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Executive Summary

The Air Toxics Hot Spots Program Guidance Manual for Preparation of Health Risk
Assessments (OEHHA, 2003) (Guidance Manud) is a concise description of the dgorithms,
recommended exposure variates, and cancer and noncancer health values needed to perform a hedlth
risk assessment (HRA) under the Air Toxics Hot Spots Information and Assessment Act of 1987
(Hot Spots or AB 2588) (AB 2588, Connelly, Statutes of 1987; Hedlth and Safety Code
Section 44300 et seg.) (see Appendix B). The information presented in the Guidance Manud isa
compilation of information presented in the four technica support documents (TSDs) released by the
Office of Environmenta Hedth Hazard Assessment (OEHHA\) for the Hot Spots Program.  The four
TSDs underwent public comment and peer review and were adopted for usein the Air Toxics Hot
Spots program by the Director of OEHHA. These four TSDs present detailed information on cancer
and noncancer hedlth effects values and exposure pathway information. Excerpts of these four
documents are presented in this document. All four TSDs are available on OEHHA’ s web dte at
www.oehha.ca.qov. Thereisrddivdy little new information in the Guidance Manua since the
previoudy adopted TSDs form the basis of the Guidance Manudl.

The Guidance Manua supercedes the risk assessment methods presented in The California
Air Pollution Control Officer’s Association (CAPCOA) Air Toxics Hot Spots Program; Revised
1992; Risk Assessment Guidelines, October 1993 (CAPCOA, 1993). The Guidance Manud
scientificaly updates hedth effects vaues, exposure pathway variates (e.g., breathing rates), and
presents a tiered gpproach for performing HRAs. The tiered approach provides a risk assessor with
flexibility and dlows congderation of Ste-gpecific differences. Furthermore, risk assessors can tailor the
leve of effort and refinement of an HRA by using the point- estimate exposure assumptions or the
stochadtic treatment of data distributions. The four-tiered gpproach to risk assessment primarily applies
to resdentia cancer risk assessment. OEHHA is not recommending a stochastic approach (Tier-3 and
Tier-4) for worker receptors or for noncancer chronic evaluations. Only Tier-1 appliesto acute
exposure evaluations. Compared to the CAPCOA 1993 document, the exposure pathways in the
Guidance Manud remain the same, the exposure dgorithms are smilar, and risk dgorithms have been
revised to accept the data needed for the tiered risk assessment approach.

The Guidance Manua aso contains example caculations and an outline for amodding protocol and a
HRA report. A software program, the Hot Spots Analysis and Reporting Program (HARP), has been
developed by a contractor in consultation with OEHHA, the Air Resources Board (ARB), and the Air
Pollution Control or Air Quaity Management Didtrict (Didtrict) representatives. The HARP softwareis
the recommended modd for calculating and presenting HRA results for the Hot Spots Program.
Information on obtaining the HARP software can be found on the ARB’ s web Ste a www.arb.ca.gov
under the Hot Spots Program.

The intent in developing this Guidance Manud and the HARP software is to provide consstent
risk assessment procedures. The use of consistent risk assessment methods and report presentation has
many benefits, such as, expediting the preparation and review of HRAS, minimizing revison and
resubmission of HRAS, dlowing aformat for facility comparisons, and cost- effective implementation of
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HRAs and the Hot Spots Program. Risk assessments prepared with this Guidance Manud may be used
for permitting new or modified stationary sources, or public notification, and risk reduction requirements
of the Hot Spots Program.
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1. I ntroduction

11  Development of Guidelines

The Hot Spots Act is designed to provide information to state and local agencies and to the
generd public on the extent of airborne emissons from stationary sources and the potentia public hedth
impacts of those emissions. The Hot Spots Act requires that OEHHA develop risk assessment
guiddines for the Hot Spots program (Hedlth and Safety Code (HSC) Section 44360(b)(2)) (see
Appendix B for the text of the HSC). In addition, the Hot Spots Act specifically requires OEHHA to
develop a“likelihood of risks’ gpproach to health risk assessment. I1n response, OEHHA developed a
tiered gpproach to risk assessment where a point-estimate gpproach isfirst employed. If amore
detailed andyssis needed, OEHHA has developed a stochagtic, or probabilistic, approach using
exposure factor distributions that can be gpplied in a stochastic estimate of the exposure. A detailed
presentation of the tiered gpproach, risk assessment algorithms, selected exposure variates
(e.g., breathing rate), and digributions with aliterature review is presented in the Air Toxics Hot Spots
Risk Assessment Guidelines; Part 1V; Exposure Assessment and Stochastic Analysis Technical
Support Document (OEHHA, 2000b) (Part IV TSD). A summary of thisinformation can be found in
Chapter 5 of this document.

Cancer and noncancer (acute and chronic) dose-response relationships (hedth effects vaues)
for many Hot Spots substances are presented in the first three Technical Support Documents. The Air
Toxics Hot Spots Program Risk Assessment Guidelines; Part |; The Determination of Acute
Reference Exposure Levels for Airborne Toxicants (OEHHA, 1999a) presents acute Reference
Exposure Levels (RELS) for 51 toxicants and toxicant compound classes. The Air Toxics Hot Spots
Program Risk Assessment Guidelines; Part I1; Technical Support Document for Describing
Available Cancer Potency Factors (OEHHA, 1999b and 2002) contains inhaation cancer potency
factorsand ora cancer potency factors for 122 toxicants and toxicant compound classes developed by
OEHHA or developed by other authoritative bodies and endorsed by OEHHA. The Air Toxics Hot
Soots Program Risk Assessment Guidelines; Part I11; Technical Support Document for the
Determination of Noncancer Chronic Reference Exposure Levels (OEHHA, 2000a) documents the
development of chronic noncancer inhdation RELsfor 72 toxicants and toxicant classes. The OEHHA
website (www.oehha.ca.gov) should be consulted for chronic REL s adopted subsequent to (OEHHA,
20004q). In addition, for a small subset of these substances that are subject to airborne deposition and
hence human ora and dermd exposure, ord chronic RELs are presented. A summary of cancer and
noncancer hedth effects values can be found in Appendix L and Chapters 6 and 7 of the Guidance
Manua. All four Technical Support Documents have undergone public and peer review and have been
endorsed by the state’ s Scientific Review Pand on Toxic Air Contaminants and adopted by OEHHA.
The Guidance Manud has dso undergone the same public and peer review process.

The Guidance Manud contains a concise description of the algorithms, recommended exposure
variaes, and cancer and noncancer health values needed to perform a Hot Spots risk assessment under
the Hot Spots Act (see Appendix B). The information for the Guidance Manud is taken from the other
four TSDs. The Guidance Manud is the successor document to The CAPCOA Air Toxics “ Hot
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Soots” Program; Revised 1992; Risk Assessment Guidelines, October 1993 prepared by
CAPCOA (CAPCOA, 1993). The Guidance Manud scientificaly updates risk assessment variates
and presents atiered gpproach including a stochastic as well as a point-estimate gpproach to exposure
and risk assessment. The exposure pathways remain the same and the dgorithms are smilar to the
1993 CAPCOA document.

The Guidance Manud is intended to address hedlth risks from airborne contaminants rel eased by
dationary sources. Some of the methodology used is common to other regulatory risk assessment
applications, particularly for Cdifornia programs. However, if the reader needsto prepare an HRA under
another program, the HRA may need additiond analyses. Therefore, appropriate Cdiforniaand federd
agencies should be contacted. For example, if afacility must comply with HRA requirements under the
Resource Conservation and Recovery Act (RCRA) or the Comprehensive Environmental Response,
Compensation and Liability Act (CERCLA), the Cdifornia Department of Toxic Substances Control
(DTSC) must be contacted to determine if an HRA written to comply with AB 2588 will o satisfy
RCRA/CERCLA requirements.

1.2 Use of the Guidance Manual

The intent in developing this Guidance Manud isto provide HRA procedures for use in the Air
Toxics Hot Spots Program or for the permitting of new or modified stationary sources. Seethe ARB’s
website at www.arb.ca.gov for more information on the Hot Spots Program and for risk management
guiddines that provide recommendations for permitting new or modified stationary sources. The use of
congstent risk assessment procedures and report presentation alows comparison of one facility to
another, expedites the review of HRAS by reviewing agencies, and minimizes revision and resubmission of
HRAs. However, OEHHA recognizes that no one risk assessment procedure or set of exposure variates
could perfectly address the many types of dationary facilitiesin diverse locationsin Cdifornia. Therefore
atiered risk assessment approach was developed to provide flexibility and dlow consderation of Site-
specific differences.

These guideines should be used in conjunction with the emission data collected and reported
pursuant to requirements of the ARB’s Emission Inventory Criteria and Guidelines Regulations (Title
17, California Code of Regulations, Sections 93300-93300.5), and the Emission Inventory Criteria
and Guidelines Report for the Air Toxics“ Hot Spots’ Program (EICG Report), whichis
incorporated by reference therein (ARB, 1997). This regulation outlines requirements for the collection of
emission data, based on an inventory plan, which must be approved by the Air Pollution Control or Air
Quaity Management Didtrict (Didtrict). The emissions reported under this program are routine or
predictable and include continuous and intermittent releases and predictable process upsets or leaks.
Emissions for unpredictable releases (e.g., accidenta catastrophic releases) are not reported under this

program.

For landfill Stes, these guiddines should be gpplied to the results of the landfill testing required
under Hedlth and Safety Code Section 41805.5 as well asto any emissions reported under the emission
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inventory requirements of the Air Toxics Hot Spots Act (e.g., from flares or other on-Ste equipment).
Didtricts should be consulted to determine the specific landfill testing deta to be used.

1.3  WhoisRequired to Conduct a Risk Assessment

The Hot Spots Act requires that each local Didrict determine which facilitieswill prepare an
HRA. Asdefined under the Hot Spots Act, an HRA includes a comprehensive analysis of the disperson
of hazardous substances in the environment, their potentia for human exposure, and a quantitative
asessment of both individuad and popul ationwide hedlth risks associated with those levels of exposure.

Didtricts are to determine which facilities will prepare an HRA based on a prioritization process
outlined in the law. The process by which Didricts identify priority facilities for risk assessment involves
congderation of potency, toxicity, quantity of emissions, and proximity to sendtive receptors such as
hospitals, daycare centers, schools, work-stes, and resdences. The Digtrict may aso consider other
factors that may contribute to an increased potentid for sgnificant risk to human receptors. As part of this
process Didlricts are to categorize facilities as high, intermediate, or low priority. The Didtrict prioritization
processis described in the CAPCOA Air Toxics Hot Spots Program Facility Prioritization
Guidelines, July 1990 (CAPCOA, 1990). Consult the Didtrict for updates to the Prioritization
Guidelines. Seethe Hot Spots Program on ARB’sweb Site at www.arb.ca.gov for more information on
facility prioritization procedures.

Facilities designated by a Didrict as“high priority” are required to submit an HRA to the Didtrict
within 150 days. Didricts may grant a 30-day extenson. However, aDidtrict may require any facility to
prepare and submit an HRA according to the Didtrict priorities established for purposes of the Hot Spots
Act.

1.4  TheHot Spots Analysis and Reporting Program (HARP) Software

The ARB and the Didricts have identified a critical need for software to asss with the
programmatic aspects of the Hot Spots Program. HARP isasingle integrated software package used by
the ARB, OEHHA, Didtricts, and facility operators to promote statewide consstency, efficiency, and
cost- effective implementation of HRAs and the Hot Spots Program.  The HARP software package
congsts of three modules that include: 1) the Emissions Inventory Database Module, 2) the Air Disperson
Modeing Module, and 3) the Risk Andysis and Mapping Module. The user-friendly Windows-based
package providesfor:

1.  Electronic implementation of the risk assessment methods presented in the OEHHA
guiddines (Guidance Manud);

Electronic data transfer from facilities and Didricts;

The production of reports;

Facility prioritization and identification;

Air digperson modding (ISCST3) of multiple emisson releases or facilities for cumulative
impact evauations,

absonN
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6. A summary report of acute and chronic hedth hazard quotients or indices, and cancer risk
at the point of maximum impact (PM1), maximally exposed individud resident
(MEIR), and the maximally exposed individud worker (MEIW). (Other receptors may be

evaluated as needed.);

7. Mapping displays of facility property boundaries, risk isopleths, street maps, and elevation
contours,

8.  Theahility to digolay combined risk contours from multiple facilities;

9.  Output of datafor usein other “off-the-shelf” Geographic Information Systems (GIS)

programs for additiond types of andyss, and
10. Censusdatafor determining the number of people exposed at various cancer risk levels and
cancer burden.

15 Risk Assessment Review Process

The Hot Spots Act risk assessments are reviewed by the local Digtrict and by OEHHA. The
Didtricts focus their review on the emissions data and the air disperson modding. OEHHA provides
comments on the HRA’ s generd concordance with the Guiddines Manud and the completeness of the
reported hedth risks. The Didrict, taking into account the comments of OEHHA, approves the HRA
or returns it to the facility for revison and resubmisson. If the HRA is not revised and resubmitted by
the facility within 60 days, the Digtrict may modify the HRA and gpprove it as modified. Based on the
approved HRA, the Didtrict determines if there isasignificant hedth risk associated with emissions from
the facility. If the Didrict determines that facility emissions pose a significant hedth risk, the facility
operator provides notice to al exposed individuas regarding the results of the HRA and may be
required to take steps to reduce emissions by implementing arisk reduction audit and plan. Notification
is to be made according to procedures specified by the Didtrict. Each Didtrict determinesits own levels
of sgnificance for cancer and noncancer health effects for notification and risk reduction. See the Hot
Spots Program on ARB’ s web site at www.arb.ca.gov for more information on sgnificance levels
selected by each Didrict.

1.6  Uncertainty in Risk Assessment

OEHHA has dtriven to use the best science available in developing these risk assessment
guiddines. However, thereisagreat ded of uncertainty associated with the process of risk assessment.
The uncertainty arises from lack of datain many areas necessitating the use of assumptions. The
assumptions used in these guiddines are designed to err on the side of health protection in order to avoid
underestimation of risk to the public. Sources of uncertainty, which may either overestimate or
underestimate risk, include: 1) extrapolation of toxicity datain animas to humans, 2) uncertainty in the
edimation of emissons, 3) uncertainty in the air disperson models, and 4) uncertainty in the exposure
edimates. Uncertainty may be defined as what is not known and may be reduced with further scientific
gudies. In addition to uncertainty, thereis anatura range or variahility in the human population in such
properties as height, weight, and susceptibility to chemica toxicants. Scientific studies with representative
individuas and large enough sample sze can characterize this variability.
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Interactive effects of exposure to more than one carcinogen or toxicant are aso not necessarily
quantified in the HRA. Cancer risks from al emitted carcinogens are typicaly added, and hazard
quotients for substances impacting the same target organ/system are added to determine
the hazard index (HI). Many examples of additivity and synergism (interactive effects greeter than
additive) are known. For substances that act synergigticaly, the HRA could underestimate the risks.
Some substances may have antagonidtic effects (Iessen the toxic effects produced by another substance).
For substances that act antagonigticaly, the HRA could overestimate the risks.

Other sources of uncertainty, which may underestimate or overestimate risk, can be found in
exposure estimates where little or no data are available (e.g., soil hdf-life and derma penetration of some
substances from a soil matrix).

The differences among species and within human populations usudly cannot be easly quantified
and incorporated into risk assessments. Factors including metabolism, target Site sengitivity, diet,
immunologica responses, and genetics may influence the response to toxicants. The human population is
much more diverse both geneticaly and culturdly (e.g., lifestyle, diet) than inbred experimenta animals.
The intraspecies variability among humans is expected to be much greater than in [aboratory animas.
Adjustment for tumors a multiple stesinduced by some carcinogens could result in a higher potency.
Other uncertainties arise 1) in the assumptions underlying the dose-response model used, and 2) in
extrapolating from large experimenta doses, where, for example, other toxic effects may compromise the
assessment of carcinogenic potentid, to usualy much smdler environmentd doses. Also, only single
tumor stes induced by a substance are usudly considered. When epidemiological data are used to
generate a carcinogenic potency, less uncertainty isinvolved in the extrapolation from workplace
expaosures to environmenta exposures. However, children, a subpopulation whose hematologicd,
nervous, endocrine, and immune systems, for example, are till developing and who may be more sensitive
to the effects of carcinogens on their developing systems, are not included in the worker population and
risk estimates based on occupationa epidemiologica data are more uncertain for children than adults.
Findly, the quantification of each uncertainty gpplied in the estimate of cancer potency isitsaf uncertain.

Thus, risk estimates generated by an HRA should not be interpreted as the expected rates of
disease in the exposed population but rather as estimates of potentia risk, based on current knowledge
and anumber of assumptions. Additiondly, the uncertainty factors integrated within the estimates of
noncancer REL s are meant to err on the Sde of public hedth protection in order to avoid underestimation
of risk. Risk assessment is best used as aruler to compare one source with another and to prioritize
concerns. Congstent gpproaches to risk assessment are necessary to fulfill this function.

1-5



The Air Toxics Hot Spots Program Guidance Manua for Preparation of Health Risk Assessments.
August 2003.

2. Overview of Health Risk Assessment

21 The Model for Risk Assessment

The standard gpproach currently used for hedlth risk assessment (HRA) was origindly
proposed by the National Academy of Sciencesin the 1983 book: Risk Assessment in the Federal
Government: Managing the Process (NAS, 1983) and was updated in the Academy’ s 1994 book:
Science and Judgment in Risk Assessment (NAS, 1994). The four stepsinvolved in the risk
assessment process are 1) hazard identification, 2) exposure assessment, 3) dose-response assessment,
and 4) risk characterization. These four steps are briefly discussed below.

2.2 Hazard I dentification

For ar toxics sources, hazard identification involves identifying if ahazard exists, and if so, what
are the exact pollutant(s) of concern and whether a pollutant is a potentid human carcinogen or is
associated with other types of adverse hedlth effects. For the Air Toxics Hot Spots Program (Hot
Spots), the emitted substances that are addressed in arisk assessment are found in the list of hazardous
substances designated in the ARB’s Emission Inventory Criteria and Guidelines Regulations (Title
17, California Code of Regulations, Sections 93300-93300.5), and the Emission Inventory
Criteria and Guidelines Report (EICG Report), which is incorporated by reference therein (ARB,
1997). Thislig of subgtancesis contained in Appendix A of this document and the EICG Report. The
list of substances aso identifies those substances that are considered human carcinogens or potentia
human carcinogens.

2.3 Exposure Assessment

The purpose of the exposure assessment isto estimate the extent of public exposure to each
substance for which potential cancer risk or acute and chronic noncancer effects will be evduated. This
involves emisson quantification, modding of environmentd trangport, evauation of environmentd fate,
identification of exposure routes, identification of exposed populations, and estimation of short-term and
long-term exposure levels. These activities are described in Chapters 4 and 5. Chapter 5 dso
discusses the tiered approach to risk assessment.

The ARB’s EICG Report provides assstance in determining those substances that must be
evaduated in an HRA and the reporting requirements of facilities, while the Hot Spots Andlysis and
Reporting Program (HARP) software can be used to model ground level concentrations at specific off-
gtelocations resulting from facility emissons. Currently, the most commonly used air modeing software
isthe ISCST3 (Industrial Source Complex Disperson Model). Thisar modding software is
incorporated into HARP, which alows the user to input dl digperson parameters directly into the
program to generate air disperson data. Alternatively, the air dispersion data may be generated
separately from HARP using other air disperson modds, and then imported into HARP to generate risk
esimates. Dataimported into HARP must aready be in the format required by HARP. HARP hasthe
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flexibility to generate asummary of the risk data necessary for an HRA by ether of the above
approaches.

Most of the toxicants assessed under the Hot Spots program are volatile organic compounds
that remain as gases when emitted into the air. These chemicas are not subject to appreciable
deposition to soil, surface waters, or plants. Therefore, human exposure does not occur to any
gopreciable extent viaingestion or dermd exposure. Significant exposure to these volatile organic
toxicants emitted into the air only occurs through the inhaation pathway. A small subset of Hot Spots
substances, semi-volatile organic and metal toxicants, is emitted partidly or totaly as particles subject to
deposition. Ingestion and dermal pathways as well as the inhadation pathway must be evaluated for
these chemicas. Table 5.1 in Chapter 5, Table 6.3 in Chapter 6, and Table 7.1 in Chapter 7 list the
substances that must be evaluated for multipathway impacts. HARP is designed to assess potentia
hedlth impacts posed by substances that must be andyzed by a multipathway approach.

24  Dose-Response Assessment

Dose-response assessment is the process of characterizing the relationship between exposure to
an agent and incidence of an adverse hedlth effect in exposed populations. In quantitative carcinogenic
risk assessment, the dose-response relationship is expressed in terms of a potency dope that isused to
caculate the probability or risk of cancer associated with an estimated exposure. Cancer potency
factors are expressed as the 95" percent upper confidence limit of the slope of the dose response curve
edimated assuming continuous lifetime exposure to a substance at a dose of one milligram per kilogram
of body weight-day and commonly expressed in units of inverse dose (i.e, (mg/kg/day)™). Itis
assumed in cancer risk assessments that risk is directly proportional to dose and that thereis no
threshold for carcinogenesis. The Office of Environmenta Hedth Hazard Assessment (OEHHA) has
compiled cancer potency factors, which should be used in risk assessments for the Hot Spots program,
inTable 7.1. For clarity, consstency, and to assure proper usein risk assessment, cancer potencies
should not be modified. Cancer potency factorslisted in Table 7.1 were derived ether by the United
States Environmentd Protection Agency (U.S. EPA) or by OEHHA and underwent public and peer-
review and were adopted for use in the program. Chapter 8 describes procedures for use of potency
vauesin estimating excess cancer risk. For a detailed description of cancer potency factors, refer to
The Air Toxics Hot Spots Program Risk Assessment Guidelines; Part I1; Technical Support
Document for Describing Available Cancer Potency Factors (OEHHA, 1999b and 2002).

For noncarcinogenic effects, dose-response data devel oped from anima or human sudies are
used to develop acute and chronic noncancer Reference Exposure Levels (RELS). The acute and
chronic REL s are defined as the concentration at which no adverse noncancer adverse hedlth effects are
anticipated. The mogt sengitive hedth effect is chosen to determine the REL if the chemical affects
multiple organ systems. Unlike cancer hedlth effects, noncancer acute and chronic hedth effects are
generally assumed to have thresholds for adverse effects. In other words, acute or chronic injury from a
pollutant will not occur until exposure to that pollutant has reached or exceeded a certain concentration
(i.e, threshold). The acute and chronic REL s are intended to be below the threshold for hedlth effects
for the genera population. The actud threshold for hedlth effectsin the general population is generdly
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not known with any precison. Uncertainty factors are gpplied to the Lowest Observed Adverse Effects
Level (LOAEL) or No Observed Adverse Effects Level (NOAEL ) or Benchmark Concentration
vaues from animd or human studies to help ensure that the chronic and acute REL vaues are below the
threshold for human hedlth for nearly dl individuas. This guidance manud provides the acute and
chronic Reference Exposure Levelsin Tables 6.1 and 6.2, respectively. Some substances that pose a
chronic inhaation hazard may aso present a chronic hazard via non-inhalation routes of exposure (e.g.,
ingestion of contaminated water, foods, or soils, and derma absorption). The ‘ora’ RELsfor these
substances are presented in Table 6.3. The methodology and derivations for acute and chronic RELS
are described in the Air Toxics Hot Spots Program Risk Assessment Guidelines; Part |; The
Determination of Acute Reference Exposure Levels for Airborne Toxicants (Part | TSD)
(OEHHA 1999a) and Air Toxics Hot Spots Program Risk Assessment Guidelines; Part 111
Technical Support Document for the Determination of Chronic Reference Exposure Levels (Part
11l TSD)(OEHHA 2000a).

25 Risk Characterization

Thisisthe find step of risk assessment. In this step, modeed concentrations and public
exposure information, which are determined through exposure assessment, are combined with potency
factors and REL s that are developed through dose-response assessment. The use of cancer potency
factorsto assesstotal cancer risk and the use of the hazard index approach for evauating the potential
for noncarcinogenic hedth effects are described in Chapter 8. Example calculations for determining
(inhalation) cancer risk and acute and chronic hazard quotients and hazard indices are presented in
Appendix . Chapter 9 provides an outline that specifies the content and recommended format of HRA
results.

Under the Hot Spots Act, hedlth risk assessments are to quantify both individua and
population-wide hedth impacts (Health and Safety Code, Section 44306). The hedth risk assessments
are facility specific and the caculated risk should be combined for dl pollutants emitted by asingle
facility. For example, cancer risk from multiple carcinogens is consdered additive. For exposuresto
multiple non-carcinogen pollutants, a hazard index gpproach is gpplied for air contaminants affecting the
same organ system. Any emitted toxicant, thet is not included in the quantitative analyss due to lack of
apotency vaue or REL, should be quditatively identified.

For assessing risk, OEHHA has devel oped two methods for determining dose viainhdation,
dermd absorption, and ingestion pathways. These two methods, the point-estimate approach and the
stochastic exposure assessment approach, are described below and in Chapters 5 and 8. Detailed
presentations of these methods can be found in The Air Toxics Hot Spots Program Risk Assessment
Guidelines; Part I'V; Technical Support Document for Exposure Assessment and Stochastic
Analysis (OEHHA, 2000b) (Part IV TSD).
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2.5.1 Point-Estimate Approach

The traditiona approach used in the previous California Air Pollution Control Officer’s
Association (CAPCOA) Air Toxics Hot Spots Program; Revised 1992; Risk Assessment
Guidelines, October 1993 (CAPCOA, 1993) (CAPCOA Guidelines) for exposure and risk
assessment has been to assign a single high-end point-estimate for each exposure pathway
(e.g., breathing rate). A high-end vaue was generdly chosen so that the potentid cancer risk will not be
underestimated. However, in the pagt, the high-end point-estimate has not been well defined asto
whereit fdl on adatadigtribution. An improvement over the angle point-estimate approach is to select
two vaues, one representing an average and another representing a defined high-end vaue. OEHHA
provides information in this document on average and high-end values for key exposure pathways (e.g.,
breething rate). The average and high-end of point-estimatesin this document are defined in terms of
the probability digtribution of valuesfor that variate. The mean represents the average vaues for point-
estimates and the 95™ percentiles represent the high-end point-estimates from the distributions identified
in OEHHA (2000b). Thus, within the limitations of the data, average, and high-end point-estimates are
supported by the distribution.

Tier-1 of the tiered approach to risk assessment, which is briefly discussed in Section 2.5.3 and
presented in more detall in Chapter 8, utilizes a combination of the average and high-end point-estimates
to more redigticaly estimate exposure. This method uses high-end exposure estimates for driving
exposure pathways and the average point-estimate for non-driving exposure pathways. The HARP
software can perform thisanayss.

In addition to using an estimate of average and high-end consumption rates, cancer risk
evauationsfor 9, 30, and 70-year exposure durations can be presented instead of just asngle 70-year
exposure duration. While 9 and 30-year exposure durations are available to present potentia impacts
over arange of residency periods, dl HRAs must present the results based on 70-year exposure. The
9-and 30-year durations correspond to the centra tendency and high-end estimates for residency time
recommended by (U.S. EPA, 1997b). The parameters used for the 9-year exposure scenario are for
the first 9-years of life and are thus protective of children. Children have higher intake rates on a per
kilogram body weight basis and thus receive a higher dose from contaminated media. See Chapter 5
for the point-estimates that can be used to estimate impacts for children. Chapters 5 and 8 discuss how
to calculate cancer risk based on various exposure durations and point-estimates. Appendix | contains
an example cdculation and Chapter 9 clarifies how to present the findingsin an HRA.

2.5.2 Stochastic Exposure Assessment

OEHHA was directed under Senate Bill (SB) 1731 to develop a*“likelihood of risk” approach
to risk assessment. To satisfy this requirement, OEHHA developed a stochastic approach to risk
assessment that utilizes didtributions for exposure variates such as breathing rate and water consumption
rate rather than a sngle point-estimate. The variability in exposure can be propagated through the risk
assessment modd using the digtributions as input and aMonte Carlo or smilar method. The result of
such an analysisisarange of risksthat a least partidly characterizes varigbility in exposure.
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Digtributions of key exposure variates that are presented in the Part IV TSD were taken from
the literature, if adequate, or developed from raw data of origind studies. Intake variates such as
vegetable consumption are relatively data rich; for these variates reasonable probability distributions can
be congtructed. However, the data necessary to characterize the variability in risk assessment variates
are not always available. For example, for the fate and transport parameters (e.g., fish bioconcentration
factors), there are only afew measurements available which precludes the adequate characterization of
aprobability digtribution. We only developed distributions for those key exposure variates that were
adequately characterized by data. Development of distributions is described in detall in the Part IV
TSD.

25.3 Tiered Approach to Risk Assessment

OEHHA recommends using atiered approach to risk assessment. Tier-1 isasandard point-
estimate gpproach using the recommended point- estimates presented in this document. |f Site-gpecific
information is available to modify some point-estimates developed in the Part IV TSD and is more
appropriate to use than the recommended point-estimates in this document, then Tier-2 alows use of
that Site-specific information. In Tier-3, a stochastic gpproach to exposure assessment is used with the
datadigtributions developed in Part IV TSD and presented in this document. Tier-4 isaso astochastic
gpproach but dlows for utilization of Ste-specific digtributions, if they are judtifidble and more
appropriate for the site under evaluation than those recommended in this document. Persons preparing
an HRA that has a Tier-2 through Tier-4 evauation must dso include the results of a Tier-1 evauation.
Tier-1 evauations are required for al HRAS prepared for the Hot Spots Program.  Chapter 8 provides
asummary of the tiered approach and the Part IV TSD discussesit in detail. Chapter 9 provides an
outline that specifies the content and recommended format of HRA results.

2-5



The Air Toxics Hot Spots Program Guidance Manua for Preparation of Hedlth Risk Assessments.
August 2003.

3. Hazard Identification - Air Toxics Hot Spots Emissions

3.1 TheAir ToxicsHot Spots List of Substances and Emissions I nventory

For ar toxics sources, hazard identification involves identifying pollutants of concern and
whether these pollutants are potentia human carcinogens or associated with other types of adverse
hedlth effects. For the Air Toxics Hot Spots (Hot Spots) Program, the emitted substances that are
addressed in a hedlth risk assessment (HRA) are found in the list of hazardous substances designated in
the Air Resources Board's (ARB’s) Emission Inventory Criteria and Guidelines Regulations (Title
17, California Code of Regulations, Sections 93300-93300.5), and the Emission Inventory
Criteria and Guidelines Report (EICG Report), which isincorporated by reference therein (ARB,
1997). Thisligt of substancesis contained in Appendix A of this document and the EICG Report. The
list of substances dso identifies those substances that are consdered human carcinogens or potentid
human carcinogens.

The substances included on the Hot Spots Program list of substances are defined in the Satute
as those substances found on lists developed by the following sources:

International Agency for Research on Cancer (IARC);

U.S. Environmental Protection Agency (U.S. EPA);

U.S. Nationd Toxicology Program (NTP);

ARB Toxic Air Contaminant Identification Program Lig;

Hazard Evauaion System and Information Service (HESIS) (State of California);
Proposition 65 Safe Drinking Water and Toxic Enforcement Act of 1986 list of carcinogens
and reproductive toxicants (State of Cdifornia).

All substances emitted by the facility that are on the Hot Spots Act list of substances must be
identified in the HRA.

The ARB EICG Report specifies that each facility subject to the Hot Spots Act must submit an
Emission Inventory Report to the locd ar pollution control or air quaity management didtrict. This
Emission Inventory Report must identify and account for dl listed substances used, manufactured,
formulated, or released by the facility. All routine, predictable releases must be reported. These
inventory reports include the emisson data necessary to estimate off-Ste levels of facility-released Hot
Spots substances. These inventory reports will be discussed in further detail in Chapter 4. See Chapter 9
for an outline that specifies the content and recommended format for presenting the air dispersion
modeling and HRA results. As presented in Appendix A, the EICG Report dividesthe list into three
groups for reporting purposes. Potency or severity of toxic effects and potentid for facility emisson were
congdered in placing compounds into the three groups.
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For the first group (listed in these guidelines in Appendix A-1), dl emissons of these substances
must be quantified in the HRA.. For substancesin the second group (listed in these guiddines in Appendix
A-11), emissions are not quantified; however, facilities must report whether the substance is used,
produced, or otherwise present on-site (i.e., these substances are smply listed in atable in the HRA).
Lastly, substances in the third group (Appendix A-111) also only need to be reported in atable in the HRA
if they are manufactured by the reporting facility.

