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1.0 INTRODUCTION
1.1 Purpose of Document
This document provides information for carrying out risk assessment for air toxics, and for complying
with risk guidelines in conjunction with applying for an air pollution control permit from the New Jersey
Department of Environmental Protection (NJDEP) Division of Air Quality (DAQ), Air Quality Permitting
Program (AQPP).
1.2 Sources Requiring Risk Assessment
1.2.1 Minor Sources
New and modified sources of air pollution which must have an air pollution control pre-construction
permit as defined in New Jersey Administrative Code, Title 7, Chapter 27, Subchapter 8 (N.J.A.C. 7:278), "Permits and Certificates for Minor Facilities (and Major Facilities without an Operating Permit)," are
subject to risk assessment if they emit certain contaminants regarded as air toxics. These are listed in
Subchapter 8, Appendix 1, Table B as “HAPs” (hazardous air pollutants).
1.2.2 Major Sources
New and modified sources at major facilities with Operating Permits, as defined in New Jersey
Administrative Code, Title 7, Chapter 27, Subchapter 22 (N.J.A.C. 7:27-22), "Operating Permits," may be
subject to risk assessment if they emit certain contaminants regarded as air toxics. These air toxics are
listed in Subchapter 22, Appendix Table B, as “Hazardous Air Pollutants” (HAPs). Existing facilities
will be advised as to whether and when they must carry out a facility-wide risk assessment
1.3 Risk Assessment Approaches
There are two ways to do risk assessment for the Air Quality Permitting Program: risk screening and
comprehensive risk assessment. Most sources and facilities can make use of the risk screening
procedure, as described in detail in Section 3. Risk screening is usually done in-house by AQPP staff, but
may be carried out by those applying for permits prior to submittal of an application. In some cases, for
certain types of facilities, a comprehensive risk assessment may be required. In a comprehensive risk
assessment (described in more detail in Section 4), the applicant is required to prepare a step-by-step
detailed risk assessment, after first obtaining approval of a protocol from the Bureau of Technical
Services (BTS). Risk assessment guidelines are described in Section 5. There may be a service fee
incurred for BTS review of a risk assessment. See N.J.A.C. 7:27-8.6 or -22.31 for a current fee schedule.
1.4 Definition of Air Toxics
Air toxics are natural or man-made pollutants that when emitted into the air may cause an adverse health
effect. Evidence of adverse health effects is based on human and animal exposure studies. The federal
1990 Clean Air Act Amendments created a list of air toxics, called “hazardous air pollutants” or “HAPs;”
air emissions of these HAPs from specific sources were to be regulated and controlled under the Clean
Air Act.
The definition of air toxics generally excludes "criteria pollutants," that is, those for which National or
New Jersey Ambient Air Quality Standards have been established. The exception to this is lead, which is
a criteria pollutant and is also considered to be an air toxic because of its ability to cause significant
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adverse health effects at very low exposures, possibly with no threshold. “Lead compounds” are included
in the HAP list, as are many specific volatile organic compounds (VOCs) and metals, which also fall
under criteria pollutant regulations for VOCs and particulate matter.
All air toxics identified as HAPs in N.J.A.C. 7:27-8 & 22 that are included in a permit application must be
evaluated in the corresponding risk assessment.
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2.0 THE RISK ASSESSMENT PROCESS
2.1 Purpose of Risk Assessment
Risk assessment is a scientific process used to estimate the probability of adverse health effects resulting
from human exposure to hazardous substances. The NJDEP Air Quality Permitting Program utilizes risk
assessment to:
A.

Evaluate potential air toxics risks remaining (residual risk) after the application of state-of-theart or MACT (Maximum Achievable Control Technology) pollution controls, either to
individual sources or to entire facilities;

B.

Make decisions regarding permitting, control, and/or regulation of air toxics;

C.

Assist local individuals and communities in understanding risk, the risk assessment process,
and the risk management decisions made by NJDEP.

2.2 Risk Assessment Steps
In 1986, the U.S. Environmental Protection Agency (USEPA) established risk assessment guidelines in
order to provide consistency and technical support between USEPA and other regulatory agencies. The
guidelines were based on recommendations from the National Research Council (NRC 1983). NRC
divided the risk assessment process into four steps, which are described below.
2.2.1 Hazard Identification
Hazard identification is the process used to determine the potential human health effects from exposure to
a chemical. This is based on information provided by the scientific literature. For air toxics sources,
hazard identification involves identifying if a hazard exists, and if so, what are the exact pollutants of
concern. It takes into consideration whether a pollutant is a potential human carcinogen or is associated
with other types of adverse health effects.
For hazard identification in relation to an air permit, the following is considered:
A.

Which contaminants will be emitted from the source;

B.

Which of these contaminants have known health effects;

C.

The specific toxicological effects of these contaminants.

2.2.2 Dose-Response Assessment
Dose-response assessment is the characterization of the relationship between a chemical exposure, or
dose, and the incidence and severity of an adverse health effect. It takes into consideration factors that
influence this relationship, including intensity and pattern of exposure, and age and lifestyle variables that
may affect susceptibility. It may also involve extrapolation from high-dose to low-dose responses, and
from animal to human responses. This information is gathered from epidemiological or laboratory studies
done by federal or state agencies, health organizations, academic institutions, and others.
Dose-response assessment as utilized in the air permitting process involves the quantification (in terms of
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severity or likelihood) of toxicological effects of individual chemicals on humans. The dose-response
relationship is evaluated differently for carcinogenic (cancer-causing) and non-carcinogenic substances.
For carcinogens, it is assumed that there is a linear relationship between an increase in dose or exposure
concentration and an increase in cancer risk, with no threshold. This is expressed as a potency slope or
slope factor (SF), in units “per milligram (of chemical) per kilogram (of body weight) per day” or
(mg/kg/day)-1. To evaluate risks from inhalation of carcinogenic substances, USEPA and other regulatory
agencies use potency slopes to develop unit risk factors (URFs). A URF can be defined as the upperbound excess probability of contracting cancer as the result of a lifetime of exposure to a carcinogen at a
concentration of 1 µg/m3 in air. URF units are “per microgram (of chemical) per cubic meter (of air)” or
(ug/m3)-1.
For inhalation effects from noncarcinogens, dose-response data are used to develop reference
concentrations (RfCs), for both long-term (chronic) and short-term exposures. Unlike carcinogens,
noncarcinogens are assumed to have thresholds for adverse effects, meaning that injury does not occur
until exposure has reached or exceeded some concentration (a threshold). An RfC is derived from a noobserved adverse effect level (NOAEL) or lowest-observed adverse effect level (LOAEL) determined
through human or animal exposure studies. Since actual thresholds for the general population cannot be
precisely determined, uncertainty or safety factors are applied to the NOAEL or LOAEL. This assures
that the RfC is set at a level that is expected to be protective of sensitive populations (the elderly, infirm,
or very young). Short-term RfCs are developed to prevent health effects from exposure periods of 24
hours or less. RfCs are expressed in units of μg/m3. (Note that California’s air program refers to these
values as “Reference Exposure Levels (RELs)” while USEPA uses the term RfC.) Oral exposures are
evaluated using reference doses or RfDs, which have units of mg/kg/day.
To develop URFs, RfCs, SFs, and RfDs, toxicological studies are evaluated by groups assigned for this
purpose within USEPA and other agencies. These risk values are then usually peer-reviewed, and
gathered into databases. USEPA maintains the Integrated Risk Information System (IRIS), which is
available on-line at www.epa.gov/iris. Another primary source of risk numbers is the California Office of
Environmental Health Hazard Assessment (OEHHA). Their data is available on-line at
www.oehha.ca.gov. Within NJDEP, BTS compiles the inhalation information available from IRIS and
other appropriate sources into lists of URFs and RfCs. These are periodically updated and are available at
www.nj.gov/dep/aqpp/risk.html.
2.2.3 Exposure Assessment
The exposure assessment step determines the extent (intensity, frequency, and duration, or dose) of
human exposure to a chemical in the environment.
There are three components to exposure assessment in DAQ:
A.

