozone levels (Kopp et al., 1985; Adams et al., 1986; Adams et al.,
1989). According to the Ozone Staff Pafibere has been no evidence that crops are becoming
more tolerant of ozone (U.S. EPA, 2007b). Using the Agriculture Simulation Model (AGSIM)
(Taylor, 1994) to calculate the agricultural benefits of reductions in ozone exposure, U.S. EPA
estimated that meiley a W126 standard of 21 pplnn would produce monetized benefits of
approximately $160 million to $300 million (inflated to 2006 dollars) (U.S. EPA, 2007b).

Urban ornamentals are an additional vegetation category likely to experience some
degree of nedgave effects associated with exposure to ambient ozone levels. Because ozone
causes visible foliar injury, the aesthetic value of ornamentals (such as petunia, geranium, and
poinsettia) in urban landscapes would be reduced (U.S. EPA, 2007b). Sensdiveotal
species would require more frequent replacement and/or increased maintenance (fertilizer or
pesticide application) to maintain the desired appearance because of exposure to ambient ozone
(U.S. EPA, 2007b). In addition, many businesses rely olthyelaoking vegetation for their
livelihoods (e.g., horticulturalists, landscapers, Christmas tree growers, farmers of leafy crops,
etc.) and a variety of ornamental species have been listed as sensitive to ozone (Abt Associates,
1995). The ornamentalidscaping industry is valued at more than $30 billion (inflated to 2006
dollars) annually, by both private property owners/tenants and by governmental units responsible
for public areas (Abt Associates, 1995). Therefore, urban ornamentals representiallgote
large unquantified benefit category. This aesthetic damage may affect the enjoyment of urban
parks by the public and homeownersé enjoyment
In the absence of adequate exposesponse functions andanomic damage functions for the

! These estimates illustrate the value of vegetation effects from a substantial reduction of ozone concentrations, not
the marginal change in ozone concentrations anticipated a result of the emission reductions achieved by this rule.
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potential range of effects relevant to these types of vegetation, we cannot conduct a quantitative
analysis to estimate these effects.

6.56 Unquantified SQ and NG, -Related Human Health Benefits

Following an extensive eluation of health evidence from epidemiologic and laboratory
studies, the Integrated Science Assessment for Sulfur Dioxide concluded that there is a causal
relationship between respiratory health effects and 4bort exposure to SQU.S. EPA, 2008).
The immediate effect of SOn the respiratory system in humans is bronchoconstriction.
Asthmatics are more sensitive to the effects of B®ly resulting from preexisting
inflammation associated with this disease. A clear concentregg&ponse relaticship has been
demonstrated in laboratory studies following exposures toaS€bncentrations between 20 and
100 ppb, both in terms of increasing severity of effect and percentage of asthmatics adversely
affected. Based on our review of this informatiae, identified four shofterm morbidity
endpoints thatthe SO SA i denti fied as a fAcausal relation
respiratoryrelated emergency department visits, and respiratdeged hospitalizations. The
differing evidence and associatstiength of the evidence for these different effects is described
in detail in the SEISA. The SQISA also concluded that the relationship between sieomh
Sexposure and premature mortality was HfAsugge:
difficult to attribute the mortality risk effects to S@lone. Although the SQOSA stated that
studies are generally consistent in reporting a relationship betweesxf&sure and mortality,
there was a lack of robustness of the observed associatiadgistment for pollutants. We did
not quantify these benefits due to time constraints.

Epidemiological researchers have associated &posure with adverse health effects in
numerous toxicological, clinical and epidemiological studies, as describee integrated
Science Assessment for Oxides of Nitrogétfealth Criteria (Final Report) (U.S. EPA, 2008c).
The NQ ISA provides a comprehensive review of the current evidence of health and
environmental effects of NO The NQISA concluded thattheedie nce fi s sufficie
likely causal relationship between shtetm NQ exposure and adverse effects on the
respiratory systemo (I SA, section 5.3.2.1).
encompass a number of endpoints including [Eeecy Department (ED)] visits and
hospitalizations, respiratory symptoms, airway hyperresponsiveness, airway inflammation, and
lung function. Effect estimates from epidemiologic studies conducted in the United States and
Canada generally indicate &2R% increase in risks for ED visits and hospital admissions and
higher risks for respiratory symptoms (ISA, section 5.4). The IS@ concluded that the
relationship between sherm NGQe x posur e and premature mortali
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sufficienttoi nf er a causal relationshipo because it
effects to NQalone. Although the NOISA stated that studies consistently reported a

relationship between NCexposure and mortality, the effect was generally smdiban that for

other pollutants such as PM. We did not quantify these benefits due to time constraints.

