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1. Introduction

EPA has published numerous guiddines for risk assessment that support the development of quditative
and quantitative estimates of risk to health. These guidelines are widely used and understood, and EPA
congders them an appropriate bass for ranking and selecting hazardous air pollutants (HAPS) for the
purposes of section 112(k) of the Clean Air Act (CAA) Amendments of 1990. This document
describes EPA’ s use of risk assessment tools and information in selecting HAPs posing the greatest
hedlth risk in urban areas (“urban HAPS’), and a subset of urban HAPs that pose hedth risks as aresult
of emissions from area sources (“area source HAPS').

The essence of the Agency’ s model for risk assessment liesin acombination of two types of
information. Thefirst type of information concerns the nature of adverse effects caused by a substance
(the “hazard identification™), and specific exposure levels a which the effects occur (the * dose-
response assessment”). Thisinformation is based on human or anima studies of high quality, usudly
obtained from scientific journas. The second type of information concerns the amount, or dose, of the
substance that receptors get from the environment. This* exposure assessment” is developed from
actual measurements, mathematical models, or acombination of both. These two types of evidence--
the dose that causes harm and the dose actudly received--are combined in a*“risk characterization” that
describes the potentia for red-world exposure to cause harm and the uncertainties surrounding this
potentidl.

If it were possible to do so, the sdlection or urban and area source HAPS could reasonably be based on
aquantitative nationa risk assessment for al HAPsin dl urban areas. Such an assessment would
include evidence of (1) doses of each HAP known to cause adverse effects (and the nature of those
effects) and (2) estimated doses of each HAP that receptors in urban areas may actudly receive from
the environment. However, such acomprehensive risk assessment is not yet possible. Thelimitationis
not that EPA does not know how to do afully quantitative national risk assessment, but rather that we
do not yet have some of the information needed to do it.

EPA’sligt of HAPs currently contains 188 substances and “ categories’ of substances. Many of these
HAPs have not yet been subjected to toxicologica testing, and existing test results for others have not
yet been developed into dose-response assessments. Although 188 HAPs might seemto bea
reasonably sized group to address, in fact it ismuch larger. Some HAP categories (e.g., polycyclic
organic matter, or POM) are broadly defined, containing thousands of individua chemica compounds
with widdly varying toxic potential. The scientific community isworking hard to collect new toxicity
data, and EPA and other regulatory agencies are working equally hard to develop these datainto dose-
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response assessments. However, given redistic research and resource congtraints, the sheer size of the
HAP ligt precludes a complete understanding of HAP toxicity at thistime.

To address exposure to HAPs, we would prefer to use measured persona exposures or ambient
concentrations from monitoring stations. However, persona monitoring data are fill rare, and EPA’s
ambient air monitoring activity focuses on criteria pollutants such as particulate matter and ozone.
Some States and locd governments fund and operate HAP monitoring stations, but these are based on
the priorities of the funding agencies. For this reason, sampling strategies, lists of substances
monitored, and anaytica methods vary subgtantialy from place to place. Many HAPs, and many
locations, are not monitored at al. Consequently, ambient monitoring information provides important
but limited evidence of exposure potentidl.

EPA’s datafor amounts of HAPs emitted from various sources is more compl ete than our ambient
monitoring databases, but these emission data dso have important limitations. EPA developed many of
the nationa emissons estimates by applying an emission factor, or series of factors, to activity data
thought to represent source categories nationaly. Emission factors were developed from information
from asmal number of sources within asource category, or by professond judgment. Applying
emission factors and activity estimates across al emission sources in a source category carries
substantial uncertainties.

Furthermore, an emission rate does not equal an exposure. Before a receptor can be affected, the
substances must be diluted and dispersed through the atmosphere, where some may be transformed to
other substances or deposited before exposure occurs. To provide amore meaningful indicator of
exposure, emission data can be input to adigperson model capable of estimating ambient
concentrations. Although our current national emissions inventory data do not include sufficient
location data to support disperson modeling, our inventory for 1996 (currently under state review) will
support such modeling.

For these reasons, neither the dose-response nor the exposure database can currently support a direct,
quantitative nationd risk assessment for HAPsin urban areas. Nevertheless, the Act requires EPA to
select 30 or more HAPs posing the greatest threat to health and the environment in urban aress.
Recognizing the above limitations, EPA is obligated to make decisions based on the best available
information. EPA has based its proposa on the results of three separate analyses of information
concerning HAPs in urban areas. These analyses were for the most part developed independently,
athough they are by necessity based on much of the same data. They were prepared by three different
groups of scientists, athough these groups communicated and exchanged ideas during their work. The
three andyses arrived at conclusions that are in some ways smilar, while varying sgnificantly in others.
EPA has endeavored to combine the results in away that takes advantage of concordance among these
groups and makes reasonable judgments in areas where opinions vary.

2. Methods

In 1997, EPA conducted an initia screening evaluation to develop alist of 40 candidate urban HAPs.
The evaluation used three independent ranking andlyses (areview of existing sudies, an urban anaysis
conducted by the EPA Cumulative Exposure Project team, and caculation of risk-based ranking
indices). Two of these analyses are summarized briefly in Sections 2.1 and 2.2 below, and presented
fully as appendicesto this document. Thethird analysisis described in detail in Section 2.3 below.
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Interested parties were invited to submit emission data to augment or replace information used to
develop the list of candidate HAPs. EPA aso subjected the screening evauation methodology itsdlf to
peer-review by independent expertsin air toxics and risk assessment. In early 1998, EPA held afull-
day session of the peer-review panel to discuss the methodology and underlying data. The reviewers
evauated dl facets of the methodology and its suitability for identifying HAPs for the urban HAPslig,
the relative vadue of various data sources, the availability of additiona data sources, the scientific
validity of assumptions, consstency across the methodology, and appropriate presentation formats.
Reviewers provided oral comments at the meeting, and written comments before and after the meeting.
EPA subgtantidly revised the HAP sdlection methodology in response to the reviewers comments.

EPA aso received comments from the public in response to our publication of the draft list of urban
HAPs[1]. Consderation of issues raised by some commentors led usto modify certain aspects of
both the identification methodology and the underlying data inputs. None of these changes, described
in the sections bel ow, conflicted with recommendations made earlier by the 1998 peer review pand.

In findizing the HAP sdlection methodology, EPA aso took the opportunity to update once again dl
data on emissions, ambient concentrations, health effects, and bioaccumulation potentia to ensure that
the selection process has relied on the most recent available information. Nevertheless, tt isimportant
to redlize that the methodology is based on databases that are far from complete, and that contain
information of widdy varying quality. EPA believesthat thisinformation isthe best available for this
purpose, and that basing its ranking on these datais reasonable. However, readers must keep in mind
that substantial uncertainty surrounds thisanadysis. Results should be considered only relative
estimates of potentia hazard of various HAPs, and not construed as quantitative estimates of actua
risks.