Facilities that must comply with the Resource Conservation and Recovery Act and
Comprehensive Environmental Response, Compensation and Liability Act (RCRA/CERCLA)
requirements for risk assessment need to consult the Cdifornia Department of Toxic Substances Control
(DTSC) Remedid Project Manager to determine which substances must be evauated in their risk
assessment. Some RCRA/CERCLA facilities may emit substances which are not currently listed under
the Hot Spots Program but which may require evaluation in a RCRA/CERCLA risk assessment.
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4.  Air Dispersion Modeling

The information contained in this section is primarily an abreviated verson of the materid found
in Chapter 11 of the Air Toxics Hot Spots Risk Assessment Guidelines; Part 1V; Exposure
Assessment and Sochastic Analysis Technical Support Document (OEHHA, 2000b) (Part 1V
TSD). Severd references have been included in this section to indicate those areas that are covered in
more detall inthe Part IV TSD. However, some air disperson concepts and procedures have been
added or updated to assist the reader in the health risk assessment (HRA) process. In particular, a brief
summary of the Hot Spots Analyss and Reporting Program (HARP) software applicability to air
disperson anaysis has been included. The HARP software has been developed by a contractor
through the consultation of OEHHA, Air Resources Board (ARB), and Air Pollution Control or Air
Quaity Management Didrict (Didrict) representatives. The HARP software is the recommended
modd for caculaing and presenting HRA results for the Air Toxics Hot Spots Program (Hot Spots).
Information on obtaining the HARP software can be found under the Hot Spots Program onthe ARB’s
web ste at www.arb.ca.gov. See Chapter 9 for an outline that specifies the content and recommended
format for presenting the air disperson modeling and HRA results.

Additiondly, there are many direct references to the United States Environmenta Protection
Agency (U.S. EPA) ISCST3 air disperson modd. Recently the U.S. EPA has been promoting a new
ar disperson modd to effectively replace the ISCST3 modd. Currently this new modd, AERMOD, is
avallable for testing and review. Oncethe U.S. EPA adopts the AERMOD air disperson model into
their list of regulatory approved modds, the references and recommendations to specific moddsin this
document are likdly to change.

4.1  Air Dispersion Modeling in Exposure Assessment: Overview

The concentration of pollutants in ambient air is needed to characterize both inhaation and
noninhalation exposure pathways. Pollutant concentrations are required in HRA calculations to estimate
the potentia cancer risk or hazard indices associated with the emissons of any given facility. Although
monitoring of a pollutant provides excellent characterization of its concentrations, it is time consuming,
codtly, and typicdly limited to afew receptor locations and snagpshotsin time. Air disperson modeling
has the advantage of being rdatively inexpensive and isless time consuming, provided that al the moddl
inputs are avallable. In addition, air digperson modeling provides greater flexibility for placement of
receptors, assessment of individual and cumulative source contributions, and characterization of
concentration over greater spatia extents.

Air disperson modeling requires the execution of the following steps (see Fig 1):
1. Complete an emisson inventory of the toxic releases (Section 4.2);

2.  Classfy the emissions according to source type and source quantity (Section 4.3);
3.  Classfy the andydss according to terrain (Section 4.4);
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Figure 1. Overview of the Air Dispersion Modeling Process.

[ 1. Collect Data from Emissions Inventory (Section 4.2) ]

[ 2. Classify Emissions According to Source Type and Quantity (Section 4.3)

4[ 3. Classify Analysis According to Terrain (Section 4.4) ]

4[ 4. Determine Level of Detail for Analysis: Screening or Refined (Section 4.5) ’

[ 5. Describe Population Exposure (Section 4.6) ]

4[ 6. Determine Receptor Locations (Section 4.7) ’

7. Obtain Meteorological Data (Section 4.8)*

[ 8. Select an Air Disperson Model (Section 4.9) ]

[ 9. Prepare Moddling Protocol and Submit to Didtrict (Chapter 9)** ]

[ 10. Perform Air Disperson Moddling

Leve of Detail for Analysis

[Obtain Concentration Field H 11. If Necessary, Change

Reference Exposure : :
Levels 12, Edtimate Hedlth R sks]

Cancer Potency Factors |

[ 13. If Necessary, 1
Change Leve of Detail for Analysis

[ 14. Prepare HRA Report and Submit to District (Chapter 9)

*  Some screening models do not require any meteorologica data.
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**  Optional but strongly recommended.
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4. Deemineleve of detal for the andyss refined or screening andyss (Section4.5);

5.  Identify the population exposure (Section 4.6);

6.  Determine the receptor locations where impacts need to be anadyzed (Section 4.7);

7. Obtain meteorologica data (for refined air dispersion modeling only) (Section 4.8);

8. Sdect anair disperson mode (Section 4.9);

9.  Prepare modeing protocol and submit to the locd Air Didtrict (Chapter 9);

10. Peaformanar disperson andyss,

11. If necessary, redefine the receptor network and return to Step 10;

12. Peform HRA,;

13. If necessary, change from screening to refined mode and return to Step 8; and

14. Present the HRA results (Chapter 9 provides an outline that specifies the content and
recommended format of HRA results).

The output of an air digperson modeing andysiswill be areceptor fidd of concentrations of the
pollutant in ambient air. These concentrationsin air need to be coupled with Reference Exposure
Levels and cancer potency factors to estimate the hazard indices and potentid carcinogenic risks. It
should be noted that in the Hot Spots program emissions are considered inert for the purpose of
trangport and disperson towards downwind receptors. Atmospheric transformations are not currently
estimated.

4.2 Emission I nventories

The Emission Inventory Reports (Inventory Reports) developed under the Hot Spots Program
provide data to be used in the HRA and in the air digperson modeling process. The Inventory Reports
contain information regarding emission sources, emitted substances, emission rates, emission factors,
process rates, and release parameters (area and volume sources may require additiona release data
beyond that generdly available in Emissions Inventory reports). Thisinformation is developed
according to the ARB’s Emission Inventory Criteria and Guidelines Regulations (Title 17,
California Code of Regulations, Sections 93300-93300.5), and the Emission Inventory Criteria
and Guidelines Report (EICG Report), which isincorporated by reference therein (ARB, 1997).

4.2.1 Air Toxics Hot Spots Emissions

Asnoted in Chapter 3, Hazard Identification, the HRA should identify al substances emitted by
the facility, which are on the Hot Spots Act list of substances (see Appendix A of the Guidance Manua
or the EICG Report). The EICG Report specifies that Inventory Reports must identify and account for
al listed substances used, manufactured, formulated, or released by the facility. All routine, predictable
releases must be reported.  Substances on the “ligt to be quantified” must be listed with emission
quantitiesin atable in the HRA.. For substances in the second and third groups, emissions do not need
to be quantified; these substances should be listed in a separate table in the HRA. Chapter 9 provides
an outline that pecifies the content and recommended format of HRA results.
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4211 Emission Estimates Used in the Risk Assessment

The HRA must include emisson estimates for al substances that are required to be quantified in
the facility’s emission inventory report. Specifically, HRAs should include both annud average
emissons and maximum 1-hour emissons for each pollutart. Emissions for each substance must be
reported for individua emitting processes associated with unique devices within afacility. Totd facility
emissonsfor anindividud ar contaminant will be the sum of emissons, reported by process, for that
facility. Information on daily and annua hours of operation, and reative monthly activity, must be
reported for each emitting process. Devices and emitting processes must be clearly identified and
described and must be consistent with those reported in the emissons inventory report.

The HRA should include tables that present the emission information (i.e,, emission rates for
each substance released from each process) in a clear and concise manner. The Digtrict may dlow the
facility operator to base the HRA on more current emission estimates than those presented in the
previoudy submitted emission inventory report (i.e., actud enforceable emisson reductions redlized by
the time the HRA is submitted to the Didtrict). If the Didtrict dlows the use of more current emission
estimates, the Digtrict must review and gpprove the new emissions estimates prior to usein the HRA.
The HRA report must clearly state what emissions are being used and when any reductions became
effective. Specificdly, atable presenting emission estimates included in the previoudy submitted
emission inventory report as well as those used for the HRA should be presented. The Didrict should
be consulted concerning the specific format for presenting the emission information. Chepter 9 provides
an outline that specifies the content and recommended format of HRA results. A revised emission
inventory report must be submitted to the Digtrict prior to submitting the HRA and forwarded by the
Didrict to the ARB, if revised emisson data are used.

Facilities that must dso comply with RCRA/CERCLA requirements for HRAS need to consult
the Ca/EPA Department of Toxic Substances Control (DTSC) Remedid Project Manager to
determine what congtitutes appropriate emissions data for usein the HRA. Source testing may be
required for such facilities even if it is not required under the Hot Spots Program. Additiond
requirements for statistical treatment of source test results may aso be imposed by DTSC on
RCRA/CERCLA facilities.

A. Molecular Weight Adjustmentsfor the Emissions of Metal Compounds

For most of the Hot Spots toxic metals, the OEHHA cancer potency factors apply to the
weight of the toxic meta atom contained in the overal compound. Some of the Hot Spots compounds
contain various e ements aong with the toxic metd atom (e.g., “Nickel hydroxide’, CAS number
12054-48-7, has aformula of H,NIO;). Therefore, an adjustment to the reported pounds of the overal
compound is needed before applying the OEHHA cancer potency factor for “Nickd and compounds’
to such acompound. This ensures that the cancer potency factor is gpplied only to the fraction of the
overd| weight of the emissonsthat are associated with hedlth effects of the metd. In other cases, the
Hot Spots metals are already reported as the metal atom equivaent (e.g., CAS 7440-02-0, “Nickd”),
and these cases do not use any further molecular weight adjustment. (Refer to Note [7] in Appendix A,
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List of Substancesin the EICG Report for further information on how the emissons of various
Hot Spots metal compounds are reported.)

The appropriate molecular weight adjustment factors (MWAF) to be used along with the
OEHHA cancer potency factors for Hot Spots metal's can be found in the MWAF column® of the table
containing OEHHA/ARB Approved Hedth Vaues For Use In Hot Spots Facility Risk Assessments
that isin Appendix L of this document.

As an example, the compound “Nickel hydroxide’ has amolecular formula of H,NiO,. The
atomic weight of each of the dements in this compound, and the fraction they represent of the total
weight, are therefore as follows:

Element Atomic Weight Fraction of Totd Weight = MWAF
1 x Nicke (Ni) 1x 58.70 58.70/92.714 = 0.6332 ( MWAF for Nickel)
2 x Oxygen (O) 2x  15.999

2 X Hydrogen (H) 2X 1.008
Tota Molecular
Weight of H,NiO»: 92.714

So, for example, assume that 100 pounds of “Nickel hydroxide” emissions are reported under CAS
number 12054-48-7. To get the Nickd atom equivaent of these emissons, multiply by the listed
MWAF (0.6332) for Nickel hydroxide:

100 pounds x 0.6332 = 63.32 pounds of Nicke atom equivalent.

This step should be completed prior to applying the OEHHA cancer potency factor for “Nickd and
compounds’ in acaculation for aprioritization score or risk assessment caculation. Note, however,
that the HARP softwar e automatically appliesthe appropriate MWAF for each Hot Spots
chemical (by CAS number), so the emissions should not be manually adjusted when using
HARP. Therefore, if usng HARP, you would use 100 poundsfor Nicke hydroxideand HARP
will make the MWAF adjustment for you.

4212 Release Parameters
In order to use air dispersion models, release parameters (e.g., Sack height and insgde diameter,

stack gas exit velocity, release temperature, and emission source location in actua UTM coordinates)
need to be reported. The EICG Report specifies that the rel ease parameters must be reported for each

! The valuelisted in the MWAF column for Asbestosis not amolecular weight adjustment. Thisisaconversion
factor for adjusting mass and fibers or structures. See Appendix C for more information on Asbestos or the EICG
report for reporting guidance.
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stack, vent, ducted building, exhaugt Ste, or other Site of exhaust rlease. Additiona information may
be required to characterize releases from non-stack (volume and area) sources; see U.S. EPA air
disperson modding guideines or specific user's manuds. Thisinformation should dso beincluded in
the air disperson portion of the HRA. Thisinformation must be presented in tablesincluded in the
HRA. Note that some dimensiond units needed for the disperson model may require converson from
the units reported in the Inventory Report (e.g., degreesK vs. degrees F). Chapter 9 provides an
outline that specifies the content and recommended format of HRA results.

4.2.1.3  Operation Schedule

The HRA should include a discussion of the facility operation schedule and daily emisson
patterns. Specia weekly or seasona emission patterns may vary and should be discussed. Thisis
especidly important in arefined HRA. Diurna emission patterns should match the diurnd dispersion
characterigtics of the ambient air. Hourly emission scaars are needed to best represent emissions from
facilities, especidly for diurna pattern. Air disperson models, such as ISCST3, readily accept hourly
emissons scaars and these scaars are fully functiona in the HARP software with ISCST3.  In addition,
for the purposes of exposure adjustment for an off-ste work receptor the emission schedule and
exposure schedule should corroborate any exposure adjustment factors. (For example, no exposure
adjustment factor should be made when an off-Ste receptor and the emissions are on a coincident
schedule)) Some fugitive emission patterns may be continuous. Additiondly, these data are used for
adjustmentsin ascreening air diperson anayss (see Appendix H for further details). A table should
be included with the emission schedule on an hourly, weekly and yearly basis. Chapter 9 provides an
outline that specifies the content and recommended format of HRA results.

4214 Emission Controls

The HRA should include a description of control equipment, the emitting processes it serves,
and its efficiency in reducing emissions of substances on the Air Toxics Hot Spotslist. The EICG
Report requires that this information be included in the Inventory Reports, dong with the emission data
for each emitting process. If the control equipment did not operate full-time, the reported overal
control efficiency must be adjusted to account for downtime of control equipment. Any entrainment of
toxic substances to the atmosphere from control equipment should be accounted for; this includes
fugitive releases during maintenance and cleaning of control devices (e.g., baghouses and cyclones).
Contact the Didtrict for guidance with control equipment adjustments. Recommended default deposition
rates that are used when cdculating potentia noninhaation hedth impacts are listed in Section 8.2.4.
Chapter 9 provides an outline that specifies the content and recommended format of HRA results.

4.2.2 Landfill Emissions
Emission estimates for landfill sites should be based on testing required under Health and Safety
Code, Section (HSC) 41805.5 (AB 3374, Caderon) and any supplemental AB 2588 source tests or

emission estimates used to characterize air toxics emissons from landfill surfaces or through off-site
migration. The Digtrict should be consulted to determine the specific Caderon data to be used in the
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HRA. The Hot Spots Program HRA for landfills should dso include emissions of listed substances for
al gpplicable power generation and maintenance equipment at the landfill site. Processes that need to
be addressed include stationary internal combustion engines, flares, evaporation ponds, composting
operations, bailers, and gasoline dispensing systems.

4.3 Source Characterization

The types of sources and quantity of sources at afacility need to be characterized in order to
select an gppropriate ar disperson modd.

43.1 Classification According to Source Type

Air disperson models can be classified according to the type of source that they are designed to
smulate, including, but not limited to, point, line, area, and volume sources. Severd models have the
capability to smulate more than one type of source.

4311 Point Sources

Point sources are probably the most common type of source and mogt air disperson moddls
have the capability to smulate them. Typica examples of point sources include isolated vents from
buildings and exhaust stacks from facility processes.

4312 Line Sources

In practical terms, line sources are a specia case of either an area or a volume source.
Consequently, they are normally modeled using either an area or volume source model as described
below. Examples of line sources include conveyor beltsand rall lines. A roadway isaunique line
source. Models designed to smulate the enhanced mixing due to motor vehicle movements have been
developed (i.e.,, CALINE4 and CAL3QHCR).

43.1.3 Area Sources

Emissions, that are to be modeled as area sources, include fugitive sources characterized by
non-buoyant emissions containing negligible vertica extent of release (e.g., no plume rise or didtributed
over afixed leve).

Fugitive particulate (PM, s, PM 10, TSP) emission sourcesinclude areas of disturbed ground
(open pits, unpaved roads, parking lots), which may be present during operationa phases of afacility’s
life. Alsoincluded are areas of exposed materid (e.g., storage piles and dag dumps) and segments of
materid transport where potentia fugitive emissions may occur (uncovered haul trucks or rail cars,
emissons from unpaved roads). Fugitive emissons may aso occur during stages of materid handling
where particulate materid is exposed to the atmaosphere (uncovered conveyors, hoppers, and crushers).
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Other fugitive emissions emanating from many points of release a the same eevation may be
modeled as area sources. Examples include fugitive emissons from vaves, flanges, venting, and other
connections that occur at ground leve, or a an devated level or deck if on abuilding or structure.

4314 Volume Sources

Nonpoint sources with emissons containing an initid vertica extent should be modeled as
volume sources. Theinitid vertica extent may be due to plume rise or avertica didtribution of
numerous smaller sources over agiven area. Examples of volume sources include buildings with naturd
fugitive or passve ventilation, and line sources such as conveyor belts and rail lines.

4.3.2 Classification According to Quantity of Sources

The sdection of an air digpersion mode aso requires the consderation of the number of ditinct
sources. Some dispersion models are capable of smulating only one source a atime, and therefore are
referred to as single- source models (e.g., SCREENS3).

In some cases, for screening purposes, single-source models may be usad in Stuations involving
more than one source using one of the following approaches:

1. Combining dl sourcesinto one single “representative’ source.

In order to be able to combine Al sourcesinto one single source, the individua sources must
have smilar release parameters. For example, when modeling more than one stack asasingle
“representative’ stack, the stack gas exit velocities and temperatures must be smilar. In order
to obtain a consarvative estimate, the values leading to the higher concentration estimates should
typicdly be used (e.g., the lowest stack gas exit velocity and temperature, the height of the
shortest stack, and the shortest distance from the receptor to the nearest stack).

2. Runthe modd separately for each individua source and superimposing the results.

Superposition of results from each source is the approach used by al the Gaussian models
cgpable of amulating more than one source. Simulating sources in this manner may lead to
conservative estimates if wordt-case meteorologica data are used or if the approach is used
with amodd that automaticaly sdects wordt-case meteorologica conditions, especialy wind
direction. The gpproach will typically be more conservative the farther gpart the sources are,
because each run would use a different worst-case wind direction.

Additiona guidance regarding source merging is provided by the U.S. EPA (1995a).

4.4 Terrain Characterization
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Two types of terrain characterizations are required to select the gppropriate moddl. One
classfication is made according to land type and another one according to terrain topography.

4.4.1 Land Type Classification

Mogt air digperson modds use different dispersion coefficients (Sgmas) depending on the land
use over which the pollutants are being transported. The type of land useis aso used by some models
to sdlect gppropriate wind profile exponents. Traditiondly, the land type has been categorized into two
broad divisonsfor the purposes of digperson modding: urban and rura. Accepted procedures for
determining the appropriate category are those suggested by Irwin (1978): one based on land use
classification and the other based on population. AERMOD does not depend on the dispersion
coefficients used by models such as ISCST3. Therefore AERMOD does not need to classify the land
type into urban or rurd. When AERMOD becomes adopted as a Guideline modd and is more widdy
used, these recommendations on land use classifications will need to be modified. Until that time, the
following recommendations are relevant.

The land use procedure is generdly considered more definitive. Population density should be
used with caution and should not be applied to highly indudtridized areas where the population density
may below. For example, in low population density areas arurd classification would be indicated, but
if the areais sufficiently industridized the classification should aready be “urban” and urban disperson
parameters should be used.

If the fadllity islocated in an areawhere land use or terrain changes abruptly (e.g., on the coast)
the Digtrict should be consulted concerning the classification. The Digtrict may require a classfication
that biases estimated concentrations towards over-prediction. As an dternative, the District may
require that receptors be grouped according to the terrain between source and receptor.

4411 Land Use Procedure

1. Classfy the land use within the totdl area*A’, circumscribed by a 3 km radius circle
centered at the source, usng the meteorologica land use typing scheme proposed by
Auer (1978) and shown in Table 4.1.

2. If land usetypes |1, 12, C1, R2 and R3 account for 50 percent or more of the total area
‘A’ described in (1), use urban dispersion coefficients. Otherwise, use appropriate rural
disperson coefficients.
4.4.1.2  Population Density Procedure
1. Compute the average population density (p) per square kilometer with ‘A’ asdefined in

the Land Use procedure described above. (Population estimates are aso required to
determine the exposed population; for more information see Section 4.6.2 and 4.6.3.).
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2. If pisgreater than 750 people/kn? use urban dispersion coefficients; otherwise, use
appropriate rurd dispersion coefficients.
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Table4.1 Identification and classification of land use types (Auer, 1978).

Type
11

C1

R1

R3

R4

Al

A2
A3

A4
A5

Use and Structures

Heavy Industrial

Major chemical, steel and fabrication
industries; generally 3-5 story buildings, flat
roofs

Light-moderate industrial

Rail yards, truck depots, warehouses,
industrial parks, minor fabrications; generally
1-3 story buildings, flat roofs

Commercial
Office and apartment buildings, hotels; >10
story heights, flat roofs

Common residential

Single family dwelling with normal
easements; generally one story, pitched roof
structures; frequent driveways

Compact residential

Single, some multiple, family dwelling with
close spacing; generally <2 story, pitched
roof structures; garages (viaaley), no
driveways

Compact residential

Old multi-family dwellingswith close (<2 m)
lateral separation; generally 2 story, flat roof
structures; garages (viaalley) and ash pits,
no driveways

Estateresidential
Expansive family dwelling on multi-acre
tracts

Metropolitan natural

Major municipal, state, or federal parks, golf
courses, cemeteries, campuses; occasional
single story structures

Agricultural rural

Undeveloped
Uncultivated; wasteland

Undeveloped rural

Water surfaces
Rivers, lakes

Vegetation

Grass and tree growth extremely rare; <5%
vegetation

Very limited grass, trees aimost totally
absent; <5% vegetation

Limited grass and trees; <15% vegetation

Abundant grass lawns and light-moderately
wooded; >70% vegetation

Limited lawn sizes and shade trees; <30%
vegetation

Limited lawn sizes, old established shade
trees; <35% vegetation

Abundant grass lawns and lightly wooded;
>80% vegetation

Nearly total grass and lightly wooded; >95%
vegetation

Local crops (e.g., corn, soybean); >95%
vegetation

Mostly wild grasses and weeds, lightly
wooded; >90% vegetation

Heavily wooded; >95% vegetation
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4.4.2 Terrain Topography Classification

Surface conditions and topographic features generate turbulence, modify verticad and horizonta
winds, and change the temperature and humidity distributions in the boundary layer of the atmosphere.
Thesein turn affect pollutant digperson and various models differ in their needs to adjust for these
variables.

The classfication according to terrain topography should ultimately be based on the topography
at the receptor location with careful consideration of the topographica features between the receptor
and the source. The ISCST3 model uses a screening approach to complex terrain. AERMOD aso
provides dgorithms for complex terrain.

Topography can be classified according to the following sections.
4421 SmpleTerrain (alsoreferred to as“Rolling Terrain™)

Smpleterranisdl terrain located below stack height including gradudly risng terrain (i.e,
rolling terrain). Notethat Flat Terrain dso falsin the category of smple terrain.

4422 Complex Terrain

Complex terrain isterrain located above plume height. Complex terrain models are necessarily
more complicated than ample terrain modds. There may be stuations in which afacility is“overdl”
located in complex terrain but in which the nearby surroundings of the facility can be consdered smple
terrain. In such cases, receptors close to the facility in this area of Smple terrain will “dominate’ the risk
andysis and there may be no need to use a complex terrain model.

45 Level of Detail: Screening vs. Refined Analysis

Air disperson modds can be classfied as “ screening” or “refined” according to the level of
detall that is used in the assessment of the concentration estimates. Refined air disperson modds use
more robust dgorithms that are cgpable of using representative meteorologica datato predict more
representative and usudly less conservative estimates. Refined air digperson models are, however,
more resource intensive than their screening counterparts. It isadvisable to first use a screening model
to obtain conservative concentration estimates and caculate hedlth risks. If the hedlth risks are
estimated to be above the threshold of concern, then use of arefined modd to calculate more
representative concentrations and health risk estimates would be warranted. There are Situations when
screening models represent the only viable dternative (e.g., when representative meteorological dataare
not avalable). The HARP software addresses these Situations by incorporating the capability of usng
either representative meteorological data or the default meteorologica conditions from the SCREEN3
modd asinputsto the ISCST3 air digperson model.
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It is acceptable to use arefined air digperson modd in a*“screening” mode for this program’s
HRAs. In this case, worst-case hourly meteorologica data are used to estimate the maximum 1-
hour concentration with the ISCST3 modd. Conservative conversion factors are used to estimate
longer term averaging periods based on the maximum 1-hour concentration. (See Table 4.3 and
Appendix H for guidance on the use of the converson factors))

4.6  Population Exposure

Population exposure can be assessed by determining the number of people a a particular
cancer risk level such as1 x 10° or 1 x 10°. For noncancer risk it can be the number of people
exposed to the Hazard Index over acertain level such asoneor five. The traditiond way of estimating
population exposure for cancer has been the cancer burden or the number of excess cancer casesin the
exposed population.

The detall required for the analysis (e.g., screening or refined), and the procedures to be used in
determining geographic resolution and exposed population, require case-by-case andysis and
professona judgment. The Didtrict or reviewing authority should be consulted before beginning the
population exposure estimates. As results are generated, further consultation may be necessary. Some
suggested approaches and methods for handling the breakdown of population and performance of a
screening or detailed risk analysis are provided in this section. In addition, the HARP software can
provide population exposure estimates as cancer burden or as the number of persons exposed to a
selected potentiad (user identified) hedlth risk/impact level. Information on obtaining the HARP software
can be found under the Hot Spots Program on the ARB’ s web Ste at www.arb.ca.gov. Chapter 9
provides an outline that specifies the content and recommended format of HRA results.

4.6.1 Zone of Impact

Thefirgt step of population exposure estimate in an HRA is to define the zone of impact. The
zone of impact is the area around the facility that is affected by the facility’ semissons. Thiszoneis
commonly defined as the area surrounding the facility where receptors have a potentia multipathway
(inhalation and noninhalation exposure) cancer risk greater than 10° (one in amillion), an acute
(inhdation) hazard index (HI) of 1.0, and/or a chronic multipathway HI of 1.0. Some Disgtricts may
prefer to use acancer risk of 107 or an HI of 0.5 asthe zone of impact. Therefore, the District should
be consulted before modeling efforts are initiated. If the zone of impact is greater than 25 km from the
facility a any point, the Digtrict should be consulted. The Digtrict may specify limits on the area of the
zone of impact. 1dedly, these preferences would be discussed with the Didtrict before being presented
in the modeling protocol and HRA.

Note that when depicting the HRA results, potential cancer and noncancer isopleths must
present the total cancer and noncancer hedlth impacts from both inhaation and noninhalation pathways,
when appropriate. The zone of impact should be clearly shown on a map with geographic markers of
adequate resolution (see Section 4.6.3.1). Thetext below discusses methodology for defining the zone
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of impact and has format recommendations. Chapter 9 provides an outline that specifies the content
and recommended format of al HRA results.

The zone of impact can be defined once the exposure assessment (air digpersion modeing)
process has determined the pollutant concentrations at each designated off-site receptor and arisk
analysis (see Chapter 8) has been performed. For clarity, the cancer and noncancer zone(s) of impact
should be presented on separate maps. A migp illustrating the carcinogenic zone of impact is required.
The Didrict may at their discretion ask for the map illustrating the potentid carcinogenic zone of impact
to identify the zone of impact for the minimum exposure pathways (inhaation, soil, dermd, and mothers
milk) and the zone of impact for al goplicable pathways of expasure (minimum pathways plus Stefroute
dependent pathways). Two maps may be needed to accomplish this. The legend of these maps should
date the level(s) used for the zone of impact and identify the exposure pathways that were included in
the assessment.

The noncancer maps should dso clearly identify the noncancer zones of impact. These include
the acute (inhdation) zone of impact and the chronic (including both inhaation, multipathway) zone of
impact. The Digtrict may at its discretion require separate chronic inhaation and chronic multipathway
zones of impact maps. For clarity, presentation of the two chronic zones of impact may aso require
two or more maps. The legend of these maps should state the level (s) used for the zone of impact and
identify the exposure pathways (and target organs) that were included in the assessment. Further
information regarding the methods for determination of hazard indices and cancer risk are discussed in
Chapter 8 and Appendices|.

4.6.2 Screening Population Estimates for Risk Assessments

Not al HRASs require refined popul ation exposure assessments and at times a screening estimate
may be gppropriate. A screening population estimate should include an estimate of the maximum
exposed population. Theimpact areato be considered should be sdlected to be hedlth protective (i.e.,
will not underestimate the number of exposed individuas). A hedth-protective assumption is to assume
that dl individudswithin alarge radius of the facility are exposed to the maximum concentration. If a
fadlity must dso comply with the RCRA/CERCLA HRA requirements, hedlth effectsto on-ste
workers may aso need to be addressed. The DTSC's Remedia Project Manager should be consulted
onthisissue. The Digtrict should be consulted to determine the population estimate to be used for
screening purposes. Guidance for one screening method is presented here.

1. Useascreening disperson mode (e.g., SCREENS3) to obtain concentration estimates for each
emitted pollutant at varying receptor distances from the source. Severd screening models
feature the generation of an automatic array of receptors that is particularly useful for
determining the zone of impact. In order for the mode to generate the array of receptors, the
user needs to provide some information normally consisting of starting distance, increment, and
number of intervals.
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2. Cdculate the potentia cancer risk and hazard index for each receptor location by using the
methods provided in the risk characterization sections of this document (Chapter 8).

3. Find the distance where the potential cancer risk is equal to District specified levels (e.g., 10°);
this may require redefining the receptor array in order to have two receptor locations that bound
atotal cancer risk of 10°. This exercise should be repeated for the noncancer hedlth impacts.

4. Cdculate cancer burden by estimating the number of people in the grid and dtipulate that dl are
exposed at the highest levdl.

4.6.3 Refined Population Estimates for Risk Assessments

The refined HRA requires amore detailed andysis of the population distribution thet is exposed
to emissions from the facility. These populations can include exposure estimates for workers and
resdents through the use of land use maps. The Digtrict may require that locations with high densties of
sengtive individuas be identified (e.g., schoals, daycare centers, hospitals). The overal exposed
resdentia and worker populations should be apportioned into smaller geographic subareas. The
information needed for each subareaiis:

1. the number of exposed persons, and

2. thereceptor location at which the calculated ambient air concentration is assumed to be
representative of the exposure to the entire population in the subarea.

A multi-tiered approach is suggested for the population analyss. Censustracts, which the
facility could significantly impact, should be identified (see Section 4.6.3.1). A census tract should be
divided into smdler subaressiif it is close to the facility where ambient concentrations vary widdly. The
District may determine that census tracts provide sufficient resolution near the facility to adequately
characterize population exposure or they may prefer the census information to be evauated using
smaller blocks. Further downwind where ambient concentrations are less variable, the census tract level
may be acceptable to the Didtrict. The Didrict may determine that the aggregation of census tracts
(e.g., when the census tracts making up a city are combined) is appropriate for receptorsthat are
consderable digtances from the facility.

If afacility must dso comply with the RCRA/CERCLA HRA requirements, hedth effectsto on-
Ste workers may aso need to be addressed. The DTSC's Remedia Project Manager should be
consulted on thisissue. In some casesit may be appropriate to eva uate risks to on-Site receptors. The
digtrict should be consulted about specia cases for which evauation of on-site receptors is appropriate,
such as facilities frequented by the public or where people may reside (e.g., military facilities).
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4631 Census Tracts

For arefined HRA, the boundaries of census tracts can be used to define the geographic area
to be included in the population exposure anayss. Maps showing census tract boundaries and numbers
can be obtained from “The Thomas Guide® - Census Tract Edition”. Statistics for each census tract
can be obtained from the U.S. Census Bureau. Numerous additiona publicly ble or
commercialy available sources of census data can be found on the World Wide Web. A specific
example of a censustract isgiven in Appendix K.

The two basic steps in defining the area under andyss are:

1. Ildentify the*zone of impact” (as defined previoudy in Section 4.6.1) on amap detailed
enough to provide for resolution of the population to the subcensustract level. (The
U.S. Geologica Survey (USGS) 7.5-minute series maps provide sufficient detail.) Thisis
necessary to clearly identify the zone of impact, location of the facility, and sengtive
receptors within the zone of impact. 1f significant development has occurred since the
USGS survey, this should be indicated. A specific example of a 7.5-minute seriesmap is
givenin Appendix K.

2. ldentify dl censustracts within the zone of impact using a U.S. Bureau of Cernsus or
equivalent map (e.g., Thomas Brothers®). If only a portion of the census tract lies within the
zone of impact, the population used in the burden caculation should include the proportion
of the population in that isopleth zone. The census tract boundaries should be trandferred to
amap, such asaUSGS map (referred to hereafter as the “base map”).

An dternative approach for estimating population exposure in heavily populated urban aressis
to gpportion census tracts to a Cartesian grid cell coordinate syssem. This method dlows a Cartesan
coordinate receptor concentration field to be merged with the population grid cells. Each receptor
located on the Cartesian grid must be identified with actud UTM coordinates. This process may be
computerized and minimizes manua mapping of centroids and censustracts. The HARP software can
provide population exposure estimates as cancer burden or as the number of persons exposed at the
block level to a sdlected potentid (user identified) health risk/impact leve.

The Didtrict may determine that aggregation of census tracts (e.g., which census tracts making
up acity can be combined) is appropriate for receptors that are located at consderable distances from
the facility. If the Didrict permits such an approach, it is suggested that the census tract used to
represent the aggregate be selected in a manner to ensure that the approach is health protective. For
example, the census tract included in the aggregate that is nearest (downwind) to the facility should be
used to represent the aggregate.
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Subcensus Tract

Within each census tract are smaller population units. These units (urban block groups (BG)
and rurd enumeration digtricts (ED)) contain about 1,100 persons. BGs are further broken down into
datistica units caled blocks. Blocks are generdly bounded by four streets and contain an average of
70 to 100 persons. However, the populations presented above are average figures and population units
may vary sgnificantly. In some cases, the EDs are very large and identica to a census tract.