6.6 Social Cost of Carbon and Greenhouse Gas Benefits

EPA has assigned a dollar value to reductions in carbon dioxidg €aissions using
recente st i mates of the fAsocial cost of carbono (
damages associated with an incremental increase in carbon emissions in a given year. Itis
intended to include (but is not limited to) changes in net agriculturduptvity, human health,
property damages from increased flood risk, and the value of ecosystem services due to climate
change. The SCC estimates used in this analysis were developed through an interagency process
that included EPA and other executiverwia entities, and concluded in February 2010. EPA
first used these SCC estimates in the benefits analysis for the final joint EPA/DOT Rulemaking
to establish LighDuty Vehicle Greenhouse Gas Emission Standards and Corporate Average
Fuel Economy Standards see t he rul eds preamble for discu
FR 25324; 5/7/10). The SCC Technical Support Document (SCC TSD) provides a complete
discussion of the methods used to develop these SCC estimates.

The interagency group selected f@CC values for use in regulatory analyses, which we
have applied in this analysis: $5, $21, $35, and $65 per metric ton,ar@i€sionsin 2010, in
2007 dollars. The first three values are based on the average SCC from three integrated
assessment modgelat discount rates of 2.5, 3, and 5 percent, respectively. SCCs at several
discount rates are included because the literature shows that the SCC is quite sensitive to
assumptions about the discount rate, and because no consensus exists on the epate poiat
use in an intergenerational context. The fourth value is the 95th percentile of the SCC from all
three models at a 3 percent discount rate. It is included to representthgyherpected
impacts from temperature change further out in theaéilke SCC distribution. Low

! Docket IDEPA-HQ-OAR-20090472114577 Technical Support Document: Social Cost of Carbon for
Regulatory Impact Analysis Under Executive Order 128@6ragency Working Group on Social Cost of
Carbon, with participation by Council of Economic Advisers, Council ovirenmental Quality, Department of
Agriculture, Department of Commerce, Department of Energy, Department of Transportation, Environmental
Protection Agency, National Economic Council, Office of Energy and Climate Change, Office of Management
and Budget, Oice of Science and Technology Policy, and Department of Treasury (February 2010). Also
available ahttp://www.epa.gov/otag/climate/regulations.htm

2 The interagency group decided that these estimates apply only, Een@sions. Given that warming profiles and
impacts other than temperature change (e.g. ocean acidification) vary across GHGs, the group concluded
Atransf or mi ngquigakrs astig GWPt and ti@®multiplying the carlmuivalents by the SCC,
would not result in accurate estimates of the social costse€ey ases o6 (SCC TSD, pg 13).
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probability, high impact events are incorporated into all of the SCC values through explicit
consideration of their effects in two of the three models as well as the use of a probability density
function for equilibrium climag sensitivity. Treating climate sensitivity probabilistically results

in more high temperature outcomes, which in turn lead to higher projections of damages.

The SCC increases over time because future emissions are expected to produce larger
incremental dmages as physical and economic systems become more stressed in response to
greater climatic change. Note that the interagency group estimated the growth rate of the SCC
directly using the three integrated assessment models rather than assuming aaamshant
growth rate. This helps to ensure that the estimates are internally consishestiwer modeling
assumptions.The SCC estimates for the analysis years of 2016, in 2007 dollars are provided in
Table 615.