2.1 Review of Existing Studies

Thefirst andysis of HAPsin urban areas, prepared by an EPA contractor, reviewed twenty-three
existing studies of exposure, risk, or hazard associated with HAPs. These studies were conducted
during recent years by EPA, state agencies, and others. Of these original twenty-three, fourteen studies
were deemed appropriate for comparative ranking of HAPs. (Six assessments were dropped from
congderation because they were conducted partly or entirely in rura locations, and three more were
omitted because they covered fewer than ten HAPs.) Hazard ranking scores (e.g., quantitative risk
estimates, percent contribution to risk, ranks) from each study were normalized to the same scale, then
aggregated to make a combined total score for each HAP. Carcinogens and non-carcinogens were
ranked separately. Separate anadyses were done for al sources combined (i.e., mgor, area, and mobile
sources), and for area sources done. The combined analysis was the one used in the HAP sdlection
process. HAPsthat ranked above obvious breakpointsin the frequency distribution graphs from each
of the four analyses were assigned highest priority. The full andysis of existing studiesis presented in

Appendix A.
2.2 Cumulative Exposure Project Urban Analysis

The second HAP ranking anadlysis was performed as part of the Cumulative Exposure Project (CEP)
conducted by the EPA Office of Policy, Planning and Evauation. The CEP urban anadys's compared
modeled yearly average ambient concentrations of HAPsin urban areas for 148 HAPs againgt risk-
based concentrations (RBCs, termed “hedth benchmarks’ by the authors) at the censustract level. A
long-term Gaussian dispersion modeling agpproach was used, with emission rates drawn from the



SHection of HAPs Under Section 112(k) of the Clean Air Act: Technical Support Document 07/28/99

Toxics Release Inventory and other EPA databases, addressng mgor, area, and mobile sources. Inthe
origind analysis prepared by the CEP team, contributions from distant emissions of persistent
pollutants and from non-anthropogeni ¢ sources were addressed with background va ues drawn from
measurements in remote locations. The CEP compared these estimated ambient concentrations to
RBCs corresponding to: (1) aonein amillion upper bound lifetime cancer risk (assuming continuous
exposure for 70 years), or (2) aconcentration considered to have no significant risk of adverse non-
cancer effectsin continuoudly exposed populations’. HAPs were ranked according to the number of
urban census tractsin which the modeled concentration was above the RBC. HAPs estimated to
exceed their respective RBC in 50 or more urban census tracts were marked for consideration as urban
HAPs.

Following the September 14, 1998 proposa on the draft integrated strategy for urban air toxics, EPA
received numerous comments objecting to the CEP s use of (1) background concentrationsin the HAP
selection process, and (2) outdated RBCs for specific substances. To address these comments, we
compared predicted ambient concentrations (omitting background) for specific HAPs with our current
RBCs. These recdculations were done only for HAPs to which a background concentration was
assigned in the origina CEP analysis, or for which an RBC had changed.

The origina CEP analysisis presented in Appendix B, and the reca culated results are presented in
Appendix C.

2.3 Risk-Related Ranking Analysis

Thethird relative hazard andlyss, prepared by EPA staff, ranked HAPs by combining surrogates for
toxicity and exposure into ranking indices. The surrogates for toxicity were the risk-based
concentration (RBC) for inhalation or the risk-based dose (RBD) for ingestion.  For effects other than
cancer, the RBC or RBD represented an exposure considered to have no significant risk of adverse
non-cancer effects. For carcinogenic HAPs, RBCs or RBDs represented exposures associated with
fixed levels of upper-bound predicted lifetime cancer risk. Two sets of RBCs and RBDs for
carcinogens were cdculated, thefirst at aone in ten thousand risk level and the second at onein one
million. Surrogates for exposure included measured ambient concentrations, and emission rates from
area, mgor, and mobile sources. Seven separate ranking indices were calculated, then combined into a
gngle ranking. The risk-related ranking indices, and the process by which they were combined with
results of the review of existing studies and the CEP analysis, are described below. The lists of urban
HAPs and area source HAPs were developed from the results of dl three andlyses by considering (1)
how many of the analyses identified the HAP and (2) the contribution of emissions from area sources.

2.3.1 Surrogates for Toxicity

Toxicity information used in the risk-related ranking andysis conssted of dose-response assessments
developed by various regulatory agencies for protection of human hedlth. A wide variety of these
assessments were incorporated, many of which were performed at different times, intended for
different purposes, and subjected to varying levels of review. EPA bdievesthisto be defensible
practice for the purpose of selecting urban and area source HAPS, because the dternative to using

*An example of an estimate of “a concentration considered to have no Significant risk of adverse non-cancer effects” isthe EPA reference concentration (RfC). The
RfC isan esimate (with uncertainty spanning perhgps an order of magnitude) of a continuousinhalation exposure to the human population (including senstive
subgroups) that islikely to bewithout an appreciable risk of deleterious non-cancer effects during alifetime.
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potentially incons stent dose-response information from non-EPA sources would be a de facto
assumption of zero toxic potentia for some substances. This practice would create fal se negatives that
EPA consders unacceptable in this context.

All 189 HAPs origindly listed under Section 112(b) of the CAAA (with the exception of radionuclides,
ashestos, and fine minerd fibers) were carried through the index caculations. The remaining 186
substances and substance categories were included in the detailed calculations, even those that lacked
dose-response, emission, or ambient data, and for which no indices could be calculated. (Caprolactam,
recently deleted from the list of HAPs, was dso included in the caculations) EPA believesthat this
full presentation will alow readersto see data gaps more clearly, and may serve as aguide for future
efforts to upgrade data collection for the air toxics program.

Dose-response assessments for hedlth effects of HAPs were obtained from various sources, and
prioritized according to (1) applicability, (2) conceptua consistency with EPA risk assessment
guidance, and (3) level of review received. The following dose-response assessment sources were used
inthisanayss.

2.3.1.1 US Environmental Protection Agency (EPA)

EPA has developed chronic dose-response assessments for many of the HAPs. These assessments
typicaly specify areference concentration (to protect against effects other than cancer) and a unit risk
(to estimate the probability of contracting cancer). A reference concentration (RfC) is an estimate
(with uncertainty spanning perhaps an order of magnitude) of a continuous inhaation exposure to the
human population (including sengtive subgroups) likely to be without an appreciable risk of deleterious
non-cancer effects during alifetime. The unit risk (UR) is the upper bound excess lifetime probability
of contracting cancer per microgram of HAP per cubic meter of air, assuming constant inhaation
exposure over alifetime.