The area requiring detailed (subcensus tract) resolution of the exposed resdentia and worker
population will need to be determined on a case- by-case bad's through consultation with the Didtrict.
The District may determine that census tracts provide sufficient resolution near the facility to adequately
characterize population exposure.

It is necessary to limit the Sze of the detailed analysi's area because inclusion of dl subcensus
tracts would greetly increase the resource requirements of the analysis. For example, an urban area of
100,000 persons would involve gpproximately 25 census tracts, approximately 100 to 150 block
groups, and approximately 1,000 to 1,400 blocks. Furthermore, a high degree of resolution at large
distances from a source would not significantly affect the analysis because the concentration gradient at
these digancesis generaly smdl. Thus, the detailed analyss of census tracts within severa kilometers
of afacility should be sufficient. The District should be consulted to determine the area that requires
detailed andysis.

The Didtrict should aso be consulted to determine the degree of resolution required. 1n some
cases, resolution of residentia populations to the BG/ED level may be sufficient. However, resolution to
the block level may aso be required for those BG/EDs closest to the facility or those having maximum
concentration impacts. The identified employment subareas should be resolved to a smilar degree of
resolution as the resdential population. For each subarea analyzed, the number of residents and/or
workers exposed should be estimated.

Employment population data can be obtained at the census tract level from the U.S. Census
Bureau or from locd planning agencies. This degree of resolution will generdly not be sufficient for
most HRASs. For the arearequiring detailed andysis, zoning maps, generd plans, and other planning
documents should be consulted to identify subareas with worker populations.

The boundaries of each resdentiad and employment population area should be trandferred to the
base map.

4.6.4 Sensitive Receptor Locations
Individuals who may be more sengtive to toxic exposures than the genera population are
digtributed throughout the totd population. Sengtive populations may include young children and

chronicdly ill individuds. The Didrict may require that locations with high dengties of sendtive
individuas be identified (e.g., schools, nursing homes, resdentid care facilities, daycare centers,
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hospitds). The HRA should state what the Didrict requirements are regarding identification of sengtive
receptor locations.

Although sengtive individuas are protected by general assumptions made in the dose response
assessment, thelr identification may be useful to assure the public that such individuds are being
consdered in the andlysis. For cancer and noncancer effects, the identification of sengitive receptor
locations may be crucid in evauating the potentia impact of the toxic effect.

4.7  Receptor Siting
4.7.1 Receptor Points

The modeling andyss should contain a network of receptor points with sufficient detail (in
number and dengity) to permit the estimation of the maximum concentrations. Locations that must be
identified include the maximum estimated off-Ste impact or point of maximum impact (PMI), the
maximum exposed individud a an existing resdentia receptor (MEIR), and the maximum exposed
individua a an existing occupationd worker receptor (MEIW). Note, however, some Stuations may
require that on-site receptor (worker or resdentia) locations be evauated. Some examples where the
hedlth impacts of on-dte receptors may be appropriate could be military base housing, prisons,
universties, or locations where the public may have regular access for the appropriate exposure period
(e.g., alunch time café or museum for acute exposures). The risk assessor should contact the Digtrict
for guidance if on-Site exposure situations are present at the emitting facility. These onSte locations
should be included inthe HRA. All of these locations (i.e., PMI, MEIR, and MEIW) must be identified
for potentid multipathway carcinogenic and noncarcinogenic effects. Some facilitieswill not have off-
site workersin the vicinity of the facility and will not need to evauate worker exposure. The approva
to omit the MEIW receptor should be verified in writing with the Didtrict or reviewing authority and
included in the HRA.

Other sendgitive receptor locations may aso be of interest and required to be included in the
HRA. The Didrict or reviewing authority should be consulted to determine which sensitive receptor
locations must be included. It is possible that the estimated PMI, MEIR, and MEIW risk for
carcinogenic, chronic noncarcinogenic, and acute noncarcinogenic hedlth effects occur et different
locations. Methods used to determine dose are provided in Chapter 5 and methods for calculating
potentia health impacts are included in Chapter 8 and Appendix | .

The results from a screening modd (if available) can be used to identify the area(s) where the
maximum concentrations are likely to occur. Receptor points should also be located at the population
centroids (see Section 4.7.2) and sengitive receptor locations (see Section 4.6.4). The exact
configuration of the receptor array used in an analysiswill depend on the topography, population
digtribution patterns, and other site-specific factors. All receptor locations should be identified in the
HRA using actud UTM (Universa Transverse Mercator) coordinates and receptor number. The
receptor numbers in the summary tables should match receptor numbers in the computer output. In
addition to actual UTM coordinates, the block/street locations (i.e., north sde of 3,000 block of Smith
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Street) should be provided for the PMI, MEIR, and MEIW for carcinogenic and noncarcinogenic
hedlth effects. Chapter 9 provides an outline that pecifies the content and recommended format of
HRA reaults.

To evauate locdized impacts, receptor height should be taken into account at the point of
maximum impact on a case-by-case basis. For example, receptor heights may have to be included to
account for receptors significantly above ground level. Flagpole receptors to represent the bresthing
zone, or direct inhalation, of a person may need to be considered when the source to receptor distance
islessthan afew hundred meters. Condderation must dso be given to the multipathway analyss, which
requires the deposition a ground level. A health protective approach is to select areceptor height from
0 metersto 1.8 metersthat will result in the highest predicted downwind concentration. Final approva
lieswith the Didtrict.

4.7.2 Centroid Locations

For each subarea andyzed, a centroid location (the location at which a calculated ambient
concentration is assumed to represent the entire subarea) should be determined. When populétion is
uniformly distributed within a population unit, a geographic centroid based on the shape of the
population unit can be used. Where population is not uniformly distributed, a population-weighted
centroid is needed. Another dternative could be to use the concentration at the point of maximum
impact (PMI) within that census tract as the concentration to which the entire population of that census
tract is exposed.

The centroids represent locations that should be included as receptor points in the dispersion
modding andyss. Annud average concentrations should be caculated a each centroid using the
modeling procedures presented in this chapter.

For census tracts and BG/EDs, judgments can be made using census tracts maps and street
maps to determine the centroid location. At the block level, a geographic centroid is sufficient.

48  Meteorological Data

Refined air disperson models require hourly meteorological data. Thefirst step in obtaining
meteorologica data should be to check with the Didtrict for data availability. Other sources of data
include the National Wegther Service (NWS); Nationd Climatic Data Center (NCDC) in Asheville,
North Carolina; military stations, and private networks. Meteorological datafor a subset of NWS
gations are available from the U.S. EPA Support Center for Regulatory Air Models (SCRAM). The
SCRAM can be accessed at www.epa.gov/scram001/main.htm. All meteorologica data sources
should be gpproved by the Didtrict. Data not obtained directly from the District should be checked for
qudity, representativeness, and completeness. U.S. EPA provides guidance (U.S. EPA, 1995¢) for
these data. The HRA should indicate if the Didrict required the use of a specified meteorologicd data
set. All memosindicating Didtrict gpproval of meteorological data should be attached in an gppendix.
The argument that “thisisthe nearest available meteorologica data’ does not justify thet the data are
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representative. If no representative meteorologica data are available, screening procedures should be
used asindicated in Section 4.10.

The anadlyst should acquire enough meteorological data to ensure that the worst-case
meteorologica conditions are represented in the mode results. The period of record, recommended for
useintheair disperson modd, isfiveyears. If it isdesred to use asingle year to represent long-term
averages (i.e., chronic exposure), then the worst-case year should be used. The worst-case year
should be the year that yidds the greatest maximum chronic off-gterisk. If the only adverse hedth
effects associated with dl emitted pollutants from a given facility are acute, the wordt-case year should
be the year that yields the grestest maximum acute off-site risk. With the increasing speeds of today’s
desktop computers, processing five years of data should be rdatively fast. Therefore, we strongly
encourage the use of five years of meteorologica datawhen available. However, the Digtrict may
determine that one year of representative meteorologicd datais sufficient to adequately characterize the

facility’ simpact.

Otherwise, to determine annua average concentrations for analysis of chronic hedth effects, the
data can be averaged, if aminimum of three years of meteorologicd datais available. For caculation of
the one-hour maximum concentrations needed to evauate acute effects, the worst-case year should be
used in conjunction with the maximum hourly emisson rate. For example, the annud average
concentration and one-hour maximum concentration at asingle receptor for five years of meteorologica
data are calculated below:

Year Annud Average Maximum One-Hour
(ng/nt) (/)
1 7 100
2 5 80
3 9 90
4 8 110
5 6 90
5-year average 7

In the above example, the long-term average concentration over five yearsis 7.0 ng/me. Therefore, 7
my/nT should be used to evauate carcinogenic and chronic effects (i.e., annua average concentration).
The one-hour maximum concentration is the highest one-hour concentration in the five-year period.
Therefore, 110 ng/n® is the peak one-hour concentration that should be used to evauate acute effects.

During the trangtiona period from night to day (i.e., the first one to three hours of daylight) the
meteorologica processor may interpolate some very low mixing heights. Thisisaperiod of timein
which the mixing height may be growing rapidly. When predicted concentrations are high and the mixing
height is very low for the corresponding averaging period, the modding results deserve additiond
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congderation. For receptorsin the near fidd, it iswithin the mode formulation to accept avery low
mixing height for short durations. However, it would be unlikdly that the very low mixing height would
persst long enough for the pollutants to trave into the far fidld. 1n the evert that the andyst identifies
any of these time periods, they should be discussed with the Didtrict on a case-by-case basis.

More information on sources of meteorologica data, aswell as representativeness and
completeness of meteorologica data, can be found in Chapter 2 of the Part IV TSD.

49 Model Selection

There are severd air digpersion models that can be used to estimate pollutant concentrations
and new ones are likely to be developed. U.S. EPA isin the process of adding new modelsto the
preferred list of models: ISC-PRIME, AERMOD, AERMOD-PRIME, and CaPuff. Thelatest verson
of the U.S. EPA recommended models can be found at the SCRAM Bulletin Board located at
www.epa.gov/scram001. However, any mode, whether aU.S. EPA guideline modd or otherwise,
must be gpproved for use by thelocd air digtrict. Recommended models and guiddlines for using
aternative modds are presented in this section. New models placed on U.S. EPA’s preferred list of
models (i.e., ISC-PRIME, AERMOD, AERMOD-PRIME, and CalPuff) can be considered at that
time. All ar digperson modds used to estimate pollutant concentrations for HRA andyses must bein
the public domain. Classfication according to terrain, source type, and level of andysisis necessary
before selecting a modd (see Section 4.4). The sdection of averaging timesin the modeling analysisis
based on the hedlth effects of concern. Annual average concentrations are required for an andysis of
carcinogenic or other chronic effects. One-hour maximum concentrations are generdly required for
andysis of acute effects. There are afew pollutants that require averaging times up to 7 hours; these
can befound in Table 6.1.

49.1 Recommended Models

Recommended air disperson models to estimate concentrations for HRA anadyses are shownin
Table4.2. Currently, SCREEN3 and ISCST3 are the two preferred models for HRAs. This could
change when the U.S. EPA places ISC-PRIME, AERMOD, AERMOD-PRIME, and CaPuff on the
preferred list. Some of the names of the air disperson models reflect the version number at the time of
the writing of this document. The most current version of the models should be used for the HRA
andyss. More than one modd may be necessary in some Stuations, for example, when modding
scenarios have receptors in smple and complex terrain. Some facilities may aso require modds
capable of handling specia circumstances such as building downwash, disperson near coadta aress,
etc. See Chapter 2 of the Part IV TSD for more information on modeling specia cases and for specific
information including inputs and default option settings for most of the models presented in Table 4.2.

To further facilitate the modd selection, the Digtrict should be consulted for additiona
recommendations on the appropriate model(s) or a protocol can be submitted for District review and
approva (see Chapter 9). A brief description of the preferred screening model, SCREEN 3, and the
preferred refined model, ISCST 3, are discussed below.

4-22



The Air Toxics Hot Spots Program Guidance Manua for Preparation of Health Risk Assessments.
August 2003.

49.2 Alternative Models

Alternative models are acceptable if gpplicability is demongrated or if they produce results
identica or superior to those obtained usng one of the preferred models shown in Table 4.2. For more
information on the applicability of dternative models refer to the following documents:

U.S. EPA (1986)  Guideline on Air Quality Models (Revised)

U.S. EPA (1992a) Protocol for Determining the Best Performing Model

U.S. EPA (1985a) Interim Procedures for Evaluating Air Quality Models — Experience
with Implementation

U.S. EPA (1984)  Interim Procedures for Evaluating Air Quality Models (Revised)
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TABLE 4.2 Recommended Air Dispersion Models
AVERAGING TERRAIN SINGLE SOURCE MULTIPLE SOURCE
PERIOD TYPE RURAL URBAN RURAL URBAN
RAM RAM
(9g) SIMPLE
o SHORT ISCST3 ISCST3 ISCST3 ISCST3
o TERM
Q
= (1-24 hour avg)
0O COMPLEX CTDMPLUS CTDMPLUS CTDMPLUS CTDMPLUS
1T
<
TH RAM CDM20/RAM
% SIMPLE ISCST3 ISCST3ISCLT3 ISCST3 ISCST3
LONG TERM ISCLT3 ISCLT3 ISCLT3
(Monthly-
Annual) COMPLEX CTDMPLUS CTDMPLUS CTDMPLUS CTDMPLUS
w
2 SIMPLE SCREEN3 SCREEN3 SCREEN3 SCREEN3
g SHORT
O TERM
=
O (1-24 hour avg) ISCST3 SHORTZ ISCST3 SHORTZ
Zz COMPLEX RTDM, CTSCREEN CTSCREEN* CTSCREEN*
> CTSCREEN VALLEY SCRN VALLEY SCRN VALLEY SCRN
wl VALLEY SCRN
T
o
8 SIMPLE SCREEN3 SCREEN3 SCREEN3 SCREEN3
LONG TERM
(Monthly-
Annual) COMPLEX ISCST3 LONGZ 1SCST3 LONGZ
RTDM

Generally speaking, ISCST3 and SCREENS3 are the models that are used in most casesin the Hot
Spots Program. Other moddsin thislist may be considered on a case-by-case basis. Additiondly,
newer models (e.g., ISC-PRIME, AERMOD, AERMOD-PRIME, and/or CaPuff) may be added to
thislist a afuture date.
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410 Screening Air Dispersion Models

A screening model may be used to estimate a maximum concertration that is biased toward
overestimation of public exposure. Use of screening modesin place of refined modeling proceduresis
optiond unless the Digtrict specificaly requires the use of arefined mode. Screening models are
normally used when no representative meteorological data are available and may be used asa
prdiminary estimate to determine if amore detailed assessment is warranted.

Some screening moddl's provide only 1-hour average concentration estimates. Maximum
1-hour concentration averages can be converted to other averaging periods through consultation and
approva by the Digtrict. Appendix H describes the use of the conversion factors. Because of
variationsin loca meteorology and source types, the exact factor selected may vary from one didrict to
another. Table 4.3 provides guidance on the range and typica vaues gpplied. The converson factors
are designed to bias predicted longer-term averaging periods towards overestimation.

Table4.3. Recommended Factorsto Convert Maximum 1-hour Avg. Concentrations
to Other Averaging Periods (U.S. EPA, 1995a; ARB, 1994).

Averaging Time Range Typical Recommended
3 hours 08-10 09
8 hours 05-09 0.7
24 hours 0.2-0.6 04
30 days 0.2-0.3 0.3
Annud 0.06- 0.1 0.08

4101 SCREEN3

The SCREEN3 modd is among the most widdly used model primarily because it has been
periodicaly updated to reflect changesin air digperson modeling practices and theories. The
SCREEN3 mode represents a good balance between ease of use and the cgpabilities and flexibility of
the dgorithms. In addition, the cdculations performed by the mode are very well documented (U.S.
EPA, 1995g). The SCREEN3 User’s Guide (U.S. EPA, 1995d) also presents technica information
and provides references to other support documents. The digpersion dgorithms used in SCREEN3 are
congstent with ISCST3. (With the implementation of AERMOD, which is expected in the future,
SCREEN3 may need to be superseded with amodd that is compatible with AERMOD.)

The most important difference between the SCREEN3 modd and refined models such as

ISCST3 isthe meteorologica data used to estimate pollutant concentrations. The SCREEN3 model
can assume worst- case meteorology, which greatly smplifies the resources and time normaly
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associated with obtaining meteorological data. Consequently, more conservative (higher concentration)
edimates are normaly obtained. Alternatively, a single stability class and wind speed may dso be
entered.

Number of Sources and Type

SCREENS3 was designed to smulate only a single source at atime. However, more than one
source may be modeled by consolidating the emissons into one emisson point or by individualy running
each point source and adding the results. SCREEN3 can be used to model point sources, flare
releases, and Smple area and volume sources. Input parameters required for various source-types are
shown in Tables 4.4 (point), 4.5 (flare release), 4.6 (area), and 4.7 (volume).

Table4.4. Required Input Parametersto Model a Point Source Using SCREEN3.

Emission Rate (g/9)

Stack Height (m)

Stack Ingde Diameter (m)

Stack Gas Exit Velocity (m/s) or Volumetric Flow Rate (ACFM, m3/s)

Stack Gas Temperature (K)

Ambient Temperature (K)

Receptor Height Above Ground (m)

Receptor Distance from the Source (m) [discrete distance or automated array]
Land Type [urban or rurd]
Meteorology [option “1” (full meteorology) is normally selected]

In Addition, for building downwash calculations
Building Height (m)

Minimum Horizontd Dimension (m)

Maximum Horizontal Dimenson (m)
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Table4.5. Required Input Parametersto Model a Flare Usng SCREENS.

Emission Rate (g/9)

Fare Stack Height (m)

Tota Heat Release (cd/9)

Receptor Height Above Ground (m)

Receptor Distance from the Source (m)

Land Type [urban or rurd]
Meteorology [option “1” (full meteorology) is normally selected]

In Addition, for building downwash calculations
Building Height (m)

Minimum Horizontal Dimenson (m)

Maximum Horizontal Dimenson (m)

Table 4.6. Required Input Parametersto Model an Area Source Using SCREEN3.

Emission Rate (g/s-m?)

Source Release Height (m)

Length of Larger Side of the Rectangular Area (m)
Length of Smdler Sde of the Rectangular Area (m)
Receptor Height Above Ground (m)

Receptor Distance from the Source (m)

Land Type [urban or rurd]
Meteorology [option “1” (full meteorology) is normally selected]
[wind direction optiond]
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Table4.7. Required Input Parametersto Mode a Volume Source Using SCREENS.

Emisson Rete (g/9)

Source Release Height (m)

Initid Laterd Dimenson of VVolume (m)
Initid Verticd Dimension of Volume (m)
Receptor Height Above Ground (m)
Receptor Distance from the Source (m)

Land Type [urban or rurd]
Meteorology [option “1” (full meteorology) is normally selected]
Regulatory Options

SCREENS dgorithms contain al regulatory options internaly coded including stack-tip
downwash and buoyancy-induced disperson. These regulatory options are the default settings of the
parameters so the user does not need to set any switches during arun.

Soecial Cases

SCREENS3 has the capability to modd several specia cases by setting switchesin the input file
or by responding to on-screen questions (if run interactively). The specid cases include:

* gmpledevated terran

» plumeimpaction in complex terrain using VALLEY modd 24-hr screening procedure

*  building downwash (only for flat and ample eevated terrain)

» cavity region concentrations (The PRIME agorithms included with ISCST3-PRIME should be
used for estimatesin the cavity zone)

* inversion bresk-up fumigation (only for rurd inland Stes with stack heights grester than or equa
to 10 m and flat terrain)

» ghordine fumigation (for sources within 3,000 m from alarge body of water)

* plumerisefor flare releases

4.11 Refined Air Dispersion Models
Refined air disperson models are designed to provide more representative concentration
estimates than screening models. In generd, the agorithms of refined models are more robust and have

the capability to account for Site-gpecific meteorologica conditions. For more information regarding
general aspects of model selection see Section 4.9.
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4111 1SCST3

The ISCST3 modd (U.S. EPA, 1995b; 1995¢) is a steady- Sate Gaussan plume model, which
can be used to assess pollutant concentrations from awide variety of sources associated with an
industrial source complex. The ISCST3 mode can be used for multiple sourcesin urban or rura
terrain. The modd includes the dgorithms of the complex terrain model COMPLEX |. The user can
gpecify if caculations are to be made for ample terrain, complex terrain, or both. However since
COMPLEX 1 isascreening moded, the ISCST3 modd is only a screening tool for receptorsin
complex terrain. The ISCST3 modd can calculate concentration averages for 1-hour or for the entire
meteorologica data period (e.g., annua or intermediate time periods such as 24-hour averages). A
summary of basic input parameters needed to model a point sourceis shown in Table 4.8. Guidance on
additional input requirements (e.g., for area and volume sources) may be found in the I1SC Users Guide.
(1ISCST3 may be replaced with AERMOD in the future pending promulgation by the U.S. EPA.)

Table 4.8. Basic Input Parameters Required to Model a Point Source Using | SCST3.

Land Use Urban or Rural

Averaging Period

Emission Rate (g/s)

Stack Height (m)

Stack Gas Exit Temperature (K)

Stack Gas Exit Velocity (m/s)

Stack Diameter (m)

Receptor Locations (x,y) coordinates (m) discrete points; polar array; Cartesian array;

M eteorol ogy may be supplied by preprocessor, e.g.,, PCRAMMET
Anemometer Height (m)

4.11.1.1 Regulatory Options

Regulatory application of the ISCST3 mode requires the sdlection of specific switches
(i.e., agorithms) during amodd run. All the regulatory options can be set by sdecting the DFAULT
keyword. The regulatory options, automatically sdlected when the DFAULT keyword is used, are:

o Stack-tip downwash (except for Schulmarnt Scire downwash)

*  Buoyancy-induced dispersion (except for Schulman-Scire downwash)
* Find plume rise (except for building downwash)

* Treagtment of caAms

» Default vaues for wind profile exponents
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» Default vduesfor verticd potentid temperature gradients
*  Use upper-bound concentration estimates for sources influenced by building downwash from

super-sguet buildings
41112 Special Cases

a. Building Downwash

The ISC moded s automatically determine if the plumeis affected by the wake region of buildings
when thar dimensons are given. Including building dimensionsin the mode input does not necessarily
mean that there will be downwash. See Chapter 2 of the Part IV TSD for guidance on how to
determine when downwash is likely to occur.

b. Area Sources

The area source agorithmsin ISCST3 use an integration technique that alows placement of
receptors within the area source. Additiondly, initid dispersion in the vertica can be included to
gmulate sources with vertical extent.

C. Volume Sources

The volume source agorithmsin ISCST3 require an estimate of the initiad digtribution of the
emission source in the horizontal and the vertica. Tablesthat provide information on how to estimate
theinitid digtribution for different sources are given in the ISC3 Usar’s Guide (U.S. EPA, 1995b;
1995¢).

d. Intermediate Terrain

When smple and complex terrain dgorithms are selected by the user, ISCST3 will select the
higher impact from the two agorithms on an hour- by-hour, source-by-source, and receptor-by-
receptor basis for all receptors located in intermediate terrain (U.S. EPA, 1995b).

Alternatively, the pollution concentrations in the receptor field may be generated separately from
HARP using other gpproved air disperson models. HARP has the flexibility to generate a summary of
the risk data necessary for an HRA by either approach: 1SCST3 internal to HARP or the use of other
approved models outside of HARP.

In addition, the HARP software aso incorporates the capability of using ether user supplied
representative meteorologica data or the worst-case meteorologica conditions from the SCREEN3
mode asinputsto the ISCST3 air digperson model. Information on obtaining the HARP software can
be found on the ARB’sweb ste at www.arb.ca.gov. Chapter 9 provides an outline that specifiesthe
content and recommended format of HRA resullts.
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e Deposition

The 1SC modds contain dgorithms to mode settling and deposition and require additiond
information such as the particle Size distribution. For more information consult the 1ISC3 User’s Guide
(U.S. EPA, 1995h). Note that, when performing the HRA modeling, a deposition rate will be
requested and used for the noninhaation pathway exposure (see Section 8.2.5.A).

4.11.1.3 HARP Dispersion Analysis

It is highly recommended that air digperson anayss be performed usng the HARP software.
HARP can perform refined disperson anadlysis by utilizing the U.S. EPA standard program ISCST3
(Industrid Source Complex — Short Term 3). In addition, HARP directly links the ISCST3 outputs
with risk assessment modules eiminating the need for intermediate processing by the user.

4.12 Modeling Special Cases; Specialized Models

Specid dtuations arise in modding some sources that require condderable professona
judgment; these include building down-wash effects, wet and dry deposition, short term emissions (i.e.,
ggnificantly lessthan 1-hour), fumigation effects, rain-cap on stack, and landfill Stes. Detailsfor these
gpecid modeling stuations and specific models can be found in Chapter 2 of the Part IV TSD. Itis
recommended that the reader consider retaining professiona consultation services if the procedures are
unfamiliar. Some models have been developed for application to very specific conditions. Examples
include modds cagpable of smulating sources where both land and water surfaces affect the disperson
of pollutants and mode's designed to Smulate emissions from specific indudtries.

4.13 I nteraction with the District
The risk assessor must contact the Didtrict to determineif there are any specific modeling
requirements. Examples of such requirements may include specific receptor location guidance, specific

usage of meteorological data, and specific report format (input and output). See Chapter 9 for
information on the format and content of modeling protocols and HRAS.
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5. Exposure Assessment - Estimation of Concentration and Dose

5.1 Introduction

This chapter provides a summary of how toxicant ground level air concentrations
estimated from air dispersion modeling or monitoring results are used to determine dose at
receptors of interest. This chapter includes all the algorithms and data (e.g., point-estimates,
distributions, and transfer factors) that are needed to determine the substance-specific
concentration in exposure media and the dose at a receptor of interest. The determination of
exposure concentrations and dose precede the calculations of potential health impacts. See
Chapter 8 and Appendix I for information on calculating potential health impacts.

At minimum, three receptors are evaluated in Hot Spots health risk assessments (HRA)
(see Section 4.7);, these are:

1) the Point of Maximum Impact (PMI),
2) the Maximally Exposed Individual Resident (MEIR), and
3) the Maximally Exposed Individual Worker (MEIW).

The PMI is defined as the receptor point(s) with the highest acute, chronic, or cancer
health impacts outside the facility boundary. The facility boundary is defined as the property
line. Often the fence is on the property line. The MEIR is defined as the existing off-site
residence(s) (e.g., house or apartment) with the highest acute, chronic, or cancer health impacts.
The MEIW is defined as the highest acute, chronic, or cancer health impacts at an existing
off-site workplace. Note, however, that occasionally some situations may require that on-site
receptor (worker or residential) locations be evaluated. Some examples where the health impacts
of on-site receptors may be appropriate could be military base housing, prisons, universities, or
locations where the public may have regular access for the appropriate exposure period (e.g., a
lunch time café or museum for acute exposures). The risk assessor should contact the Air
Pollution Control or Air Quality Management District (District) for guidance if on-site exposure
situations exist at the emitting facility. These on-site locations should be included in the health
risk assessment (HRA).

If the facility emits multiple substances from two or more stacks, the acute, chronic, and
cancer health impacts at the PMI may be located at different physical locations. The MEIR or
MEIW cancer, acute, and chronic receptors may also be at different locations. In addition, it
may be necessary to determine risks at sensitive receptors (e.g., schools, daycare, eldercare, and
hospitals). The District or reviewing authority should be consulted in order to determine the
appropriate sensitive receptors for evaluation.

The process for determining dose at the receptor location, and ultimately potential health
impacts, will likely include air dispersion modeling, and, with less frequency, air monitoring
data. Air dispersion modeling combines the facility emissions and release parameters and uses
default or site-specific meteorological conditions to estimate downwind, ground-level
concentrations at various (user-defined) receptor locations. Air dispersion modeling is described
in Chapter 4 and is presented in detail in the Air Toxics Hot Spots Program Risk Assessment
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Guidelines, Part IV; Technical Support Document for Exposure Assessment and Stochastic
Analysis (OEHHA, 2000b) (Part IV TSD).

In summary, the process of using air dispersion modeling results as the basis of an HRA
follows these four steps.

e Air dispersion modeling is used to estimate an annual-average and maximum one, four,
six, and seven-hour ground level concentrations. The air dispersion modeling results are
expressed as an air concentration or in terms of (Chi over Q) for each receptor point.

(Chi over Q) is the modeled downwind air concentration based on an emission rate of one
gram per second. (Chi over Q) is expressed in units of micrograms per cubic meter per
gram per second, or (;,tg/m3)/(g/ s). (Chi over Q) is sometimes written as (/Q) and is
sometimes referred to as the dilution factor.

e When multiple substances are evaluated, the /Q is normally utilized since it is based on
an emission rate of one gram per second. The y/Q at the receptor point of interest is
multiplied by the substance-specific emission rate (in g/s) to yield the substance-specific
ground-level concentration (GLC) in units of pg/m’. The following equations illustrate
this point.

GLC = (%)(qumoe)

ﬂy
3
% = (Chiover Q)in M_ |, from model results with unit emission rate

%

O, bsance = Substance specific emission rate ( K

e The applicable exposure pathways (e.g., inhalation, soil, fish) are identified for the
emitted substances and the receptor locations are identified. This determines which
exposure algorithms in this chapter are ultimately used to estimate dose. After the
exposure pathways are identified, the fate and transport algorithms described in this
chapter are used to estimate concentrations in the applicable exposure media (e.g., soil or
water) and the exposure algorithms are used to determine the substance-specific dose.

e The dose is used with cancer and noncancer health values to calculate the potential health
impacts for the receptor (Chapter 8). An example calculation using the high-end point-
estimates for the inhalation (breathing) exposure pathway can be found in Appendix I.

The algorithms in this chapter are also used to calculate media concentrations and dose in
the rare instance for the Hot Spots program when monitoring equipment were used rather than
air dispersion modeling to obtain a receptor’s substance-specific GLC. One situation that is
specific to monitored data is the treatment of results below the sampling method level of
detection (LOD). In short, it is standard risk assessment practice when monitoring results are
reported both above and below the LOD to use one-half of the LOD for those sample
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concentrations reported below the LOD. If all testing or monitoring results fall below the LOD,
then assessors should contact the District for appropriate procedures. For more information
about reporting emissions under the Hot Spots Program, see the ARB’s Emission Inventory
Criteria and Guidelines Regulations (Title 17, California Code of Regulations, Sections 93300-
93300.5), and the Emission Inventory Criteria and Guidelines Report (EICG Report), which is
incorporated by reference therein (ARB, 1997).

The HARP software is the recommended model for calculating and presenting HRA
results for the Hot Spots Program. A contractor, through consultation with OEHHA, Air
Resources Board (ARB), and District representatives, developed the HARP software.
Information on obtaining the HARP software can be found on the ARB’s web site at
www.arb.ca.gov under the Hot Spots Program.

5.2 Criteria for Exposure Pathway Evaluation

In order to determine total dose to the receptor the applicable pathways of exposure need
to be identified. The inhalation pathway must be evaluated for all Hot Spots substances emitted
by the facility. A small subset of Hot Spots substances is subject to deposition on to the soil,
plants, and water bodies. These substances need to be evaluated by the appropriate
noninhalation pathways, as well as by the inhalation pathway, and the results must be presented
in all HRAs. These substances include semi-volatile organic chemicals and heavy metals. Such
substances are referred to as multipathway substances. Two steps are used to determine if a
substance should be evaluated for multipathway impacts:

e Step one is to see if the substance or its group (e.g., dioxins, PAHs) is listed in Table 5.1.

e Step two is to determine if the substance has an oral reference exposure level (REL)
listed in Table 6.3, or if it has an oral cancer slope factor listed in Table 7.1. Oral or
noninhalation exposure pathways include the ingestion of soil, fisher caught fish,
drinking water from surface waters, mother’s milk, homegrown produce, beef, pork,
chicken, eggs and cow’s milk. The dermal pathway is also evaluated via contact with
contaminated soil.

For all multipathway substances, the minimum exposure pathways that must be evaluated
at every residential site (in addition to inhalation) are soil ingestion and dermal exposure. If
dioxins, furans, or PCBs are emitted, then the breast-milk consumption pathway also becomes
mandatory. The other exposure pathways (e.g., the ingestion of homegrown produce or fish) are
evaluated on a site-by-site basis. If the resident can be exposed through an impacted exposure
pathway, then it must be included in the HRA. However, if there were no vegetable gardens or
fruit trees within the zone of impact for a facility, for example, then the produce pathways would
not be evaluated. Note that on-site residential receptors are potentially subject to inhalation and
noninhalation exposure pathways. Table 8.2 identifies the residential and worker receptor
exposure pathways that are mandatory and those that are dependent on the site-specific
decisions. While residents can be exposed though several exposure pathways, worker receptors
are only evaluated for inhalation, soil ingestion, and dermal exposure using single
point-estimates.


http://www.arb.ca.gov/
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Table 5.1 shows the multipathway substances that, based on available scientific data, can
be considered for each noninhalation exposure pathway. The exposure pathways that are
evaluated for a substance depend on two factors: 1) whether the substance is considered a
multipathway substance for the Hot Spots Program (Table 5.1), and 2) what the site-specific
conditions are. A multipathway substance may be excluded from a particular exposure pathway
because its physical-chemical properties can preclude significant exposure via the pathway. For
example, some water-soluble chemicals do not appreciably bioaccumulate in fish; therefore, the
fish pathway is not appropriate. In addition, if a particular exposure pathway is not impacted by
the facility or is not present at the receptor site, then the pathway is not evaluated. For example,
if surface waters are not impacted by the facility, or the water source is impacted but never used

for drinking water, then the drinking water pathway is not evaluated.