Estimation of the maximum quantity of each pollutant emitted from the source of concern
(based on data from previously existing sources or engineering estimates).

B.

For each contaminant emitted from a source, estimation of the resulting maximum annual
average and (where applicable) maximum short-term average ambient air concentrations, using
dispersion models, or air impact values based on dispersion models.

C.

Estimation of the amount of contaminant taken in by a human receptor.
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The following are sometimes taken into consideration, in special cases:
A.

Exposure routes other than inhalation - such as dermal contact; ingestion of soil, vegetation,
fish, water, meat, cow's milk, and human breast milk;

B.

Air quality deposition modeling - to estimate the concentration of pollutants affecting soil,
plants, water, fish and other potential exposure routes;

C.

The intensity, frequency and duration of contact with the pollutant in various media;

D.

Chemical intake and uptake rates in the environment and the body;

E.

Childhood exposures.

2.2.4 Risk Characterization
Risk characterization is the final step in risk assessment, in which human health risk is calculated and
described, based on the information gathered in the first three steps. It should also include some
consideration of uncertainty, scientific judgment, and the major assumptions that were made, especially
regarding exposure.
Risk characterization guidelines are described in Section 5.0.
2.2.4.1 Carcinogens
Human health risk estimates for inhalation of carcinogens are based on the following calculation:
Cancer Risk = C x URF
where:
C = maximum annual average ambient air concentration of a pollutant, μg/m3
URF = pollutant-specific inhalation unit risk factor, (μg/m3)-1
For routes of exposure other than inhalation, risk is calculated by multiplying the estimated chemical dose
(in mg/kg/day) by the chemical-specific oral slope factor (in (mg/kg/day)-1).
2.2.4.2 Noncarcinogens
Human health risk estimates for inhalation of noncarcinogens are based on the following calculation:
Hazard Quotient = C/RfC
where:
C = maximum ambient air concentration, μg/m3
RfC = pollutant-specific reference concentration, μg/m3
The averaging time for noncarcinogen concentrations can be either annual, or a specific number of hours,
depending on the basis of the reference dose (see the list of “Reference Concentrations for Short-Term
Inhalation Exposure” available at www.nj.gov//dep/aqpp/risk.html).
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For routes of exposure other than inhalation, the hazard quotient is calculated by dividing the estimated
chemical dose (in mg/kg/day) by the chemical-specific reference dose (in mg/kg/day).
Hazard quotients can be summed (separately for inhalation and oral exposures, and for different
averaging times) to give a hazard index.
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3.0 RISK SCREENING
3.1 Sources Subject to Risk Screening
In the NJDEP Air Quality Permitting Program, risk screening is carried out for the following sources
when a permit application is submitted:
A. New minor facilities and new major facilities obtaining a Subchapter 8 permit that emit any
of the contaminants on the risk screening worksheet, and are not required to do a comprehensive
risk assessment;
B. Modified sources, including those with Operating Permits, that emit any of the contaminants on
the risk screening worksheet, and are not required to do a comprehensive risk assessment.
C. Entire facilities, as directed by the NJDEP Division of Air Quality.
The risk screening process is used for evaluating individual sources. It may also be used for facility-wide
risk assessment by calculating risk for individual sources at a facility, and then combining the risks.
Facilities that are instructed to compile a facility-wide risk assessment must submit a plan specifying
which sources at the facility will be included in the risk evaluation, and other information requested by
AQPP. This plan must be approved prior to compiling and submitting the risk assessment. Contact the
Bureau of Technical Services (BTS) at 609-633-1110 for more information.
3.2 Overview of Risk Screening
Risk screening consists of a simplified first-level screening procedure, and, if adverse health impacts are
predicted, a more detailed second-level screening. First-level risk screening uses generalized worst-case
assumptions and simple worksheet calculations to estimate cancer and noncancer risks from inhalation of
emissions proposed in a permit application. In place of dispersion modeling, air impact values are used to
estimate dispersion and dilution of emitted pollutants, and the resulting ambient air concentrations. The
screening process is designed to minimize the likelihood of erroneously approving sources that potentially
pose a significant health risk. It is designed to overestimate the risk for most sources. This ensures that
any source which needs closer scrutiny will be identified. Because the procedure is quick and uncomplicated, it also allows NJDEP to examine the risk at many more sources than would be possible if a
comprehensive risk assessment based on air dispersion modeling was required for each one.
3.3 First-Level Risk Screening
3.3.1 The Risk Screening Worksheet
The "NJDEP Division of Air Quality Risk Screening Worksheet for Long-Term Carcinogenic and
Noncarcinogenic Effects and Short-Term Effects," is used for first-level risk screening. It is an Excel
spreadsheet that must be downloaded from the AQPP’s “Risk Screening Tools” webpage at
www.nj.gov/dep/aqpp/risk.html.
The worksheet should not be used for sources without stacks, such as certain dry cleaners, degreasers,
storage tanks, and gasoline stations. For information on how to evaluate risk from other kinds of sources,
contact BTS at 609-633-1110.
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The worksheet is, for the most part, self-explanatory. Information must be typed into the appropriate
yellow cells, and the resulting air concentrations and risk estimates are automatically calculated. In
addition to filling out a facility name and other associated information, the following information is
required:
•
•
•
•

Stack height, in feet
Distance to property line, in feet
Chemical-specific emissions (Q) in tons/ year
Chemical-specific emissions (Qh) in pounds/hour