EPA aso publishes and ogous dose-response vaues for ord exposure, caled the reference dose (RfD)
and carcinogenic potency dope (CPS). The RfD is an estimate (with uncertainty spanning perhaps an
order of magnitude) of adaily ora exposure to the human population (including sengtive subgroups)
likely to be without an appreciable risk of deleterious effects during alifetime. The CPSisthe upper
bound excess lifetime risk of contracting cancer per milligram of HAP per kilogram body weight per
day, assuming constant ord exposure over alifetime.

In assessing a substance' s carcinogenic potentia, EPA evaluates various types of toxicologica dataand
develops a“weight-of-evidence” determination. EPA’s present welght-of-evidence categories are
Group A (carcinogenic in humans), Group B (probably carcinogenic), Group C (possibly
carcinogenic), Group D (not classfiable), and Group E (probably not carcinogenic). EPA isinthe
process of changing to a text-based descriptive weight-of-evidence procedure that isless categorical,
but few EPA assessments reflect this change so far.

EPA disseminates dose-response assessment information in several forms, based on the leve of interna
review. EPA publishes dose-response assessments that have achieved full intra-agency consensus on
its Integrated Risk Information System (IRIS)[2]. Assessments prepared by the EPA Office of
Research and Development (ORD), but that have not been gpproved by al EPA program offices, are
often published by ORD asindividua hedth effects assessment documents. The results of many such
assessments have been assembled in EPA’ s Hedlth Effects Assessment Summary Tables (HEAST)[ 3].
EPA updates HEAST regularly.
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2.3.1.2 Agency for Toxic Substances and Disease Registry (ATSDR)

ATSDR, which is part of the US Department of Health and Human Services, regularly publishes
Hedlth Guidelines Comparison Vaues (CV's) for many toxic substances. ATSDR describesCVsas
media-specific concentrations to be used by health assessors to select environmenta contaminants for
further evaluation. They are presented with only 1 significant figure, and are consdered concentrations
below which contaminants are unlikely to pose a hedth threat. Concentrations above aCV do not
necessarily represent athreat, and CVs are therefore not intended for use as predictors of adverse
hedlth effects or for setting cleanup levels.

For thisanalyss, the ATSDR CV of choice wasthe minimum risk level (MRL). AnMRL isan
estimate of daily human exposure to a substance that is likely to be without an appreciable risk of
adverse effects (other than cancer) over a pecified duration of exposure. MRLs can be derived for
acute, intermediate, and chronic duration exposures by the inhaation and oral routes. MRLswere
chosen for usein this HAP analysis because their concept, definition, and derivation are philosophicaly
consstent (though not identical) with the basisfor EPA’s RfC and RfD.

ATSDR publishesMRLs as part of toxicologica profile documents, one per substance. MRLs are also
collected in atable of CVs[4], regularly updated and distributed by ATSDR.

2.3.1.3 California Environmental Protection Agency (CalEPA).

The CAEPA Air Resources Board has devel oped dose-response assessments for many HAPs, based
both on carcinogenicity, and health effects other than cancer resulting from chronic and acute
exposure.

The non-cancer information includes available inhdation health risk guidance values devel oped by
USEPA or CAEPA, expressed as acute or chronic reference exposure levels (RELS). CAEPA defines
the REL as a concentration level or dose at (or below) which no hedth effects are anticipated.
Because this concept is substantially smilar to EPA’s non-cancer dose-response vaues, this analysis
has used chronic REL sin the same way as RfCs and RfDs.

CdEPA’s quantitative dose-response information on carcinogenicity by inhaation exposure is
expressed in terms of the unit risk, defined smilarly to EPA’sunit risk. This andys's has used specific
CdEPA URsin the sameway as EPA’sURs.

2.3.1.4 National Advisory Committee for Acute Exposure Guideline Levels (NAC)

USEPA'’s Office of Prevention, Pesticides and Toxic Substances established the NAC in 1995 to
develop Acute Exposure Guiddine Levels (AEGLS) and supplementary information on hazardous
substances for federd, state, and local agencies and organizationsin the private sector concerned with
emergency planning, prevention, and response. The NAC/AEGL Committee isadiscretionary Federa
advisory committee that combines the efforts of stakeholders from the public and private sectorsto
promote efficiency and utilize sound science.

The NAC published aninitid priority list of 85 chemicalsfor AEGL development in May 1997 and
proposed AEGL sfor 12 substancesin October 1997 [5]. The AEGLsfor a substance take the form of
amatrix, with separate ambient levels for mild, moderate, and severe effects. Each of these three effect
levels are provided for as many as four different exposure periods, typicaly 0.5, 1, 4, and 8 hours.
Although still under public review, those proposed AEGL s for which substantia issues have not been
in public comment have been consdered in thisandysis. AEGL vaues used for the HAP ranking
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anaysis were 1-hour concentrations for the mildest available effect leve.

2.3.1.5 International Agency for Research on Cancer (IARC)

The International Agency for Research on Cancer (IARC) was established in 1965 by the World
Hedlth Organization. IARC’smission isto coordinate and conduct research on the causes of human
cancer, and to develop scientific strategies for cancer control. The Agency sponsors both
epidemiologica and laboratory research, and disseminates scientific information through meetings,
publications, courses and fellowships.

As part of itsmission, the IARC assembles evidence that substances cauise cancer in humans and issues
judgments on the strength of evidence. IARC’ s weight-of-evidence categories are Group 1
(carcinogenic in humans), Group 2A (probably carcinogenic), Group 2B (possibly carcinogenic),
Group 3 (not classifiable), and Group 4 (probably not carcinogenic). The rankings may be gpplied to
ether sngle chemicas or mixtures.

IARC' s weight-of-evidence for HAPs have been included in the supporting information of thisandyss
as a backup to EPA’ s weight-of-evidence determinations, which do not cover dl HAPs and in some
cases may be out of date.

2.3.1.6 American Industrial Hygiene Association (AIHA)

AIHA has developed emergency response planning guidelines (ERPGs) for acute exposures at three
different levels of severity of hedth effects[6]. These guidelines represent concentrations for exposure
of the genera population for up to 1 hour associated with effects expected to be mild or transient
(ERGP-1), irreversible or serious (ERPG-2), and potentialy life-threatening or letha (ERPG-3).

ERPG vaues used for the HAP ranking andyss were for the mildest available effect leve.