Table 5.1 Specific Pathways to be Analyzed for each Multipathway Substance

Substance

Dermal

Meat, Milk &

Egg Ingestion

Fish
Ingestion

Exposed
Vegetable

Ingestion

Leafy
Vegetable

Ingestion

Protected
Vegetable

Ingestion

Root
Vegetable

Ingestion

Water
Ingestion

Breast Milk
Ingestion

4,4' -Methylene dianiline

o

o

Creosotes

>

Diethylhexylphthalate

>

>

Hexachlorocyclohexanes

PAHSs

PCBs

Cadmium & compounds

Chromium VI & compounds

Inorganic arsenic & compounds

Beryllium & compounds

Lead & compounds

Mercury & compounds

elislislisliaiiaiiaiiaiiaitaliallsl

Nickel

PR A R [ A % [ 4|4 |4 4| Soil Ingestion

slislislislisiiadialialialiadialiallel

elislislisliaiiallallialls

X
X
X
X
X
X
X
X
X
X
X
X
X

slial sl isliaibadbadia il it it kel

dislialislialladle

lislialisliaiialle

elislislislisiiaiiaiiaiiaiiaiiallallel

Fluorides (Including hydrogen
fluoride)

To be determined

Dioxins & furans

>

o

>

X |

X

X

s
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5.3 Estimation of Concentrations in Air, Soil, and Water

Once emissions exit the source, the substances will be dispersed in the air. The
substances in the exhaust gas with high vapor pressures will remain largely in the vapor phase,
and substances with lower vapor pressures will tend to adsorb to fly ash or other particulate
matter. The emission plume may contain both vapor phase substances and particulates. A single
semivolatile organic toxicant can partition as a vapor and into a particulate. Particulates will
deposit at a rate that is dependent on the particle size. The substances will deposit on vegetation,
on soil, and in water. Use the 0.02 m/s factor for emission sources that have verifiable
particulate matter control devices or for emission sources that may be uncontrolled but only emit
particulate matter that is less than 2.5 microns (e.g., internal combustion engines powered by
compressed natural gas). The following algorithms are used to estimate concentrations in
environmental media including air, soil, water, vegetation, and animal products.

5.3.1 Air

The concentration of the substance in air at ground level (GLC) is a function of the
facility emission rate and the dilution factor (%/Q) at the points under evaluation.

a. Formula 5.3.1 A: GLC = E-rate * %/Q (EQ5.3.1A)

1> GLC = Ground-level concentration (pg/m3 )
2> E-rate = Substance emission rate (g/sec)

3> % /Q Dilution factor provided by dispersion modeling (pug/m’/g/sec)

b. Recommended values for EQ 5.3.1 A:

1> E-rate = Facility specific, substance emission rate
2> %/Q = For point of interest, site specific, from dispersion modeling

c. Assumptions for EQ 5.3.1 A:

1> No plume depletion
2> Emission rate is constant, i.e., assumes steady state

5.3.2 Soil

The average concentration of the substance in soil (Cs) is a function of the deposition,
accumulation period, chemical specific soil half-life, mixing depth, and soil bulk density.

a. Formula 5.3.2 A: Cs= Dep * X/ (K *SD * BD * Ty) (EQ5.3.2A)

1> C = Average soil concentration over the evaluation period (pg/kg)
2> Dep Deposition on the affected soil area per day (ug/m?/d)
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a> Formula 5.3.2 B: Dep = GLC * Dep-rate * 86,400 (EQ5.3.2B)

l: GLC = Ground-level concentration (ug/m”)
2: Dep-rate = Vertical rate of deposition (m/sec)
3: 86,400 = Seconds per day conversion factor (sec/d)

b> Recommended default values for EQ 5.3.2 B:

1: GLC = Calculated above in EQ 5.3.1 A
2: Dep-rate = Use 0.02 meters/second for controlled or
0.05 meters/second for uncontrolled sources.

c> Assumptions for EQ 5.3.2 B:

1: Deposition rate remains constant

3> X= Integral function

a>Formula 532 C: | X = [{e™ " M-e® T /K] + T, (EQ5.3.20)

e = 2718

Ks = Soil elimination constant

T¢ = End of evaluation period (d)

T, = Beginning of evaluation period (d)

T; = Total days of exposure period Tf-To (d)

DN B W ==

a: Formula 53.2D: | Ki=0.693/¢ » (EQ5.3.2D)

1) 0.693 = Natural log of 2
2) t,, Chemical specific soil half-life (d)

b: Recommended default values for EQ 5.3.2 D:

1) t,,, = See Table 5.3

b> Recommended default values for EQ 5.3.2 C:

1: Ks= Calculated above in EQ 5.3.2 D
2: Ty = 25,550 (d) =70 yr (for 9, 30 and 70 years). Identifies the total
number of days of soil deposition.

= 9,490 (d) = 26 years for nursing mother in mother’s milk pathway
3: T, = 0 (d) The initial time (start period) of exposure to all receptors that
are impacted by the soil pathway. Used for direct soil
exposure to a worker, residential adults (9, 30, and
70-years), and children. Also used as the initial time for
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determining the concentration in soil that is used for
estimating the dose from the ingestion of breast milk.

4> SD = Soil mixing depth (m)
5> BD = Soil bulk density (kg/m’)

b. Recommended default values for EQ 5.3.2 A:

1> Dep = Calculated above in EQ 5.3.2 B
2> X Calculated above in EQ 5.3.2 C
3> K = Calculated above in EQ 5.3.2 D
4> SD = 0.01 (m) for playground setting (soil ingestion and dermal pathways)
and 0.15 (m) for agricultural setting (produce and meat pathways).
5> BD = 1,333 (kg/m’)
6> T 25,550 (d) =70 (yr) for 9, 30 and 70 year exposure
durations and mother’s milk pathway
= 25,550 (d) for adult in mother's milk pathway

c. Assumptions for EQ 5.3.2 A:

1> Substances are uniformly mixed in soil.

2> Substances are not leached or washed away, except where evidence exists
to the contrary.

3> For a receptor ingesting mother's milk, the mother is exposed for 26 years, the
child receives milk for one year (the last year of maternal exposure), and then is
exposed to all other pathways for 9, 30 or 70 years.

4> It is assumed that toxicants accumulate in the soil for 70 years from deposition.

5.3.3 In Water
The average concentration of the substance in water (Cy) is a function of direct

deposition and material carried in by surface run-off. However, only the contribution from direct
deposition will be considered at this time.

a. Formula 5.3.3 A: Cy=Capw (EQ5.33A)

1> C,, = Average concentration in water (ug/kg)
2> Cgepw = Contribution due to direct deposition (ug/kg)

a> Formula 5.3.3 B: | Cgepw =Dep * SA * 365/ (WV * VC) (EQ5.3.3B)

1:  Dep = Deposition on water body per day (ug/m?/d)
2: SA Water surface area (m?)
3: 365 Days per year (d/yr)
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4: WV = Water volume (kg)
5: VC Number of volume changes per year

b> Recommended default values for EQ 5.3.3 B:

1: Dep = Calculated above in EQ 5.3.2 B

2:  SA = Site specific water surface area (m?)

3: WV = Site specific water volume in (kg)

4:  VC = Site specific number of volume changes per year

(SA, WV, and VC values can be acquired from the applicable
Department of Water Resources (DWR) Regional office)

c> Assumptions for EQ 5.3.3 B:

1:  All material deposited into the water remains suspended or dissolved
in the water column and is available for bioconcentration in fish.

5.3.4 Estimation of Concentrations in Vegetation and Animal Products

Estimates of the concentration of the substance in vegetation and animals require the use
of the results of the air, water, and soil environmental fate evaluation. Plants and animals will be
exposed to the substances at the concentrations previously calculated in Section 5.31 to 5.33

above.

1. Vegetation

The average concentration of a substance in and on vegetation (Cy) is a function of direct
deposition of the substance onto the vegetation and of root translocation or uptake from soil
contaminated by the substance.

a. Formula 5.3.4.1 A: Cy = Caepv * GRAF + Cirans (EQ5.3.4.1 A)
1> C, = Average concentration in and on
specific types of vegetation (ug/kg)
2> Cgepy = Concentration due to direct deposition (pg/kg)
3> GRAF = Qastrointestinal Relative Absorption Fraction

a> Formula 5.3.4.1 B:

Caepy = [Dep * IF / (k * Y)] * (1-€*")] (EQ5.3.4.1B)

1:  Dep = Deposition on affected vegetation per day (ng/m?/d)
2: IF = Interception fraction

3:  k = Weathering constant (d")

4: Y = Yield (kg/m?)

50 e = Base of natural logarithm (2.718)
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6: T = Growth period (d)

b> Recommended default values for EQ 5.3.4.1 B:

1:  Dep = Calculated above in EQ 5.3.2 B
2:  IF = Crop specific
a:  Root crops =0
b:  Leafy crops = 0.2
c:  Protected crops = 0
d:  Exposed crops = 0.1
3: k=01
4: Y = 2 (kg/m®) for root, leafy, protected, exposed and
pasture [CA Department of Food and Agriculture dot
maps]
5: T = 45(d) for leafy crops
T = 90 (d) for exposed crops

c¢> Assumptions for EQ 5.3.4.1 B:

1: No deposition on root or protected crops

3> GRAF = Qastrointestinal Relative Absorption Fraction
0.43 for dioxins; 1.0 for all other chemicals

The term GRAF, or gastrointestinal relative absorption factor, is defined as the fraction
of contaminant absorbed by the GI tract relative to the fraction of contaminant absorbed from the
matrix (feed, water, other) used in the study(ies) that is the basis of either the cancer potency
factor (CPF) or the reference exposure level (REL). If no data are available to distinguish
absorption in the toxicity study from absorption from the environmental matrix in question,

i.e., soil, then GRAF = 1. The GRAF allows for adjustment for absorption from a soil matrix if
it is known to be different from absorption across the GI tract in the study used to calculate the
CPF or REL. In most instances, the GRAF will be 1 (Table 5.3).

4> Cgans=  Concentration due to root translocation or uptake (ug/kg)
a> Formula 5.3.4.1 C: Cirans = Cs * UF, (EQ5.3.4.1 C)
| O = Average soil concentration (ug/kg)

2:  UF, = Uptake factor based on soil concentration

b> Recommended default values for EQ 5.3.4.1 C:

1: Cs = Calculated above in EQ 5.3.2 A
2:  UF, = Inorganic compounds--see Table 5.3
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1) Formula 5.3.4.1 D: (for organic compounds)

UF; = [(0.03 * Kou ) + 0.82] / [(Koo)(Foo)]  (EQ5.3.4.1 D)

a) 0.03 = Empirical constant

b) Kow = Octanol: water partition factor

c) 0.77 = Empirical constant

d) 0.82 = Empirical constant

e) K, = Organic carbon partition coefficient
f) Fo.. = Fraction organic carbon in soil

2) Recommended default values for EQ 5.3.4.1 D:

a) K,y = Chemical specific, see Table 5.3
b) Ko = Chemical specific, see Table 5.3
c) Fo = 0.1

2. Animal Products

The average concentration of the substance in animal products (Cs,) depends on which
routes of exposure exist for the animals. Animal exposure routes include inhalation, soil
ingestion, ingestion of contaminated feed and pasture, and ingestion of contaminated water.

a. Formula EQ 5.3.4.2 E:

Ct, = (Inhalation + Water ingestion + Feed ingestion + (EQ5.3.4.2E)
Pasture/Grazing ingestion + Soil ingestion) * Tco

1> Cq = Average concentration in farm animals
and their products (ng/kg)
2> Inhalation= Dose through inhalation (ng/d)

a> Formula 5.3.4.2 F:| Inhalation =BR, * GLC (EQ5.3.4.2F)

1:  BR4 = Inhalation rate for animal (m’/d)
2:  GLC = Ground-level concentration (ug/m’)

b> Recommended default values for EQ 5.3.4.2 F:

I:  BRa = See Table 5.2
2:  GLC = Calculated above in EQ 5.3.1 A

c> Assumptions for EQ 5.3.4.2 F:

1: All material inhaled is 100% absorbed
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3> Water ingestion = Dose through water ingestion (ng/d)

a> Formula EQ 5.3.4.2 G:

Water ingestion = WIR, * FSW * C,, (EQ5.3.4.2G)

1:  WIR, = Water ingestion for animal (kg/d)
. FSW = Fraction of water ingested from a
contaminated body of water
3: Gy = Average concentration in water (ng/kg)

For water 1 kg=1L

b>Recommended default values for EQ 5.3.4.2 G:

1:  WIR, = See Table 5.2
2:  FSW = Site specific, need to survey, fraction of
water ingestion practices in affected area
3: Cw = Calculated above in EQ 5.3.3 A
Table 5.2 Point Estimates for Animal Pathway*
Lactating Dairy .
Parameter Beef Cattle Cattle Pigs Poultry
BW (body weight) (kg) 500 500 60 2
BR, (inhalation rate) (m’/d) 100 100 7 0.4
WIR, (water ingestion) (kg/d)** 40 80 8 0.2
FIR  (feed ingestion) (kg/d) 8 16 2 0.1
FS¢ (soil fraction of feed) 0.01 0.01 NA NA
FSp (soil fraction of pasture) 0.05 0.05 0.04 0.02

Beef and dairy cattle food from pasture grazing is assumed to be leafy vegetation (grass) and account for 0.5 of the cattle’s diet.
For pigs, the default assumes a pig’s diet consists of equal portions of all plant types exposed, leafy, protected and root. The default
assumption is that 0.1 of the diet is homegrown. The default assumption for chickens is that pasture is composed of equal
proportions all plant types with 0.05 homegrown.
Agricultural mixing depth should be used for calculating soil concentration for feed and pasture contamination.

NA Not applicable. Assume F S¢is equal to zero.

* See Section 7 of Technical Support Document for Exposure Assessment and Stochastic Analysis (OEHHA, 2000b) for source of
these values.
*k 1 kg=1 L for water

4> Feed ingestion = Dose through the ingestion of feed (ug/d) that is
harvested after it is impacted by source emissions

a> Formula EQ 5.3.4.2 H:

Feed ingestion = (1 - FG) * FIR * L * Cs (EQ5.3.4.2 H)
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I:  FG = Fraction of Diet provided by grazing
. FIR = Feed ingestion rate (kg/d)
3: L = fraction of locally grown (source impacted) feed
that is not pasture
4: C¢ = Concentration in feed (pg/kg)

b> Recommended default values EQ 5.3.4.2 H:

1:  FG = Site specific fraction of diet provided by grazing
(need to survey)
2:  FIR = See Table 5.2
3 L = Site specific, fraction of locally grown (source
impacted) feed that is not pasture
4: C¢ = Ascalculated above in EQ 5.3.4.1 A

5> Pasture/Grazing ingestion = Dose through pasture/grazing (pg/d)

a> Formula EQ 5.3.4.2 I:

Pasture/Grazing ingestion = FG * C, * FIR (EQ5.3.4.21)

I:  FG = Fraction of Diet provided by grazing
2:  C, = Concentration in pasture/grazing material (ng/kg)
3:  FIR = Feed ingestion rate (kg/d)

b> Recommended default values EQ 5.3.4.2 J:

1:  FG = Site specific fraction of diet provided by grazing
(need to survey)

2:  C, = Ascalculated above in EQ 5.3.4.1 A

3:  FIR = See Table 5.2

6> Soil ingestion= Dose through soil ingestion (pg/kg)

a> Formula EQ 5.3.4.2 K:| Soil ingestion = SI, * C; (EQ 5.3.4.2K)

1:  SI, = Soil ingestion rate for animal (kg/d)

a: Formula EQ 5.3.4.2 L.:

SI, = [(1- FG) * FS; * FIR] +[ FG * FS, * FIR] (EQ53.4.2L)

1) FG = Fraction of diet provided by grazing

2) FS¢ = Soil ingested as a fraction of feed
ingested
3) FIR = Feed ingestion rate (kg/d)
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4) FS, = Soil ingested as a fraction of pasture
ingested

b: Recommended default values for EQ 5.3.4.2 L.:

1) FG = Site specific fraction of diet provided
by grazing
2) FS¢ = See Table 5.2

3) FIR = See Table 5.2
4) FS, = See Table 5.2
2:  Cy = Average soil concentration (ug/kg)

b> Recommended default values for EQ 5.3.4.2 K:

1: Sl = Calculated above
N O Calculated above in EQ 5.3.2 A

7> Tco = Transfer coefficient of contaminant from diet to
animal product (d/kg)

a> Recommended default values:

1: Tco = SEETABLES.3

b> Recommended default values EQ 5.3.4.2 J:

1: FG = Site specific fraction of diet provided by grazing
(need to survey)

2:  C¢ = Ascalculated above in EQ 5.3.4.1 A

3:  FIR = See Table 5.2
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Table 5.3 Substance Specific Default Values for Multipathway Substances™

Feed to meat, milk, eggs
Transfer Coefficients *[Tco Ri(:l(:;crU:I:?cl(gok;sc:)(:‘s d(:;) r
(d/kg)] s P
. 5
Multipathway Log | Log .FISh Tco Tco Tco® f Exposed ~ 4 Dermal Soil Half
Substance Koo | K, | Blocon Meat Milk Egg Root Leafy & SRAFT] Absorp. | e (days)
¢ o Factor Protected Fact.(ABS)
Arsenic (inorganic) NA® | NA | 4.0x10"° [2.0x10°|62x10°]|20x10° |4.0x10* | 40x10° | 9.0x10™ 1.0 0.04 1.0x 10"
]éf,fly,gl‘i,'ﬂdf NA |NA | 19x10" |1.0x10° |9.1x107 [1.0x10° |2.0x10° | 1.0x 107 | 2.0x 10* 1.0 0.01 1.0x 10"
giﬂfﬁﬁ‘ﬁ d‘: NA |NA |3.66x107 |55x10% | 1.0x10° [ 55x10* | 4.0x10? | 6.0x10? | 2.0x 107 1.0 0.001 1.0x 10"
Creosotes NA | NA |5.83x107 [34x10%|1.6x10%|3.4x107 NA NA NA 1.0 0.13 5.7x 10"
Chromium VI & Cmpds | NA | NA [20x10" [92x10° [1.0x10° [9.2x10° |1.0x10° |8.0x10* | 7.0x 10" 1.0 0.01 1.0x 10
Diethylhexylphthalate 472 | 5.11 | 4.83x 10" NA NA NA NA NA NA 1.0 0.10 23x 10"
Dioxins and Furans NA |NA | 19x10" [4.0x10" |4.0x10% | 4.0x10" NA NA NA 0.43 0.02 472x10"
Hexachlorocyclohexanes NA | NA 456x 10" NA NA NA NA NA NA 1.0 0.10 6.7x 10"
zﬁz‘r’gi‘nicc‘;mp"““ds NA | NA | 155x107 [40x10* | 2.6x10% [ 40x10* | 20x10% | 50x10° | 1.0x10° | 1.0 0.01 1.0x 10°®
Mercury (inorganic) NA | NA |50x10% [27x10%[9.7x10°|27x10?% |50x102 |9.0x10? | 3.0x 107 1.0 0.10 1.0x 10"
Nickel and compounds | NA | NA NA 20x10° [ 1.0x10° [2.0x10° |2.0x10? | 6.0x 107 | 9.0x 107 1.0 0.04 1.0x 10"
4,4-Methylene dianiline | 224 | 1.59 | 1.11x 10" NA NA NA NA NA NA 1.0 0.10 40x10%
PAH as Benzo(a)pyrene | NA | NA | 583x107 |34x102 | 1.6x107 | 3.4x 107 NA NA NA 1.0 0.13 5.7x 10"
E‘,’,}.ﬁ',‘,‘;’f; vl NA | NA [9.97x10% [5.0x102 | 1.0x 107 | 5.0 x 102 NA NA NA 1.0 0.14 9.4x10"

(1) Values based on South Coast AQMD Multi-Pathway Assessment Input Parameters Guidance Document as adapted and modified by OEHHA.
(2) See Tables 5.17 and 5.18 for derivation and references for Kow and Koc values.
(3) Values for the Egg Transfer Coefficients have not been developed but are assumed to be similar to meat transfer coefficients cited in the SCAQMD document.
(4) GRAF (Gastrointestinal Relative Absorption Factor). The guidelines allow for adjusting for bioavailability where the evidence warrants. For example, there are good data which indicate that dioxin is not as
available to an organism when bound to soil or fly ash matrices relative to when it is in solution or in food. Therefore, a bioavailability factor is incorporated into the model to account for this difference. When
information becomes available for other chemicals of concern, this type of bioavailability will be incorporated into the model.
(5) Dermal absorption of many compounds is limited. The guidelines have incorporated dermal absorption factors to account for the decreased absorption relative to other routes of exposure, for estimates of
dermal dose used to assess both cancer and noncancer health hazards. The dermal absorption values come from literature describing absorption of chemicals across the skin. In some cases, there are good data
available for specific compounds. In other cases, an absorption fraction is inferred from data for similar chemicals. In a few cases the effects of adsorption to a soil or fly ash matrix on dermal bioavailability
have been studied. In these rare instances, the dermal absorption factor used in the guidelines accounts for this decreased bioavailability (e.g., the dermal absorption value for dioxins/furans accounts for

decreased bioavailability).

NA - Data Not Available or Not Applicable.
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b> Assumptions:

1: The transfer coefficient is the same for all exposure routes.
2: The transfer coefficient for all meat is the same.
3: The transfer coefficient for eggs is the same as for meat.

3. Fish Products

The average concentration in fish (Cy) is based on the concentration in water and a
bioconcentration factor.

a. Formula EQ 5.3.4.3 M: Ci=C,, * BCF (EQ5.34.3M)

1> C¢ = Concentration in fish (ug/kg)
2> (Cy = Concentration in water (ug/kg)
3> BCF = Bioconcentration factor

b. Recommended default values for EQ 5.3.4.3 M:

1> C, = Calculated above in EQ 5.3.3 A
2> BCF = See Table 5.3

c. Assumptions for EQ 5.3.4.3 M:

1> All contaminants in water are available for bioconcentration.

2> Contaminant is present in a soil or fly ash matrix.

Contaminant concentrations are uniform in water based on dispersion.

4> Only bioconcentration is currently considered. Bioaccumulation from
the food chain is not considered.

5.4  Estimation of Dose

Once the concentrations of substances are estimated in air, soil, water, plants, and animal
products, they are used to evaluate estimated exposure to people. Exposure is evaluated by
calculating the lifetime average daily dose (LADD). The following algorithms calculate this
dose for exposure through inhalation, dermal absorption, and ingestion pathways. This section
contains average and high-end point-estimates and data distributions for adults and children for
many exposure pathways. The point-estimates and data distributions that should be used for
children are listed under the nine-year exposure duration. The point-estimates and data
distributions that should be used for adults are listed under the 30 and 70-year exposure duration.
Workers are addressed as adults using single point-estimates for three exposure pathways.
Point-estimates for workers are listed under “worker (single value).”

OEHHA has not generated or endorsed distributions for worker exposure. Therefore there is no
Tier 3 stochastic approach for offsite worker cancer risk assessment.
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5.4.1 Estimation of Exposure Through Inhalation

Exposure through inhalation (Dose-inh) is a function of the respiration rate and the
concentration of a substance in the air.

1. Formula EQ 5.4.1 A:

Dose-inh = C,;. *{DBR} * A * EF * ED *10°° (EQ5.4.1A)

AT
where:
Dose-inh = Dose through inhalation (mg/kg/d)
107 = Micrograms to milligrams conversion, Liters to cubic meters
conversion
Cair = Concentration in air (ug/m’)
{DBR} = Daily breathing rate (L/kg body weight - day)
A = Inhalation absorption factor
EF = Exposure frequency (days/year)
ED = Exposure duration (years)

AT = Averaging time period over which exposure is averaged,
in days (e.g., 25,550 d for 70 yr for cancer risk)

2. Recommended default values for EQ 5.4.1 A:

a. EF = 350d/y

b. ED = 9;30; or 70 yr

c. AT = 25,550 days

d A =1

e. {DBR} 9,30 & 70 year exposure= see Table 5.4

f. {DBR} 30 and 70 year exposure = see Table 5. 5 for parametric models

(distributions for Tier 3 stochastic risk assessment)

Table 5.4 Point Estimates for Daily Breathing Rate for 9, 30, and 70-year
Exposure Durations (DBR) (L/kg BW * Day)

9-Year 30 & 70-Year Offsite'
Exposure Duration Exposure Duration Worker
Average High End Average High End | (Single Value)
452 581 271 393 149

"This value corresponds to a 70 kg worker breathing 1.3 m*/hour for an eight hour day. 1.3 m*/hr is the breathing
rate recommended by U.S.EPA, (1997a) as an hourly average for outdoor workers.
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Table 5.5 Breathing Rate Distributions for 9, 30, and 70-Year
Exposure Durations for Stochastic Analysis (L/kg BW * Day)

9-Year 30 & 70-Year
Exposure Duration | Exposure Duration
Distribution Type Gamma Gamma
Location 301.67 193.99
Scale 29.59 31.27
Shape 5.06 2.46

3. Assumption for EQ 5.4.1 A:

a. The fraction of chemical absorbed (A) is the same fraction absorbed in the study
on which the cancer potency or Reference Exposure Level is based.

5.4.2 Estimation of Exposure Through Dermal Absorption

Exposure through dermal absorption (Dose-dermal) is a function of the soil or dust loading
of the exposed skin surface, the amount of skin surface area exposed, and the concentration and
availability of the substance. Distributions are not available for stochastic analysis. Tier 11

stochastic risk assessments should include the dermal pathway as a high end point estimate.

1. Formula EQ 5.4.2 A:

Dose-dermal = C, * SA * SL * Ef * ABS * 10°° * ED/ BW* AT(EQ 5.4.2 A)

Where:
Dose-dermal = Exposure dose through dermal absorption (mg/kg/d)
Cs = Average soil concentration (ug/kg)
SA = Surface area of exposed skin (cm?)
SL = Soil loading on skin (mg/cm?-d)
ABS = Fraction absorbed across skin
BW = Body weight (kg)
107 = Micrograms to kilogram conversion factor (ug/kg)
EF = (EF defined in Table 5.6) (days/year)
AT = 25,550 days (70 years)

ED = Exposure Duration (years)
2. Recommended default values for EQ 5.4.2 A:

a. C; = Calculated above in EQ 5.3.2 A
b. SA = See Table 5.6
c. SL = See Table 5.6
d. ABS = Seec Table 5.3
e. BW = See Table 5.6
f. f = See Table 5.6
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Table 5.6 Recommended Point Estimate Values for Dermal Pathway
for 9, 30, and 70 Year Exposure Durations and Worker'

9 Year' 30 & 70 Year Worker”
Exposure Duration Exposure Duration | (Single Value)
BW Body Weight (kg) 18 63 70
Average | High End | Average | High End

SL Soil Loading (mg/cm’- 0.2 1.0 0.2 1.0 1.0
day)’

EF Exposure Frequency 228 350 121 350 245
(d/yr)

SA 2Surface Area Exposed 2,778 3,044 4,700 5,500 5,800
(cm’)

1. OEHHA, 2000b, page 6-10 contains surface area exposed and exposure frequency recommended values for
children (1- 6) and adults (>6). For the 9 year average surface area exposed, a time weighted average value for ages
0-9 was derived with following formula (5/9 x 2000) + (3/9 x 5000) = 2,778 cm®. For the 9 year high-end surface
area exposed, (5/9 x 2000) + (3/9 x 5800) = 3,044 cm®. It is assumed that dermal exposure to outdoor soil does not
occur the first year of life. For exposure frequency the same approach was used:

(5/9 x 350) + (3/9 x 100) = 228 (d/yr) for average.

2. Worker values for surface area exposed and soil loading are the high end adult values from page 6-10, OEHHA,
2000b. The exposure frequency assumes that the worker works 49 weeks per year, 5 days per week and that he or
she is exposed everyday at work.

3. For Hot Spots risk assessments it is assumed that one event occurs per day.

5.4.3 Estimation of Exposure Through Ingestion

Exposure through ingestion is a function of the concentration of the substance in the
substance ingested (soil, water, and food), the gastrointestinal absorption of the substance in a
soil or fly ash matrix, and the amount ingested.

1. Exposure through Ingestion of Soil

There are no distributions for soil ingestion currently recommended. Tier III stochastic
risk assessments should include a high-end point estimate of soil ingestion, soil loading ,
exposure frequency and soil area. The dose from inadvertent soil ingestion can be estimated by
the point estimate approach using the following general equation:

Dose = Cyoi X GRAF x SIR x EF x ED x 10” (EQ 5.4.3.1 A)
AT
where:
Dose = dose from soil ingestion (mg/kg BW *day)
107 = conversion factor (mg/ug) (kg/mg)
Csoil = concentration of contaminant in soil (ng/g)
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GRAF = gastrointestinal relative absorption fraction, unitless; chemical-specific
(see Table 5.3)

SIR = soil ingestion rate (mg/kg BW * day) (see Table 5.7)

EF = exposure frequency (days/year)

ED = exposure duration (years)

AT = averaging time, period of time over which exposure is averaged (days);

for noncancer endpoints, AT = ED x 365 d/yr; for cancer risk estimates, AT
=70 yr x 365 d/yr = 25,550 days

b. Recommended default values for EQ 5.4.3.1 A:

a. GRAF =Table5.3

b. SIR = Table 5.7

c. EF = 350 d/year resident, 245 d/year worker
d. ED =9,30,0r 70 yr

e. AT = 25,550 days

Table 5.7  Soil Ingestion Rates (SIR) for 9, 30 and 70-Year
Exposure Durations and Off-site Worker.

9-Year 30 & 70-Year Offsite'
Exposure Duration | Exposure Duration | Worker
Soil Ingestion Rate
(me/ke BW *Day) 8.7 1.7 1.4

1. The soil ingestion rate of 1.4 (mg/kg BW * day) corresponds to the OEHHA, 2000b recommendation of
100 mg/day for a 70 kg adult.

In this approach, it is assumed that the soil ingested contains a representative
concentration of the contaminant(s) and the concentration is constant over the exposure period.

The term GRAF, or gastrointestinal relative absorption factor, is defined as the fraction
of contaminant absorbed by the GI tract relative to the fraction of contaminant absorbed from the
matrix (feed, water, other) used in the study(ies) that is the basis of either the cancer potency
factor (CPF) or the Reference Exposure Level (REL). If no data are available to distinguish
absorption in the toxicity study from absorption from the environmental matrix in question,

i.e., soil, then GRAF = 1. The GRAF allows for adjustment for absorption from a soil matrix if
it is known to be different from absorption across the GI tract in the study used to calculate the
CPF or REL. In most instances, the GRAF will be 1.

2. Exposure through Ingestion of Water

a. Formula EQ 5.4.3.2 B:

Dose-w = Cy, * WIR * ABjyg * Fgy * EF *ED * 10° /AT (EQ54.3.2B)
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where:
Dose-w = Exposure dose through ingestion of water (mg/kg/d)
Cw = Water concentration (ng/kg)
WIR = Water ingestion rate (ml/’kg BW/day)
ABing = Qastrointestinal absorption factor
Faw = Fraction of drinking water from contaminated source
EF = Exposure frequency (days/year)
ED = Exposure duration (years)
107 = Conversion factor (ug/mg)(L/ml)
b. Recommended default values for EQ 5.4.3.2 B:
1> Cw = Calculated above 5.3.3 A
2> WIR = See Tables 5.8 and 5.9
3> ABing = Default set to 1
4> EF = 350 d/yr
5> ED = 9,30, or 70 yrs
6> AT = 25,550 days
Table 5.8
Point Estimate Water Consumption Ingestion Rates (WIR) for
9, 30, and 70-Year Exposure Durations (ml/kg BW * day)
9-Year Exposure 30 and 70-Year Exposure
Duration Duration
Average High End Average High End
40 81 24 54
Table 5.9
Water Ingestion Lognormal Distributions for 9, 30, and 70-Year
Exposure Durations (ml/kg BW * day) (Stochastic Analysis)
Distribution 9-Year 30 & 70-Year
Type Exposure Duration Exposure Duration
Lognormal | Mean + S.D. uto Mean + S.D. uto
Lognormal 40.03 = 357+ 050 | 242+17.0 2.99 £0.63
21.45
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3. Exposure through Ingestion of Food

The exposure through food ingestion can be through ingestion of plant products, animal
products (including fish), and mother's milk.

a. Plant products
Exposure through ingesting plants (Dose-p) is a function of the type of plant,
gastrointestinal absorption factor, bioavailability and the fraction of plants ingested that are
homegrown. The calculation is done for each type of plant, then summed to get total dose for

this pathway.