The Excel spreadsheet is a protected file, meaning that changes are allowed only to certain cells.
Information can only be typed into the yellow cells. It is also a "read only" file, which will not save any
changes to the original file. To save the data that has been input, the file must be saved under a different
name.
When stack height and distance to property line are typed into worksheet, the file will automatically select
the appropriate annual air impact value (C’) and 24-hour air impact value (C’st) and place them into cells
H18 and H19, respectively, replacing the “#N/A” seen there when the file is first opened. Information on
the air impact values and how they were generated can be found in Appendix B.
Incremental cancer risk (IR) and hazard quotients (HQ) will calculate automatically when the chemicalspecific emission rates are typed in. Cancer risks and hazard quotients are totalled at the bottom of the
calculation sheet in order to give an indication of the magnitude of the risk of individual chemicals.
3.3.2 Chemical-Specific Toxicity Information
To calculate risk, the Risk Screening Worksheet uses contaminant-specific inhalation toxicity data in the
form of unit risk factors (URFs) for carcinogens and reference concentrations (RfCs) for noncarcinogenic
effects, taken from lists compiled by BTS. URFs and RfCs are described in detail in Section 2.2.2. The
lists, which include references for the toxicity values, can be found on the “Risk Screening Tools”
webpage (www.nj.gov/dep/aqpp/risk.html). Separate lists can be viewed and printed for “Unit Risk
Factors for Inhalation,” “Reference Concentrations for Inhalation,” and “Reference Concentrations for
Short-Term Inhalation Exposure.”
The risk screening spreadsheet file actually contains two "worksheets," or pages, as indicated by the tabs
at the bottom of the screen. The first is the risk screening worksheet itself ("Risk"). The second
worksheet ("CAS Index;" click on the tab to open it) contains a numerical listing of all the Chemical
Abstract Service (CAS) numbers for the chemicals on the spreadsheet. If a chemical cannot be found
alphabetically in the risk spreadsheet, the "CAS Index" worksheet should be checked to see if it is listed
under another name. The “Risk” worksheet also contains synonyms for certain common chemicals. If a
chemical is listed on the risk spreadsheet in italics, is in a row that contains no toxicity data, and has a red
letter notation in the first column, that chemical is listed elsewhere on the spreadsheet under a different
name. The red letter notations are explained at the bottom of the “Risk” worksheet, under the calculation
table. Note that accurate identification of air toxics is critical in risk assessment.
3.3.3 Exposure Assumptions
The risk screening procedure considers only inhalation exposure. For carcinogens and long-term
noncarcinogens, continuous lifetime exposure is assumed. For short-term noncarcinogenic effects, the
exposure time is assumed to be 1, 4, 6, 7, 8 or 24 hours, depending on the chemical. To evaluate risk, the
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appropriate ambient air concentration is estimated.
For first-level risk screening, instead of site-specific modeling of an emissions source, several simplifying
assumptions are made and ambient air concentrations of air toxics are estimated using predetermined air
impact values. The air impact values were developed by DAQ using dispersion models. The assumptions
and methodologies that were used to generate them are discussed in “Methodology and Assumptions
Used to Generate the Revised Level-1 Air Impact Values for the NJDEP Risk Screening Worksheet,”
which can be found in Appendix B.
The air impact values provide an estimate of the normalized ambient air concentration [C'], based on
emission rate, stack height, and nearest distance to property line. The C' values are in units of μg/m3 per
ton per year [(ug/m3)/(ton/yr)], or μg/m3 per pound per hour [(ug/m3)/(lb/hr)]. Air impact values are
automatically input to the spreadsheet when the stack height and distance to property line are typed into
the appropriate cells. There are two different air impact values, one for annual impacts and one for shortterm impacts. The short-term health effects are calculated using the 24-hour impacts. This is described in
Section 3.3.3.3 in more detail.
In the Excel spreadsheet version of the Risk Screening Worksheet, the appropriate stack height and
distance to property line must be typed into the proper (yellow) cells (H16 and H17). The appropriate
annual air impact value (C’) and 24-hour air impact value (C’st) will then automatically be inserted into
cells H18 and H19. When chemical-specific emission rates are typed into their proper locations (in
columns D or J), they are automatically multiplied by the air impact value to determine the maximum
annual or short-term ambient air concentrations. It is assumed that source operations are at the maximum
allowable emission rates for a year, day, or hour(s). It is also assumed that the receptor is exposed to this
ambient concentration for the entire exposure period. For carcinogens, the exposure averaging time is
annual. For noncarcinogenic effects, the exposure averaging time for a contaminant, either annual or 24
hours or less, is based on the health endpoint and averaging time used in developing the reference
concentration.
3.3.3.1 Long-Term Exposure
For long-term exposure to carcinogens and noncarcinogens, the maximum annual emission rate [Q] in
tons/year is used to determine [C], the maximum annual average air concentration:
C = C' x Q
where:
C = maximum annual average air concentration, μg/m3
C' = normalized annual air concentration, (μg/m3)/(ton/yr)
Q = maximum annual emission rate, ton/yr
3.3.3.2 Short-Term (24-Hour) Exposure
To evaluate short-term and acute exposures to noncarcinogens, the pound/hour emission rate [Qh] is used
to determine the maximum 24-hour average air concentration [Cst].
Cst = C'st x Qh
where:
Cst = maximum 24-hour average air concentration, μg/m3
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C'st = normalized 24-hour average air concentration, (μg/m3)/(lb/hr)
Qh = maximum hourly emission rate, lb/hr
3.3.3.3 Short-Term (Less than 24 Hours) Exposure
Many short-term RfCs have exposure periods less than 24 hours. They must be compared with air
concentrations with corresponding averaging times. The appropriate short-term maximum average air
concentration is calculated from the maximum 24-hour average air concentration using the following
factors:
1 Hour:
4 Hour:
6 Hour:
7 Hour:
8 Hour:

24-hour average concentration x 2.5
24-hour average concentration x 2.25
24-hour average concentration x 2
24-hour average concentration x 2
24-hour average concentration x 1.75

Note that in the Risk Screening Worksheet, these factors are already incorporated into the cells in
which the short-term air concentrations (Cst) are calculated.
3.3.4 Risk Calculation/Characterization
NJDEP Air Program risk guidelines are described in Section 5.0. Cancer risk and noncancer hazard
quotients are calculated using the following equations.
3.3.4.1 Cancer Risk
The maximum annual average ambient concentration of a chemical is multiplied by its unit risk factor to
get the incremental cancer risk from each chemical. In the Risk Screening Worksheet, this is
automatically calculated and input to column G (“IR”).
Cancer Risk = C x URF
where:
C = maximum annual average ambient air concentration of a pollutant, μg/m3
URF = pollutant-specific inhalation unit risk factor, (μg/m3)-1
3.3.4.2 Noncarcinogens
The appropriate ambient concentration (long-term or short-term) of a chemical is divided by its reference
concentration(s) to get the hazard quotient for each chemical. Long-term hazard quotients are
automatically input to column I (“HQ”). Short-term hazard quotients are automatically input to column
M (“HQst”).
3.3.4.2.1

Long-Term Hazard Quotient
Hazard Quotient = C/RfC

where:
C = maximum annual average ambient air concentration, μg/m3
RfC = pollutant-specific reference concentration, μg/m3
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3.3.4.2.2

Short-Term Hazard Quotient
Hazard Quotientst = Cst/RfCst

where:
Cst = maximum short-term ambient air concentration, μg/m3
RfCst = pollutant-specific short-term reference concentration, μg/m3
3.4 Second-Level Risk Screening
If a source fails the first-level risk screening by exceeding the risk guidelines described in Section 5.0, a
second-level risk screening will be conducted. This consists of a modeling analysis to more accurately
estimate ambient air concentrations by using stack- and source-specific data and representative
meteorological data. The USEPA refined model AERMOD is normally used in these evaluations.
Prior to conducting a second-level risk screening, an AQPP permit evaluator may re-examine the permit
application and discuss with the applicant whether the application can be modified. Modifications to the
permit application may include a reduction in emissions, an increase in stack height, or a reduction in
operating hours.
If the permit application is not altered, BTS will normally conduct the second-level risk screening. The
second-level risk screening can also be carried out by the applicant, with verbal approval from BTS. A
modeling protocol should only be submitted if required by BTS. The cost to the applicant for BTS to
conduct or review the second-level risk screening is listed in N.J.A.C. 7:27-8.6 and N.J.A.C. 7:27-22.31.
The applicant must provide to BTS a detailed plot plan of the site with the following information:
A.

A depiction of the site, drawn to scale (with the scale indicated), certified by a professional
engineer or land surveyor;

B.

The location of: All proposed emission points (stacks, vents, etc.);
All buildings and structures on-site
The facility property line;

C.