When attempting to assess the incremestahomic impacts of carbon dioxide
emissions, the analyst faces a number of serious challenges. A recent report from the National
Academies of Science (NRC 2009) points out that any assessment will suffer from uncertainty,
speculation, and lack of inforation about (1) future emissions of greenhouse gases, (2) the
effects of past and future emissions on the climate system, (3) the impact of changes in climate
on the physical and biological environment, and (4) the translation of these environmental
impacs into economic damages. As a result, any effort to quantify and monetize the harms
associated with climate change will raise serious questions of science, economics, and ethics and
should be viewed as provisional.

The interagency group noted a numbglinnitations to the SCC analysis, including the
incomplete way in which the integrated assessment models capture catastrophic-and non
catastrophic impacts, their incomplete treatment of adaptation and technological change,
uncertainty in the extrapolatiasf damages to high temperatures, and assumptions regarding risk
aversion. The limited amount of research linking climate impacts to economic damages makes
the interagency modeling exercise even more difficult. The interagency group hopes that over
time researchers and modelers will work to fill these gaps and that the SCC estimates used for
regulatory analysis by the Federal government will continue to evolve with improvements in
modeling. Additional details on these limitations are discussed in theTSOC

In light of these limitations, the interagency group has committed to updating the current
estimates as the science and economic understanding of climate change and its impacts on
society improves over time. Specifically, the interagency group haspseliminary goal of
revisiting the SCC values within two years from the February 2010 date of promulgation of the
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Light Duty Vehicle rule referenced above or at such time as substantially updated models
become available, and to continue to suppogaesh in this area.

Applying the global SCC estimates to the estimated reductions dre@@sions for the
range of policy scenarios, we estimate the dollar value of the climate related benefits captured by
the models for each analysis year. For intecoalistency, the annual benefits are discounted
back to NPV terms using the same discount rate as each SCC estimate (i.e. 5%, 3%, and 2.5%)
rather than 3% and 7%These estimates are provided in Tab{k66

Table 6-15. Social Cost of Carbon (SCC) Estimate (per tonne of CQ) for 2016 (in 2007$)

Discount Rate and Statistic SCC estimate

5% Average $5.77
3% Average $23.7
2.5% Average $37.9
3% 95%ile $72.3

@The SCC values are doltgear and emissiongear specific. SCC values represenly a partial accounting of
climate impacts.

Table 6-16. Monetized Benefits of CQEmissions Reductions in 2016 (in millions of

2007%}
Discount Rate and Statistic SCC estimate
5% Average $140
3% Average $570
2.5% Average $910
3% 95%ile $1,700

#The SCC values are doligear and emissiongear specific. SCC values represent only a partial accountting
climate impacts.

6.7 Benefits Results

Applying the impact and valuation functions described previously in this chapter to the
estimated changes in ozone and PM yields estimates of the changes in physical damages (e.g.,
premature mortalities, cases, admissions, and change in light extinctibthjeaassociated
monetary values for those changes. Estimates of health impacts Bagiegn and Western
statesare presented in Tal#el5. Monetized values for both health and welfare endpoints
within the trading region are presented in Tablb, along with total aggregate monetized
benefits. All of the monetary benefits are in constgdr 200 dollars.

1t is possible that other benefits or costs of proposed regulations unrelateglémgions will be discounted at
rates that differ from those used to develop the SCC estimates.
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Table 6-17: Estimated Reduction in Incidence of Adverse Health Effects of the Proposed
Toxics Rule(95% confidence intervals§

Health Effect Eastern U.S. Western U.S. Total

PM-Related endpoints

Premature death

6,700 120 6,800
Pope et al. (2002) (age >30 4 9405 12,000) (333 200) (19003 12,000)
Laden et al. (2006) (age 17,000 300 17,000
>25) (7,9008 26,000) (14 470) (8,1008 27,000)
29 1 30

Infant (< 1 year) (-325 90) (-13 2) (-335 92)