1> Formula EQ 5.4.3.3.a C:

Dose-p = (C; * IP * GRAF * L * EF * ED * 10°) /AT (EQ 5.4.3.3.a C)

a> Dose-p = Exposure dose through ingestion of plant
products (mg/kg/d)

b> Cs = Concentration in plant type (ng/kg)

c> [P = Consumption of exposed, leafy, protected, or root
produce (g/kg*day)

d> GRAF = Qastrointestinal relative absorption factor

e L = Fraction of exposed, leafy, protected, or root produce

homegrown

> EF = Exposure frequency (days/year)

g> ED = Exposure duration (years)

h> 10° = Conversion factor (ng/kg to mg/g)

> AT = Averaging time, period over which exposure is
averaged (days)

2> Recommended default values for EQ 5.4.3.3.a C:

a> Cy = Calculated above in EQ 5.3.4.1 A

b> IP = See Tables 5.10 to 5.12

c> GRAF = See Table 5.3

d&> L = Site specific fraction of produce homegrown or

locally produced. For nonurban sites 0.15 may
be used as a default. For urban sites 0.052 may be
used (USEPA, 1997b).

e> EF = 350 d/yr
> ED = 70 yrs
g> AT = 25,550 days
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Table 5.10

Point Estimates for Per Capita Food
Consumption Rates (g/Kg BW * Day)

9-Year 30 & 70-Year
Exposure Duration Exposure Durations
Average | High End | Average | High End
Produce
Exposed 4.16 15.7 3.56 12.1
Leafy 2.92 10.9 2.90 10.6
Protected 1.63 6.66 1.39 4.88
Root 4.08 14.9 3.16 10.5
Meat
Beef 2.24 7.97 2.25 6.97
Chicken 1.80 4.77 1.46 5.02
Pork 1.31 5.10 1.39 4.59
Dairy 120 | 519 | 546 17.4
Eggs 321 | 103 | 1.80 5.39
Table 5.11

Parametric Models for Ages 0-9 Food Consumption
Distributions (g/kg BW * Day) (Stochastic Analysis)

Food Distribution Std. .
oy o Mean Dev. Location | Scale | Shape pto
Produce
Exposed | Lognormal |3.93 [5.49 exp(0.83+1.04)
Leafy Lognormal |[2.83 |3.89 exp(0.43+1.03)
Protected | Weibull 0.13 1.21 [0.71
Root Lognormal |[4.08 |5.91 exp(0.84+1.06)
Meat
Beef Weibull 0.24 1.72 [ 0.77
Chicken | Gamma 0.25 2.94 10.53
Pork Weibull 0.18 0.97 ]0.78
Dairy Lognormal | 11.32 | 18.3 exp(1.78+1.13)
Eggs Weibull 0.26 2.67 |0.82
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Parametric Models for Ages 0-70 Food Consumption Distributions
(g/kg BW * Day) (Stochastic Analysis)

Standard Distribution

Category of Food | Mean Deviation Type pto
Produce

Exposed 3.43 6.16 Lognormal Exp (0.51£1.20)

Leafy 2.97 4.95 Lognormal Exp (0.42+1.15)

Protected 1.39 243 Lognormal Exp (-0.37+1.18)

Root 3.07 5.23 Lognormal Exp (0.44£1.17)
Meat

Beef 2.32 3.50 Lognormal Exp (0.25£1.09)

Chicken 1.44 2.19 Lognormal Exp (-0.23£1.09)

Pork 1.42 2.30 Lognormal Exp (-0.29+1.13)
Dairy 5.57 10.5 Lognormal Exp (0.96£1.23)
Eggs 1.84 2.60 Lognormal | Exp (0.061£1.05)

Table 5.13

Default Values for Fisher—caught Fish Consumption (g/kg BW * Day)

9, 30, & 70-Year

Exposure Scenario

Average 0.48
High-End 1.35
Table 5.14

Parametric Model for Fisher-caught Fish Consumption Distribution for

9, 30 and 70-Year Exposure Scenarios (g/kg BW *Day) (stochastic analysis).

Mean Standard. Distribution N
Deviation Type hxo
0.48 0.71 Lognormal | exp(-1.31 + 1.08)
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b.  Animal Products (Including Fisher-caught Fish)

Exposure through animal product ingestion (Dose-ap) is a function of what type of meat
and/or fish is ingested, as well as animal milk products and eggs. The calculation is done for
each type and then summed to get the total dose for this pathway.

1> Formula 5.4.3.3.b D:

Dose-ap = Cr, * If * GI * L * EF * ED * 10° /AT (EQ 5.4.3.3.b D)

a> Dose-ap = Exposure dose through ingestion of animal or fish
products (mg/kg BW * day)

b> Cp = Concentration in animal product (ng/kg)

c> If = Consumption of animal product (g’kg BW per day),
e.g, beef, chicken, pork, diary, eggs, fish

&> Gl = Qastrointestinal absorption factor

e L = Fraction of animal product homegrown

> EF = Exposure frequency (days/year)

g> ED = Exposure duration (years)

h> AT = Averaging time (days)

> 10° = Conversion factor (ug/kg to mg/g) for Cr term

a> Cfa
b> If
c> @Gl
d> L
e> EF
> ED
G> AT
C. Mother's Milk

2> Recommended default values for EQ 5.4.3.3.b D:

= Calculated above in EQ 5.3.4.2 E
= See Tables 5.10, 5.11, and 5.12. For fish ingestion rates see Table
5.13.

For distributions (parametric models) for Tier 3 risk

assessments see Tables 5.11, 5.12, and 5.14.

= Default set to 1.

Site specific fraction of product locally produced.
350 d/yr
70 yrs

25,550 DAYS

Exposure through mother's milk ingestion (Dose-Im) is a function of the average
substance concentration in mother's milk and the amount of mother's milk ingested. The
minimum pathways that the nursing mother is exposed to include inhalation, soil ingestion and
dermal, since the chemicals evaluated by the mother’s milk pathway are multipathway
chemicals. Other pathways may be appropriate depending on site conditions (e.g. presence of
vegetable gardens or home grown chickens). The nursing mother in the mother’s milk pathway
is not herself subject to the mother’s milk pathway. The summed average daily dose (mg/kg

BW-day) from all pathways is calculated for the nursing mother using the equations on pages 20-

26.
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1> Formula 5.4.3.3.c E:

Dose-Im = C,, * BMIyy * F * yr /25,550 (EQ 5.4.3.3.c E)

a> Dose-Im = Exposure dose through ingestion of mother’s milk (mg/kg
BW/d)
b> Cu = Concentration of contaminant in mother's milk is a function
of the mother's exposure through all routes and the
contaminant half-life in the body (mg/g milk)
1: FormulaS5.4.3.3.c F:
Cm = Epi*t, * f * £ % 107 / (f, * 0.693) (EQ 5.4.3.3.c F)
a:  Emi = Average daily maternal intake of contaminant
from all routes (mg/kg/d)
b: t, = Half-life of contaminant in mother (d)
c: f = Fraction of contaminant that partitions to mother's fat
d £ = Fraction of fat of mother's milk (kg fat’kg milk)
e 6 = Fraction of mother's weight that is fat(kg fat’kg bw)
f: 10° = Conversion factor (g to kg milk)
g:  0.693 = Natural log of 2
2: Recommended default values for EQ 5.4.3.3.c F:
a:  En = Sum of doses
b: t, = 2,117(d) for PCDDs/PCDFs =5.8 yr
1,460 (d) for both PCBs
c:. f = 0.8
d:  f3 = 0.04 (kg fat’kg milk)
e: £, = 033 (kg fat’kg BW)
c¢c> BMly, = Daily breast-milk ingestion rate (g/’kg BW*day)
d&> F = Frequency of exposure (d/yr)
e> yr = Breast-feeding period (yr)
> 25,550 = Exposure period (d)

2> Recommended default values for EQ 5.4.3.3.c E:

a>

BMlIyw

= see Table 5.15
For distribution (parametric model) for Tier 3 stochastic
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risk assessments see Table 5.16

b> F = 365 (d)
c> yr = 1(yr)

3> Assumptions for EO 5.4.3.3.c E:

a> For the MEIR, mother is exposed for 25 years, the child receives milk for
another year, and then the nursing infant is exposed for 9, 30, or 70 years.

b> For the 9, 30, and 70 year exposure duration scenarios, the total toxicant
dose from the breast-feeding in the first year of life is assumed to be
spread over 70 years in order to calculate an average daily dose.

Table 5.15
Point Estimate Values for Breast Milk Consumption Rate
(g/kg BW *day)

9, 30, and 70-Year
Exposure Durations

Average 102
High End 138

Table 5.16
Parametric Model for Breast Milk Consumption Rate for
9, 30, and 70 Year Exposure Durations (Stochastic Analysis) (g/kg BW *day)

Distribution Type | Mean + S.D.

Normal 102 +21.8

5.5  References for Kow and Koc Values in Table 5.3

Table 5.17 References for Kow Values

Compound Notes Reference
Diethylhexlyphthalate Level 1 calculation Mackay et al. (1995)
4,4’-Methylene dianiline | Measured Hansch et al. (1985)
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Table 5.18 References for Koc Values

Compound Notes Reference

Diethylhexylphthalate Level 1 calculation Mackay et al. (1995)

4,4’-Methylene dianiline | Estimated according to methodology of Lyman | Lyman et al. (1990)
et al. (1990)
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6. Dose-Response Assessment for Noncarcinogenic Endpoints

6.1  Derivation of Toxicity Criteria

Dose-response assessment describes the quantitative relationship between the amount of
exposure to a substance (the dose) and the incidence or occurrence of an adverse health impact
(the response). For noncarcinogens, dose-response information is presented in the form of
Reference Exposure Levels (RELs). RELs are concentrations or doses at or below which
adverse effects are not likely to occur following specified exposure conditions. The
methodology for developing chronic RELs is fundamentally the same as that used by U.S. EPA
in developing the inhalation Reference Concentrations (RfCs) and oral Reference Doses (RfDs).

Acute and chronic RELs are frequently calculated by dividing the no observed adverse
effect level (NOAEL) or lowest observed adverse effect levels (LOAEL) in human or animal
studies by uncertainty factors. Uncertainty factors are applied to account for interspecies
extrapolation, intraspecies variability, the use of subchronic studies to extrapolate to chronic
effects, and use of a LOAEL instead of a NOAEL. Total uncertainty factors range from one to
three thousand for current RELs. Haber’s equation is used, where needed, to adjust studies with
different exposure times to the one-hour period needed for most acute RELs. Currently, there
are eight acute RELs with reproductive health endpoints, which have exposure time periods
different from one-hour; these alternative exposure periods include four, six, and seven hours.
The most sensitive toxicological end point is selected as the basis for the REL when there are
multiple adverse health effects. A slightly more complicated methodology, the Benchmark
Concentration approach, is described in OEHHA, 1999a. The selection of the most sensitive
endpoint as the basis for a REL helps ensure that the REL is protective for all health effects. The
use of uncertainty factors helps ensure that the REL is protective for nearly all individuals,
including sensitive subpopulations, within the limitations of current scientific knowledge.

It should be emphasized that exceeding the acute or chronic REL does not necessarily
indicate that an adverse health impact will occur. However, levels of exposure above the REL
have an increasing but undefined probability of resulting in an adverse health impact,
particularly in sensitive individuals (e.g., depending on the toxicant, the very young, the elderly,
pregnant women, and those with acute or chronic illnesses). The significance of exceeding the
REL is dependent on the seriousness of the health endpoint, the strength and interpretation of the
health studies, the magnitude of combined safety factors, and other considerations. In addition,
there is a possibility that an REL may not be protective of certain small, unusually sensitive
human subpopulations. Such subpopulations can be difficult to identify and study because of
their small numbers, lack of knowledge about toxic mechanisms, and other factors. It may be
useful to consult OEHHA staff when an REL is exceeded (hazard quotient or hazard index is
greater than 1.0). Chapter 8 discusses the methods used for determining potential noncancer
health impacts and Appendix I presents example calculations used to determine a hazard
quotient (HQ) and hazard indices (HI). For detailed information on the methodology and
derivations for acute RELs, see the Air Toxics Hot Spots Program Risk Assessment Guidelines;
Part I; The Determination of Acute Reference Exposure Levels for Airborne Toxicants (OEHHA
1999a) (Part I TSD). For information on chronic RELS see the Air Toxics Hot Spots Program
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Risk Assessment Guidelines,; Part IlI; Technical Support Document for the Determination of
Chronic Reference Exposure Levels (OEHHA 2000a) (Part 111 TSD).

Tables 6.1 and 6.2 list the currently adopted acute and chronic inhalation RELs. Some
substances that pose a chronic inhalation hazard may also present a chronic hazard via
non-inhalation (oral) routes of exposure. The oral RELs for these substances are presented in
Table 6.3. Appendix L provides a consolidated listing of all the acute and chronic RELs and
target organs that are approved for use by OEHHA and ARB for the Hot Spots Program.
Periodically, new or updated RELs are adopted by OEHHA and these guidelines will be updated
to reflect those changes. See OEHHA’s web site at www.oehha.ca.gov (look under “Air”, then
select “Hot Spots Guidelines™) to determine if any new or updated RELs have been adopted
since the last guideline update.

6.2  Description of Acute Reference Exposure Levels

OEHHA developed acute RELs for assessing potential noncancer health impacts for
short-term, generally one-hour peak exposures to facility emissions. (A few RELs are for 4 to
7-hour peak exposures.) By definition, an acute REL is an exposure that is not likely to cause
adverse health effects in a human population, including sensitive subgroups, exposed to that
concentration (in units of micrograms per cubic meter or pg/m’) for the specified exposure
duration on an intermittent basis. Many acute RELs are based on mild adverse effects, such as
mild irritation of the eyes, nose, or throat, or may result in other mild adverse physiological
changes. For most individuals, it is expected that the mild irritation and other adverse
physiological changes will not persist after exposure ceases. Some acute RELs are based on
reproductive/developmental endpoints, such as teratogenicity or fetotoxicity, which are
considered severe adverse effects. The RELSs, target organ systems, and the averaging time for
substances that can present a potential acute hazard from inhalation are presented in Table 6.1.
Unlike the chronic RELSs discussed in the following section, there are no acute noninhalation
RELs. Chapter 8 discusses the methods used for determining noncancer acute health impacts.
Appendix I presents an example calculation used to determine an HQ and HI.
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Table 6.1 Acute Reference Exposure Levels and Target Organ Systems Impacted

Chemical

Abstract Acute . a
Subst S strac Inhalation Averflglng Acute Hazard Index
ubstance ervice REL Time Target Organ Systems(s)
Number 3 (hour)
(ng/m”)
(CAS)
Acrolein 107-02-8 1.9x 10" 1 Eyes; Respiratory System
Acrylic Acid 79-10-7 6.0x 10" 1 Eyes; Respiratory System
Ammonia 7664-41-7 | 3.2x107 1 Eyes; Respiratory System
Arsen%c and Inorganic 7440-38-2 1.9x 10 4 Reproductive/Developmental
Arsenic Compounds
Arsine 7784-42-1 1.6x 10" 1 Hematologic System
Hematologic System; Immune
Benzene 71-43-2 13x107 6 System;
Reproductive/Developmental
Benzyl Chloride 100-44-7 24x107 1 Eyes; Respiratory System
. 43 Nervous System,;
Carbon Disulfide 75-15-0 6.2x 10 6 Reproductive/Developmental
Carbon Monoxide b 630-08-0 23x10™ 1 Cardiovascular System
Alimentary Tract;
Carbon Tetrachloride 56-23-5 1.9x 10" 7 Nervous System,;
Reproductive/Developmental
Chlorine 7782-50-5 | 2.1x10" 1 Eyes; Respiratory System
) Nervous System,;
Chloroform 67-66-3 1.5x10 7 Reproductive/Developmental
Chloropicrin 76-06-2 29x 10" 1 Eyes; Respiratory System
Copper and Compounds 7440-50-8 1.0x 107 1 Respiratory System
1,4-Dioxane 123-91-1 3.0x 107 1 Eyes; Respiratory System
Epichlorohydrin 106-89-8 1.3x 10" 1 Eyes; Respiratory System
Ethylene Glycol +4 ) .
Monobuty! Ether 111-76-2 1.4x 10 1 Eyes; Respiratory System
Ethylene Glycol 2 .
Monoethyl Ether 110-80-5 3.7x10 6 Reproductive/Developmental
Ethylene Glycol 2 Nervous System;
Monoethyl Ether Acetate HI-15-91 1.4x10 6 Reproductive/Developmental
Ethylene Glycol +1 .
Monomethyl Ether 109-86-4 9.3x10 6 Reproductive/Developmental
Formaldehyde 50-00-0 | 9.4x 10" 1 Eyes: Immune System;
Respiratory
Hydrogen Chloride 7647-01-0 | 2.1x 10" 1 Eyes; Respiratory System
Hydrogen Cyanide 74-90-8 3.4x10" 1 Nervous System
Hydrogen Fluoride 7664-39-3 | 24x 107 1 Eyes; Respiratory System
Hydrogen Selenide 7783-07-5 | 5.0x 10" 1 Eyes; Respiratory System
T
Hydrogen Sulfide 7783-06-4 | 4.2x10 1 Nervous System
Isopropyl Alcohol 67-63-0 32x107 1 Eyes; Respiratory System
Mercury (Inorganic) 7439-97-6 | 1.8x10" 1 Reproductive/Developmental
Methanol 67-56-1 2.8x10™ 1 Nervous System
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Table 6.1 Acute Reference Exposure Levels and Target Organ Systems Impacted
Substance Sei icz Inhalation Averflgmg Acute Hazard Index
u v REL Time Target Organ Systems(s)
(CAS) HE
Nervous System; Respiratory
Methyl Bromide 74-83-9 3.9x 107 1 Irritation;
Reproductive/Developmental
Methyl Chloroform 71-55-6 6.8x 10" 1 Nervous System
Methyl Ethyl Ketone 78-93-3 1.3x10™ 1 Eyes; Respiratory System
Methylene Chloride 75-09-2 1.4x10™ 1 Nervous System
Nickel and Nickel 7440-02-0 6.0x 10" 1 Immgne System;
Compounds Respiratory System
Nitric Acid 7697-37-2 | 8.6x 10" 1 Respiratory System
+2 3
Nitrogen Dioxide ” 10102-44-0 | 4.7x 10 1 Respiratory System
Ozone b 10028-15-6 | 1.8x 10" 1 Eyes; Respiratory System
Perchloroethylene 127-18-4 | 2.0x 10" I Eyes; Nervous System;
Respiratory System
Phenol 108-95-2 58x 10" 1 Eyes; Respiratory System
Phosgene 75-44-5 40x 10" 1 Respiratory System
. s +3 Eyes; Respiratory System;
Propylene Oxide 75-56-9 3.1x10 1 Reproductive/Developmental
Sodium Hydroxide 1310-73-2 | 8.0x 10™ 1 Eyes, Skin,
Respiratory System
Styrene 100-42-5 2.1x10" 1 Eyes; Respiratory System
Sulfates ? N/A 12x 10" 1 Respiratory System
Sulfur Dioxide ? 7446-09-5 | 6.6x 107 1 Respiratory System
. . 7664-93-9 +2 .
Sulfuric Acid and Oleum 2014-95-7 1.2x10 1 Respiratory System
Nervous System; Eyes;
Toluene 108-88-3 3.7x10™ 1 Respiratory System;
Reproductive/Developmental
Triethylamine 121-44-8 2.8x 10" 1 Nervous System; Eyes
Vanadium Pentoxide 1314-62-1 | 3.0x 10" 1 Eyes; Respiratory System
Vinyl Chloride 75014 | 1.8x10°7 1 Nervous System: Eyes;
Respiratory System
Xylenes (m,o,p-isomers) 1330-20-7 | 2.2x10™ 1 Eyes; Respiratory System

a. The averaging period of noncancer acute RELs is generally a one-hour exposure. However, some are based on
several hour exposure for reproductive/developmental endpoints (see section 1.6 of the Part I TSD). The
RELs for the following substances must be compared to modeled emission concentrations of the same
duration rather than maximum one-hour concentrations (e.g., a 4-hour REL should be compared to the
maximum 4-hour average concentration from the air dispersion model).

b. California Ambient Air Quality Standard
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6.3  Description of Chronic Reference Exposure Levels

OEHHA has developed chronic RELs for assessing noncancer health impacts from
long-term exposure. (See the Part III TSD for detailed information on the development of
noncancer chronic inhalation and oral RELs.) A chronic REL is a concentration level (that is
expressed in units of micrograms per cubic meter (pg/m’) for inhalation exposure and in a dose
expressed in units of milligram per kilogram-day (mg/kg-day) for oral exposures), at or below
which no adverse health effects are anticipated following long-term exposure. Long-term
exposure for these purposes has been defined as 12% of a lifetime, or about eight years for
humans. Table 6.2 lists the chronic noncancer RELs that should be used in the assessment of
chronic health effects from inhalation exposure. Appendix L provides a consolidated listing of
all the acute and chronic RELs and target organs that are approved for use by OEHHA and ARB
for the Hot Spots Program. Periodically, new or updated RELs are adopted by OEHHA and
these guidelines will be updated to reflect those changes. See OEHHA’s web site at
www.oehha.ca.gov (look under “Air”, then select “Hot Spots Guidelines™) to determine if any
new or updated RELs have been adopted since the last guideline update.

The most sensitive organ system(s) associated with each chronic REL are also presented
in Table 6.2. Chapter 8 discusses the methods used for determining potential noncancer health
impacts and Appendix I presents example calculations used to determine a HQ and HI.
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Table 6.2 Chronic Inhalation Reference Exposure Levels (RELSs)
And Chronic Hazard Index Target Organ System(s)

Chemical Chroni
ronic
Abstr-act Inhalation Chronic Inhalation Hazard Index
Substance Service Target Organ System(s)
Number REL3 g g y
(CAS) (pg/m)
Acetaldehyde “ 75-07-0 9.0x 10" | Respiratory System
Acrolein 107-02-8 6.0 x 102 | Eyes; Respiratory System
Acrylonitrile 107-13-1 50x 10" | Respiratory System
Ammonia 7664-41-7 2.0x 10" | Respiratory System
. . . Cardiovascular System; Developmental;
Arsenic & Inorganic Arsenic Compounds 7440-38-2 3.0x 102 | Nervous System
Benzene ., | Developmental; Hematopoietic System;
71-43-2 6.0x 10 Nervous System
Beryllium and Beryllium Compounds 7440-41-7 70x 102 | Immune System; Respiratory System
Butadiene 106-99-0 2.0x 10" | Reproductive System
Cadmium and Cadmium Compounds 7440-43-9 2.0x 102 | Kidney; Respiratory System
Carbon Disulfide 75-15-0 8.0 x 1072 | Nervous System; Reproductive System
. Alimentary System; Developmental;
Carbon Tetrachloride 56-23-5 40x 10" | Nervous System
Chlorine 7782-50-5 20x 10" | Respiratory System
Chlorine Dioxide 10049-04-4 | 6.0 x 10" | Respiratory System
Chlorinated Dibenzo-p-dioxins b
2,3,7,8-Tetrachlorodibenzo-p-dioxin b 1746-01-6 4.0x107°
1,2,3,7,8-Pentachlorodibenzo-p-dioxin b 40321-76-4 | 4.0x 107
b
i . P 4
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin _ 39227-28-6 4.0x 10 Alimentary System; Developmental;
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin 57653-85-7 | 4.0x 10* | Endocrine System; Hematopoietic System,;
b Reproductive System; Respiratory System
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin 19408-74-3 | 40x10*
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin b1 35822-46-9 4.0x10°
1,2,3,4,6,7,8,9-Octachlorodibenzo-p-dioxin b1 3268-879 4.0x 107!
Chlorinated Dibenzofurans b
2.3.7.8-Tetrachlorodibenzofuran ” 5120-73-19 | 4.0x10*
. b 4
1,2,3,7,8-Pentachlorodibenzofuran 57117-41-6 | 8.0x10 Alimentary System; Developmental;
2,3,4,7,8-Pentachlorodibenzofuran b 57117-31-4 8.0x 10_5 Endocrine Systern; Hematopoietic System;
) Reproductive System; Respiratory System
1,2,3.4,7,8-Hexachlorodibenzofuran b 70648-26-9 | 4.0x 10" P 4 piratory sy
1,2,3.6.7.8-Hexachlorodibenzofuran ” 57117-44-9 | 4.0x10*
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Table 6.2 Chronic Inhalation Reference Exposure Levels (RELSs)
And Chronic Hazard Index Target Organ System(s)

Chemical Chroni
ronic
Substance ASl::'tvriizt Inhalation Chronic Inhalation Hazard Index
Number REL Target Organ System(s)
(CAS) (ng/m)
1,2,3,7,8,9-Hexachlorodibenzofuran b 72918-21-9 4.0x 10"
2,3,4,6,7,8-Hexachlorodibenzofuran b 60851-34-5 | 4.0x10" Alimentary System; Developmental;
1,2,3,4,6,7,8-Heptachlorodibenzofuran b 67562-39-4 4.0x 10> | Endocrine .System; Hematopoietic System,;
1 2.3.4.7.8.9-Heptachlorodibenzofuran b 55673-89-7 40x10° Reproductive System; Respiratory System
1,2,3,4,6,7,8,9-Octachlorodibenzofuran b 39001-02-0 4.0x 10"
Alimentary System; Kidney; Reproductive
Chlorobenzene 108-90-7 1.0 x 10*3 System
Alimentary System; Developmental,
Chloroform 67-663 | 3.0x10” | Kidney
Chloropicrin 76-06-2 4.0 x 107 | Respiratory System
Chromium VI & Soluble Chromium VI 1 | Respiratory Svstem
Compounds (except chromic trioxide) 18540-29-9 | 2.0x 10 P 1Yy
Chromic Trioxide (as chromic acid mist) 1333-82-0 | 2.0x 103 | Respiratory System
Cresol Mixtures 1319-77-3 | 6.0 x 10" | Nervous System
1,4-Dichlorobenzene 106-46-7 | 8.0x 10 | Alimentary System; Kidney; Nervous
’ ) System; Respiratory System;
1,1-Dichloroethylene (Vinylidene Chloride) 75-35-4 70x 10" | Alimentary System
Diesel Exhaust * N/A 50x 10" | Respiratory System
Diethanolamine 111-42-2 3.0x 10" | Cardiovascular System; Nervous System
N,N-Dimethylformamide 68-12-2 8.0x 10" | Alimentary System; Respiratory System
. Alimentary System; Cardiovascular
1,4-Dioxane 123-91-1 | 3.0x10” | Gygtem: Kidney
Epichlorohydrin 106-89-8 3.0x 107 | Eyes; Respiratory System
Cardiovascular System; Respiratory
1,2-Epoxybutane 106-88-7 | 20x10" | System
Alimentary System (Liver);
Ethylbenzene 100-41-4 2.0 x 107 | Developmental; Endocrine System;
Kidney
Ethyl Chloride 75-00-3 3.0x 10" | Alimentary System; Developmental
Ethylene Dibromide 106-93-4 8.0x 107" | Reproductive
Ethylene Dichloride 107-06-2 4.0 x 10" | Alimentary System (Liver)
Developmental; Kidney; Respiratory
Ethylene Glycol 107-21-1 | 40x107 | System
Ethylene Glycol Monoethyl Ether 005 | 70510 g;;?eat;powﬂc System; Reproductive
Ethylene Glycol Monoethyl Ether Acetate 111-15-9 3.0x 10" | Developmental
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Table 6.2 Chronic Inhalation Reference Exposure Levels (RELSs)
And Chronic Hazard Index Target Organ System(s)

Chemical .
Substance ASl::'tvriizt Ifl:l;l(:tlilsn Chronic Inhalation Hazard Index
Number REL Target Organ System(s)
(CAS) (ng/m)
Ethylene Glycol Monomethyl Ether 109-86-4 6.0 x 107" | Reproductive System
Ethylene Glycol Monomethyl Ether Acetate 110-49-6 9.0x 10" | Reproductive System
Ethylene Oxide 75-21-8 3.0x 107" | Nervous System
Formaldehyde 50-00-0 3.0x 107 | Eyes; Respiratory System
Fluorides 1.3 x 10" | Bone and Teeth, Respiratory System
Glutaraldehyde 111-30-8 8.0 x 107 | Respiratory System
Hexane (n-) 110-54-3 7.0x 107 | Nervous System
Hydrazine 302-01-2 2.0x 10" | Alimentary System; Endocrine System
Hydrogen Chloride 7647-01-0 9.0x 10" | Respiratory System
Hydrogen Cyanide 74-90-8 | 9.0x 10" Iig‘fg’uvsa;"yftfrns‘yswm; Endocrine System;
Hydrogen Fluoride 7664-39-3 1.4x 10" | Bone and Teeth, Respiratory System
Hydrogen Sulfide 7783-06-4 1.0x 10" | Respiratory System
Isophorone 78-59-1 2.0x 10" | Alimentary System; Developmental
Isopropanol 67-63-0 7.0x 107 | Developmental; Kidney
Maleic Anhydride 108-31-6 7.0x 10" | Respiratory System
Manganese & Manganese Compounds 7439-96-5 2.0x 10" | Nervous System
Mercury & Mercury Compounds (inorganic) 7439-97-6 9.0 x 10% | Nervous System
Methanol 67-56-1 4.0x 10" | Developmental
Methy! Bromide 74839 [ s0x107 | Revelopmentali Nervous Systen:
Methyl tertiary-Butyl Ether 1634-04-4 8.0x 107 | Alimentary System; Eyes; Kidney
Methyl Chloroform 71-55-6 1.0x 107 | Nervous System
Methyl Isocyanate 624-83-9 1.0 x 10 | Reproductive; Respiratory System
Methylene Chloride 75-09-2 4.0 x 10 | Cardiovascular System; Nervous System
4,4’-Methylene Dianiline (and its dichloride) 101-77-9 2.0x 10" | Alimentary System; Eyes
Methylene Diphenyl Isocyanate 101-68-8 7.0x 10" | Respiratory System
Naphthalene 91-20-3 9.0x 10" | Respiratory System
Nickel & Nickel Compounds 7440-02-0 50x 102 Hematopoietic System; Respiratory

(except nickel oxide)

System
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Table 6.2 Chronic Inhalation Reference Exposure Levels (RELSs)
And Chronic Hazard Index Target Organ System(s)

Chemical .
Substance Asl;it‘/l;izt Ifl:l;l(:tlil(fn Chronic Inhalation Hazard Index
Number REL Target Organ System(s)
(CAS) (ng/m)

Nickel Oxide 1313-99-1 | 1.0x 10" g;;?eﬁ’p"ieﬁc System; Respiratory

Pherol 108952 | 205107 | g ey Nervous System
Alimentary System; Hematopoietic

Phosphine 7803-51-2 8.0x 10" | System; Kidney; Nervous System;
Respiratory System

Phosphoric Acid 7664-38-2 7.0x 10" | Respiratory System

Phthalic Anhydride 85-44-9 2.0x 10" | Respiratory System

Polychlorinated biphenyls” (PCBs) (speciated)”

3,3’,4,4’-Tetrachlorobiphenyl (77)" 35298-13-3 4.0x10"

3,4,4’,5-Tetrachlorobiphenyl (81)” 70362-50-4 | 4.0x 10"

2,3,3°,4,4’- Pentachlorobiphenyl (105)° 32598-14-4 | 4.0x 10"

2,3,4,4’5- Pentachlorobiphenyl (114)” 74472-37-0 8.0x 107

2,3°4,4°,5- Pentachlorobiphenyl (118)” 31508-00-6 | 4.0x 10"

2°,3,4,4°,5- Pentachlorobiphenyl (123)” 65510-44-3 | 4.0x 10" | Alimentary System; Developmental;
Endocrine System; Hematopoietic System;

3,3’,4,4’,5- Pentachlorobiphenyl (126)° 57465-28-8 40x10* Reproductive System; Respiratory System

2,3,3°,4,4’ 5-Hexachlorobiphenyl (156)° 38380-08-4 8.0x 107

2,3,3°,4,4°,5’-Hexachlorobiphenyl (157)” 69782-90-7 8.0 x107

2,3°,4,4°,5,5’-Hexachlorobiphenyl (167)b 52663-72-6 4.0x10°

3,3’,4,4°5,5’- Hexachlorobiphenyl (169)” 32774-16-6 | 4.0x 107

2,3,3°4,4’,5,5’- Heptachlorobiphenyl (189)° 39635-31-9 | 4.0x 10"

Propylene 115-07-1 3.0x 10 | Respiratory System

Propylene Glycol Monomethyl Ether 107-98-2 7.0x 10 | Alimentary System

Propylene Oxide 75-56-9 3.0x 10" | Respiratory System

sl nd Sl compouns 0068 | 732492 | 20 10" | Jimnay Sy G

Styrene 100-42-5 9.0x 10" | Nervous System

Sulfuric Acid 7664-93-9 1.0 x 10" | Respiratory System

Tetrachloroethylene  (Perchloroethylene) 127-18-4 3.5x 10" | Alimentary System; Kidney
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Table 6.2 Chronic Inhalation Reference Exposure Levels (RELSs)
And Chronic Hazard Index Target Organ System(s)

Chemical Chroni
ronic
Abstr.act Inhalation Chronic Inhalation Hazard Index
Substance Service Target Organ System(s)
Number REL3 g g M
(CAS) (pg/m’)
Toluene 108-88-3 30x 107 Deve.lopmental; Nervous System;
Respiratory System
2,4-Toluene Diisocyanate 584-84-9 7.0x 102 Respiratory System
2,6-Toluene Diisocyanate 91-08-7 7.0 x 107 | Respiratory System
Trichloroethylene “ 79-01-6 6.0x 10 | Eyes; Nervous System
Triethylamine 121-44-8 2.0x 10" | Eyes
Vinyl Acetate 108-05-4 2.0 x 10" | Respiratory System
Xylenes (m, o, p-isomers) 1330-20-7 7.0 x 10 | Nervous System; Respiratory System
a These peer-reviewed values were developed under the Toxic Air Contaminant (TAC) Program mandated by
AB1807 (California Health and Safety Code Sec. 39650 et seq.).
N/A Not Applicable
b The OEHHA has adopted the World Health Organization 1997 Toxicity Equivalency Factor (WHOy;-TEF)

scheme for evaluating the cancer risk and noncancer risk due to exposure to samples containing mixtures of
polychlorinated dibenzo-p-dioxins (PCDD) (also referred to as chlorinated dioxins and dibenzofurans),
polychlorinated dibenzofurans (PCDF) and polychlorinated biphenyls (PCBs). See Appendix E for more
information about the scheme and for the methodology for calculating 2,3,7,8-equivalents for PCDD and
PCDFs. For convenience, OEHHA has calculated chronic REL values for speciated PCDDs, PCDFs and
PCBs based on the WHOy; TEF values and the chronic REL for 2,3,7,8-tetrachlorodibenzo-p-dioxin using
the procedure discussed in Appendix E. The chronic REL values can be used to calculate a hazard index
when the mixtures are speciated from individual congener ground level concentrations.
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6.4  Description of Chronic Oral (Noninhalation) Reference Exposure Levels

As specified throughout the guidelines, estimates of long-term exposure resulting from
facility air emissions of specific compounds must be analyzed for both inhalation and
noninhalation (multipathway) pathways of exposure for humans. Facilities often emit substances
under high temperature and pressure in the presence of particulate matter. While some of these
substances are expected to remain in the vapor phase, other substances such as metals and semi-
volatile organics can be either emitted as particles, form particles after emission from the facility,
or adhere to existing particles. Some substances will partition between vapor and particulate
phases. Substances in the particulate phase can be removed from the atmosphere by settling and,
thus, potentially present a significant hazard via noninhalation pathways.