Location of buildings and structures immediately adjacent to the applicant's property, if they
are located near the proposed emission points;

D.

Height, width, and length of all buildings and structures;

E.

An indication of true north. (If plant north is shown on the plot plan, the relationship between
true north and plant north must be provided.)

F.

In addition, a map with the location of nearby residences and other sensitive receptors, such as
hospitals, nursing homes, schools, and day care centers.

Incomplete plot plans will not be accepted, and will be returned unreviewed. Contact BTS at 609-6331110 if specific guidance is needed concerning the plot plan.
Note that incremental risk or hazard quotient values less than or equal to 1.5 should be rounded down to
1. The second-level risk screening analysis often predicts air concentrations that are lower than those
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estimated with the risk screening worksheet. If the risk then falls into the “negligible” category, no
further risk assessment or modification is needed.
3.5 Risk Management Committee Review
If the risk predicted by second-level risk screening for a specific source is still not “negligible,” the permit
application and air quality dispersion modeling results are forwarded to the NJDEP DAQ Risk
Management Committee (see Section 5.2 for more information). The committee evaluates the application
and related materials to determine whether and/or how the source's permit should be approved. The Risk
Management Committee may recommend that:
A. The permit be approved;
B. The applicant applies better air pollution controls to lower emissions; or
C. The applicant changes stack characteristics for better dispersion to avoid downwash (for
example, increases the stack height)
D. The applicant submits a risk minimization strategy.
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4.0 COMPREHENSIVE RISK ASSESSMENT AND PROTOCOL
4.1 Sources Required to Submit a Comprehensive Risk Assessment
AQPP will notify an applicant if a comprehensive risk assessment is required for a source. The burden of
developing a risk assessment generally falls on the applicant for the following specific source categories:
A.

Municipal solid waste, sewage sludge and hazardous waste incinerators, regardless of size;

B.

Coal-fired power plants and cogeneration units;

C.

Sources subject to Prevention of Significant Deterioration (PSD) which list air toxics in their
permits;

D.

Medical, pathological, industrial or commercial waste incinerators, unless the height of the
stack is 1.5 times the height of the controlling building (Good Engineering Practice stack
height);

E.

On-site clean-ups or off-site commercial treatment of hazardous waste if the screening risk
assessment shows a cancer risk of greater than one in a million;

F.

Sources which must provide dispersion modeling of the impacts from their criteria pollutant
emissions, and which list air toxics in their permits;

G.

Hazardous waste combustion facilities subject to federal RCRA regulations (required by
USEPA).

4.2 Risk Assessment Protocol
Before a risk assessment document is compiled and submitted to NJDEP, a protocol must be submitted to
and approved by BTS. The protocol must contain a description and discussion of the methodology that
will be used in compiling the risk assessment document. The methodology must be organized according
to the standard risk assessment steps, listed and described in Section 2.0 above, and Section 4.4 below.
Hazardous waste combustion facilities subject to federal RCRA regulations must prepare a multipathway
risk assessment protocol for approval by USEPA Region 2. The risk asssessment must follow the
methodology in "Human Health Risk Assessment Protocol for Hazardous Waste Combustion Facilities."
This guidance may be found at www.epa.gov/epaoswer/hazwaste/combust/risk.htm.
4.3 Air Quality Modeling for Risk Assessments
Almost all comprehensive risk assessments must include air quality dispersion modeling. The air quality
dispersion modeling provides estimates of maximum short- and long-term ambient air concentrations
used to determine the potential for adverse health effects from inhalation or other exposure. Air quality
modeling can also be used to estimate dry and wet deposition of a contaminant. This information is then
used to estimate health effects from the ingestion exposure routes, such as soil, locally-grown produce,
and fish.
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4.3.1 Modeling Protocol
The risk assessment protocol must include detailed documentation on how the applicant proposes to carry
out the modeling analysis, and how the results will be presented. In general, comprehensive risk
assessments that included air quality modeling should contain the following information in their protocol:
A.

Project description, including a project overview, facility layout, and emissions and stack
parameters;

B.

Project site characteristics, including a land use analysis; description of the local topography;
a Good Engineering Practice (GEP) stack height analysis; and the meteorological data
proposed for use in the modeling analysis;

C.

Proposed air quality analysis method, including the selection of an air quality model and
justification for use; the proposed methods for modeling; and, if applicable, the proposed
method of calculating deposition;

D.

Presentation of air quality modeling results, including how maximum air concentrations, air
concentrations at sensitive receptors, and deposition values will be presented.

Specific guidance on how to prepare the air quality modeling portion of the protocol can be found in the
most recent version of DAQ's Technical Manual 1002: Guideline on Air Quality Modeling Impact
Analysis. Though primarily aimed at the modeling of criteria pollutant emissions (those pollutants with
federal or state ambient air standards), guidance in this document is also generally applicable to modeling
for risk assessments.
Special attention should be given to placing receptors in areas considered to be sensitive, such as at
nearby residences, hospitals, schools, and parks.
4.3.2 Deposition Modeling
Comprehensive risk assessments that include ingestion exposure pathways will require an estimate of the
deposition of emitted pollutants. Dry deposition is a function of the ambient air concentration (obtained
through modeling) and the pollutant's deposition velocity. Among the most important factors affecting
deposition velocity are pollutant properties such as: the size and density of particles and the solubility,
reactivity, and diffusivity of gases; surface roughness; the amount and type of vegetative cover; and
meteorological conditions. Some risk assessments may want to account for both wet and dry deposition
in their analysis. Important parameters include precipitation rate and the pollutant's precipitation
scavenging coefficient.
Several models recommended in the USEPA Guideline on Air Quality Models (2005) are capable of
accounting for both dry and wet deposition (see Appendix W at
http://www.epa.gov/scram001/guidance_permit.htm). These models include ISCST3 and CALPUFF.
Applicants should contact BTS for guidance on how to incorporate wet and dry deposition into their risk
assessments.
4.4 Comprehensive Risk Assessment Steps
When preparing a comprehensive risk assessment, these steps should be followed.
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4.4.1 Hazard Identification
A. List all potential contaminants which may reasonably be expected to be emitted from the facility
into the ambient air. Do not include the criteria pollutants, other than lead, since they should be
adequately covered by other permit requirements. Do include air toxics that are also VOCs or
particulate matter.
B. List the contaminants which will be evaluated in the risk assessment, based on this "potential
contaminants" list. All contaminants for which toxicity data (URFs and RfCs) have been compiled
by DAQ should be evaluated. The rationale used in omitting items on the "potential contaminants"
list from the risk assessment must be discussed in the document.
C. For emissions of mercury over 20 pounds per year, the fish ingestion pathway must be evaluated.
Contact BTS for a spreadsheet.
4.4.2 Dose-Response Assessment
A. For inhalation of carcinogens, URFs must be used to calculate the risk. Use AQPP’s list of unit risk
factors for inhalation.
B. For ingestion of and dermal exposure to carcinogens, use the most recent slope factors from USEPA
(www.epa.gov/iris) or other sources where available. These must be included in the protocol, and
approved by BTS.
C. Total dibenzo-p-dioxins and dibenzofurans may be evaluated together as 2,3,7,8-tetrachlorodibenzop-dioxin (2,3,7,8-TCDD). This gives a conservative result. As an alternative, the dioxin and furan
emissions may be broken down into individual congeners, and toxicity equivalency factors (TEFs)
may be used to evaluate risk. See Appendix C, Toxicity Equivalency Factors for Dioxins and
Dioxin-Like Compounds.
D. Polycylic aromatic hydrocarbons (PAHs) may be evaluated all together as benzo(a)pyrene (BAP).
This is expected to give a relatively conservative result, even though some PAHs, such as
dibenzopyrenes, are more potent carcinogens than BAP. Alternatively, the PAH emissions may be
estimated as individual compounds, and risk calculated separately for each. For unit risk factors for
individual PAHs, see AQPP’s unit risk factor list.
E. For long-term noncarcinogenic effects for inhalation, use AQPP’s list of inhalation reference concentrations.
F. For short-term noncarcinogenic effects for inhalation, use AQPP's list of short-term inhalation
reference concentrations.
G. If inhalation RfCs for specific chemicals cannot be found, they may be derived from the literature if
adequate toxicity data exist, with prior approval of BTS. It is DAQ's policy not to use workplace-derived standards to determine safe exposures for the general population.
H. For noncarcinogenic effects from ingestion and dermal exposures, the most recent verified oral
reference doses (RfDs) from USEPA (www.epa.gov/iris) or other sources should be used where
available. These must be included in the protocol, and approved by BTS.
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I.