. " 4,400 97 4,500
Chronic bronchitis (1508 8,600) (35 190) (1508 8,800)
Non-fatal heart attacks (age > 11,000 190 11,000
18) (2,7000 18,000) (485 330) (2,7006 19,000)
i‘;ﬁ’r';"’;'o‘;";m'ss'orﬁ 1,600 24 1,700
(all ages) (6500 2,600) (108 39) (6600 2,600)
Hospital admissiorts 3,500 50 3,600
cardiovascular (age > 18) (2,500 4,200) (350 61) (2,500 4,200)
i?ﬁ;qg:ncy room visits for 6,900 52 6,900
(age < 18) (3,50008 10,000) (276 78) (3,6006 10,000)
Acute bronchitis 10,000 250 11,000
(age 812) (-2,30® 23,000) (-570 560) (-2,4000 23,000)
Lower respiratory symptoms 120,000 3,000 130,000
(age 714) (47,00 200,000) (1,10® 4,800) (48,00 200,000)
Upper respiratory symptoms 93,000 2,300 95,000
(asthmatics age-98) (17,000 170,000) (42® 4,100) (18,00 170,000)
Asthma exacerbation 110,000 2,700 120,000
(asthmatics 4.8) (4,0005 380,000) (960 9,300) (4,006 390,000)
Lost work days 830,000 20,000 850,000
(ages 1865) (710,00® 960,000) (17,00® 22,000) (720,00® 980,000)
Minor restrictedactivity days 5,000,000 110,000 5,100,000

(ages 1855) (4,000,008 5,900,000) (94,006 140,000) (4,100,00® 6,000,000)

2Estimates rounded to two significant figures; column values will not sum to total value.
® Thenegative estimates for certain endpoints are the result of the weak statistical power of the study used to calcule
health impacts and do not suggest that increases in air pollution exposure result in decreased health impacts.
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Table 6-18: Estimated Economic Value of Health and Welfare Benefits (95% confidence
intervals, billions of 2007$)?

Health Effect Eastern U.S. Western U.S. Total
Adult premature death (Pope et al. 2002 PM mortality estimate)
. $53 $0.9 $4
0,
3% discount rate PMz.s ($426 $160) ($0.18 $2.8) ($435 $160)
. $48 $0.8 $48
0,
7% discount rate PMz.s ($385 $140) ($0. 1B $2.5) ($3.8 $150)
Adult premature death (Laden et al. 2006 PM mortality estimate)
. $140 $2.4 $140
0,
3% discount rate PMz.s ($125 $390) ($0.75 $6.9) ($125 $400)
; $120 $2.2 $120
0,
7% discount rate PMz.s ($115 $350) ($0.75 $6.3) ($113 $360)
$03 $0.3
Infant premature death PM, 5 ($:0.3 $12) <$0.01 ($:0.35 $1.2)
. N $21 $0.05 $2.1
Chronic Bronchitis PMzs ($0.13 $96) (<$0.0D $0.2)  ($0.18 $98)
Non-fatal heart attacks
. $12 $1.2 $1.2
0,
3% discount rate PMz.s ($0.2 $29) ($0.2 $29) ($0.2 $2.8)
. $1.1 $12 $1.1
0,

7% discount rate PMz.s ($0.2 $28) ($025 $29) ($0.2 $2.8)
Hospital admissioris $0.02
respiratory PMe5 <$0.01 <30.01 ($0. 0B $0.03)
Hospital admissioris $0.1
cardiovascular PMzs <$0.01 <$0.01 ($0.0% $0.14)
Emergency room visits for
asthma PM, 5 <$0.01 <$0.01 <$0.01
Acute bronchitis PM,s <$0.01 <$0.01 <$0.01
Lower respiratory symptoms PM, 5 <$0.01 <$0.01 <$0.01
Upper respiratory symptoms PM, 5 <$0.01 <$0.01 <$0.01
Asthma exacerbation PM, 5 <$0.01 <$0.01 <$0.01

$0.1 $0.1
Lost work days PM,s ($0.13 $0.1) <$0.01 ($0.15 $0.1)

. . o $0.3 $0.3
Minor restrictedactivity days PM; 5 ($0.2 $0.5) <$0.01 ($0.25 $0.5)
CO,-related benefits (3%
discount rate) CO, LT
Monetized total Benefits
(Pope et al. 2002 Pyls mortality estimate)