Particulate-associated chemicals can be deposited directly onto soil, onto the leaves or
fruits of crops, or onto surface waters. Exposure via the oral route is the predominant
noninhalation pathway, resulting in the noninhalation RELs being referred to as ‘oral RELs’ in
this document. The oral RELs are expressed as doses in milligrams of substance (consumed and
dermally absorbed) per kilogram body weight per day (mg/kg-day).

Table 6.3 lists the chronic noncancer RELs to be used in the assessment of chronic health
effects from noninhalation pathways of exposure. Appendix L provides a consolidated listing of
all chronic RELs and target organs that are approved for use by OEHHA and ARB for the Hot
Spots Program. Periodically, new or updated RELs are adopted by OEHHA and these guidelines
will be updated to reflect those changes. See OEHHA’s web site at www.oehha.ca.gov (look
under “Air”, then select “Hot Spots Guidelines™) to determine if any new or updated RELs have
been adopted since the last guideline update. Chapter 8 discusses the methods used for
determining potential noncancer health impacts and Appendix I presents example calculations
used to determine a HQ and HI.
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Table 6.3 Chronic Noninhalation ‘Oral’ Reference Exposure Levels (RELs)
And Chronic Hazard Index Target Organ System(s)

Chemical .
Abstract Chronic
Substance Service Oral Chronic Oral Hazard Index
Number REL Target Organ System(s)
(CAS) (mg/kg-day)
Arsenic & Inorganic Arsenic Compounds 7440-38-2 3.0x 10% | Cardiovascular System; Skin
Beryllium and Beryllium Compounds 7440-41-7 20x10° Alimentary System
Cadmium and Cadmium Compounds 7440-43-9 50x 10% | Kidney
Chlorinated Dibenzo-p-dioxins “
2,3,7,8-Tetrachlorodibenzo-p-dioxin “ 1746-01-6 1.0x10°%
1,2,3,7,8-Pentachlorodibenzo-p-dioxin “ 40321-76-4 1.0x 108
] . Alimentary System,;
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin “ 39227-28-6 1.0x 107 Developmental; Endocrine
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin * 57653-85-7 1.0x 107 | System; Hematopoietic System;
2 = Reproductive System; Respiratory
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin 19408-74-3 1.0x 10 System
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin “ 35822-46-9 1.0x 10
1,2,3,4,6,7,8,9-Octachlorodibenzo-p-dioxin “ 3268-87-9 1.0x10*
Chlorinated Dibenzofurans *
2,3,7,8-Tetrachlorodibenzofuran “ 5120-73-19 1.0x 107
1,2,3,7,8-Pentachlorodibenzofuran “ 57117-41-6 5.0x 107
2,3,4,7,8-Pentachlorodibenzofuran * 57117-31-4 50x10°
1,2,3,4,7,8-Hexachlorodibenzofuran * 70648-26-9 1.0x 107 Alimentary System; .
L p . Developmental; Endocrine
1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 1.0x 10° System; Hematopoietic System;
1,2,3,7,8,9-Hexachlorodibenzofuran “ 72918-21-9 1.0x 107 IS{eproductlve System; Respiratory
- ystem
2,3,4,6,7,8-Hexachlorodibenzofuran * 60851-34-5 1.0x 107
1,2,3,4,6,7,8-Heptachlorodibenzofuran “ 67562-39-4 1.0x10°
1,2,3,4,7,8,9-Heptachlorodibenzofuran “ 55673-89-7 1.0x 10°
1,2,3,4,6,7,8,9-Octachlorodibenzofuran * 39001-02-0 [ 1.0x10*
Chromium VI & Soluble Chromium VI 20x 102 Hematologic
Compounds (except chromic trioxide) 18540-29-9 ' &
Fluorides (including hydrogen fluoride) 4.0x 107 Bones and Teeth
Mercury & Mercury Compounds (inorganic) 7439-97-6 30x10% Immune System; Kidney
?;lc(ll‘g & Nickel Compounds (except nickel 7440-02-0 | 5.0x 10> | Alimentary System
Nickel Oxide 1313-99-1 5.0x 107 | Alimentary System
Polychlorinated biphenyls™ (PCBs) (speciated)” Alimentary System:
3,3°,4,4’-Tetrachlorobiphenyl (77)" 35298-13-3 1.0x 10% | Developmental; Endocrine
- System; Hematopoietic System;
; b )
3,4,4°,5-Tetrachlorobiphenyl (81) 70362-50-4 1.0x 10* Reproductive System; Respiratory
2,3,3’,4,4°- Pentachlorobiphenyl (105)” 32598-14-4 1.0x10* System
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Table 6.3 Chronic Noninhalation ‘Oral’ Reference Exposure Levels (RELs)
And Chronic Hazard Index Target Organ System(s)

Chemical

Abstract Chronic
Substance Service Oral Chronic Oral Hazard Index
Number REL Target Organ System(s)
2,3,4,4’5- Pentachlorobiphenyl (1 14)” 74472-37-0 20x 107
2,3°4,4°,5- Pentachlorobiphenyl (118)” 31508-00-6 1.0x10*
2°,3,4,4°,5- Pentachlorobiphenyl (123) 65510-44-3 1.0x10*
: Alimentary System;
3,3’,4,4°,5- Pentachlorobiphenyl (126) 57465-28-8 7 Yy sy ’

,3'4:4",5- Pentachlorobiphenyl (126) 10x 10 Developmental; Endocrine
2,3,3°,4,4’,5-Hexachlorobiphenyl (156) 38380-08-4 2.0x 10° | System; Hematopoietic System;
2,3,3°,4,4°,5’-Hexachlorobiphenyl (157)" 69782-90-7 20x 107 IS{eproductlve System; Respiratory

stem
2,3°,4,4°5,5’-Hexachlorobiphenyl (167) 52663-72-6 1.0x 107 Y
3,3°,4,4°5,5’- Hexachlorobiphenyl (169) 32774-16-6 1.0x 10°
2,3,3°4,4°,5,5’- Heptachlorobiphenyl (189) 39635-31-9 1.0x 10"

a The OEHHA has adopted the World Health Organization 1997 Toxicity Equivalency Factor (WHOy,-TEF)
scheme for evaluating the cancer risk due to exposure to samples containing mixtures of polychlorinated
dibenzo-p-dioxins (PCDD) (also referred to as chlorinated dioxins and dibenzofurans), polychlorinated
dibenzofurans (PCDF) and polychlorinated biphenyls (PCBs). For convenience, OEHHA has calculated
chronic REL values for speciated PCDDs, PCDFs and PCBs based on the WHO97 TEF values and the
chronic REL for 2,3,7,8-tetrachlorodibenzo-p-dioxin using the procedure discussed in Appendix E. See
Appendix E for more information about the scheme and for the methodology for calculating

2,3,7,8-equivalents for PCDD, PCDFs and PCBs.

The oral chronic RELs for these compounds may be

used if the mixtures are speciated to calculate a hazard index from individual congener doses.
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7.  Dose-Response Assessment for Carcinogens

71 I ntroduction

Dose-response assessment describes the quantitative relationship between the amount of
exposure to a substance (the dose) and the incidence or occurrence of injury (the response). The
process often involves establishing atoxicity vaue or criterion to usein assessing potentid headlth risk.
Thetoxicity criterion, or hedth guidance vaue, for carcinogensis the cancer potency dope (potency
factor), which describes the potentia risk of developing cancer per unit of average daily dose over a
70-year lifetime. Cancer inhdation and ord potency factors have been determined by the Office of
Environmenta Hedth Hazard Assessment (OEHHA) or by the United States Environmentd Protection
Agency (U.S. EPA) and endorsed by OEHHA. They are available for many of the substanceslisted in
Appendix A (List of Substances) as carcinogens. Table 7.1 and Appendix L ligt the inhaation and ord
cancer potency factors that should be used in multipathway health risk assessments (HRAS) for the Hot

Spots Program.

The details on the methodology of dose-response assessment for carcinogens are provided in
the 1985 Cdifornia Department of Hedlth Services publication Guidelines for Chemical Carcinogen
Risk Assessments and their Scientific Rationale (CDHS, 1985). Substance-by-substance
information is presented in OEHHA’ s document entitled, The Air Toxics Hot Spots Program Risk
Assessment Guidelines; Part 11; Technical Support Document for Describing Available Cancer
Potency Factors (OEHHA 1999Db) (Part II TSD).

7.2 Déefinition of Carcinogenic Potency

Cancer potency factors are expressed as the upper bound probability of developing cancer
assuming continuous lifetime exposure to a substance at a dose of one milligram per kilogram of body
weight, and are expressed in units of inverse dose as a potency dope [i.e., (mg/kg/day)™]. Another
common potency expresson isin units of inverse concentration [(nmynt) )] when the dopeis based on
exposure concentration rather than dose; thisis termed the unit risk factor. It is assumed in cancer risk
assessments that risk is directly proportiond to dose and that there is no threshold for carcinogenes's.
The derivation of carcinogenic inhaation and oral cancer potency factors takes into account the
avallable information on pharmacokinetics and on the mechanism of carcinogenic action. These vaues
are generdly the 95% upper confidence limits (UCL) on the dose-response dope. Table 7.1 and
Appendix L lig inhdation and ora cancer potency factors that should be used in risk assessments for
the Hot Spots Program. Chapter 8 describes procedures for use of potency factorsin estimating
potentia cancer risk.

7.2.1 Description of the Inhalation Cancer Potency Factor

Under the new risk assessment methodology and agorithms presented in Chapters 5 and 8,
inhalation cancer dope factors must be expressed in units of inverse dose (i.e., (mg/kg/day)™). Unit
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risk factors, in the units of inverse concentration as micrograms per cubic meter (i.e., (mynt)™), which
have been used in previous guidelines for the Hot Spots program, can aso be used for ng cancer
inhaation risk directly from ar concentrations. However, breathing rates, expressed in units of liters per
kilogram of body weight-day (L/kg* BW-day or L/kg-day), can be coupled with the air concentrations
to estimate dose in mg/kg-day. Thisdlows estimation of average, high-end, and distributions of cancer
risk. Therefore for the Hot Spots Program, inhalation cancer potency factors are now recommended
for determining cancer risk ingtead of unit risk factors. Unit risk factors are ill listed in the Part 11 TSD
and may prove useful in other risk assessment applications.

Multiplication of the average daily inhaation dose over 70 years (mg/kg-day) with the cancer
potency factor (mg/kg-day)™ will give inhalation cancer risk (unitless). A more complete description of
how cancer risk is calculated from the exposure dose and cancer potency factors is provided in Chapter
8. Appendix | presents an example cdculation for determining potentid (inhaation) cancer risk. A ligt
of current inhaation potency factorsisprovided in Table 7.1.  Periodically, new or revised cancer
potency factors will be peer reviewed by the State' s Scientific Review Pand on Toxic Air Contaminants
and adopted by the Director of OEHHA. At that time, these guiddines will be updated to reflect those
changes. However, in the interim between the adoption of new or updated numbers and aguiddine
update, consult the OEHHA web ste at www.oehha.ca.gov (look under “Air”, then select “Hot Spots
Guiddines’) to determineif any new or updated cancer potency factors have been adopted since the
last guiddiine update. If S0, these too should be used in the HRA.

7.2.2 Description of the Oral Cancer Potency Factor

Under the Hot Spots Program, afew substances are considered multi pathway substances.
Multipathway substances have the potentia to impact a receptor through inhdation and noninhaation
(ord) exposure routes.  These substances include heavy metals and semi-volatile organic substances
such as dioxins, furans, and polycyclic aromatic hydrocarbons (PAHS). These substances commonly
exig in the particle phase or partidly in the particle phase when emitted into the air. They can therefore
be deposited onto soil, vegetation, and water. Noninhalation exposure pathways considered under the
Hot Spots Program include the ingestion of soil, homegrown produce, meat, milk, surface water, breast
milk, and fish aswell as derma exposure to contaminants deposited in the soil. See Table 5.1 for aligt
of substances that must be evauated for multipathway exposure.

Table 7.1 and Appendix L list oral cancer potency factors in units of (mg/kg-day)™ that should
be used for assessing the potentia cancer risk for these substances through noninhalation exposure
pathways. The cancer risk from these individua pathways is caculated by multiplying the dose (mg/kg-
day) times the oral cancer potency factor (mg/kg-day)™ to yield oral potential cancer risk (unitless).
Chapter 5 provides dl of the agorithms to calculate exposure dose through al of the individua exposure
pathways. Appendix | provides a sample calculation for dose and cancer risk usng theinhdation

exposure pathway.

Four carcinogens (cadmium, hexavadent chromium, beryllium, and nickd), athough subject to
depostion, are only treated as carcinogenic by the inhdation route and not by the ora route. Therefore,
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there are no ora cancer potency factors for these substances. However, the oral doses of these
substances need to be estimated because of their noncancer toxicity. See Chapters 6 and 8, and
Appendices|, J, and L for dose-response factors, and cal culations to address these substances.

Table 7.1 Inhalation and Oral Cancer Potency Factors

Chemical Inhalation
Abstract Potency Oral Slope
Substance Service Factor
Number Factor (mg/kg-day)™
(CAS) (mg/kg-day)
Acetaldehyde 75-07-0 1.0 x 10%
Acetamide 60-35-5 7.0x 107
Acrylamide 79-06-1 45x 10"
Acrylonitrile 107-13-1 1.0x 10"
Allyl chloride 107-05-1 2.1x 107
2-Amincanthraquinone 117-79-3 33x 107
Aniline 62-53-3 57 x 10°
Arsenic (inorganic) 7440-33-2 12x 10" 15x 107
Asbestos * 1332-21-4 | 19x10*7
Benz a]anthracene %% 56-55-3 39x 10" 1.2 x 107
Benzene 71-43-2 1.0x 10"
Benzidine 92-87-5 50x 10"
Benzo[a]pyrene 50-32-8 39x 10" 1.2x 10™
Benzo[ b]fluoranthrene 22 205-99-2 39x 10" 1.2 x 10™
Benzolj]fluoranthrene BaP 205-82-3 39x 10t 1.2 x 10"
Benzo[ k]fluoranthrene 5" 207-08-9 39x 107" 1.2 x 10
Benzyl chloride 100-44-7 1.7 x 10™
Beryllium 7440-41-7 84 x 10"
Bis(2-chloroethyl) ether 111-44-4 25x 10"
Bis(chloromethy!)ether 542-83-1 46x 10"
1,3-Butadiene 106-99-0 60x 107"
Cadmium (and compounds) 7440-43-9 15x 10"
Carbon tetrachloride 56-23-5 15x 10t
Chlorinated Dibenzo-p-dioxins*
2,3,7,8 Tetrachl orodibenzo-p-dioxin 1746-01-6 1.3x 107 1.3x 107
1,2,3,7,8-Pentachlorodibenzo-p-dioxin 40321-76-4 1.3x 107 1.3x 107
1,2,3/4,7,8- Hexachlorodibenzo-p-dioxin 39227-286 | 1.3x10™ 1.3x 10"
1,2,3,6,7,8-Hexachl orodibenzo-p-dioxin 57653-85-7 | 1.3x10™ 1.3x 10"
1,2,3,7,8,9-Hexachl orodibenzo-p-dioxin 19408-74-3 | 1.3x 10™ 1.3x 10"
1,2,3/4,6,7,8-Heptachl orodibenzo-p-dioxin 35822-46-9 | 1.3x10" 1.3x 10"
1,2,34,6,7,89-Octachl orodibenzo-p-dioxin 3268-87-9 1.3x 10" 1.3x 10"
Chlorinated Dibenzofurans®
2,3,7,8 Tetrachlorodibenzofuran 5120-73-19 1.3x 10™ 1.3x 10™
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Table 7.1 Inhalation and Oral Cancer Potency Factors

Chemical Inhalation
Abstract Potency Oral Slope
Substance Service Factor Factor R

I\égg;er (mg/kg-day)? (mg/kg-day)
1,2,3,7,8-Pentachl orodibenzofuran 57117-41-6 6.5x 10" 6.5x 10"
2,3,4,7,8-Pentachl orodibenzofuran 57117-31-4 | 65x 10™ 6.5x 10"
1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 1.3x 10™ 1.3x 10™
1,2,3,6,7,8-Hexachl orodibenzofuran 57117-44-9 1.3x 10" 1.3x 10"
1,2,3,7,8,9-Hexachlorodibenzofuran 72918-21-9 1.3x 10™ 1.3x 10™
234,6,7,8-Hexachl orodibenzofuran 60851-34-5 1.3x 10" 1.3x 10"
1,2,34,6,7,8-Heptachl orodibenzofuran 67562-39-4 1.3x 10" 1.3x 10"
1,2,34,7,8,9-Heptachl orodibenzofuran 55673-89-7 | 1.3x10" 1.3x 10"
1,2,34,6,7,89-Octachlorodibenzofuran 39001-02-0 1.3x 10" 1.3x 10"
Chlorinated paraffins 108171-26-2| 89x 107
Chloroform 67-66-3 19x 10°
4-Chloro-o-phenylenediamine 95-83-0 16x 10°
p-Chloro-o-toluidine 95-69-2 27x 10"
Chromium (hexavalent) 18540-29-9 | 5.1x 10"
Chrysene ®%° 218-01-9 39x 107 12x 10"
Creosote 8001-58-9 *
p-Cresidine 120-71-8 15x 10"
Cupferron 135-20-6 22x 10"
2.4-Diaminoanisole 615-05-4 23x 107
2,4-Diaminotoluene 95-80-7 4.0x 10"
Dibenz] a,h]acridine 2% 226-36-8 39x10™ 12x 10"
Dibenz a,j ]acridine 3 224-42-0 39x 10t 1.2 x 10
Dibenz] a,h]anthracene BaP 53-70-3 41x 10" 4.1x 107
Dibenzo[ a,€]pyrene B 192-65-4 39x 10" 12x10™
Dibenzo[ a,h]pyrene BaP 189-64-0 39x 10" 1.2x 10"
Dibenzo| a,1]pyrene %" 189-55-9 39x10™ 1.2 x 10*
Dibenzo[a,|]pyrene 5 191-30-0 39x 10" 12x 10"
7H-Dibenzo[ c,g]carbazole BaP 194-59-2 39x10% 1.2x 10"
1,2-Dibromo-3-chloropropane 96-12-8 7.0x 10™
1,4-Dichlorobenzene 106-46-7 40x 107
3,3-Dichlorobenzidine 91-%4-1 1.2 x 10"
1,1-Dichloroethane 75-34-3 5.7 x 10°
Diesal exhaust ® NA 1.1x 107
Diethylhexylphthalate 117-81-7 84x 10° 84x10°
p-Dimethylaminoazobenzene 60-11-7 46x 10"
7,12-Dimethylbenz] aanthracene 8% 57-97-6 25x 10 25x 10
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Table 7.1 Inhalation and Oral Cancer Potency Factors

Chemical Inhalation
Abstract Potency Oral Slope
Substance Service Factor
Number Factor (mg/kg-day)™
(cAg) | (MmIkg-day)
1,6-Dinitropyrene 5% 42397-64-8 | 39x10™ 12x 10"
1,8-Dinitropyrene 52" 42397-659 | 3.9x 10" 12x 10"
24-Dinitrotoluene 121-14-2 31x 10"
1,4-Dioxane 123-91-1 2.7 x 107
Epichlorohydrin 106-89-8 80x 10°
Ethylene dibromide 106-93-4 25x 10"
Ethylene dichloride 107-06-2 7.2 x 107
Ethylene oxide 75-21-8 31x 10"
Ethylene thiourea 96-45-7 45x 10°
Formaldehyde 50-00-0 2.1x 10°
Hexachlorobenzene 118-74-1 1.8 x 107
Hexachlorocyclohexanes (technical grade) 608-73-1 40x 10" 4.0x 10
Hydrazine 302-01-2 1.7 x 10"
Indeno[1,2,3-cd] pyrene B2° 193-39-5 39x10” 12x 10"
L ead and lead compounds 7439-92-1 4.2 x 10* 85x 10°
Lindane 58-89-9 1.1 x 10"
Methy! tertiary-butyl ether 1634-04-4 1.8x 107
3-Methylcholanthrene #2° 56-49-5 22x 10" 22x10™
5-Methylchrysene ®* 3697-24-3 | 39x107 12x 10"
4, 4-Methylene bis(2-chloroaniline) (MOCA) 101-14-4 15x 10"
Methylene chloride 75-09-2 35x 10°
4.4'-Methylenedianiline 101-77-9 1.6 x 10" 1.6 x 107
Michler's ketone 90-94-8 8.6x 10™
Nickel (and compounds) 7440-02-0 9.1x 10"
5-Nitroacenaphthene 2% 602-87-9 13x10™ 13x 10"
6-Nitrochrysene 5% 749%6-02-8 | 39x10™ 12x 10"
2-Nitrofluorene 52" 607-57-8 39x 107 1.2x 107
1-Nitropyrene 3% 5522-43-0 | 39x10” 12x 10"
4-Nitropyrene 5% 57835-92-4 | 39x 107 1.2x 10"
N-Nitroso-n-butylamine 924-16-3 1.1x 10"
N-Nitroso-N-methylethylamine 10595-95-6 37 x 10°
N-Nitrosodi-n-propylamine 621-64-7 7.0x 10™
N-Nitrosodiethylamine 55-18-5 36x10™
N-Nitrosodimethylamine 62-75-9 1.6 x 10"
N-Nitrosodiphenylamine 86-30-6 90x 10°
p-Nitrosodiphenylamine 156-10-5 2.2 x 107
N-Nitrosomorpholine 59-89-2 6.7 x 10"
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Table 7.1 Inhalation and Oral Cancer Potency Factors

Chemical Inhalation
Abstract Potency Oral Slope
Substance Service Factor Factor R
I\égg;er (mg/kg-day)? (mg/kg-day)
N-Nitrosopiperidine 100-75-4 9.4 x 10"
N-Nitrosopyrrolidine 930-55-2 2.1x 10"
Pentachl orophenol 87-86-5 1.8x 107
Perchloroethylene 127-18-4 2.1x 10°
Polychlorinated biphenyls (PCBs) (unspeciated 1336-36-3
mixture)
(high risk) ™ 20x 10" 20x 10"
(mediumlow risk) P2 40x 10" 40x 10"
(lowest risk) ™ 7.0x 10° 7.0x 10°
Polychlorinated biphenyls™ (PCBs) (speciated)
3,3 4,4 -Tetrachlorobiphenyl (77) 35298-13-3 | 1.3x 10™ 1.3x 10"
34,4’ 5-Tetrachlorobiphenyl (81) 70362-50-4 | 1.3x 10™ 1.3x 10™
2,33 4,4 - Pentachlorobiphenyl (105) 32508-14-4 | 13x10™ 1.3x 10"
2,344’5 Pentachlorobiphenyl (114) 74472-37-0 |  65x10™ 6.5x 10"
2,344’ 5 Pentachlorobiphenyl (118) 31508-006 | 1.3x10™ 1.3x 10"
2 344 5 Pentachlorobiphenyl (123) 65510-44-3 | 1.3x10™ 1.3x 10"
3.3 4,4 5 Pentachlorobiphenyl (126) 57465288 | 1.3x10™ 1.3x 10"
2,33 44 5-Hexachlorobiphenyl (156) 38380-08-4 | 65x10™ 6.5x 10"
233,44 5 -Hexachlorobiphenyl (157) 69782-90-7 6.5x 10™ 6.5x 10"
2,3 A4 55 -Hexachlorobipheny! (167) 52663-72-6 | 1.3x10™ 1.3x 10"
3,3 4455 - Hexachlorobiphenyl (169) R774-166 | 1.3x 107 1.3x 10"
2,33 4,4 55 - Heptachlorobiphenyl (189) 39635-31-9 1.3x 10" 1.3x 10"
Potassium bromate 7758-01-2 49x 107
1,3-Propane sultone 1120-71-4 24 % 10™
Propylene oxide 75-56-9 1.3x 10°
1,1,2,2-Tetrachloroethane 79-34-5 20x 10"
Thioacetamide 62-55-5 6.1 x 10"
24-Toluene diisocyanate 584-84-9 39x 107
2,6-Toluene diisocyanate 91-08-7 39x 107
1,1,2-Trichloroethane (vinyl trichloride) 79-00-5 5.7 x 10°
Trichloroethylene 79-01-6 70x 10°
2,4,6-Trichlorophenol 88-06-2 7.0x 10°
Urethane 51-79-6 1.0x 10"
Vinyl chloride 75-01-4 27x10"
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BaP

P4

Asbestos: [100 PCM fibers/n?]™* A unit risk factor of 2.7 x 10°° (my/n)* and an inhalation cancer
potency factor of 2.2 x 10" (mg/kg BW* day)™ are available (see Appendix C for explanation ).
PAHs and PAH Derivatives: Many have potency equivalency factorsrelative to benzo[a]pyrene
(see Appendix G).

Polychlorinated Dibenzo-p-dioxins and Polychlorinated Dibenzofurans: The World Health
Organization 1997 (WHO-97) Toxicity Equivalency Factors are used for polychlorinated dibenzo-p-
dioxins, polychlorinated dibenzofurans and polychlorinated biphenyls. (see Appendix E). For
convenience, OEHHA has calculated cancer potency factors for speciated poly chlorinated
biphenyls congeners using the procedure in Appendix E.

Diesel Exhaust islisted asa Toxic Air Contaminant by the Air Resources Board as “ Particul ate
Matter from Diesel-Fueled Engines’. (See Appendix D)

Creosote: Can be calculated using Potency Equivalency Factors contained in the benzo[a] pyrene
Toxic Air Contaminant document and in Appendix G of these guidelines.

Polychlorinated Biphenyls (PCBs): High Risk isfor usein cases where congeners with more than
four chlorines do not comprise less (are greater) than one-half percent of total PCBs. The high risk
number isthe default for Polychlorinated Biphenyls (PCBS).

Thelow risk number is generally not applicable to the Hot Spots program. The Hot Spots program
addresses PCBs emitted by stationary facilities. It cannot be assumed that such emissions would
occur by simple evaporation. Thereisadermal absorption factor applied in evaluation of the
dermal pathway for PCBs so the medium risk would not apply to dermal exposure. The water
pathway does not include an assumption that PCB isomers are water soluble, so the medium
number would not apply to the water pathway.

Polychlorinated Biphenyls (PCBs): Lowest Risk isfor use in cases where congeners with more than
four chlorines comprise less than one-half percent of total PCBs. In order for the low number to be
used, scientific justification needsto be presented.

Number in parentheses isthe IUPAC #, the PCB nomenclatureis IUPAC.
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8. Risk Characterization for Carcinogens and Noncarcinogens and the
Requirements for Hot Spots Risk Assessments

8.1 I ntroduction

Risk characterization isthe find step of the hedlth risk assessment (HRA). In this step,
information developed through the exposure assessment (e.g., monitored or modeled concentrations,
inhalation or oral doses, and exposure pathway information) is combined with cancer potency factors
and Reference Exposure Levels (RELS) to quantify the cancer risk and noncancer hedlth impacts,
respectively. Under the Air Toxics Hot Spots (Hot Spots) Act, comprehensive risk assessments should
quantify both individua and populaion-wide health risks (Hedth and Safety Code Section (HSC)
44306). Persons preparing HRAs for the Hot Spots Program should consult the loca Air Pollution
Control or Air Quaity Management Didrict (Didrict) to determine if the Didtrict has specid guiddines
to assist with HRA format or other requirements of the Hot Spots Program. Note that, for the Hot
Spots Program, the 70-year exposure duration should continue to be used as the basis for estimating
risk.

This chapter provides guidance on how to evauate the risk characterization components
required by the Hot Spots Program. A genera summary of the HRA components includes the following
items or information. Thisinformation should be clearly presented in cross-referenced text, tables,
figures, and/or maps.

The location and potentia acute noncancer, and multipathway (inhaation and noninhal ation)
cancer and noncancer chronic health impacts at the point of maximum impact (PMI), at the
maximum exposed individud resdent (MEIR), a the maximum exposed individua worker
(MEIW), and at specified (contact Didtrict or reviewing authority) sensitive receptors

(e.0., schools, hospitds, daycare, or eldercare facilities).

Estimates of population exposure for potential cancer risk and noncancer acute and chronic
hedlth impacts.

To perform the HRA and create the information listed above, OEHHA recommends using a
tiered approach to risk assessment. The tiered approach provides a risk assessor with flexibility and
alows consderation of Ste-specific differences. Furthermore, risk assessors can tailor the leve of effort
and refinement of an HRA by using the point-estimate exposure assumptions or the stochastic treatment
of exposure factor didributions. Tier-1 evauations are required for al HRAS prepared for the Hot
Spots Program. Persons preparing an HRA using Tier-2 through Tier-4 evduaions must dso include
the results of a Tier-1 evduation in the HRA. The four-tiered approach to risk assessment is intended
to primarily apply to residentia cancer risk assessment, both for inhaation and noninhaation pathways.
OEHHA is not recommending a stochastic approach (Tier-3) for worker exposure, or noncancer
inhaation chronic evauations. A Tier-2 evauation could be used for off-site worker risk assessments.
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Thereisonly aTier-1 option for determining acute noncancer risks since caculating the hazard quotient
only involves the acute REL and short-term maximum ground level ar concentrations. Thereisonly a
Tier-1 option for evauating inhaation noncancer chronic risks since caculating the chronic hazard
quotient only involves the chronic Reference Exposure Leve and the annud average concentration (not
exposure parameter digtributions). Chronic noninhaation noncancer risks involve a caculation of dose
from ord pathways. It is possible that Ste-specific intake variates (e.g., fish consumption) could be
appropriate for a particular Ste and therefore a Tier-2 anadyss could be useful. See the Air Toxics Hot
Soots Program Risk Assessment Guidelines; Part 1V; Technical Support Document for Exposure
Assessment and Stochastic Analysis (OEHHA, 2000b) (Part IV TSD) for a detailed discussion of the
tiered gpproach. Table 8.1 summarizes OEHHA’ s recommendations for the four Tiers.

Tiersfor Cancer and Noncancer Hot Spots Risk Assessments

Tier Cancer Chronic Non Cancer Acute
Inhalation Noninhdation Inhalation Noninhdation Inhalation

Tier-1 X X X X X

Tier-2 X X X

Tier-3 X X

Tier-4 X X

Cancer risk assessment as currently practiced involves estimating exposure to carcinogenic
chemicds and multiplying the dose times the cancer potency factor. There are often questions regarding
the validity of gpplying the cancer potency factorsto less than lifetime exposures. The cancer potency or
unit risk factors are estimated from long-term animd studies gpproaching lifetime, or from worker
epidemiologica studiesinvolving long term exposure usualy over decades,

8.2 Risk Characterization for Cancer Health Effects
8.21 Calculating Inhalation Cancer Risk

A 70-year inhdation cancer risk evaluation is required for al carcinogenic risk assessments (see
Sections 8.2.2 and 8.2.3 for exposure duration information). There are two pieces of information
needed to assess inhaation cancer risk. These are the inhalation cancer potency for the substance,
expressed in units of inverse dose as a potency dope (i.e., (mgkg/day)™) from Table 7.1, and an
edimate of average daily inhdation dose in units of milligram per kilogram-day (mg/kg-day) (see
Chapters4 and 5). Cancer risk is caculated by multiplying the inhaation dose by the inhaation cancer
potency factor to yield the potentia inhaation excess cancer risk. The following equation illustrates the
formulafor caculating cancer risk. See Appendix | for an example cadculation.