2.3.1.7 National Institute for Occupational Safety and Health (NIOSH)

Aspart of itsmission to study and protect worker health, NIOSH determines concentrations of
substances that are immediately dangerousto life or health (IDLHS). IDLHswere origindly
determined for 387 substances in the mid-1970's as part of the Standards Completion Program (SCP),
ajoint project by NIOSH and the Occupational Safety and Hedlth Administration (OSHA), for usein
assigning respiratory protection equipment. NIOSH is currently evauating the scientific adequacy of
the criteriaand procedures used during the SCP for establishing IDLHs. In the interim, the IDLHS
have been reviewed and, (if gppropriate) revised. NIOSH maintains an on-line database [ 7] of IDLHSs,
including the basis and references for both the current and original IDLH values (as paraphrased from
the SCP draft technica standards). For this HAP ranking, IDLH vaueswere divided by 10 to more
closely match the mild-effect levels developed by other sources, cons stent with methodology used to
develop levels of concern under Title I11 of the Superfund Amendments and Reauthorization Act [ 8].

2.3.1.8 Prioritization of Sources

Therisk-related ranking andysis relied on separate dose-response assessments for inhaation and ora
exposure. Inhaation RBCs were developed for chronic and acute time scales, but ord RBDs were
developed only for chronic exposure.

Some HAPs have been subjected to dose-response assessments by severa of the regulatory agencies
used as sources for thisanalyss. Because these assessments were done by different agencies at
different times, for purposes which were smilar but not identical, it is inevitable that results will not be
totally congstent. To resolve inter-agency discrepancies for thisandyss, EPA applied a cons stent
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priority scheme to the universe of dose-response information.

RfCs and URsfor chronic inhalation exposure obtained from EPA’s IRIS database were given first
priority. For HAPslacking IRIS data, ATSDR MRLsfor effects other than cancer received next
preference, followed by RfCs and URs published in EPA’sHEAST, then by CAEPA RELsand URs.
Sources for ord RBDs were prioritized in the same order used for chronic inhaation RBCs.

For carcinogenic HAPs having no chronic inhaation assessments from any of these sources, ord CPSs
were converted to URs to smulate inhaation exposure. Ora-to-inhalation conversion was not done
for non-carcinogenic HAPs. EPA understands that conversion of oral dose-response information to
inhalation exposure is not optimal risk assessment practice. However, the dternative to thisis to omit
such HAPs from the analysis dtogether, based on ade facto assumption of zero toxicity. EPA regards
this dternative as unacceptable for the purposes of urban HAP sdlection. This procedure carries some
risk of inappropriate rankings for some HAPs.

No-effect (or minimal-effect) concentrations for acute exposure were taken first from the proposed
NAC AEGLs (using the 1-hour concentration for the mildest severity level), then CalEPA acute REL S,
next the AIHA ERPG (at the mildest severity), followed by the NIOSH IDLH (divided by 10).
ATSDR acute MRLs were the source of |ast resort because they are based on 15-day exposure periods
and no-adverse-effect levels, a derivation that should produce results that are fundamentally more
protective than acute values from the other sources.

2.3.1.9 Assumptions on Speciation and Other Adjustments to Dose-Response Information

Following the prioritization of dose-response information, the following revisons and decisons were
made, based on professond judgment:

1. 1,3-Butadiene. On April 29, 1999, EPA’s Office of Research and Devel opment informed the
Office of Air Quaity Planning and Standards via memo that the UR for 1,3-butadiene currently on
IRIS (2.8e-4 [my/m’] ") was no longer supportable. The memo recommended an interim UR
(2.08e-6 [myym’]™) that was more than two orders of magnitude lower (i.e., less potent). Although
it was too late to revise the tables and index cal culations supporting the ranking to reflect this
change, we confirmed that the status of 1,3-butadiene as an urban HAP would be unaffected by the
revised UR.

2. Chromium. For chromium VI compounds, the IRIS RfC for Cr(VI) particulateswas used in
preference to the RfC for chromic acid mists and dissolved Cr(VI) aerosols.

3. Chlorine. Emissionsof chlorine gas undergo a complex series of reactions in the aimosphere that
rapidly deplete the parent compound. Although this andlysis was not able to consider the intricate
chemistry of atmospheric chlorine, it was necessary at least to consder the lack of persistence of
parent Cl, gas. For thisreason, the IRIS RfC for hydrogen chloride was also used to represent
emissons of Cl,, which otherwise would have been over-represented in the ranking.

4. Cobalt. Cobdt emissonsexist mostly as oxide, but the CAEPA REL and the ATSDR MRL are
based on cobalt sulfate heptahydrate aerosol. These dose-response vaues were deemed not to
match the environmental data, and were dropped.

5. 1,4-Dichlorobenzene. In response to public comments, EPA reviewed the toxicologica databases
for compounds that EPA has designated as class“C” carcinogens, and for which URs are available.
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10.

11

12.

Datafor one of these compounds, 1,4-dichlorobenzene (p-DCB), indicate that (1) metabolic
activation is probably necessary for tumor formation, (2) humans metabolize p-DCB much more
dowly than do mice (in which tumors were observed), and (3) norma detoxification mechanisms
effectively remove low levels of carcinogenic p-DCB metabolites such as humans might produce.
Because of these uncertainties thisanaysis did not usea UR for p-DCB. Available URsfor other
class“C’ carcinogens were retained.

Glycol Ethers. Five different glycol ether compounds had available dose-response assessments that
provided recommended RfCs or equivadent levels. The lowest of these (i.e., the most protective)
was gpplied to the entire category.

Lead. For lead and compounds, the CAEPA UR was used for carcinogenic effects and the EPA
nationd ambient air quaity standard was used in lieu of an RfC for non-cancer effects.

Mercury. The IRIS RfC for dementa mercury was applied to inhdation of mercury and
compounds, based on the finding of EPA’s Mercury Report [9] that the dominant form of mercury
in the atmosphere is dementa (although divaent Hg may exist near some sources)) The IRISRfD
for methyl mercury was used for food chain caculations, to reflect that compound’ s
bicaccumulation potential.

Nickel. The RIS unit risk for nickel inhalation was based on carcinogenic effects of insoluble
nickel compounds in crystaline form. Soluble nicke species, and insoluble species in amorphous
form, do not appear to produce genotoxic effects by the same mechanism asinsoluble crystaline
nickd. Avalladle nicke speciation information for some of the largest nicke-emitting sources
(including oil combustion, coal combustion, and others) suggests that at least 35% or more of total
nickel emissions are soluble compounds. Of the insoluble nickel emissions, 17% is thought to be
oxides, 3% or more sulfidic, and the rest is unknown. Based on these data, this analysis has
assumed that 50% of emitted nickd isinsoluble, and that 50% of insoluble nicke is crystdline. On
this basis, the UR for nicke subsulfide (representing pure insoluble crystaline nickel) was divided
by 4 and applied to dl nickel compounds.