References for all toxicity values (URFs, SFs, RfCs, and RfDs) must be provided. BTS lists can be
found at www.nj.gov/dep/aqpp/risk.html.

J.

URFs, SFs, RfCs, RfDs, and their references must be presented in table form.
4.4.3 Exposure Assessment

A. For most cases, especially incinerators and coal-burning facilities, assume that the facility will be
operating 24 hours a day, 365 days a year, for seventy years.
B. If ingestion or dermal exposure pathways must be analyzed, deposition must be modeled (see Section
4.3). For municipal solid waste and commercial hazardous waste incinerators and coal-burning
facilities, the soil ingestion exposure route must always be analyzed. In areas with backyard gardens
and in rural areas, ingestion of contaminated vegetables should be calculated. In areas with surface
water where recreational fishing may take place, exposure through ingestion of contaminated fish
should be calculated. Other exposure routes may include drinking water, cow's milk, locally grown
meat, and human breast milk. Refer to USEPA's Human Health Risk Assessment Protocol
(HHRAP)for Hazardous Waste Combustion Facilities, Final. This guidance may be found at
www.epa.gov/epaoswer/hazwaste/combust/risk.htm. All exposure assumptions must be clearly stated
and referenced.
C. In most comprehensive risk assessments, when evaluating carcinogens it should be assumed that the
most exposed individual remains at the point with the maximum annual average concentration for an
entire 70-year lifetime.
D. For exposure routes other than inhalation, calculate the dose to the maximum exposed individual in
mg/kg/day. Present doses in table form.
E. For ingestion routes, childhood exposures should be considered, particularly for soil ingestion.
F. Note that some chemicals have inhalation RfCs for short-term effects, such as fetal development.
They must be compared with the appropriate short-term maximum average ambient concentrations
(1- to 24-hour averages).
G. It is assumed that the average body weight for adults is 70 kg, and 25 kg for children.
H. The inhalation rate for an adult is 20 m3/day.
I.

If short-term inhalation exposure is to be evaluated, follow the guidance in Section 3.4.2
4.4.4 Risk Characterization

A. Cancer risk and long-term noncancer hazard quotients must be calculated as decribed in Section
2.2.4.
B. Short-term hazard quotients are to be calculated as described in Section 3.3.4.2.2.
C. Results of risk calculations and hazard indices must be presented in table form.
D. If a person may be exposed to the same contaminant from more than one ingestion pathway, the
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calculated dose from each pathway may be summed to yield the total dose.
E.

Discuss the level of uncertainty in the overall assessment. This should include the uncertainty
involved in the estimation of individual parameters such as emission rates, levels of exposure, and
health effects, as well as the implications of complex uncertainties. Parts of this discussion may be
placed in the text of risk assessment steps 1, 2, and 3 in order to give some perspective on the
significance of the assumptions made in each of those steps. This discussion should then be
summarized in the Risk Characterization section.

F.

For carcinogens, express risk in terms of incremental individual risk. Do not calculate total
population risk. It is not necessary to add the risks from the different contaminants which are being
considered.

G. For noncarcinogens, calculate a hazard quotient for each contaminant and each pathway (see Section
2.2.4.2).
H. The hazard index table must include all of the information used in the calculation (ambient
concentration and RfC; or daily dose and RfD). A brief discussion of the relationship between the
two sets of numbers should be included in the text.
I.

Cancer risk and noncancer hazard quotients must meet the guidelines described in Section 5.0.

4.5 Submittal
Risk assessment protocols should be sent to:
Chief, Bureau of Technical Services
Air Quality Evaluation Section
Division of Air Quality
New Jersey Department of Environmental Protection
P.O. Box 027
Trenton, NJ 08625-0027
Telephone: 609-633-1110
Fax: 609-633-8236
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5.0 RISK GUIDELINES FOR AIR TOXICS SOURCES
5.1 Risk Management Guidelines
Risk management guidelines are designed to interpret the results of risk assessments and determine which
risks are generally considered low and which risks are generally considered high. Risk management
involves making a decision about whether or not to issue a permit, based on risk, and defining conditions
that should be included in a permit, on a case-by-case basis, to minimize risk.
The current NJDEP DAQ risk management guidelines are summarized below. They are used to make
decisions in the review of pre-construction permit applications that are submitted for new and modified
sources of air pollution emissions. In addition, these guidelines have been expanded for use in facilitywide risk assessments. Note that in both cases, the risk that is evaluated is the incremental inhalation risk
from the permitted air toxics exposure; it does not consider the existing risk of cancer associated with
smoking, occupational or domestic exposures, dietary habits, inherited traits, or other factors that may
contribute to cancer; nor does it consider risks from other nearby air toxics sources or existing levels of
toxics in the ambient air. DAQ risk management generally considers the risk from one facility or source
at a time, at and beyond the property line.
There are 3 parts to the Risk Management Guidelines:
1.
2.
3.

Cancer risk guidelines for new or modified sources
Facility-wide cancer risk guidelines
Noncancer risk guidelines for all sources.

5.1.1 Cancer Risk Guidelines for New and Modified Sources
A. Cancer risks less than or equal to one in a million (1x10-6) are considered negligible. Preconstruction permits with proper control technology can be issued for such sources, based on risk
results from the NJDEP DAQ Risk Screening Worksheet or a site-specific risk assessment.
B.

Cancer risks greater than or equal to one in ten thousand (1x10-4), as determined by site-specific risk
assessment, are considered unacceptable. Pre-construction permits cannot be issued for such
sources.

C.

Cancer risks that fall in-between these two values (between one in ten thousand and one in a million)
will be considered by the DAQ Risk Management Committee on a case-by-case basis. Sources with
risk falling within this range must take steps to minimize the projected risk before a Pre-Construction
Permit can be issued. The level of effort to reduce the risk should consider, but not be limited to:
The location of other sources at the facility; other significant sources impacting sensitive receptors;
state-of-the-art controls; feasibility and costs of emission reductions; controls and dispersion; the
sensitivity of the receptor population; the likelihood of the maximum concentration impacting a
sensitive receptor; the uncertainties associated with the health risk; compliance history and previous
compliance efforts by the facility; and regulations with future requirements. The risk reduction
measures should be commensurate with the relative risk predicted by the dispersion modeling.
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5.1.2 Facility-Wide Cancer Risk Guidelines
A. Total cancer risk (from all permitted sources at a facility) that is less than or equal to 10 in a million
(1x10-5) is considered negligible and no additional permit action is necessary.
B.