(Inhalation Dose (mg/kg-day)) x (Cancer Potency (mg/kg-day)™) = Cancer Risk
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To convert this to chances per million of developing cancer, multiply the potential cancer risk by 10°
Thisresult is useful asarisk communicetion tool.

Tier-1isasandard point-estimate approach that uses the recommended exposure pathway
(e.g., breathing rate) point-estimates presented in this document. A Tier-1 evauation must use the
high-end point-estimate for the inhaation pathway to present the inhaation cancer risk. For the Hot
Spots Program, the 70-year exposure duration should be used as the basis for public notification and
risk reduction audits and plans. Sections 8.2.2 and 8.2.3 describe the use of exposure duration
adjustment factors for residentiad and worker receptors. As supplementa information, the assessor may
wish to evauate the cancer risk by using the average point-estimate to provide arange of cancer risk to
the risk manager. The assessor may dso decide to further supplement the HRA by performing a Tier-3
evaudion usng the dally breathing rate data distribution in a stochastic analysis. See Chapter 5 for the
agorithms and exposure information used for al exposure pathways for Tier-1 and Tier-3 evauations.
The HARP software will perform dl of these andlyses. Specificdly, the required high-end, 70-year
inhaation cancer risk evauation can be performed in HARP by sdlecting either the high-end point-
estimate/cancer risk analysis or by sdecting the derived/70-year cancer risk andysis.

The risk assessment guidelines require the use of the 95™ percentile (i.e., high end) bresthing
rate for al assessments of cancer risk by the inhaation route in Tier-1 risk assessments in order to avoid
underestimating risk to the public, including children. In generd, the risk management of facilitiesin the
Air Toxics Hot Spots program is based on the 70-year risk at the highest exposed receptor point using
high-end estimates of breathing rate. Some facilities subject to the Air Toxics Hot Spots Act (e.g., some
in the industry-wide categories) have very smal zones of impact. In some of these ingtances, there will
be very few receptors within the zone of impact. It isn't possible to develop specia recommendations
for dl possble exposure scenarios. Alternative breathing rates (point estimates or distributions) may be
used aspart of Tier-2 or Tier-4 risk assessments. Thus, the risk manager should take this into account
during any risk management decisions. OEHHA iswilling to work with risk managers at ARB and the
Didrictson thisissue. Further examination of theissue is warranted.

8.2.2 Calculating Cancer Risk Using Different Exposure Durations
A. Residential

OEHHA recommends the 70-year exposure duration (ED) be used for determining residentia
cancer risks. For the Hot Spots Program, the 70-year exposure duration should be used as the basis
for public natification and risk reduction audits and plans. Thiswill ensure that a person residing in the
vicinity of afadility for alifetime will be induded in the evauation of risk posed by thet facility. Exposure
durations of 9-years and 30-years may a0 be evaluated as supplementd information to show the range
of cancer risk based on resdency periods. Lifetime or 70-year exposureisthe higtorica benchmark for
comparing facility impacts on receptors and for evauating the effectiveness of ar pollution control
measures. Although it is not likely that most people will reside a asingle resdence for 70 years, it is
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common that people will spend their entire livesin amgor urbanarea. While resding in urban areas it
is very possible to be exposed to the emissions of another facility at the next resdence. In order to help
ensure that people do not accumulate an excess unacceptable cancer risk from cumulative exposure to
dationary facilities at multiple resdences, OEHHA recommends the 70-year exposure duration for risk
management decisons. However, if afadility is notifying the public regarding cancer risk; it is useful
information for a person who has resded in his currert residence for less than 70 years to know that the
caculated estimate of hisor her cancer risk islessthan that caculated for a 70-year risk.

Cancer risk assessment as currently practiced involves estimating exposure to carcinogenic
chemicals and multiplying the dose times the cancer potency factor. There are often questions
regarding the validity of applying the cancer potency factorsto less than lifetime exposures.
The cancer potency or unit risk factors are estimated from long-term animal studies
approaching lifetime, or from worker epidemiological studiesinvolving long term exposure
usually over decades.

OEHHA has presented in this document exposure variates for estimating 9, 30 and 70-year exposures.
These exposures are chosen to coincide with U.S. EPA’s estimates of the average (9 years), high-end
estimates (30-years) of resdence time, and atypicd lifetime (70 years). We support the use of cancer
potency factors for estimating cancer risk for these exposure durations.  However, as the exposure
duration decreases the uncertainties introduced by gpplying cancer potency factors derived from very
long term studiesincreases.  Short-term high exposures are not necessarily equivaent to longer-term
lower exposures even when the tota dose isthe same. OEHHA therefore does not support the use of
current cancer potency factor to evauate cancer risk for exposures of lessthan 9 years.  If suchrisk
must be evaluated, we recommend assuming that average daily dose for short-term exposure is
assumed to last for aminimum of 9 years.  OEHHA is evauating cancer risk assessment

methodol ogies over the next severd years to address a number of issues including methods to evauate
short-term exposures to carcinogens.

If children younger than age 9 can be exposed to the emissions of a short term project, then the point
estimates for a child should be used for an exposure period of 9 yearsto caculate a child’ s potentia
cancer risk. OEHHA is evauating cancer risk assessment methodologies over the next severd yearsto
address a number of issues including methods to evauate short-term exposures to carcinogens.

As presented in Chapter 5 and explained in the Part IV TSD, the 9-year (child) exposure
duration isintended to represent the first 9-years of life. Children, for physiological aswell as
behaviord reasons, have higher rates of exposure (mg/kg-day) than adults. Therefore, the daily point-
edimate (e.g., inhdation rate, soil ingestion rates) for the 9-year exposure duration is higher than for the
30 and 70-year (adult) exposure durations. When assessing the impacts specificaly for children, the
9-year point-estimates and exposure factor distributions should be used. If a 9-year adult exposure
duration is desired, then the 30 and 70-year point-estimates could be used and the cancer risk is
adjusted using a factor of 9/70.
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The 30 and 70-year exposure durations are intended to represent the first 30 and first 70 years
of life, respectivey. However, in the interest of amplicity, the 30-year exposure duration scenario uses
the same exposure point-estimates and data distributions as the 70-year exposure duration scenario.
This assumption to use the 70-year exposure point-estimate for both 30 and 70-year exposures
probably resuitsin asmal underestimation of dose for the 30-year exposure scenario, since the
exposure parameters for earlier years are higher than years spent as an adullt.

The mother’s milk pathway is unlike other pathways because the (entire) dose to the breastfed infant is
received in the firgt year of life. In evauating risk from the pathway for 9, 30 and 70 years, it is
assumed that the cancer risk from the one-year exposure to contaminants in mother’ smilk is equaly
spread over 70 yearsto obtain alifetime risk. If an assessor wants to ca culate the multipathway risk
for a9-year exposure duration, then the cancer risk for this exposure pathway is adjusted using a 9/70"
factor.

B. Worker

The generd approach for estimating the potentid health impactsto an offsite worker (e.g.,
MEIW) includes estimating the concentration at the receptor and identifying the duration of that
exposure. The best way to determine potentia impacts for aworker is to use the agorithms and
exposure information in Chapter 5 and the HARP software.

There are three factors that affect worker exposure for cancer risk determination. Thefirst is
the offsite worker’s schedule. For example, some workers such as teachers have three months off
during the summer and some workers work throughout the year except for weekends, holidays and
vacaion. The second factor is the operating schedule of the emitting facility under congderation. Thisis
important because the ISCST-3 air disperson computer mode, or other modelstypically caculate an
annua average air concentration based on actua operating conditions. For example, the facility may
operate 365 days a year, 24 hours aday or may operate eight hours a day, five daysaweek. Thethird
factor is the coincidence of the offsite worker’ s schedule with the time thet the facility is emitting. For
example, if the facility emits during the day, five days aweek, and the offate worker isworking only at
night, then no inhalation exposure would occur.

If an adjustment needs to be made for the time that the worker is present (coincident with the
emissions), then the standard default assumption is the worker is present for 5 days per week, 49
weeks per year, for 40 years. The 40-year working lifetime is the same assumption used under the
Proposition 65 Regulation. The worker is assumed to breeth 149 L/kg BW* day for an 8-hour
workday. Other adjustments may be appropriate, such as for teachers or other workers. If the offsite
worker only works part time, for example 4 hours per day, afactor of 0.5 (4/8) may be used to adjust
the daily inhaation exposure proportionaly.

If the annua average concentration of pollutants from the emitting facility (determined by the air
model) is different than the air concentration that the worker breathes when present at the site, then the
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annua average concentration for the worker inhaation pathway will need to be adjusted. For example,
if the offste worker and emitting facility are on concurrent schedules (i.e., the worker has a sandard
working schedule of eight hours per day, 5 days aweek, and the facility emits 5 days aweek, 8 hours
per day), then the annua average air concentrations for the worker inhaation pathway would need be
gpproximated by adjusting it upward using afactor of 4.2 (7/5 x 24/8). The annua average determined
by the air moddling program isa 24 hour per day , 7 days per week, 365 days per year regardless of
the actud operating schedule of the facility. The adjustment smply reflects the air concentration that the
worker bregthes. If the worker isonly present some of the time that the facility is operating, then the
average concentration that the worker breathes over his or her working day may be used.

For the chemicas where noninhdation pathways (e.g., soil ingestion and derma exposure) need
to be evaluated for workers, the annua average concentration should not be adjusted to account for the
operating schedule of the emitting facility or the worker schedule (even if the facility emitsonly 5 days
per week 8 hours per day while the offate worker is present). The pollutant will be deposited and
accumulate in the soil in the absence or presence of the worker; therefore, the total deposition and soil
concentration will be dependent on the annua average air concentration.

If the cdculation for determining aMEIW inhaation risk are not able to be performed using the
origina agorithms or the HARP software, then the adjustment factorsin Table 8.2 may be of use for
inhdaion assessments only. The agorithms and assumptionsin Chapter 5 must be used to determine
multipathway impacts to aworker receptor.

Table8.2: Adjustment Factorsto Convert Inhalation Based Cancer Risk Estimatesfor a
Residential Receptor to a Worker Receptor

(VI—\|/rgsr/iE)i Z?V?;O;Jggi Facility Operating Schedule Adjustment Factor
y ) (Hrs/Days’\Weeks/Years) | (High End)* | (Average)*
Worker (8/5/49/40) Continuous (24/7/52/70) 0.1516 0.2199
Worker (8/5/49/40) Standard (8/5/52/70) 0.6366 0.9234
Teacher (8/5/36 7/40) Continuous (24/7/52/70) 0.1114 0.1616
Teacher (8/5/36 7/40) Standard (8/5/52/70) 0.4679 0.6787
* High End adjustment factors convert the residential receptor risk based on the high-end breathing rate point-estimate to a

worker receptor risk. Average adjustment factors convert the residential receptor risk based on the average breathing rate
point-estimate to a worker receptor risk.
T Number of weeks is based on school days per year reported by school district representatives.

C. Uses of Exposure Duration Adjustments for On-site Receptors

On-site workers are protected by CAL OSHA and do not have to be evaluated under the Hot
Spots program, unless the worker aso lives on the facility Site, or property. Occasiondly, facilitieslike
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prisons, military bases, and universities have worker housing within the facility. In these Stuations the
evauation of on-dite cancer risks, and/or acute and chronic noncancer hazard indices is appropriate
under the Hot Spots program.

If the receptor lives and works on the facility, Site, or property, then they should be evauated
under both scenarios and the one that is most hedlth protective should be used.

The cancer risk estimates for the ongite resdents may be done using the 70-year exposure
variates and 40-year exposure duration.  The use of the 70 year exposure variates will overestimate
exposure to adult workersto a smal extent because higher inhalation rates, etc., during the portion of a
70 year lifetime that a person isachild are incorporated.  If the on-Ste resident under evaluation can be
exposed through an impacted exposure pathway (other than inhdation), then that exposure pathway
must beincluded. Other Situations that may require on-site receptor assessment include the presence of
locations where the public may have regular access for the gppropriate exposure period
(e.g., alunchtime café, store, or museum for acute exposures). No exposure adjustments gpply to
acute exposure andyses.  The District may be consulted on the gppropriate evaluaions for the risk
assessment.

8.2.3 Speciation for Specific Classes of Compounds: Polycyclic Aromatic Hydrocarbons
(PAHs),Polychlorinated Dibenzo-p-dioxins (PCDDs) and Dibenzofurans (PCDFs), and
Polychlorinated Biphenyls (PCBs)

Hedth vaues and potency equivaency factors (PEFs) have been devel oped for gpproximately 26
PAHSs (see Appendix G). When speciation of PAHSs has been performed on facility emissons, these
hedlth vaues and PEFs should be used. In those cases where speciation of PAHS has not been
performed, then benzo(a)pyrene or B(a)P serves as the surrogate carcinogen for al PAH emissions. A
smilar method has been developed for PCDDs and PCDFs, and PCBs known astoxicity equivaency
factors (WHO TEFs), based on the number of chlorines and their position on the molecule (see Appendix
E). Where speciation of PCDDs and PCDFs, and PCBs has been performed on facility emissions, the
WHO TEFs should be used. In those cases where speciation of PCDDs and PCDFs has not been
performed, then 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) serves as the surrogate for PCDD and
PCDF emissons.  Similarly, where only total PCBs are available, then the cancer potency factor for
PCBs should be applied.

When using the HARP software, the emission contribution of speciated PAHs and
PCDD</PCDFsthat have health values can be entered into the software. Unknown contributions of the
PAH or PCDD/PCDF mixtures, or PAHs without a hedlth value, should be assigned the gppropriate
surrogate. If asurrogate substance is used in the report, the facility-emitted substance (PAH mixture or
PCDD</PCDF mixture) must aso be clearly indicated in the risk assessment as the actud substance
emitted.
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Since the surrogates for total PAH (B(a)P) and total PCDD/PCDF (2,3,7,8-tetrachl orodibenzo-
p-dioxin) are the most or nearly-the-most potent carcinogensin the class, use of the cancer potency
factors for these with total emissonswill overestimate the risk.

Given that speciation data on these classes of compounds can result in Sgnificant capitd
investment, it may be reasonable to run a screening estimate of risk on the unknown mixture usng the
gppropriate surrogate compound to represent the class. If the resulting risk estimate is deemed
sgnificant enough to trigger hedlth concerns, it would then be advisable to speciate the mixture and run a
screening estimate using the speciated data.

8.2.4 Determination of Noninhalation (Oral) Cancer Risk

A small subset of Hot Spots substancesis subject to deposition onto the soil, plants, and water
bodies. These substances need to be evaluated by the appropriate noninhalation pathways, as well as
by the inhdation pathway, and the results must be presented in dl HRAs. These substancesinclude
semi-volatile organic chemicads and heavy metds.

For dl multipathway substances, the minimum exposure pathways that must be evauated at
every resdentia gte (in addition to inhaation) are soil ingestion and dermd exposure. If dioxins, furans,
or PCBs are emitted, then the breast-milk consumption pathway becomes mandatory. The other
exposure pathways (e.g., ingestion of homegrown produce or fish) are only evauated if the facility
impacts that exposure medium and the receptor under evaluation can be exposed to that medium or
pathway. For example, if the facility does not impact a fishable body of water within the isopleth of the
facility, or the impacted water body does not sustain fish, then the fish pathway will not be considered
for that facility or receptor. Table 5.1 lists the multipathway substances and the pathways that can be
considered for each substance. Table 8.3 identifies the residentia receptor exposure pathways that are
mandatory and those that are dependent on the available routes of exposure. Table 8.3 also identifies
the three exposure pathways that are appropriate for aworker receptor.

Table8.3 Mandatory and Site/Route Dependant Exposur e Pathways

Mandatory Exposur e Pathways Site/Route Dependent Exposure
Pathways

Inhdation” Homegrown Produce Ingestion

Soil Ingestion” Fish Ingestion

Dermd Exposure”
Breast-Milk or Mother’s Milk
Consumption*

Drinking Water Ingestion

Dairy (Cow's) Milk Ingestion

Meat (Beef, Pork, Chicken, and Egg)
Ingestion

(*) If dioxins, furans, or PCBs are emitted, then the breast-milk consumption pathway becomes mandatory.

(w) ldentifies the only appropriate exposure pathways that should be evaluated for a worker. These pathways are
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inhalation, dermal exposure, and the soil ingestion pathways.

The ora cancer risk is calculated using the same steps as inhalation cancer risk described in
Section8.2.1. The only difference isthat the inhaation dose is replaced by a noninhaation pathway
dose (e.g., soil ingestion) and congderation is given to determining the dominant exposure pathways for
the proper use of point-estimates (see Section 8.2.5).

In summary, an oral dose (see Chapters 4 and 5) from the pathway under evauation (e.g., soil
ingestion) is multiplied by the substance- specific oral dope factor, expressed in units of inverse dose as
apotency dope (i.e., (mgkg/day)™) from Table 7.1 or Appendix L, to yidd the soil ingestion cancer
risk. The following equation illustrates the formulafor caculating cancer risk. Details (data, agorithms,
and guidance) for each exposure pathway are presented in Chapter 5 and the Part IV TSD. Seethe
discussion of Tier-1 in Section 8.2.6 or the Part IV TSD for the method used to determine the
multipathway cancer risk. See Appendix | for an example caculation for the inhalation exposure

pathway.

gbral Dose—9 (:B%ral Slope Factor Mg —  Potential Cancer Risk
kg- dayé mg g

To convert thisto chances per million of developing cancer, multiply the cancer risk by 10°. This result
isuseful as arisk communication tool.

Cancer risk x 10° = chances per million

8.2.5 Evaluation of Multipathway (I nhalation and Noninhalation) Cancer Risk
A. Deposition Rate

A deposition rate must be used when determining potentia noninhaation hedth impacts. Inthe
absence of fadility specific information on the Sze of the emitted particles, the default values for
deposition rate should be used. Currently, the default value of 0.02 meters per second is used for
emission sources that have verifiable particulate matter control devices or for emission sources that may
be uncontrolled but only emit particulate matter that is less than 2.5 microns (e.g., internad combustion
engines powered by compressed natural gas). The 0.05 meters per second default value is used for
risk assessment if the emissons are uncontrolled. If other deposition rate factors are used, sufficient
support documentation must be included with the HRA.
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B. Use of Air Dispersion Modeling Results for Pastures and Water Bodiesin Risk
Assessment and the HARP Software

The substance or pollutant deposition to adrinking or pasture water body source and
pastureland will be evauated if an HRA includes the drinking water, fish ingestion, and cow’s milk or
meat (beef) exposure pathways. Two approaches are recommended for determining the deposition
impacts to water bodies and pasturdland. A smple gpproach is to sdect the results from asingle
receptor point on the grid laid over the area covered by the water body or pasture and assume that the
modeled concentration at that grid-point is uniform across the water or pasture area. To make thisfirg
gpproach hedlth protective, the grid- point within the area of the water body or pasturdand with the
highest modeled concentration should be used. A more refined gpproach isto average the air
disperson modding resultsfor dl of the grid- points covering the area of the pasture or water body.

C. Summary of the Tiered Approach to Risk Assessment

The tiered approach for risk assessment that is presented in detail in the Part IV TSD and
summarized here should be reviewed prior to estimating multipathway cancer risk. The tiered gpproach
to risk assessment and the eval uation described here are included in the HARP software. The HARP
software is the recommended mode for calculating HRA results for the Hot Spots Program.
Informeation on obtaining the HARP software can be found under the Air Toxics Program on the ARB’s
web sSite at www.arb.ca.gov.

Tier-1 isastandard point-estimate approach that uses the recommended exposure variate (e.g.,
breathing or water ingestion rate) point-estimates presented in this document. If an HRA cancer risk
assessment involves multipathway residentia exposures, then the risk assessor needs to first caculate
the cancer risk from each pathway using the high-end exposure variates for dl pathways. Thena
second caculation is performed in which the pathways with the two highest cancer risks are added to
the cancer risks from the rest of the pathways (if any) calculated with the average exposure variates.
Dominant pathways are defined as the two exposure pathways that contribute the most to the total
cancer risk estimate when using high-end point-estimates for al the exposure pathways under
condderation. Thefina cancer risk caculation usng acombination of high end and average exposure
variaesisreferred to as derived risk in the HARP software and gpplies only to the residentia receptor.
There are only single vaues for exposure variates for the worker for the three pathways considered.

A smilar procedure is used to determine the hazard index for the noncancer noninhalation
pathways. The doses from al pathways (noninhdation) are caculated using the high-end exposure
vaiae Thedoseisused to cdculate the hazard quotient for al noninhdation pathways. The hazard
quotient for the inhaation pathway is caculated from the ground level concentration and the chronic
REL. The three pathways with the highest hazard quotient are the dominant pathways. The
remaining noninhaation pathways (if any) hezard quotients may be recaculated using the average
exposure variates.  Thetotal hazard quotient for the chemical may be caculated by adding the
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individua hazard quoatients from the dominant pathways and those cal culated with the average exposure
variates.

Using the derived estimate of dose and risk will lessen the issue of compounding high-end
exposure estimates, while retaining a hedth- protective approach for the more important exposure
pathway(s). I1tisunlikely that an individua receptor would be on the high-end of exposure for dl the
intake variaes (exposure pathways). Usudly, inhdation is the dominant pathway posing the most
cancer risk and noncancer chronic health impacts in the HRAS prepared for the Hot Spots Program.
Occasiondly, risks from other exposure pathways may aso be dominant for lipophilic (fat-loving)
compounds or metas. Therefore, for many facilities emitting volatile and multipathway chemicds, the
inhaation pathway will be a least one of the two exposure pathways for which cancer risks are
assesad using a high-end estimate (see Section 8.2.1).

The reatively hedlth- protective assumptions incorporated into the Tier-1 risk assessment (e.g.,
70-year exposure duration (for cancer) and the high-end vaues for key variates in the driving pathways)
make it unlikely that the risks are underestimated for the generd population. If the resultsindicate that a
facility’ s estimated cancer risk and noncancer hazard are below the level of regulatory concern, further
andyds may not be warranted. 1If the results are above aregulatory leve of concern, the risk assessor
may want to proceed with further analys's as described in Tier-2, or use a more resource-intensve
stochastic modding effort described in Tier-3 and Tier-4. While further evduation may provide more
information to the risk manager on which to base decisons, the Tier-1 evauation is useful in comparing
risks among alarge number of facilities and mus beincluded in dl HRAS.

Tier-2 andyss dlows the use of avallable Ste-gpecific information to develop point-estimates
that are more gppropriate to use in the ste-goecific HRA than the recommended point-estimates. In
Tier-3, a stochastic approach to exposure assessment is taken using the exposure factor distributions
presented in the Part IV TSD and in Chapter 5. The Part IV TSD exposure factor distributions apply
only to aresdentia receptor and are used only for the determination of cancer risk. Tier-4isdsoa
stochastic gpproach but alows for utilization of Ste-gpecific digributions if they are judtifiable and more
gopropriate for the sSte under evauation than those recommended in this document.

Tier-3 and Tier-4 analyses show adistribution of cancer risk indicating the percent of the
population exposed to various levels of risk. Thistype of analyss provides an illustration of population
risk. The results from thistype of andys's can dso be used to show what percentage of the population
would be protected with various risk management options.

OEHHA is not recommending a stochastic gpproach (Tier-3) for worker exposure, or
noncancer inhdation chronic evauations. A Tier-2 evauation could be used for off-ste worker risk
assessments. Thereisonly a Tier-1 option for determining acute noncancer risks since caculating the
hazard quotient only involves the acute REL and short-term maximum ground level ar concentrations.
In addition, no exposure duration adjustment should be made for noncancer assessments.
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D. Multipathway Cancer Risk Methodology

In order to characterize total substance risk for asingle multipathway substance the inhdation
risk is caculated by multiplying the inhaation dose (mg/kg-day) times the inhdation cancer potency
factor to give the inhdation cancer risk (Section 8.2.1). Using Tier-1, the derma and ora dose from
each rdevant exposure pathway is multiplied times the substance- specific ord potency factor to give the
ord (noninhalation) cancer risk (see Sections 8.2.4 and 8.2.5). Theinhdation cancer risk and ora
cancer risk are then summed to give the multipathway cancer risk for that substance. Many facilities will
emit multiple carcinogenic substances. If multiple substances are emitted, the cancer risk from each of
the individua substances (incdluding multipathway and volatile, inhdation only substances) is summed to
give the (tota) multipathway cancer risk for the entire facility at the receptor location.

Cancer risks from different substances are treated additively in the Hot Spots Program in part
because many carcinogens act through the common mechanism of DNA damage. However, this
assumption fails to take into account the limited information on substance interactions. However, the
overal uncertainty in the cancer potency factors and the variability in the human population is probably
far greater than the uncertainty from the assumption of additivity. In addition, cancers are life threatening
serious diseases S0 it is not unreasonable to consider total additive risk. Therefore, the additive
assumption is reasonable from a public hedth point of view. Other possible interactions of multiple
carcinogens include synergism (effects are greeter than additive) or antagonism (effects are less than
additive). The type of interaction is substance dependent and can be dose dependent. All three types
of interactions have been demondrated scientificaly.

8.2.6 Risk Characterization for Stochastic Risk Assessment.

Risk characterization for a stochagtic risk assessment is sSmilar to that described for the point-
estimate gpproach. However, the results of the stochastic risk assessment is a ditribution of risk which
accounts for some of the variability in cancer risk that results from naturd variability in exposure, such as
breathing rates or water intake. The cancer risk distribution for inhalation cancer risk, for example, is
generated by multiplying random vaues from the breathing rate distribution times the ground leve air
concentration, and the cancer potency factor. A variation of the Monte Carlo method cdled Latin
hypercube sampling is the method by which the vaues from the breething rate distribution are selected.
If noninhaation pathways need to be evaluated, the same processis followed for each pathway and the
risk is summed to give an overal inhaation and noninhaation cancer risk digribution. Didributions are
only available for some of the exposure variates and none are currently recommended for the fate and
trangport algorithms. As more data become available for exposure variates and fate and transport
variates, OEHHA will expand the number of distributions in our modd to better capture the variahility in
exposure and risk.

The HARP software will perform an HRA using either OEHHA or user-provided data
digtributions usng a Monte Carlo andysis and include the statistics on the digtributions. The 70-year
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exposure duration should be used as the basis for public notification and risk reduction audits and plans.
If an assessor would prefer to evaluate 9 or 30-year exposure durations, then a cancer risk distribution
for 9 or 30-year exposure duration would be presented in addition to the 70-year exposure duration.
An adult’' s andyss would use the 30 and 70-year datadigtributions. If astochadtic andysisis
performed for achild, then the child's (9-year) distribution must be used. A stochastic approach for
acute and chronic health impacts and worker (MEIW) exposures are not currently recommended.
Information on obtaining the HARP software can be found under the Air Toxics Program on the ARB’s
web sSite at www.arb.ca.gov.

8.3  Risk Characterization for Noncarcinogens

Noncancer impacts are determined for acute (inhalation) exposure and for both inhaation and
ord chronic exposure. Estimates of health impacts for noncancer endpoints are expressed as a hazard
quotient (for individua substances) or a hazard index (for multiple substances). In addition, dl hazard
quotients (HQ) and hazard indices (HI) must be determined by target organ system. An HQ of one or
less indicates that adverse hedlth effects are not expected to result from exposure to emissions of that
substance. Asthe HQ increases above one, the probability of human hedth effects increases by an
undefined amount. However, it should be noted that a hazard index above 1 is not necessarily indicative
of hedlth impacts due to the gpplication of uncertainty factorsin deriving the Reference Exposure Levels.
There are limitations to this method of assessing cumulative noncancer chronic health impacts. The
impact on organ systems may not be additive if health effects occur by different mechanisms. However,
the impact on organ systems could aso be synergigic. An analyss by atrained hedth professiond
familiar with the substance s toxicologicd literature is usualy needed to determine the public hedth
sgnificance of an HQ or HI above one. It is recommended that the Air Didtrict contact OEHHA if this
gtuation presentsitself. For ng the noncancer hedth impacts of lead, different procedures are
used; please see Appendix F.

Thereis only one gpproach to caculating the acute HI because the calculation is based on the
highest short-term ground level air concentrations and the acute Reference Exposure Level. Likewise
the chronic inhdation HI cdculation is performed using the annua average ground level concentration
and the chronic REL. Therefore no Tier-2, Tier-3 or Tier-4 options are available for acute or chronic
noncancer inhadation hazard evauation. However, there may be cases in which ste specific fate and
transport variates or exposure variates may be more appropriate to determine dose (mg/kg-day) for the
noninhdation chronic HI; therefore, in some cases a Tier-2 eva uation may be appropriate for the
noninhaation pathways.

Generdly, the inhalation pathway isthe largest contributor to the total dose. However, there are
Stuations where a noninhdation pathway of exposure contributes subgtantialy to a noncancer chronic
HI. In these cases, the hightend point-estimate of dose is appropriate to use for the three dominant
pathways and the average point-estimate for the non-dominant pathways. Dominant pathways are
defined as the three pathways that contribute the most to the total hazard quotient for achemica
noncancer HI result when using high-end point-estimates for al the exposure pathways under
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congderation. Typicdly inhaation would be one of these three pathways. In addition, no exposure
duration adjustment (e.g., 9/70 or 30/70) should be made for noncancer assessments. Seethe Part IV
TSD for adetailed discussion of the tiered approach, or Section 8.2.5 for a short overview of each tier.

Information contained in the following locations is needed to evauate noncancer hedlth impacts.
Chapter 4 describes air disperson modeding and both Chapter 6 and Appendix L list al the needed
dose-response information. Appendix | presents sample caculations for determining chronic
multipathway noncancer HQs and His and acute (inhaation) HQs and His. Chapter 9 provides an
outline of information required for risk characterization. The HARP software is the recommended
model for caculating and presenting HRA results for the Hot Spots Program.  Information on obtaining
the HARP software can be found under the Air Toxics Program on the ARB’s web site at
www.arb.ca.gov.

A. Evaluation of Background Criteria Pollutants

The District should be contacted to determine if the contribution of background criteria
pollutarts to respiratory hedth effectsis required to be included in an HRA for the Hot Spots Program.
If inclusion is required, the method for caculating the health impact from both acute and chronic
exposure (respiratory endpoint) is the standard HI approach (see Sections 8.3.1 and 8.3.4). The
background criteria pollutant contribution should be caculated if the HI from the facility’s emissons
exceeds 0.5 in either the acute or chronic assessment for the respiratory endpoint.

The most recent criteria pollutant concentration data should be obtained from the ARB'’s
ambient air monitoring network and can be found in the California Almanac of Emissions and Air
Quality on their web site a www.arb.ca.gov. For determining the criteria pollutant contribution in both
the chronic and acute HI calculations, annua average concentration data should be taken from a
monitoring Ste near the facility. If background contributions are unavailable, the Digtrict may direct the
risk assessor to make an dternative assumption. The criteria pollutants that should be included in both
the acute and chronic assessments for the repiratory endpoint are ozone, nitrogen dioxide, sulfur
dioxide, sulfates, and hydrogen sulfide.

8.3.1 Noncancer Chronic Inhalation Health | mpacts

All substances in the Hot Spots Program must be evauated through the inhalation pathway.
Noncancer chronic inhdation hedth impacts are calculated by dividing the substance- specific annud
average air concentration in micrograms per cubic meter (ng/nt) by the chronic inhalation REL (ng/nT)
(Table 6.2). AnREL isused asan indicator of potential noncancer hedth impacts and is defined asthe
concentration at which no adverse noncancer hedth effects are anticipated. If thiscadculaionis
performed for asingle substance, then it is called the hazard quotient (HQ). The following equation
illugtrates how to caculate the HQ for chronic inhdation exposure.

Annua Average Concentrat ion (mym?®)

" Chronic Reference Exposure Level (ng/m®)
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The risk characterization of cumulative noncancer chronic hedth impacts from the emissions of
multiple substances by the inhdation route is accomplished by determining the HI. The HI is caculated
by summing the HQs from al of the substances that affect the same organ system. Note, do not add the
HQs or Hisfor different target organs together (e.g., do not add the impacts for the eye to the
cardiovascular system). Table 6.2 and Appendix L have alist of the organ systems affected by each
substance. No exposure duration adjustment (e.g., 9/70) should be made for noncancer assessments.
The following equation illustrates how to caculate the HI for chronic exposure for the eye (target organ)
from two substances. See Appendix | for an example caculation.

Hazard Index (Hleye) = HQ sisance 1ey9) + HQ substance 2(eye)

8.3.2 Noncancer Chronic Health Impacts from the Oral Route

Risk characterization for chronic health effects from exposure viathe ord routeis dso
conducted using the hazard index gpproach. The hazard quotient is obtained by dividing the oral dose
(derived from the annua average concentration) in milligrams per kilogram-day (mg/kg-day) by the ord
chronic REL, expressed in units of (mg/kg-day) (Table 6.3). The point-estimates and agorithms for
cdculating the ora dose for dl applicable exposure pathways and receptors (e.g., workers or residents)
are explained in Chapter 5.