Phosphorus. Dose-response assessment vaues for white phosphorus, which can exist only
momentarily in the presence of oxygen, were deemed inappropriate to apply to phosphorus
emission or monitoring data, and were dropped.

Polycyclic Organic Matter. The analysis used agroup of 7 carcinogenic PAH compounds
(benz[ alanthracene, benzo[ b]fluoranthene, benzo[k]fluoranthene, benzo[apyrene, chrysene,
dibenz] a,h]anthracene, and indeno[1,2,3-cd] pyrene) to represent the entire polycyclic organic
matter (POM) HAP category. A weighted UR of 3.3e-4 (ug/m®)™ was developed for these
carcinogenic PAH compounds tracked as a group by EPA’s Nationa Toxics Inventory (described
below). The UR was based on a combination of compound-specific UR values[10], and the
inventory emissions for each of the compounds.

SHenium. The CAEPA chronic REL for hydrogen selenide was deemed inappropriate to apply to
al sdenium compounds, based on ATSDR'sjudgment [ 11] that foss| fuel combustion isthe
primary source of atmospheric Se, which is emitted predominantly as SeO,. No inhdation RBC
was used.
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13. Vinyl Chloride. The IRISUR for vinyl chlorideisaso currently under review. Although this
anaysis usesthe older UR currently on IRIS, we confirmed that the tatus of vinyl chloride asan
urban HAP would not be affected by the draft reassessment.

The complete set of regulatory dose-response information used in the risk-related ranking analysisis
presented in Table 1, together with the EPA and | ARC weight-of-evidence determinations for
carcinogenicity and the source of each regulatory value. All HAPs (plus caprolactam) appear in this
table, with blanks showing where dose-response assessments were not avallable. Ranking indices
could not be calculated for these substances.

2.3.1.10 Development of Risk-Based Concentrations (RBCs) and Risk-Based Doses (RBDs)

RBCs[12] and RBDs are a smple device by which dose-response information for cancer and non-
cancer effects can be reduced to asingle type of information—an ambient air concentration (or ora
dose) of a substance that defines an insignificant health risk over a specified exposure period.
Concentrations or doses lower than the RBC/RBD can usudly beignored. Higher concentrations or
doses do not necessarily equate to a significant threat, but may deserve a closer look.

RBCs and RBDs are products of risk assessmentsrun in reverse. Instead of beginning with
environmental concentrations and applying an exposure scenario to calculate arisk, the risk assessor
beginswith afixed leve of risk and inverts the calculations to determine the environmental
concentration of a substance that will produce it. Such inverted caculations, when performed in
accordance with EPA’ s nationd risk assessment guiddlines, are no less valid than the usua forward
computation of risk. The selection of afixed risk level, however, may appear to imply a policy choice
that is not intended.

For non-cancer effects, the RBC/RBD is smply the reference concentration or reference dose (or
amilar value from another source). For non-threshold carcinogens, the RBC/RBD is based on afixed,
nonzero levd of risk, implying arisk management decision that this fixed risk level is*not significant,”
or deminimis. If thede minimiscancer risk wereset a 1in 1 million (1e-6) upper bound lifetime
cancer risk, the list of 30 substances selected likely would be dominated by carcinogens. Thiswould in
effect give non-cancer effects” second-class’ gatus. If, on the other hand, de minimis cancer risk were
congdered to be, for example, 1 in 10,000 (1e-4), readers might assume that EPA was willing to
accept risks up to that leve for sngle HAPs.

Thisissue was addressed by caculating two sets of chronic RBC/RBDs, cdled “case 1’ and “case 2”.
The case 1 concentration or dose was that yielding a 1e-6 upper-bound lifetime cancer risk, or the RfC
for chronic non-cancer effects, whichever was lower. The case 2 concentration or dose represented a
le-4 upper-bound lifetime cancer risk, or the RfC, whichever was lower. For HAPs having only aUR
and no RfC, there was a 100-fold difference between case 1 and case 2. For HAPs having only an RfC
and no UR, case 1 and case 2 wereidentical. For HAPs with both a UR and RfC, case 1 was often
(though not always) based on cancer and case 2 on non-cancer effects.

Exposure assumptions were ddiberately kept smple and minima. Inhalation RBCsfor chronic
exposure were based on an assumption of continuous lifetime exposure. Inhalation RBCs for acute
exposure were based on episodic 1-hour exposures with enough recovery time between exposures to
preclude lingering adverse effects. RBDs for chronic ora exposure, expressed as mg of HAP ingested
per kg of body mass per day (mg/kg/d), were used directly without exposure assumptions. RBCs and
RBDsfor case 1 and case 2 are presented in Table 2.
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EPA recognizes that actud exposuresto HAPs are far more complex, and that these minimalist
exposure scenarios, if used for quantitative risk assessment, could produce mideading results. Readers
arereminded that this andyssis not intended to quantify absolute levels of risk, but rather to rank
HAPs according to relative hazard. Applying amore detailed and realistic exposure assessment to this
andysswould drastically increase the complexity of the ranking analysis, but whether this additiona
complexity would gregtly dter the overdl list of priority HAPsis unclear.

2.3.1.11 Uncertainties in Use of Dose-Response Surrogates

2.3.1.11.1 Carcinogens

EPA’s methods for deriving URs and ora potency dopes were intentionally designed to avoid
underestimation of cancer risk. This protectiveness was incorporated into severa steps of the process.
Firgt, potency estimates for most HAPs were based on amathematical modd (the linearized multistage
moddl) that assumes a straight-line dose-response al the way from administered dosesin animalsto
zerodose. In effect, the mode predictsthat any dose of a carcinogen, however smal, carries some
minute lifetime cancer risk. EPA usesthis modd asits protective default in the absence of information
supporting adifferent model for a substance. Use of other less conservative models would produce
lower ranks for many carcinogens relative to non-carcinogens.

Carcinogenic potency estimates for many HAPs aso incorporate protective extragpol ations from test
animals to humans, based on relative surface area (assumed to be the 0.67 power of body mass) asa
surrogate for metabolic rate. 1t can dso be argued, for example, that anima data can be converted to
human equivaence using body mass itsdlf (i.e., the 1.0 power of body mass), which isless protective.
EPA itsdlf is changing to a conversion based on relative basal metabolic rate (assumed to be the 0.75
power of body mass). Use of a higher power of body masswould produce lower ranks for
carcinogens relative to non-carcinogens.

Third, carcinogenic potency estimates for most HAPs are 95% upper confidence limits rather than best
estimates. The true potencies may be less, but are unlikely to be greater.