Total cancer risk greater than 1,000 in a million (1x10-3) is considered unacceptable. DEP will
pursue enforcement action pursuant to N.J.A.C. 7:27-5, Prohibition of Air Pollution.

C.

Facilities with a total cancer risk between 10 in a million (1x10-5) and 100 in a million (1x10-4) will
be requested to pursue a long-term risk minimization strategy (typically 5 years). An application
for renewal of an Operating Permit must include an evaluation report on the results of these efforts.

D. Facilities with a total cancer risk between 100 in a million (1x10-4) and 1,000 in a million (1x10-3)
will be requested to pursue a short-term risk minimization strategy (typically less than one year),
as well as a long-term risk minimization strategy. Specific measures must be identified in the permit
to reduce risk within one year, and the facility must include with the Operating Permit renewal an
evaluation report on the results of the long-term strategy.
5.1.3 Noncancer Risk Guidelines for All Sources
A. If the hazard quotient for each noncarcinogen is less than or equal to one (≤1), then the risk is
considered negligible and there is no restriction on issuing either a new or modified Pre-Construction
Permit or an Operating Permit.
B.

If the hazard quotient for one or more air toxics is greater than one (>1), then the permit will be
reviewed on a case-by-case basis. Consideration will be given to the uncertainty factors incorporated
into the reference concentration, and how close the predicted concentration may be to a no-observed
adverse effect level (NOAEL). Risk reduction measures will be considered by the DAQ Risk
Management Committee as per Section 5.1.1 above.

5.2 Risk Management Committee
The Risk Management Committee is an ad hoc committee that includes supervisory staff from each of
the following: Bureau of Technical Services; the appropriate permitting bureau (Pre-Construction
Permits or Operating Permits); and the appropriate regional office from Air Compliance and
Enforcement. Supervisors may also bring staff to provide technical expertise for consideration in
decision-making. Decisions will be determined by consensus.
Summary of NJDEP Risk Management Guidelines for Air Toxics
Table 5.1. Cancer Risk Guidelines for New or Modified Sources
Risk < 1 in a million (1x10-6)
1 in a million < Risk < 100 in a million
Risk > 100 in a million (1x10-4)

Negligible risk.
Case-by-case review by Risk Management
Committee. Permit may be issued if risk is
acceptably minimized.
Unacceptable risk; permit will not be approved.
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Table 5.2. Facility-Wide Cancer Risk Guidelines
Risk < 10 in a million (1x10-5)
10 in a million < Risk ≤ 100 in a million
100 in a million < Risk < 1000 in a million
Risk > 1000 in a million (1x10-3)

Negligible risk
Pursue long-term (5-year) risk minimization
strategy.
Pursue short-term (<1 year) and long-term risk
minimization strategy.
Unacceptable risk. Pursue N.J.A.C. 7:27-5
enforcement action for existing facilities.

Table 5.3. Noncancer Risk Guidelines for All Sources
Hazard Quotient < 1
Hazard Quotient > 1

Negligible risk.
Case-by-case review by Risk Management
Committee.
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Acronyms & Glossary
Air Toxics: Also known as toxic air pollutants or hazardous air pollutants, these are chemicals that cause
or may cause serious effects in humans, and may be emitted into the air in quantities that are large enough
to cause those adverse health effects. These effects cover a wide range of conditions from lung irritation
to birth defects to cancer. Health concerns may be associated with both short and long term exposures to
these pollutants. Many are known to have respiratory, neurological, immune or reproductive effects,
particularly for more susceptible sensitive populations such as children. 188 air toxics are listed as
“hazardous air pollutants” in the 1990 Clean Air Act.
AQPP: NJDEP DAQ Air Quality Permitting Program
BTS: NJDEP DAQ AQPP Bureau of Technical Services
Carcinogen: A chemical for which there is some evidence (either in animals or humans) that it may cause
cancer.
Chronic: Occurring over a long duration, or frequent recurrence.
DAQ: NJDEP Division of Air Quality
Exposure: Contact with a substance through inhalation, ingestion or some other means for a specific
period of time.
Hazardous Air Pollutant (HAP): In general, an "air toxic." Specifically, this also refers to any of the
187 air toxic pollutants listed in the 1990 Clean Air Act amendments.
Hazard Index: The sum of hazard quotients for a source or facility, for more than one chemical, and for
one or more pathways.
Hazard Quotient: An estimate of the potential for a detrimental noncancer health effect from exposure
to a chemical.
MACT: Maximum Achievable Control Technology (defined in the 1990 Clean Air Act Amendments).
Major Source: Defined in the Clean Air Act as a facility that emits at least 10 tons per year of one HAP,
or 25 tons per year of a combination of HAPs. Also, a facility that emits over a certain amount of a
criteria pollutant, and requires an Operating Permit.
NJDEP: New Jersey Department of Environmental Protection
Noncarcinogen: A pollutant that can cause adverse health effects other than cancer.
Particulate matter: Small particles suspended in the air that can impact the respiratory system.
They may be fine liquid or solid particles emitted from a source or formed in the environment, and
include dust, smoke, mist, fumes or smog.
Point Source: A stationary facility or process that emits a significant amount of air pollution during
manufacturing, power generation, heating, incineration, or other such activity.
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Reference Concentration (RfC): An estimate (with uncertainty spanning about an order of magnitude)
of a continuous inhalation exposure to the human population (including sensitive subgroups) that is likely
to be without an appreciable risk of harmful effects during a lifetime. It can be derived from various types
of human or animal data, with uncertainty factors generally applied to reflect limitations of the data used.
Reference Dose (RfD: An estimate (with uncertainty spanning perhaps an order of magnitude) of a daily
oral exposure for a chronic duration (up to a lifetime) to the human population (including sensitive
subgroups) that is likely to be without an appreciable risk of deleterious effects during a lifetime.
Slope Factor (SF): An upper bound, approximating a 95% confidence limit, on the increased cancer risk
from a lifetime exposure to an agent. This estimate is usually expressed in units of proportion (of a
population) affected per mg/kg-day.
Unit Risk Factor (URF): The upper-bound excess lifetime cancer risk estimated to result from
continuous exposure to a chemical at a concentration of 1 µg/m3 in air. For example, if a chemical’s URF
is 2 x 10-6 /µg/m3, then a person exposed daily for a lifetime to 1 µg of the chemical in 1 cubic meter of
air would have an increased risk of cancer equal to 2 in a million.
USEPA: United States Environmental Protection Agency.
Volatile Organic Compounds (VOCs): Chemicals that contain the element carbon ©, and that produce
vapors readily at room temperature and normal atmospheric pressure. VOCs include gasoline, industrial
chemicals such as benzene, solvents such as toluene and xylene, and tetrachloroethylene
(perchloroethylene, the principal dry cleaning solvent). Many VOCs are also HAPs.
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APPENDIX B
Methodology and Assumptions Used to Generate the Revised
Level-1 Risk Assessment Air Impact Values
for the NJDEP Risk Screening Worksheet
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New Jersey Department of Environmental Protection
Division of Air Quality
Bureau of Technical Services
Air Quality Evaluation Section
P.O. Box 027
Trenton, NJ 08625-0027
April 3, 2007
Methodology and Assumptions Used to Generate the Revised
Level-1 Risk Assessment Air Impact Values for the NJDEP Risk Screening Worksheet
The Bureau of Technical Services (BTS) has revised the Department’s level-1 risk assessment
air impact values for the NJDEP Division of Air Quality Risk Screening Worksheet, used to
estimate risk from the emissions of hazardous air pollutants (HAPs). The level-1 risk assessment
model predictions were last revised in August 1994. These revised level-1 impact predictions
incorporate a number of improvements over the current values used. These include:
•

The U.S. Environmental Protection Agency’s (EPA) new guideline model AERMOD was
used to predict HAP concentrations. AERMOD is a much more sophisticated dispersion
model than those used to generate the level-1 risk assessment model predictions in 1994
(ISCLT2 and SCREEN2).