The high-end point-estimates are used for al exposure pathways to determine which exposure
pathways are dominant. Once the dominant exposure pathways are decided, the assessor uses the
high-end point-estimates for the two dominant noninhaation pathways and the average point estimates
for the rest of the non-dominant exposure pathway's to determine the dose and chronic health impacts a
the resdential receptor. The 70-year exposure duration point-estimates are used for resdentid
receptors and the worker (Sngle) point-estimates are used for the MEIW in this calculation. No
exposure duration adjustment (e.g., 9/70) should be made for noncancer assessments. Theord HQ is
caculated by dividing the ord dose by the ora chronic REL. The significance of oral HQs greeter or
less than one are the same as explained for the chronic inhadation chronic HQ in Section 8.3.1. The
following equation illustrates how to calculate the HQ for chronic noninhal ation exposure.

To edimate the hazard index from noninhaation exposures when multiple pollutants impact the same
target organ, the oral HQ's are summed (See Section 8.3.3 below).

_ Exposure Pathway Dose (mg/kg - day)
Hazard Quotient ora Chronic (ord) Reference Exposure Level (mg/kg - day)

8.3.3 Evaluation of Chronic Noncancer Multipathway Hazard Quotients and Hazard
I ndices
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To determine multipathway chronic noncancer health impeacts, it is necessary to calculate the
tota hazard index from both inhaation and noninhalation exposures.  Firg, the inhdation HQ is
caculated (Section 8.3.1). Second, if the substance has an ord REL, then the ord HQ is calculated
(see Sections 8.2.5, 8.3, and 8.3.2). For aresdentid receptor, the ord HQ is caculated using the
70-year high-end point-estimates for the two dominant noninha ation pathways and the average
point-estimates for the rest of the pertinent exposure pathways. 1f aworker is under evaluation, then the
worker single point-estimates are used for the soil and dermd pathways. The third step isto add the
HQs together for each exposure pathway to give the substance s total multipathway HQ by target
organ. If thereisonly one substance, then the multipathway HQ is the same as the HI.

If there are multiple substances emitted, then the fourth step isto total the HQs for dl the
individua substances by each target organ. For example, add the HQs for al substances
that impact the respiratory system, then repeat this step for the next target organ system
(e.g., cardiovascular system). This step is repeated until al target organs (for the substances
emitted) areindividualy totded. These impacts by target organ are now referred to asthe
HI. Note, do not add the HQs or Hisfor different target organ together (e.g., do not add
the impacts for the respiratory system to the cardiovascular system). No exposure duration
adjustment (e.g., 9/70) should be made for noncancer assessments. See Appendix | for an
example cdculation.

For respiratory irritants, do not add in an oral contribution to the HI for the respiratory
system for chemicas with both inhaation and ord RELS.

8.3.4 Noncancer Acute Health mpacts

Risk characterization for acute hedth effects uses the same principles (HQ, for an individua
substance, and HI, for multiple substances) as the chronic noncancer inhdation methodology (see
Section 8.3.1). All acute substances are evauated through the inha ation pathway only.

Noncancer acute health impacts are caculated by dividing the substance-specific short-
term maximum concentration in micrograms per cubic meter (ng/nT) by the acute REL
(dsoin units of myn) (Table 6.1) for each substance. If this calculation is performed
for asingle substance, then it is called the HQ. The HQ should be gpplied to dl
gppropriate target organs for a given substance.

If multiple substances are emitted, then the next step isto totd the individud substance's
HQs by each target organ. For example, add the HQs for dl substances that impact
the respiratory system, then repest this step for the next target organ system. This step
is repeated until al target organs (for the substances emitted) are individudly totaled.
These impacts by target organ are now referred to asthe HI. Note, do not add the
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HQs or Hisfor different target organs together (e.g., do not add the impacts for the
respiratory system to immune system).

There are no ord acute RELs since it is anticipated that hedth effects from such a brief
exposure viathe ord route would be insgnificant relative to the inhaation route. No exposure duration
adjustment should be made for noncancer assessments. See Appendix | for an example caculation.
HQs calculated using one, four, sSix, and seven hour exposure duration RELs may be added together for
cdculation of an acute HI. Thiswould only occur in evauating reproductive and devel opmenta
toxicants, snce dl other endpoints have only one hour acute RELSs.

The HARP software incorporates two procedures for determining an acute HI. Both
procedures use the calculations for HQ and HI described above. These two procedures make a
difference when afacility has two or more separated emission points or for HRAs involving multiple
facilities. Thefirst procedureisamore smplistic goproach (consistent with previous CAPCOA HRA
methods) where the maximum concentrations from each emission source are superimposed to impact
receptors at the same time, irrepective of wind direction and/ or atmospheric stability. This procedure
isasmple, hedth protective approach to assess acute impacts. The second procedure is more refined
than the first and improves on previous HRA methods. This second procedure takes into account
meteorology and relative source positions by superimposing results from multiple sources with
concurrent wind direction and aimospheric conditions, thereby computing a more refined maximum
impact by hour at each receptor. This refined HI procedure may decrease the concentrations at many
receptor locations when compared to the smplistic gpproach, but should not underestimate potentia
hedlth impacts (i.e., HQs or Hls). Thisdua procedure approach is another way the new HRA
guiddines are building flexibility into the HRA methods.

84  Population-Level Risk Estimates
8.4.1 Carcinogenic Risk

There are basically two ways to provide population-level risk estimates, namely cancer burden
estimates and estimates of the number of people exposed at specific cancer risk levels.

1. The cancer burden is caculated by multiplying the number of people exposed (census
information) by the cancer risk a either the MEIR or the population centroid of each
census block. Theresult of this caculation is an estimate of the number of cancer cases
expected from a 70-year exposure to current estimated facility emissons.

2. Anedimate of the number of people exposed at various cancer risk levels can provide
perspective on the magnitude of the potentia public hedlth threat posed by afacility.
This approach isintended as a replacement for the cancer burden calculation used by
some Didrictsin the past. The new approach provides a much easier way to interpret
results when compared to cancer burden estimates. A facility in a sparsaly populated
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area can have a public hedth impact different from the same facility in ahighly populated
area. Such informetion can be useful in risk management decisons. The levd of detall
required for the population analysis (e.g., screening or refined) and the procedures to be
used in determining geographic resolution and exposed population require case-by-case
andyss and professiona judgment. Some suggested approaches and methods for
handling the breakdown of population and performance of a screening or refined
popul ation exposure analyses are provided in Section 4.6.

The population estimates should be based on the latest available census results. The population
of the census block may be assumed to be equdly distributed over the census block, unless for some
reason more refined information is available. The population in census blocks cut by two or more risk
isopleths can thus be apportioned based on the area in each isopleth. The isopleths needed should be
drawn using the smdlest practical grid Sze. The Didtricts may ask facilities to use the new procedure or
the cancer burden agpproach. The Didtrict or reviewing authority should be consulted before beginning
the population exposure estimates and, as results are generated, further consultation may be necessary.

A fundamentd firgt step in estimating the number of people at risk from facility emissonsisto
define the zones of impact (see Section 4.6.1). This zoneis commonly defined as the areawithin the
isopleth surrounding the facility where receptors have a multipathway cancer risk grester than 106,

Some Didtricts may prefer to use a cancer risk of 1077 to define the carcinogenic zone of impact. The
total number of persons exposed to a series of potentid risk levels can be presented to aid risk
managers in understanding the magnitude of the potentia public hedth impacts. See Table 8.3 for an
example of data summarizing population exposure estimates for cancer risk.

Table 8.3 Example of Estimates of Population Risk

Estimated Number of Cancer Risk"
Per sons Exposed (chances per million)
X 1to 10
Y 10 to 100
Z >100

(N) Column would betitled to reflect acute or chronic noncancer health impacts.

The HARP software can provide populationtlevel risk estimates as cancer burden or asthe
number of persons exposed to a selected (user-identified) cancer risk leve a block level centroids.
Information on obtaining the HARP software can be found under the Air Toxics Program onthe ARB'’s
web ste at www.arb.ca.gov. Chapter 9 provides an outline that specifies the content and
recommended format of HRA results.

8.4.2 Population Estimates of Noncancer Health | mpacts
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A noncancer chronic and acute population estimate of the number of people exposed to acute
and chronic HQs or His exceeding 0.5 or 1.0, inincrements of 1.0, should also be presented. For
example, afacility with a maximum chronic HI of 4.0 would present the number of people exposed to a
chronic HI of 0.5, 1.0, 2.0, 3.0, and 4.0. The isopleths used in this determination should be drawn
using the smdlest feasible grid Sze. The same methods that are described in Chapter 4 and Section
8.4.1 (for the population exposure estimate for cancer risk) should be used in the chronic and acute
population estimates. Population estimates for acute and chronic health impacts should be presented
separately and in aformat congstent with Table 8.3.
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9.  Summary of the Requirements for a Modeling Protocol and a Health
Risk Assessment Report

The purpose of this chapter isto darify the type of information that is expected to be included in
modeling protocols and hedlth risk assessments (HRAS). These outlines are intended to promote
transparent, condstent presentation and efficient review of these products. It is possible that protocols
and HRAs that do not include al the information presented in these outlines may be considered deficient
by the reviewing authority. We recommend that persons preparing these products consult with the local
Air Pollution Control or Air Quality Management Didtrict (Didtrict) to determineif the Didtrict has
modeling or HRA guiddines that supercede these outlines. If the Digtrict does not have guidelines for
these products, then we recommend Section 9.1 be used for modeling protocols and Section 9.2 be
used for the presentation of HRAS. Persons preparing modeling protocols and HRAS should specify
the guiddines that were used to prepare their products.

9.1 Submittal of Modeling Protocol

It is strongly recommended that a modeling protocol be submitted to the Digtrict for review and
approval prior to extensve andyss with an air disperson modd. The modeling protocol isaplan of the
steps to be taken during the air dispersion modeling and risk assessment process. We encourage
people who are preparing protocols to take advantage of the protocol step and fully discuss anticipated
methodologies for any portion of your project that may need specia consderaion. Below, we have
provided an example of the format that may be followed in the preparation of the modding protocol.
Consult with the Digtrict to confirm format and content requirementsor to determinethe
availability of District modeling guidelines befor e submitting the protocol.

[ I ntroduction

Include the facility name, address, and a brief overview describing the facility’s
operations.

Provide a description of the terrain and topography surrounding the facility and potentia
receptors.

Indicate the format in which datawill be provided. Idedly, the report and summary of
datawill be on paper and dl data and mode input and output files will be provided
electronicaly (e.g., compact disk or CD).

| dentify the guidelines used to prepare the protocol.
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Emissions

For each pollutant and process whose emissions are required to be quantified in the
HRA, lig the annud average emissons (pounds/year and grams/second) and maximum
one-hour emissions (pounds’hour and grams/second)*.

Identify the reference and method(s) used to determine emissions (e.g., source tests,
emisson factors, etc.). Clearly indicate any emisson data that are not reflected in the
previoudy submitted emission inventory report. In thisevent, arevised emisson
inventory report will need to be submitted to the Didtrict.

Models/ Modeling Assumptions

Identify the model(s) to be used, including the verson number.

|dentify the mode options that will be used in the analyss

Indicate complex terrain options that may be used, if gpplicable.

|dentify the source type(s) that will be used to represent the facility’ s operations (e.g.,
point, area, or volume sources, flare options or other).

Indicate the preliminary source characterigtics (e.g., stack height, gas temperature, exit
veocity, dimensions of volume source, etc.).

Identify and support the use of urban or rurd dispersion coefficients for those modds
that require dispersion coefficients. For other models, identify and support the
parameters required to characterize the atmospheric dispersion due to land
characterigtics (e.g., surface roughness, Monin-Obukhov length).

Meteorological Data

Specify the type, source, and year(s) of hourly meteorological data (e.g., hourly surface
data, upper ar mixing height information).

State how the data are representative for the facility ste.
Describe QA/QC procedures.

Identify any gapsin the data; if gaps exist, describe how the data gaps are filled.
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*Except radionuclides, for which annual and hourly emissions are reported in Curies/year and millicuries/hour,

respectively.

V.

VI.

VII.

Deposition
Specify the method to calculate deposition (if gpplicable).
Receptors

Identify the method that will be used to determine the location of sengitive receptors, the
point of maximum impact (PM1), and the maximum exposed individua resdentia
(MEIR) and worker (MEIW) receptors (e.g., fine receptor spacing of 20 meters a the
fenceline and centered on the maximum impacts, coarse receptor spacing of 100 meters
out to 2,000 meters; extra coarse spacing of 1,000 meters out to 20,000 meters).

Identify the method that will be used to evauate potentia cancer risk in the vicinity of
the facility for purposes of caculating cancer burden or population impact estimates.
Clarify the same information for the presentation of noncancer impacts (e.g., centroids
of the census tracts in the area within the zone of impact).

Specify that actud UTM coordinates and the block/street locations (i.e., north side of
3,000 block of Smith Street), where possible, will be provided for specified receptor
locations.

|dentify and support the use of any exposure adjustments.

Identify if sengtive receptors are present and which receptors will be evauated in the
HRA.

Maps

Indicate which cancer risk isopleths will be plotted for the cancer zone of impact (e.g.,
107, 10 see Section 4.6.1).

Indicate the hazard quotients or hazard indices to be plotted for the noncancer acute
and chronic zones of impact (e.g., 0.5, 1.0, etc.).

9.2 Outlinefor a Health Risk Assessment Report

The purpose of this section isto provide an outline to assst with the preparation and review of
hesth risk assessments (HRAS). This outline specifies the key components that should be included in
HRAs. All information used for the report must be presented in the HRA. 1dedlly, the HRA report and
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asummary of data used in the HRA will be on paper and dl data and model input and output files will
be provided eectronicdly (e.g., CD). Persons preparing HRAs for the Hot Spots Program should
consult the Didtrict to determine if HRA guidelines or specid formats are to be followed when preparing
and presenting the HRA s results. If Didrict guiddines or formats do not exist that supersede this
outline, then the HRA should follow the format presented here. If the HRA is prepared for other
programs, the reviewing authority should be consulted for clarification of format and content. We
recommend that those persons preparing HRAs specify the guiddines that were used to prepare their
product. The HRA may be considered deficient by the reviewing authority if components thet are listed
here are not included.

l. Table of Contents

Section headings with page numbers indicated.
Tables and figures with page numbers indicated.
Appendices with page numbers indicated.

. Executive Summary

Name of the facility including the complete address.

Facility identifier number (consult the Didrict).

Description of facility operations and alist identifying emitted substances indluding
table of maximum 1-hour and annual average emissons.

Provide a brief definition of acute, chronic, and cancer hedth impacts and
multipathway substances.

Text presenting overview of disperson modeling and exposure assessment.

Text defining dose-response assessment for cancer and noncancer health impacts
and a table showing target organ systems by substance for noncancer impacts.

Summary of results incdluding:
L ocation block/street location; e.g., north sde of 3,000 block of Smith
Street) and description of the off-gte point of maximum impact (PMI),
maximum exposed individua resdent (MEIR), and maximum exposed
individud worker (MEIW).

L ocation block/street location; e.g., north side of 3,000 block of Smith
Street) and description of any on-Site receptors that were evaluated at the
facility (consult Didrict or agency).

Location (block/street location; e.g., north sde of 3,000 block of Smith

Street) and description of any senditive receptors that are required by the
digtrict or reviewing authorities (consult Didtrict or agency).

9-4



The Air Toxics Hot Spots Program Guidance Manua for Preparation of Health Risk Assessments.

August 2003.

A.

NOTE: When presenting the following infor mation, potential cancer risk

should be presented for a 70-year, Tier—1 analysis. Results of other exposure

assumptions or tier evaluations can be presented, but must be clearly labded.

For the Hot Spots Program, the 70-year exposur e dur ation should be used as

the bassfor public notification and risk reduction audits and plans.

Text presenting an overview of the (totd) potentia multipathway cancer risk
a the PMI, MEIR, MEIW, and sengtive receptors. Provide atable of
cancer risk by substance for the MEIR and MEIW (if applicable). Include a
statement indicating which of the substances gppear to contribute most to
(drive) the potential hedlth impacts. In addition, identify the exposure
pathways evaluated in the HRA.

Provide amap of the facility and surroundings and identify the location of the
MEIR, MEIW, and PMI.

Provide amap of 70-year lifetime cancer risk zone of impact, if gpplicable.

Text presenting an overview of the acute and chronic noncancer hazard
quotients or the (total) hazard indices for the PMI, MEIR, MEIW, and
sengtive receptors. Include separate statements (for acute and chronic
exposures) indicating which of the substances appear to drive the potentia
hedth impacts. In addition, clearly identify the primary target organ(s) thet are
impacted from acute and chronic exposures.

Identify any subpopulations (e.g., subsistence fishers) of concern.

Table and text presenting an overview of estimates of population exposure
(e.g., cancer burden or population estimates from HARP) (consult Didtrict or
agency) (see Section 8.4).

Verson of the Risk Assessment Guidelines and computer program(s) used to
prepare the risk assessment.

Risk Assessment Procedures

Hazard identification

Table and text identifying al substances emitted from the facility, plus any other
substances required by the Didrict or reviewing authority. Include the CAS number
of the substance and the physical form of the substance if possible. [The Hot Spots
substances are listed in Appendix A, and aso inthe ARB’s Emission Inventory
Criteria and Guidelines Regulations (Title 17, California Code of Regulations,
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Sections 93300-93300.5), and the Emission Inventory Criteria and Guidelines
Report (EICG Report), which isincorporated by reference therein (ARB, 1997)].

Table and text identifying al substances that are evauated for cancer risk and/or
noncancer acute and chronic hedth impacts. In addition, identify any substances
that present apotentia cancer risk or chronic noncancer hazard via noninhdation
routes of exposure.

Describe the types and amounts of continuous or intermittent predictable emissons
from thefadility that occurred during the reporting year. Asrequired by statute,
releases from afacility indude spilling, lesking, pumping, pouring, emitting,
emptying, discharging, injecting, escgping (fugitive), leaching, dumping, or disposing
of asubgtance into ambient air. Include the substance(s) released and a description
of the processes that resulted in long-term and continuous releases.

B. EXxposur e assessment

This section describes the information related to the air dispersion modeling process that
should be reported in the risk assessment. In addition, doses calculated by pathway of
exposure for each substance should beincluded in this section. The District may have specific
requirements regarding format and content (see Section 4.13). Sample calculations may
need to be provided (in an appendix) for each step to indicate how thereported
emissions data were used, if software other than HARP isused. Theeducated reader
should be ableto reproduce the risk assessment without the need for clarification. The
location of any information that is presented in appendices, on eectronic media, or
attached documentsthat supportsinformation presented in this section, must be
clearly identified by title and page number in this section’stext and in the document’s
table of contents.

1. Information on the Facility and its Surroundings

Report the following information regarding the facility and its surroundings:
Fadllity name
Facility identifier number (consult the Didrict).
Location (use actud UTM coordinates and street address)
Land use type (see Section 4.4)
Loca topography.
Faallty plot plan identifyingT
emission source locations
property line
horizontal scde
building heights and dimensons
complex terrain if gpplicable
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Description of the Sitefroute dependent exposure pathways. Provide a
summary of the Ste-specific inputs used for each pathway (e.g., water or
grazing intake assumptions). Thisinformation may be presented in the
gppendix with the information clearly presented and cross-referenced to the
text.

2. Source and Emission Inventory Information®

Source Description and Release Parameters

Report the following information for each source in table format:
- Source identification number used by the facility

Source name

Source location using actud UTM coordinates (m)

Source base eevation (m)

Source height (m)

Source dimensons (e.g., stack diameter, building dimensions, area 9ze)

(m)

Exhaudt gas exit velocity (m/s)

Exhaust gas volumetric flow rate (ACFM)

Exhaust gas exit temperature (K)

(See Appendix K for an example))

Source Operating Schedule

The operating schedule for each source should be reported in table form
mdudlng the following information:
Number of operating hours per day and per year (e.g., 0800-1700,
2700 hriyr)
Number of operating days per week (e.g., Mon-Sat)
Number of operating days or weeks per year (e.g., 52 wk/yr excluding
magor holidays)

(See Appendix K for an example.)

Emission Control Equipment and Efficiency

Report emisson control equipment and efficiency by source and by
substance. The description should be brief.
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Emissions Data Grouped By Source

Report emission rates for each toxic substance, grouped by source
(i.e., emitting device or process identified in Inventory Report), in table form
incdluding the following information (see Appendix K):
- Source name
Source identification number
Substance name and CAS number (Emittent 1D from Inventory
Guiddines)
Annua average emissons for each substance (Iblyr & g/s)*
Maximum one-hour emissions for each substance (Ib/hr & g/9)*

* Except radionuclides, for which annual and hourly emissions are reported in Curies/year and millicuries’hour,
respectively.

Emissions Data Grouped by Substance

Report facility total emisson rate by substance for al emitted substances
listed in the Air Toxics Hot Spots Program including the following
information (see Appendix K):
Substance name and CAS number (Emittent 1D from Inventory
Guiddines)
Annua average emissions for each substance (Ib/yr & g/s)
Maximum one-hour emissons for each substance (Ib/hr & g/s)

Emission Estimation Methods

Report the methods used in obtaining the emissions data indicating whether
emissions were measured or estimated. Clearly indicate any emisson data
that are not reflected in the previoudy submitted emission inventory report
and submit arevised emission inventory report to the Didtrict. A reader
should be able to reproduce the risk assessment without the need for
claification.

3. M eteorological Data

The HRA should indicate the source and time period of the meteorological
dataused. Include the meteorological data (electronicaly) with the HRA.

Include proper judtification for using this data including information regarding
gopropriateness and quality assurance/quadity control.
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Identify any gapsin the data; if gaps exist, describe how the data gaps are
filled.

Provide awind rose for aminimum of the entire time period of the
meteorological data used, and time period coincident with operating
schedule. (Other wind roses may be useful as well, such as atability rose
or aday/night wind rose.)

The HRA should indicate if the Didrict required the use of a specified
representative meteorologica data set or the use of default meteorological
conditions from SCREEN3. All memos indicating the Didtrict’ s pprova of
meteorologica data should be attached in an gppendix.

4, Mode Selection and M odeling Rationale

The report should include an explanation of the model chosen to perform
the andysis and any other decisons made during the modeling process.
The report should clearly indicate the name of the modd used, the level of
detall (screening or refined andyss) and the rationae behind the sdlection.

Table and text that specifies the following information for each air dispersion
model used:

verson number

selected options and parameters

receptor grid spacing
5. Air Dispersion Modeling Results

All information used for the report must be presented in the HRA.. [dedlly,
asummary of data used in the HRA will be on paper and al data and modedl
input and output (e.g., the ISCST3 inpuit file containing the regulatory
options and emission parameters, receptor locations, meteorology, etc) files
will be provided eectronicdly (eg., CD).

For the PMI, MEIR, MEIW, and any senditive receptors required by the
Didtrict, include tables that summarize the annua average concentrations
that are calculated for dl the substances a each ste. We recommend the
use of tables to present the relative contribution of each emisson point to
the receptor concentration. (These tables should have clear reference to the
computer model that generated the data. It should be made clear to any
reader how data from the computer output was transferred to these tables).
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For the PMI, MEIR, MEIW, and any senditive receptors required by the
Didrict, include tables that summarize the maximum one-hour; four, Sx, or
seven-hour (for those substance with REL s based on those averaging

periods); and 30-day average (lead onnyB concentrations. (These tables
should have clear reference to the computer mode that generated the data.
It should be made clear to any reader how data from the computer output
was transferred to these tables).

If proprietary software is used, dl agorithms and parameters should be
included with the HRA in aclear, easy to use format.

C. Dose-Response

Provide tables of the inhdation and ord REL s and cancer potency factors for each
subgtance thet is quantified in the HRA.

Identify the guidelines (title and date) that were used to obtain these factors,

Provide atable of target organ systems for each noncancer substance, including
chronic inhdation, chronic ord (if gpplicable), and acute.

D. Risk Characterization

The Hot Spots Andlysis and Reporting Program (HARP) will generate the risk
characterization data needed for the outline below. Any data needed to support the risk
characterization findings should be clearly presented and referenced in the text and gppendices.
A liging of HARP output files that meet these HRA requirements are provided in this outline
under the section entitled “ Appendices’. All HARP files should beincluded in the HRA.
Ideally, the HRA report and a summary of data used in the HRA will be on paper and
all data and modd input and output fileswill be provided electronically (e.g., CD).

I nformation on obtaining copies of HARP is available on the California Air Resour ces
Board’sInternet web site under the Air Toxics Program at www.arb.ca.gov.

NOTE: The potential cancer risk for the PMI, MEIR and sensitive receptor s of
interest must be presented in the HRA' stext, tables, and maps using a (lifetime)
70-year exposure period. MEIW location should use appropriate exposur e periods.
For the Hot Spots Program, the 70-year exposur e dur ation should be used asthe bass
for resdential public notification and risk reduction auditsand plans. All HRAs must
include theresults of a Tier-1 exposur e assessment (see Chapter 2 and 8, or Part |V
TSD). If thereviewing authority specifies that additional exposur e periods should be
presented, or if persons preparing the HRA would like to present additional
information (i.e., exposur e duration adjusmentsor the inclusions of risk
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char acterizationsusing Tier-2 through Tier-4 exposur e data), then thisinfor mation
should be presented in separate, clearly titled, sections, tables, and text.

Thefollowing infor mation should be presented in this section of the HRA. If not fully
presented here, then by topic, clearly identify the section(s) and pages within the HRA
wherethisinformation is presented.

Description of receptors to be quantified.

Table and text providing the location [UTM coordinates and the block/street
address (e.g., north side of 3,000 block of Smith Street)] and description of the
PMI, MEIR, and MEIW for both cancer and noncancer risks.

Table and text providing description of the PMI and MEIR for 9-and 30-year
cancer risk.

Table and text providing the location [UTM coordinates and the block/street
address (e.g., north side of 3,000 block of Smith Street)] and description of any
sengtive receptors that are of interest to the Didtrict or reviewing authorities (consult
Didtrict or agency).

Provide any exposure information that is used for risk characterization

(e.g., concentrations at receptors, emissions information, census information, figures,
zone of impact maps, etc.). Identify the Ste/route dependent exposure pathways
(e.g., water ingestion) for the receptor(s), where appropriate (e.g., MEIR). Provide
asummary of the Site-specific inputs used for each exposure pathway (e.g., water

or grazing intake assumptions). Thisinformation may be presented in the appendix
with the information clearly presented and cross-referenced to the text. In addition,
provide reference to the appendix (section and page number) that contains the
modeling (i.e, HARP/disperson modeling) files that show the same information.

If any exposure parameters were used other than those provided in the Air Toxics
Risk Assessment Guidelines; Part 1V; Technical Support Document for
Exposure Assessment and Stochastic Analysis (2000b) (Part IV TSD), they must
be presented in detall. The derivation and data used must be presented so that it is
clear to the reviewer. The judtification for usng Ste-specific exposure parameters
must be clearly presented.

Include tables of the estimated dose for each substance by each exposure pathway

a the PMI, MEIR, MEIW, and a any sensitive receptor locations (required by the
Didrict).
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Table and text presenting the potentia multipathway cancer risk by substance, by
pathway, and totd, at the PMI, MEIR, MEIW, and sengitive receptor |ocations
(required by the Didtrict).

Table and text presenting the acute (inhdation) and chronic noncancer (inhaation
and ord) hazard quotients (by substance, exposure pathways, and target organs)
and the (tota) hazard indices by substance and target organs for the PMI, MEIR,
MEIW, and sengitive receptors. Note: chronic noncancer results should be shown
with inhaation and ora contributions (shown separately) and for the combined

(multipathway) impact.
Identify any subpopulations (e.g., subsstence fishers) of concern.

Table and text presenting estimates of population exposure (e.g., population
exposure estimates or cancer burden from HARP) (consult Didtrict or agency).
Tables should indicate the number of persons exposed to a (total) cancer risk
grester than 107, 10°, 10°, 10, etc., and total hazard quotient or hazard index
greater than 0.5, 1.0, 2.0, and 3.0, etc. Provide atable that shows excess cancer
burden for each population unit and the total excess cancer burden, if cancer burden
caculation isrequired.

Provide maps that illugtrate the HRA results for the three bullet points below. These
maps should be an actud street map of the areaimpacted by the facility with
elevation contours and actua UTM coordinates, and the facility boundaries clearly
labeled. In some cases the devation contours will make the map too crowded and
should therefore not gppear. This should be a true map (one that shows roads,
structures, etc.), drawn to scale, and not just a schematic drawing. USGS
7.5-minute maps are usualy the most appropriate choice (see Section 4.6). Note
that the HARP program contains a mapping feature.

The facility (emission points and boundaries), the locations of the PMI,

MEIR, MEIW, and senditive receptors.
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E.

F.

Maps of the cancer zone of impacts (e.g., 10° or 107 leves - consult
Didrict or Agency). The map should clearly identify the zone of impact for
the minimum exposure pathways (inhdation, soil ingestion, derma exposure,
and breast-milk consumption) and the zone of impact for dl the gpplicable
exposure pathways (minimum exposure pathways plus additiona Stefroute
specific pathways). Two maps may be needed to accomplish this. The
legend of these maps should state the level(s) used for the zone of impact
and identify the exposure pathways that were included in the assessment.
Maps of the noncancer hazard index (HI) zone of impacts (eg., 0.5 or 1.0

- conault Didtrict or Agency). The noncancer maps should clearly identify
the noncancer zones of impact. These include the acute (inhdation), chronic
(inhdation), and chronic (multipathway) zones of impact. For clarity,
presentation of the noncancer zones of impact may require two or more
maps. The legend of these maps should Sate the level(s) used for the zone
of impact and identify the exposure pathways.

The risk assessor may want to include a discussion of the strengths and wesknesses
of the risk andyses and associated uncertainty directly related to the facility HRA.

If appropriate, comment on the possible dternatives for control or remedia
measures. How do the risks compare?

If possible, identify any community concerns that influence public perception of risk.

Sample caculations may be needed for dl andysesin the HRA if proprietary
software other than HARPwas used.  The Didtrict should be consulted. These
cdculations should be clearly presented and referenced to the findings they are
supporting in the HRA text.

Version of the Risk Assessment Guidelines and computer program used to prepare
the risk assessment.

If software other than HARP is used for the heath assessment moddling, dl
supporting materia must be included with the HRA (eg., dl dgorithmsand
parameters used in aclear, easy to review format).

References
Appendices

The appendices should contain al data, sample caculations, assumptions, and all

modeling and risk assessment files that are needed to reproduce the HRA results. Idedly, a
summary of data used in the HRA will be on paper and dl dataand model input and output files
will be provided dectronicdly (eg., CD), unless otherwise specified by the didtrict or reviewing
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authority. All appendices and the information they contain should be referenced, clearly titled,
and paginated. The HARP program (input and output) files will include many of the items listed
below.

Potential Appendix Topics (if not presented elsewherein the HRA report):
Lig of dl receptors locations (UTM coordinates and the block/street address
(e.g., north side of 3,000 block of Smith Street)) for the PMI, MEIR, MEIW,
and sengitive receptors.

Ligt of dl emitted substances.

All emissonsfiles

List of dose-response factors.

All ar disperson modding input and output files. Detailed discussons of
meteorologica data, regulatory options, emisson parameters, receptor
locations, etc.

Census data.

Maps.

Identify the Site/route dependent exposure pathways for the receptor(s), where
gppropriate (e.g., MEIR). Provide asummary of the site- gpecific inputs used
for each pathway (e.g., water or grazing intake assumptions) and the data to
support them.

All caculations used to determine emissions, concentrations, and potentia
hedlthimpacts a the PMI, MEIR, MEIW, and sensitive receptors.

All HRA modd input and output (HARP) files for receptors of concern.
(Tota) cancer and noncancer impacts by receptor, substance, and exposure
pathway (by endpoint for noncancer) at al receptors.

Presentation of alternate risk assessment methods (e.g., dternate exposure
durations, or Tier-2 to Tier-4 evauations with supporting information).

List of HARP filesthat meet the Submittal Requirements

- 1SC workbook file with dl 1SC parameters (filename.l SC).
ISC input file generated by HARP when ISC is run (filename.lNP)
ISC output file generated by HARP when ISC in run (filename.OUT)
ISC binary output file; holds ¢/Q for data for each hour (filename.BIN)
List of error messages generated by 1SC (filename.ERR)
Sources receptor file; contains list of sources and receptors for the ISC run;
generated by HARP when you set up I SC (filename.SRC)
Point estimate risk vaues generated by HARP, thisfile is updated automatically
each time you perform one of the point estimate risk analysis functions
(filename.RSK)
Average and maximum c¢/Q values for each source-receptor combination;
generated by 1SC (filename. XOQ)

Plot file generated by 1SC (filename PLT)
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Representative meteorologica data used for the facility ar disperson modeling
(filenameMET)

Site-specific parameters used for dl receptor risk modding (filename SIT)
Map file used to overlay facility and receptors (filename. DEB)

@) Hedth and Safety Code (HSC) Section 44346 authorizes facility operators to designate certain
Hot Spots information as trade secret. HSC Section 44361(a) requires Digtricts to make hedlth
risk assessments available for public review upon request. HSC Section 44346 specifies
procedures to be followed upon receipt of arequest for the release of trade secret information.
See d =0 the Inventory Guidelines Report regarding the designation of trade secret information in
the Inventory Reports.

@ Please see Appendix F or contact the Office of Environmenta Health Hazard Assessment for
information on caculating and presenting chronic lead results.
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