2.3.1.11.2 Non-carcinogens

RfCs and ord RfDs define continuous lifetime exposures, with uncertainty spanning perhaps an order
of magnitude, that EPA expects to be safe for human populations. RfCs and RfDs often must be based
on limited data, and may be well below the actual human threshold for adverse effects, for two reasons.
Firgt, EPA favors the most sensitive species and the adverse effect to that species which occurs at the
lowest dose. Although extrapolations from animals to humans are based on the best available data, in
some cases EPA assumes that humans may be up to ten times more sensitive than the tested species,
and that sengitive humans may be up to ten times more senditive than the average human. These
assumptions, designed to give the benefit of uncertainty to the exposed public, may produce RfCs and
RfDsthat are well below the true human adverse-effect thresholds for some HAPs.

Second, EPA has based some RfCs and RfDs on the no observed adverse effect level (NOAEL). The
NOAEL isthe highest dose at which test animals did not exhibit adverse effects rdative to controls.
Because most toxicologica studies are designed with considerable gaps between test doses, the true
threshold for adverse effects may be substantially higher than the experimental NOAEL. Use of the
NOAEL ingtead of the true threshold for effects provides an additiond level of protectivenessin
reference doses.

2.3.1.11.3 Adaptation of Oral Dose-Response Assessments to Inhalation
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Additiona uncertainty was introduced for 15 carcinogenic HAPs and HAP categories (out of thetota
188) that lacked dose-response assessments for inhaation, but had ord values. For these HAPs, EPA
judged that a converted ord vaue was preferable to the aternative de facto assumption of zero
carcinogenic potentid. Conversion from ora to inhaed exposure was based on an assumed body mass
of 70 kg and inhalation rate of 20 m*/d. No adjustment was applied to account for differencesin
absorption through the Gl tract and the lung, or for possible direct adverse effectsto thelung. Thereis
no way of knowing if “quas” RfCsand URs derived by ord-to-inhaation conversons are more or less
protective than fully-devel oped ones.

2.3.1.11.4 Prioritizing Dose-Response Assessments

While dose-response assessments developed by EPA, ATSDR, CAEPA, and others share subgtantialy
the same purpose and philosophy, these factors are not identical. 1f EPA were to develop a complete
st of RfCsand URsfor dl HAPs, it is possible that some would be significantly different than the non-
EPA vaues actudly used.

CaEPA has proposed URs for six HAPs or HAP categories that lack both an EPA and IARC weight-
of-evidence determination. This ranking andysis has used these URs. Leaving them out would move
these substances lower in the ranking, and would eliminate some entirely. Use of these ix URsin this
analysis does not congtitute a recommendation by EPA that they are necessarily appropriate to usein
quantitative risk assessments.

This andlyss used a somewhat different prioritization scheme than did the EPA Cumulative Exposure
Project (CEP). The mgor differences were that the CEP (1) did not use EPA Superfund Technical
Support vaues at dl, (2) did not extrapolate from ord to inhaation exposure for noncarcinogens, (3)
used older CAEPA assessments, and (4) included assessments from unpublished 1994 draft EPA
guidance for determining de minimisrisk levels.

In assessing acute hazards, the CEP divided SARA LOCs by afactor of 1000 to smulate no-effect
levels, whereas the risk-related ranking analysis used ATSDR acute RELs, followed by NAC AEGLSs,
with unaltered LOCs serving only asalast resort. Asaresult of its trestment of LOCs (and thelr
subsequent comparison to yearly average concentrations, rather than short-term averages) the CEP
produced more protective acute results for some HAPs than did the risk-related ranking indices. EPA
has determined that the outcome of the anaysis—the proposed list of 30 substances—was not
influenced by the CEP s high level of protectiveness for acute effects.

These differences in assessment prioritization resulted partly from the fact that the CEP had somewhat
different gods than did the present andyss. Mostly, however, these variations arose from the fact that
thereisno clear “best” way to prioritize dose-response assessments. Two groups of scientists
independently addressed afuzzy issue, and arrived at somewheat different answers. EPA believes that
the HAP selection process will be strengthened, rather than weakened, by this dichotomy of opinion.

2.3.2 Surrogates for Exposure

The second mgor part of the HAP ranking indices (the first part being the dose-response data
described in the previous section) was information on exposure. Actual data describing human
exposure to HAPs are limited, and lack the comprehensive geographic, tempora, and multi-
contaminant coverage that this ranking exercise requires. Therefore, EPA chose to base the ranking on
exposure surrogates—data related to, but not identical with, exposure. The two types of exposure
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surrogates chosen were (1) long- and short-term ambient air quality measurements in urban areas, and
(2) estimated annual masses of HAPs released in urban areas by mgjor, area, and mobile sources.

2.3.2.1 Measured Concentration Data

The ambient air qudity dataset used in this analysis was created by combining al available monitoring
datafrom EPA’s Aerometric Information Retrieval System (AIRS) and Toxics Data Archive (9/30/98
version) databases for the 188 compounds defined in the Clean Air Act as hazardous air pollutants.
The analysis was restricted to data collected in urban areas from 1988 through 1997. Datawere
expressed in units of micrograms per cubic meter (mym?°). Concentration data that were below the
minimum detection limit (MDL) were replaced by ¥2the MDL before averaging. When the MDL was
missing, the lowest reported value was assumed a plausible vaue for the MDL.

For input to the chronic exposure indices, selected ambient air quality datawere first averaged
arithmetically for each combination of day, HAP, and monitoring Ste. Annual averages were then
cdculated from the daily averages. Data were selected for inclusion where (1) short-term
measurements for at least 75% of the hoursin aday, and (2) daily averagesfor at least 75% of the days
inayear, were avallable. The expected number of daily measurements corresponding to 100%
completeness was estimated by determining the frequency distribution of sampling intervals (days) and
dividing 365 by the mode of the distribution.

Annua average concentrations from 1988 to 1997 for each site-pollutant combination were next
averaged across years. Findly, the resulting multi-year average concentrations were averaged across
monitoring sitesinto a single long-term multi-city average concentration for each HAP for which data
met the selection criteria. The criterion for multiyear statistics was 75% completeness for 75% of the
years. HAPsfor which more than 90% of reported results were below the MDL were dropped from
theandyss. Ambient datafor individua compoundsin the“7-PAH” group (i.e., benz[a]anthracene,
benzo[ afluoranthene, benzo[k]fluoranthene, benzo[apyrene, chrysene, dibenz[ah]anthracene, and
indeno(1,2,3-cd)pyrene) were summed and entered on the 7-PAH line.