) $57 $1 $59

3% discount rate ($460 $170) ($0.1 $3.1) ($460 $180)
. $52 $0.9 $53

7% discount rate ($4.15 $160) ($0.15 $2.8) ($420 $160)
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Table 6-18: Estimated Economic Value of Health and Welfare Benefits (95% confidence
intervals, billions of 2007$)? (continued)

Health Effect Eastern U.S. Western U.S. Total

Monetized total Benefits
(Laden et al. 2006 PMs mortality and Levy et al. 2005 ozone mortality estimates)

. $140 $2.5 $140
3% discount rate ($125 $410) ($0.% $7.2) ($125 $410)

; $130 $2.2 $130
7% discount rate ($115 $370) ($0.2 $6.6) ($115 $370)

@ Economic value adjusted to 2007$ using GDP defl&stimates rounded to two significant figures. The
negative estimates for certain endpoints are the result of the weak statistical power of the study used t
calculate these health impacts and do not suggest that increases in air pollution exposurelessetised
health impactsConfidence intervals reflect random sampling error and not the additional uncertainty
associated with benefits scaling described above. The net present value of reduced CO2 emissions ar
calculated differently than other bensfiThe same discount rate used to discount the value of damages
future emissions (SCC at 5, 3, 2.5 percent) is used to calculate net present value of SCC for internal
consistency. This table shows monetized CObanefits at discount rates at 3 angercent that were
calculated using the global average SCC estimate at a 3% discount rate because the interagency worl
this topic deemed this marginal value to be the central value. In section 6.6 we also report he monetizt
co-benefits using idcount rates of 5 percent (average), 2.5 percent (average), and 3 pefteet¢8btile).

® Monetary value of endpoints marked with dashes are < $100,000.

Not all known PM and ozoneaelated health and welfare effects could be quantified or
monetized. The monetized value of these unquantified effects is represented by adding an
unknown fABO to the aggregate tot dilsisthusBdua est i
to the subset of monetized Plind ozonaelated health and welfare benefits plus B, the sum of
the nonmonetized health and welfare benefits; this B represents both uncertainty and a bias in
this analysis, as it reflects those benefigegories that we are unable quantify in this analysis.

Total monetizeato-benefits are dominated by benefits of mortality risk reductions. The
primary analysis projects that the propo3edics Rulewill result in betweer6,800 and17,000
PM, s -related avoided premature deaths annually ir62@Lr estimate of total monetized-
benefits in 20& proposedroxics Ruleis between $9 billion and $40billion using a 3 percent
discount rate and betweeB3tillion and $.30using a 7 percent discourate. Health benefits
account for between3and & percent of total benefits depending on the,BBbktimates used,
in part because we are unable to quantify most of theheatth benefits. The next largest
benefit is for reductions in chronic illne$CB and nonfatal heart attacks), although this value is
more than an order of magnitude lower than for premature mortality. Hospital admissions for
respiratory and cardiovascular causes, visibility, MRARDdwork loss daysccount for the
majority of the remaining benefits. The remaining categories each account for a small
percentage of total benefit; however, they represent a large number of avoided incidences

6-87



affecting many individuals. A comparison of the incidence table to the monetary bendits ta
reveals that there is not always a close correspondence between the number of incidences
avoided for a given endpoint and the monetary value associated with that endpoint. For
example, there amver100 times more work loss days than premature niketalyet work loss

days account for only a very small fraction of total monetized benefits. This reflects the fact that
many of the less severe health effects, while more common, are valued at a lower level than the
more severe health effects. Alsonsoeffects, such as hospital admissions, are valued using a
proxy measure of WTP. As such, the true value of these effects may be higher than that reported
in Table6-18. Figure6-13 summarizes an array of BMrelated monetized benefits estimates
basedon alternative epidemiology and expddrived PMmortality estimate.