•

AERMOD contains an improved building downwash algorithm known as PRIME. Unlike
the previous 1994 modeling, HAP concentrations in the building cavity region will be
predicted by AERMOD.

•

The 1994 air impact values had a discontinuity between impact estimates for stacks 30 ft and
less and those greater than 30 ft. This discontinuity has been eliminated in the revised level-1
risk assessment.

•

Impacts as a function of distance from the stack are now available for stacks greater than 30
ft in height. The previous 1994 level-1 risk assessment predictions were independent of stack
distance and only provided the maximum modeled impact for stacks greater than 30 ft.

Below is a summary of the methodology and assumptions used to generate the revised level-1
risk assessment air impact values for the Risk Screening Worksheet for point sources.
Dispersion Model
Initial model runs were made with AERMOD Version 04300. Later runs were made with
AERMOD Version 07026.
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Land Use
AERMOD was run in both the rural and urban modes. In the urban mode a population parameter
of 1,000,000 was used.
Meteorological Data
The 1992 and 1993 meteorological data from two different surface National Weather Service
stations were used. One site was the Newark International Airport and the other was the
Philadelphia International Airport. Both data sets used concurrent upper air data from Atlantic
City.
Stack Parameters and Emission Rates
The stack parameters and emission rates used to generate the normalized air impact values are
listed in Table 1. The stack exit velocity and exit temperature values were selected so that plume
rise would be minimal. Emissions were assumed to occur 24 hours per day, 365 days per year.
The stack was located in the middle of the building.
Table 1. Stack Parameters and Emission Rates
Parameter

Value

Annual Emission Rate
1 ton/year (0.23 lb/hr)
24-Hour Emission Rate
1 lb/hr
Stack Heights (ft)
10, 15, 20, 25, 30, 40, 50, 75, 100, 150, 200, 250
Stack Diameter
1 ft (0.305 m)
Exit Velocity
0.33 ft/sec (0.1 m/sec)
Exit temperature
80oF (300oK)
Building Downwash
The building dimensions were selected so that the plume was subjected to significant amounts of
downwash. The building dimensions used are listed in Table 2. All stacks were well below the
GEP stack height of 2.5 times higher than the building height. For stacks between 10 and 20 ft,
the stack was assumed to be a factor of 1.25 times higher than the building height. For all other
stack heights (25 ft through 250 ft), the stack was assumed to be a factor of 1.5 times higher than
the building height. For stack heights between 10 and 50 ft, the building’s horizontal dimensions
were assumed constant at 50 ft. As stack heights increased above 50 ft, the building’s horizontal
dimensions were allowed to also increase. The assumed building’s horizontal dimensions are
also shown in Table 2.
The EPA’s Building Profile Input Program (BPIP-PRIME) was used to generate building
dimensions for input into AERMOD.
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Table 2. Stack Heights and Assumed Building Dimensions
Stack Height (ft)
10
15
20
25
30
40
50
75
100
150
200
250

Building Height (ft)
8
12
16
16.7
20
26.7
33.4
50
66.7
100
133.4
166.7

Building Width and Length (ft)
50 x 50
50 x 50
50 x 50
50 x 50
50 x 50
50 x 50
50 x 50
75 x 75
100 x 100
150 x 150
200 x 200
200 x 200

Receptor Grid
Modeling was performed assuming flat terrain. A polar receptor grid was used centered on the
stack (midpoint of the building) with 36 radials spaced every 10 degrees. The spacing of
receptors along the radials were as follows: 40 ft, 50 ft, 60 ft, 70 ft, 80 ft, 90 ft, 100 ft, 150 ft, 200
ft, 250 ft, 300 ft, 500 ft, 750 ft, and 1000 ft. For buildings with horizontal dimensions larger than
75 ft by 75 ft the model predictions at receptors within the building were ignored
Modeling Methodology
The AERMOD model was run with EPA’s regulatory default parameters and the parameters
discussed above.
AERMOD’s 24-hour predictions were converted to shorter term averaging times using results
found by the AERSCREEN Workgroup. The conversion factors for the 24-hour predictions are
as follows: 2.5 for 1 hour, 2.3 for 4 hours, 2.0 for 6 hours, and 1.75 for 7 and 8 hours.
Modeling Results
For most stack heights modeling in the rural mode gave nearly identical results as those
predicted in the urban mode. Below in Table 3 is a summary of the worst-case scenario for each
stack height and each averaging time.
The normalized annual air impact values as a function of stack height (10 to 250 ft) and distance
from the stack (out to 1000 ft) are listed in Table 4. As shown in the table, these modeled
impacts are for the most part greater than the values from the 1994 modeling. In the Risk
Screening Worksheet, the normalized annual concentration obtained using a 1 ton/year emission
rate will be multiplied by the source’s annual ton per year HAP emission rate in order to predict
a long-term HAP concentration. These concentrations are then used to estimate cancer risk and
long-term hazard indices. Only those stack heights and distances explicitly listed in Table 4
were modeled for annual impacts. When other stack height or distance from the stack values are
input into the Risk Screening Worksheet, linear interpolation is used to estimate the air impact
value for that stack height and/or distance from the stack.
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The normalized 24-hour air impact values as a function of stack height (10 to 250 ft) and
distance from the stack (out to 1000 ft) are listed in Table 5. As shown in the table, these
modeled impacts are for the most part less than the values from the 1994 modeling.
In the Risk Screening Worksheet, the normalized 24-hour concentration obtained using a 1
lb/hour emission rate will be multiplied by the source’s allowable lb/hr HAP emission rate in
order to predict a short-term HAP concentration. These concentrations and the conversion
factors listed earlier are then used as a basis for estimate short-term hazard indices (1-24 hours).
Only those stack heights and distance explicitly listed in Table 4 were modeled for 24-hour
impacts. When other stack height or distance from the stack values are input into the worksheet,
linear interpolation is used to estimate the normalized concentration for that stack height or
distance from the stack.
Table 3. Worst-Case Impact Scenarios
Stack Height (ft)
Annual Average Conc.
24-Hour Average Conc.
Philadelphia 1993 met.,
Newark 1993 met.,
10
Rural, 110° radial
rural, 190° radial
Philadelphia 1993 met.,
Philadelphia 1992 met.,
15
Rural, 110° radial
rural, 210° radial
Philadelphia
1993
met.,
Philadelphia
1992 met.,
20
Rural, 120° radial
urban, 250° radial
Philadelphia 1993 met.,
Philadelphia 1992 met.,
25
Urban, 120° radial
urban, 250° radial
Philadelphia 1993 met.,
Philadelphia 1992 met.,
30
Urban, 120° radial
urban, 250° radial
Philadelphia 1993 met.,
Philadelphia 1992 met.,
40
Urban, 100° radial
urban, 250° radial
Philadelphia 1993 met.,
Philadelphia 1992 met.,
50
Urban, 100° radial
rural, 250° radial
Philadelphia
1993
met.,
Philadelphia
1992 met.,
75
Urban, 100° radial
Rural, 250° radial
Philadelphia 1993 met.,
Philadelphia 1992 met.,
100
urban, 100° radial
urban, 250° radial
Philadelphia
1993
met.,
Philadelphia
1993 met.,
150
urban, 100° radial
urban, 50° radial
Philadelphia 1993 met.,
Philadelphia 1993 met.,
200
urban, 100° radial
urban, 50° radial
Philadelphia 1993 met.,
Philadelphia 1993 met.,
250
Urban, 100° radial
urban, 50° radial
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Table 4
Normalized Annual Air Impact Values per ton/yr of Emissions for Stack Heights 10–250 ft a (ug/m3)
Distance
10 ft
15 ft 20 ft 25 ft
30 ft 40 ft 50 ft 75 ft 100 ft 150 ft 200 ft 250 ft
(ft)
162.77 80.6 47.7 29.58 18.84 9.13
4.83 2.64
1.144
0.444
0.234
0.09
40
135.61 66.7 38.7
24 15.23 7.68
4.03 2.55
1.144
0.444
0.234
0.09
50
86.07
56 32.8 20.34 12.64 6.51
3.37 2.44
1.094
0.444
0.234
0.09
60
50 34.5 28.4 17.82 11.22 5.53
2.81 2.29
1.033
0.444
0.234
0.09
70
24.42 17.8
15 12.45
8.92
4.5
2.39
2.1
0.959
0.444
0.234
0.09
80
20.32 14.7 10.8
7
5.48 3.21
0.873
0.43
0.234
0.09
90
2 1.92
17.25 12.7
6.22
4.36 2.28
9.5
1.8 1.77
0.798
0.415
0.234
0.09
100
9
7.1
5.7
4.06
3.11 1.72
1.3 1.19
0.518
0.315
0.204
0.078
150
5.41
4.5
3.8
2.86
2.37 1.48
0.79 0.56
0.285
0.235
0.163
0.062
200
2.6
2.3
2
1.57
1.45
1.1
0.7 0.43
0.19
0.12
0.106
0.038
300
1.4
1.3
1.2
0.96
0.96
0.8
0.57 0.35
0.176
0.085
0.062
0.023
400
0.83 0.85 0.79
0.65
0.67 0.61 0.465 0.29
0.16
0.081
0.047
0.015
500
0.32 0.35 0.33
0.29
0.32 0.33
0.27 0.19
0.124
0.067
0.043
0.019
750
0.19 0.19 0.18
0.18
0.18
0.2
0.18 0.14
0.095
0.055
0.036
0.02
1000