To simulate acute exposure for each HAP, the 95™ percentile of the original dataset was selected. EPA
judged that this concentration represented a reasonable maximum short-term exposure, while avoiding
potential problems with outliers that could result if higher percentiles were used.

The ambient concentration data used in the ranking andysis are presented in Table 3. All HAPswere
included in the table, with missing ambient concentration data shown as blanks. Ranking indices based
on ambient concentrations could not be calculated for these substances lacking these data.

2.3.2.2 Emission Mass Data

The second type of data used in thisranking analysis as a surrogate for exposure were estimated
emitted masses of individual HAPs. These data were obtained from severd EPA emission data sources,
for the period from 1990 to 1993 (the “basdline year” for measuring risk reductions). Data were
retrieved for counties that contained a metropolitan gatistical area (MSA) of 250,000 people (* urban-
17), or (for counties lacking an MSA of 250,000) a population designated as more than 50% urban by
the Bureau of Census (“urban-2"). Datafor counties classfied as“rurd” were excluded. Retrievas
contained emissions from al types of sources, including mgor, area, and mobile sources.

Emission data were retrieved from the four sources described in Exhibit 1, below.
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Exhibit 1. Emission data sources used in HAP ranking analysis, in order of preference. Data from
lower-priority sources were used only if information from a higher-priority source was not
available.

Inventory Data Date HAP Estimates Used in Comments
Source Available Urban Analyses
1. 1990 Emissons | March 40 candidate urban Best sourcefor 40 HAP emissions,
Inventory of Forty 1999 HAPs edlimation technique documentation,
Potential Section Nationd level emissons urban/rurd splits and definitions
[13] county designations
2. Updaed March PCB and HCB estimates Most recent data set for these 2
inventory fortwo | 1999 were upaated from the HAPs
section 112(C)(6) 497 112(c)(6) inventory Not documented or publicly
HAPs[14] Urban/rura splits not avalable
included in database, but Changes primarily reflect new data
developed by EPA from MACT standard development
contractor for this
anayss.
3. 1993 NTI February 188 individua HAPs and Most recent compiled data set for
verson 9801 1999 category totals HAPs not in 40-HAP inventory or
(revised) Urbar/rural splits not 112(c)(6) update.
included in database, but Publicly available on CD by written
developed by EPA gaff request.
for thisanaysis.
4, 1993 NTI October ﬁ;'\y;s”?e”de?nmﬁ:d Only compiled data for individua
verson 9702[15] | 1997 oM Oorggoun o specieswithin HAP categories.
Individud species esimates are
Urban/rurdl splits not artifacts of primary data sources
included in datebase, but (eg., Satesor TRI). Estimatesfor
developed by EPA steff these individual speciesare not
for thisanadysis. reported consistently and are likely
to under-represent nationd totals.
Superseded by verson 9801, which
lacks speciated data; no longer
available.

Emission data used in ranking index caculations are shown in Table 3. HAPs for which information
was not available from the emission databases described above were included in this table as blanks,
and emission-based indices for these substances were not cacul ated.

2.3.2.3 Speciation Assumptions for Inventory and Ambient Monitoring Data

The following decisions were made regarding the use of NTI emission data, based on staff judgment:

1. Antimony. Emission and ambient datafor antimony were assumed to represent the carcinogenic
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trioxide, which is thought to be the predominant form of atmospheric antimony [ 16].

2. Arsenic. Emisson and ambient datafor arsenic, which isreleased to the air mainly asarsenic
trioxide and is usudly found in the atmaosphere as a mixture of particulate arsenite and arsenate
[17], were evaluated asinorganic arsenic.

3. Chromium. Emission datafor total chromium, which did not distinguish between thelll and VI
valences, were apportioned to reflect a 35% reported proportion of chromium VI [18].

4. Lead. Emisson and ambient datafor tota lead were assumed to be inorganic, and paired with
hedlth RBC/RBDs for inorganic lead. Emission data for adkylated lead were paired with
RBC/RBDsfor tetragthyl lead in the index caculations. Alkylated and inorganic lead were scored

separately.

5. Mercury. Emissonsand ambient air concentrations of mercury were presumed to be e ementa
mercury, the dominant form of mercury in the atmosphere[9].

6. Polycyclic Organic Matter. Emission and ambient datafor agroup of 7 carcinogenic PAH
compounds (benz[ ajanthracene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[a]pyrene,
chrysene, dibenz[a,h]anthracene, and indeno[ 1,2,3-cd] pyrene) were used to represent the entire
polycyclic organic matter (POM) HAP category. These datawere paired with aweighted UR
developed for these compounds, described in section 2.3.1.9.

2.3.2.4 Bioconcentration Data

The bioaccumulation factor (BAF) and bioconcentration factor (BCF) are estimates of the ratio of the
concentration of a substance that an organism will accumulate in its tissues relative to the concentration
of the substance in the environment, at equilibrium. The previous draft of the risk-related ranking
analysis used a database of these vaues obtained from the 1997 betatest version of EPA’s Waste
Management Prioritization Tool (WMPT). EPA received several comments noting that these BAFs
and BCFswere incomplete and of inconsistent quality, and further comments requesting amore
complete treatment of bioaccumulative HAPsin generd. We have partially addressed these concerns
by replacing the 1997 WMPT data with the database of BAFs and BCFs from EPA’ s recently-rel eased
1999 version of the WMPT [19], which has been substantially expanded and improved.

The WMPT isintended to allow EPA to rank relative hazards from the list of hazardous substances
regulated under the Resource Conservation and Recovery Act, and was judged to be the most
comprehensive source of high-quaity information for the purpose of HAP ranking. The present
andyssfollowsthe WMPT' s preferences for BAFs over BCFs, and for measured values over
predicted vaues. Among the 7 PAH compounds grouped as the POM surrogate for this anayss,
measured BAFs were available only for chrysene and benz[ alanthracene. EPA assigned this measured
BAF vaue (800 for both compounds) to the entire 7-PAH group.

BCF/BAFsused in thisranking andysis are presented in Table 3.

2.3.2.5 Uncertainties in Use of Exposure Surrogates

This andyss has the following important limitations: (1) the ranking is relative rather than absolute, (2)
the results cannot be interpreted as quantitative risk estimates, and (3) the emission and ambient
concentration data bear some relation to human exposure, but cannot themselves be construed as
exposure estimates.
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The ambient monitoring database had many gaps, shown asblanksin Table 3. No measurements exist
for many urban locations, and locations that were monitored were usualy sampled for only afew
HAPs. Measurements that do exist were taken only at specific locations and times, and cannot
represent the whole spectrum of ambient concentrations. Furthermore, even perfectly accurate
ambient concentrations cannot fully explain human exposure, which is influenced by complex
behaviors. Findly, the ambient air measurements are subject to the same limitations as all measured
data—detection limits that may be too high, and potentia for errorsin sampling, andys's, and reporting
of data.