Based on our review of the current body of scientific literature, EPA estimated PM
related mortality without applying an assumed
Science Assesse nt f or Particul ate Matter (U.S. EPA,
Clean Air Scientific Advisory Committee (U.S. EF®AB, 2009a; U.S. EP/SAB, 2009b),
concluded that the scientific literature consistently finds thatimshold loglinear model
most adequately portrays the Ribrtality concentratiomesponse relationship whigdso
recognizing potential uncertainty about the exact shape of the concentesfimmse function.

Consistent withthis finding weincorporaeda A Lowe st Me(aW)assesdmehte v el 0O
which is a method EPA has employed in several
Transport Rule.S. EPA, 2010c

This approach summarizes the distribution of avoided PM mortality impacts according to
the baseline (i.e. pr€oxics Rule) PM s levels experienced by the population receiving the
PM, s mortality benefit (Figure6-16 and 617). We identify on this figure the lowest air quality
levels measured in each of the two primary epidemiological studies EPA uses to dRidgntify
related mortality. This information allows readers to determine the portion eeRiéed
mortality benefits occurring above or below the LML of each study; in general, our confidence in
the estimated PM mortality decreases as we consider air quaély ferther below the LML in
the two epidemiological studies. While the LML analysis provides some insight into the level of
uncertainty in the estimated PM mortality benefits, EPA does not view the LML as a threshold
and continues to quantify Pk&latedmortality impacts using a full range of modeled air quality
concentrationsWhile this figure describes the relationship between baseling; BXposure and
mortality for the air quality modeled policy case, we expect the distribution of mortality impacts
to be fairly similar between the two cases.
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Someproportion of the avoided Pivklated impacts we estimate in this analysis occur
among populations exposed at or above the LMthefLaden et al. (2006) study, while a
majority of the impacts occur at orake the LML of the Pope et al. (2002) styéygure5-17),
increasing our confidence in the PM mortality analysis. Approxim&@ly of the avoided
impacts occur at or above an annual mean fl&tel of 10 pug/m (the LML of the Laden et al.
2006 study); hout86% occur at or above an annual mearyBMvel of 7.5 ug/m(the LML of
the Pope et al. 2002 study). As we model mortality impacts among populations exposed to levels
of PM, s that are successively lower than the LML of each study our confidemtice results
diminishes.

While the LML of each study is important to consider when characterizing and
interpreting the overall level Pivelated benefits, as discussed earlier in this chapter, EPA
believes that bothohortbasedmortality estimates are saitle for use in air pollution health
impact analysedVhen estimating PM mortality impacts using risk coefficients drawn from the
Laden et al. analysis of the Harvard Six Cities and the Pope et al. analysis of the American
Cancer Society cohorts there areumerable other attributes that may affect the size of the
reported risk estimatésincluding differences in population demographics, the size of the
cohort, activity patterns and particle composition among others. The LML assessment presented
here provi@s a limited representation of one key difference between the two studies.

6-89



$180

= 3% DR
$160 = 7% DR
$140 Laden et 2
$120
$100
$80

Pope et al.
$60

o 1 FERRRERELD
a1 PR RN B
$0 PM, s Benefits estimates derived from 2 epidemiology functions and
expert functions
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Of the total PM-related deaths avoided:
86% occur among population exposed to PM levels at or above the LML of the Pope et al. study.
30% occur among population exposed to PM levels at or above the LML of the Laden et al. study.

Figure 6-14: Percentage of total PMrelated mortalities avoided by baseline air quality level
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Of the total PM-related deaths avoided:
86% occur among population exposed to PM levels at or above the LML of the Pope et al. study.
30% occur among population exposed to PM levels at or above the LML of the study.

Figure 6-15: Cumulative percentage of total PMrelated mortalities avoided by baseline air
quality level

6.8 Discussion

This analysis demonstrates the significant health and weltabenefits of thel oxics
Rule We estimate that by 261he rule will have reduced the number of RPMnd ozone
related premature mortalities by betw&800 and17,000, produce substantiabmmortality
benefits and significantly improve visibility in Class 1 areas. This rule promises to yield
significant welfare impacts as well, though the quantification of those endpoints in this RIA is
incomplete. These significant health and welfare fisnguggest the important role that
pollution from the EGU sector plays in the public health impacts of air pollution.