a. Concentrations in bold italic higher than 1994 level-1 risk assessment impacts.

Table 5
Normalized 24-Hour Air Impact Values per lb/hr of Emissions for Stack Heights 10–250 ft a (ug/m3)
Distance
10 ft
15 ft 20 ft 25 ft
30 ft 40 ft 50 ft 75 ft 100 ft 150 ft 200 ft 250 ft
(ft)
160
85.7 33.1
17.6
7.0
3.7
1.7
4470
1611 980
603
349
40
156
83.2
33.1
17.6
7.0
3.7
1.7
3937
1453 935
577
337
50
1885
151
80.8 32.8
17.6
7.0
3.7
1.7
1352 896
556
325
60
825
928
786
146
78.1 32.1
17.6
7.0
3.7
1.7
505
316
70
671
377
468
327
247
140
75.2 31.5
17.3
7.0
3.7
1.7
80
578
323
345
228
159
109
68.6 30.8
17.1
7.0
3.7
1.7
90
503
286
313
211
145
74.0 57.4 30.1
16.8
7.0
3.7
1.7
100
281
162
213
153
115
63.6 40.9 22.5
15.4
6.6
3.7
1.7
150
173
105
152
115
91.9 57.2 41.4 16.1
11.2
6.0
3.5
1.6
200
91.2
52.5 84.7 68.1
58.6 42.5 33.8 16.2
7.6
4.4
3.1
1.5
300
49.3
29.8 56.1 47.5
42.6 32.9 27.3 14.1
7.4
2.9
2.4
1.4
400
24.9
18.8 39.3 33.1
31.1 25.7 22.2 12.2
6.7
2.8
1.6
0.8
500
8.6
6.7
16.4 14.7
15.3 14.7 14.4
8.2
5.5
2.1
1.4
0.9
750
4.9
3.0
7.1
7.0
7.8
8.3
9.6
6.3
4.5
1.5
1.1
0.8
1000

a. Concentrations in bold italic higher than 1994 level-1 risk assessment impacts.
Conservatism in the Modeling of the Level-1 Air Impact Values and Risk Screening
Worksheet
•

The highest impact predicted from either the urban or rural mode was used for the level-1
risk assessment.
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•

The highest impact predicted from any of the four years of modeled meteorological data was
used.

•

Of the 36 wind directions modeled, the direction for which the receptor radial had the highest
concentrations was selected.

•

Minimal plume rise was assumed.

•

All stack heights were well below their GEP stack heights and subject to large amounts of
building downwash.

•

The stacks were located in the center of the building. When evaluating all wind directions,
this location will produce the maximum amount of downwash.

•

Emissions were assumed to occur continuously 24-hours a day, 365 days a year.
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APPENDIX C

Toxicity Equivalency Factors for Dioxins and Dioxin-Like Compounds
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Compound
WHO 1998 TEF
WHO 2005 TEF*
chlorinated dibenzo-p-dioxins
2,3,7,8-TCDD
1
1
1,2,3,7,8-PeCDD
1
1
1,2,3,4,7,8-HxCDD
0.1
0.1
1,2,3,6,7,8-HxCDD
0.1
0.1
1,2,3,7,8,9-HxCDD
0.1
0.1
1,2,3,4,6,7,8-HpCDD
0.01
0.01
OCDD
0.0001
0.0003
chlorinated dibenzofurans
2,3,7,8-TCDF
0.1
0.1
1,2,3,7,8-PeCDF
0.05
0.03
2,3,4,7,8-PeCDF
0.5
0.3
1,2,3,4,7,8-HxCDF
0.1
0.1
1,2,3,6,7,8-HxCDF
0.1
0.1
1,2,3,7,8,9-HxCDF
0.1
0.1
2,3,4,6,7,8-HxCDF
0.1
0.1
1,2,3,4,6,7,8-HpCDF
0.01
0.01
1,2,3,4,7,8,9-HpCDF
0.01
0.01
OCDF
0.0001
0.0003
non-ortho substituted PCBs
PCB 77
0.0001
0.0001
PCB 81
0.0001
0.0003
PCB 126
0.1
0.1
PCB 169
0.01
0.03
mono-ortho substituted PCBs
105
0.0001
0.00003
114
0.0005
0.00003
118
0.0001
0.00003
123
0.0001
0.00003
156
0.0005
0.00003
157
0.0005
0.00003
167
0.00001
0.00003
189
0.0001
0.00003
* Numbers in bold indicate a change in TEF value
Reference – Van den Berg et al:
The 2005 World Health Organization Re-evaluation of Human and Mammalian
Toxic Equivalency Factors for Dioxins and Dioxin-like Compounds
Toxicological Sciences 93(2), 223-241 (2006)
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