Most NTI emission data are from 1990, with updated information for some HAPsin some locations
for 1993. This database was used to reflect a 1990 basdline, the year the Act was passed, as abasdline
from which to measure future improvements, and it should not be interpreted as representing current
conditions. Most emission data are predicted from emisson factors and activity levels, both of which
are subject to error. Even perfectly accurate emission datawould be a substantidly inaccurate
predictor of ambient concentrations, which are aso influenced by factors such as proximity of
populations, Ste-specific parameters like stack height, meteorologica conditions, atmospheric
transformation of HAPs, and non-source-rel ated background concentrations.

2.3.3 The HAP Ranking Process

Four distinct ranking indices were calculated, data permitting. Three of these indices were based on
chronic exposure, and one on acute exposure. The three chronic indices were calculated using case 1
and case 2 dose-response information (described above). The tota number of caculated “ sub-indices’
was seven.

As discussed above, each of these calculated indices represents only a Ssmple surrogate measure of
relative hazard that cannot be trandated to absolute risk. Index vaues can be most accurately
described as ambient concentrations and emission masses that have been adjusted to account for
relative differencesin the toxicity of various HAPs. They provide no information about whether
emissions, ambient levels, or risks are acceptable or unacceptable.

2.3.3.1 Index 1: Ambient/Acute

The ambient acute index was calculated by dividing the 95" percentile 24-hour concentration of each
HAP by its risk-based concentration for acute effects. The purpose of thisindex wasto rank HAPs by
relative short-term inhalation hazard.

2.3.3.2 Index 2: Ambient/Chronic

The ambient chronic index was cadculated by dividing the long-term average ambient concentration of
each HAP by its risk-based concentration for chronic effects. Thiswas done separately for case 1
(RBC =t at 1e-6 risk or the RfC, whichever was lower) and case 2 (RBC et a 1e-4 risk or the RfC,
whichever waslower). The purpose of thisindex wasto rank HAPs by relative long-term inhaation
hazard.

2.3.3.3 Index 3: Emission/Chronic/lnhalation

The NTI emission rate, in tons per year, was adjusted by dividing it by the RBC for chronic effects. As
with the ambient chronic index, thiswas done separately for case 1 (RBC set at 1e-6 risk or the RfC,
whichever was lower) and case 2 (RBC st a 1e-4 risk or the RfC, whichever was lower). The
purpose of thisindex was to rank HAPs by relative long-term inhdation hazard. Although emission
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data represent aless direct surrogate for exposure than ambient data do, thisindex is vauable because
the emission database is far more complete in terms of numbers of HAPs and locations considered.

2.3.3.4 Index 4: Emission/Chronic/Oral

The NTI emission rate, in tons per year, was adjusted by multiplying it by the bioconcentration factor
and dividing it by the ord risk-based dose (RBD) for chronic effects. Aswith the other chronic indices,
this was done separately for case 1 (RBD st at 1e-6 risk or the RfD, whichever was lower) and case 2
(RBD st at 1e-4 risk or the RfD, whichever was lower). The purpose of thisindex wasto rank HAPs
by relative potentia hazard due to food-chain bioaccumulation.

2.4 Combination of Individual Ranking Indices

The seven sub-indices described above were cdculated for each HAP, to the extent that data
permitted. Raw scores (Table 4) were normalized to a scale of 0-100 within each sub-index (Table 5),
with 100 representing the most hazardous score and O representing no hazard. Scores that could not
be calculated because of missing data were treated as blanks, not as zeros.

This system of normalizing sub-index scoresto the same 0-100 scale was adopted in response to
comments received on the September 1998 proposed HAP sdlection protocol. The earlier method
ranked HAPs within each sub-index, then averaged the ranks. Commentors noted that this method
obscured quantitative differences in magnitude among HAPs, and artificially increased the importance
of sub-indices having the fewest calculated results.

EPA agreed with these comments, and revised the methodology to use normalized scoring. The
normalized 0-100 scale preserves differences in relative magnitude of hazards. For example, if the
highest-scoring HAP has araw index score ten times higher than the second HAP, the two HAPs
would have been ranked 1 and 2 under the old system. Under the new system, their normalized scores
would be 100 and 10. The system also treats dl sub-indices equally, regardiess of how many HAPs are
scored. For example, under the old system only about 20 HAPs could be scored for the ambient/acute
index’, so the least hazardous HAP had arank of about 20. However, more than 150 HAPs were
scored for the emission/chronic/inhaation index. Thus, the HAP that ranked 20" out of 150 in this
index was probably much more important than the HAP ranking 20™ of 20 in the ambient/acute index.
This system artificidly deflated the importance of data-rich sub-indices for which many HAPs were
scored. The new scoring system removes this artificid bias.

Normalized scores were averaged across the seven sub-indices, for each HAP. Average scores and the
overal HAP rank are shown in Table 5. Figures 1 and 2 show the 60 HAPs that ranked highest in this
exercise, sorted in order of average score. Individual sub-index scores appear as points on these
figures, except for blanks caused by data gaps.

3. Results and Selection of HAPs Proposed for Listing

Reaultsfor dl three ranking andlyses—(1) the risk-related ranking indices, (2) the CEP urban andysis,
and (3) the review of existing risk assessments and hazard rankings—are combined and summarized in
Table 6. In sdecting the urban HAPs for the integrated strategy, we compared the results of the three
separate andyses, and selected those HAPs for which a publicly reviewed basdline nationd emissions

2 Note: In the revised HAP ranking, we have been able to score over 50 HAPs for the ambient/acuteindex.
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inventory was available (under CAA section 112(k) or 112(c)(6)), and which was either:
1. ldentified by at least two of the three analyses (regardless of area source contribution), or

2. ldentified by at least one of the three analyses, with an area source contribution to total emissons
of a least 25 percent.

This second criterion was set in recognition of the area source emphasis of thisintegrated strategy.
These criteria produced an integrated list of 33 “urban HAPS' (Table 6). Section 112(k) of the CAA
requires us to identify not less than 30 “area source HAPS’ that pose the greatest threat to public hedlth
in the largest number of urban areas, asthe result of emissions from area sources.

To identify these 30 area source HAPs, we ranked the list of 33 urban HAPs by percent contribution to
national urban emissions from area sources and salected the 30 urban HAPs with the greatest area
source contributions. The remaining three urban HAPs (coke oven emissions, 1,2-dibromoethane, and
carbon tetrachloride) have less sgnificant emissions contributions from area sources, and are not
among the 30 area source HAPs considered for area source category listing.
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