Inherent in any complex RIA such as this one are multiple sources of uncertainty. Some
of these we characterized through our quantificeof statistical error in the concentration
response relationships and our use of the expert elickddaaed PM mortality functions.

Others, including the projection of atmospheric conditions and sdéewveeemissions, the
projection of baseline mbidity rates, incomes and technological development are unquantified.
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When evaluated within the context of these uncertainties, the health impact and monetized
benefits estimates in this RIA can provide useful information regarding the public healtlhsimpac
attributable to EGUSs.
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APPENDIX C.
CO-BENEFITS APPENDIX

In section 1 of this appendix to the-benefits chapter we report the results of the air
guality modeled scenario before it was adjusted to account for the updated emissions scenario. In
section 2 we characterize thistdibution of avoided PMs-related premature deaths according to
the baseline level of air pollutierelated risk of the population.

C.1 PMysrelated health impacts and monetized benefits of the air quality modeled scenario
As noted in Chapter 6 of@¢hRIA, the air quality modeling performed for the RIA does

not reflect the changes in emissions ofRrecursors associated with the revised policy case.

For this reason, we updated the benefits analysis to account for the updated policy case using

metlods described in the benefits chapter. In this appendix, we detail the results of the benefits

analysis associated with the modeled scenario. Chapter 4 of the RIA describes in detail the air

guality modeling results. As described in the benefits chaghieichief difference between the

modeled and revised cases relate to the level and distribution,@rf8NOx emission

reductions:

While the modeled and revised policy case achieve roughly similar levels of
SO, reductions (2.35M versus 2.06M, respectiyelthe modeled case
concentrates SO reductions primarily among a few Midwestern and
southeastern states, while the revised case distributesrégiOctions more
evenly across both the Midwest, southeast and west. Likewise, the modeled case
generates the igest NOx reductions in the Midwest, while the revised case
shifts these reductions to western states including Montana, Colorado and Utah.

TablesC-1 andC-2 summarize the Pp-related health impacts and monetized benefits
by each health endpoint. Figu€-1 illustrates the distribution of avoided Pidlated deaths by
county across the U.S.



Table C-1: Estimated Reduction in Incidence of Adverse Health Effects of the Proposed

Toxics Rule (95% confidence intervals)

Health Effect Eastern U.S. WesternJ.S. Total
PM-Related endpoints
Premature Mortality
7,700 85 7,800
Pope et al. (2002) (age 30 , 1465 13 000) (245 150) (2,208 13,000)
Laden et al. (2006) (age 20,000 220 20,000
>25) (9,00@® 30,000) (100 340) (9,10® 31,000)
33 0.4 34
Infant (< 1 year) (-375 100) (-13 1) (-385 100)

. . 5,000 67 5,100
Chronic Bronchitis (1708 9,800) (25 130) (1705 9,900)
Non-fatal heart attacks (age > 12,000 130 12,000
18) (3,10® 21,000) (3486 240) (3,10® 21,000)
i‘;ﬁ’r';"’;'o‘;";m'ss'orﬁ 1,900 17 1,900
(all ages) (74® 2,900) (786 27) (750 3,000)
Hospital admissiorts 4,100 36 4,100
cardiovascular (age > 18) (2,70® 4,800) (250 43) (2,70® 4,900)
i?ﬁ;qg:ncy room visits for 7.900 35 7.900
(age < 18) (4,00® 12,000) (183 51) (4,00® 12,000)
Acute bronchitis 12,000 170 12,000
(age 812) (-2,70® 26,000) (-380 370) (-2,80® 26,000)
Lower respiratory symptoms 140,000 2,000 140,000
(age 714) (54,00® 220,000) (760 3,200) (55,00® 230,000)
Upper respiratory symptoms 110,000 1,500 110,000
(asthmatics age-98) (20,00® 190,000) (28 2,700) (20,00® 190,000)
Asthma exacerbation 130,000 1,800 130,000
(asthmatics 4.8) (4,50® 440,000) (640 6,200) (4,60® 440,000)
Lost work days 950,000 13,000 970,000
(ages 1865) (810,00@ 1,100,000) (11,00® 15,000) (820,00® 1,100,000)
Minor restrictedactivity days 5,700,000 79,000 5,700,000

(ages 1855) (4,600,000 6,700,000) (64,008 94,000) (4,700,006 6,800,000)

A Estimates rounded to two significant figures; column values will not sum to total value.
B The negative estimates foertain endpoints are the result of the weak statistical power of the study used to calculate
health impacts and do not suggest that increases in air pollution exposure result in decreased health impacts.



Table C-2: Estimated Economic Value oHealth and Welfare Benefits (95% confidence
intervals, billions of 2006$}

Health Effect Eastern U.S. Western U.S. Total
Premature Mortality (Pope et al. 2002 PM mortality estimate)
; $60 $0.7 $61
0,
3% discount rate PMz.s ($4.85 $180) ($0.15 $2) ($4.8 $180)
: $54 $0.6 $55
0,
7% discount rate PMz.s ($4.3 $160) ($0.0D $1.8) ($4.3 $170)
Premature mortality (Laden et al. 2006 PM mortality estimate)
; $150 $1.7 $160
0,
3% discount rate PM; 5 ($135 $440) ($0.25 $4.9) ($145 $450)
. $140 $1.5 $140
0,
7% discount rate PM; 5 ($125 $400) (30.15 $4.5) ($125 $400)
: $0.3 $0.3
Infant mortality PM; 5 ($-0.3 $1.3) <$0.01 ($-0.30 $1.3)
. N $2.4 $0.03 $2.4
Chronic Bronchitis PMz.s ($0.18 $11) ($0.0D $0.15) ($0.18 $11)
Non-fatal heart attacks
. $1.3 $0.02 $1.3
0,
3% discount rate PMz.s ($0. $3.3)  (<$0.0B $0.04)  ($0.% $3.3)
. $1.3 $0.014 $1.3
0,

7% discount rate PMz.s ($0. $32)  (<$0.0B $0.04)  ($0.% $0.5)
Hospital admissioris $0.03 $0.03
respiratory PMe5 ($0.0B $0.04) <$0.01 ($0.0B $0.04)
Hospital admissioris $0.1 $0.1
cardiovascular PMe5 ($0.15 $0.2) <$0.01 ($0.15 $0.2)
Emergency room visits for
asthma PM,s <$0.01 <$0.01 <$0.01
Acute bronchitis PM,s <$0.01 <$0.01 <$0.01
Lower respiratory symptoms PM, 5 <$0.01 <$0.01 <$0.01
Upper respiratory symptoms PM, 5 <$0.01 <$0.01 <$0.01
Asthma exacerbation PM, 5 <$0.01 <$0.01 <$0.01

$0.1 $0.1
Lost work days PM; 5 ($0.1 $0.1) <$0.01 ($0.15 $0.1)

. . . $0.4 $0.4
Minor restrictedactivity days PM; 5 ($0.2 $0.5) <$0.01 ($0.25 $0.5)
Recreational visibility, Class
| areas PM; 5 $2.1 $0.1 $2.2
Social cost of carbon (3% co,

discount rate, 2014 value)
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Monetized total Benefits
(Pope et al. 2002 PMs mortality and Bell et al. 2004 ozone mortality estimates)

$64 $0.7 $65

3% discount rate ($5.2 $200) ($0.15 $2.2) ($5.20 $200)
_ $59 $0.7 $59
7% discount rate ($4.7 $180) ($0.15 $2) ($4.0 $180)

Monetized total Benefits
(Laden et al. 2006 PMs mortality and Levy et al. 2005 ozone mortality estimates)

i $160 $1.8 $160
3% discount rate ($145 $460) ($0.2 $5.2) ($145 $470)

i $140 $1.6 $140
7% discount rate ($135 $420) ($0.15 $4.7) ($135 $420)

A Estimates rounded to two significant figures.

Figure C-1: Estimated reduction in excess PMs-related premature deaths estimated to
occur in each county in 2016 as a result of theroposed rule
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