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Course Introduction

~

Overview of Course

Course Description

This training course is a 24·hour correspondence course dealing with methods that have been used
in assessing multiple source, multiple pollutant risks from air toxies exposures in urban areas. The
course presents synopses of assessment procedures thai have been used to quantify urban air toxics
exposure and risks. and offers insights into the suitability of these procedures in panicular
applications. Course topics include:

• use of ambient air monitoring data, emission inventories. and dispersion modeling in urban
assessments

• the purposes_to which exposure and risk assessments have been put
• the use of simulation in evaluating potential risk reduction of specific control strategies for

urban air toxies exposures
• data handling optiOns and selection

Course GDDl

The goal of this course is to familiarize you with general assessment tools for exposure and risk
from urban air toxies and with specific considerations for selecting the appropriate methods for
conducling such assessments.

Course Objectives

Upon ·completion of this course, you should be able to:

• undersland the purposes for which urban air taxies assessments have been undertaken;
• identify techniques lhat have been used by others;
• describe the strengths and weaknesses of various methods for estimating exposures (ambient

air quality monitoring versus emission inventories/dispersion modeling);
• select appropriate tools, including data handling systems. for specific urban air taxies

assessments; and
• understand the appropriate interpretations and applications of the results of exposure and

risk assessments and control strategy simulations.
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Lesson Titles, Sequence, and Trainee Involvement Time

3

4

4

5
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Lesson Number

1

2

3

4
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Lesson Title

Ambient Air Quality Monitoring

Emission Inventories

Dispersion Modeling

Exposure and Risk Assessment

Control Strategy Simulation and
Evaluation

Computerized Data Handling

Trainee Involvement
time (hours)

I

3

Requirements for Successful Completion ofthis Course

In order to receive 2.5 Continuing Education UniLS (CEUs) and a certificate of course completion,
you must:

• take two quizzes and a final examination.
• achieve a course grade of at least 70% (out of 100%) determined as follows:

• 20% from Quiz 1
• 20% from Quiz 2
• 60% from the final examination

0-2



Use of Course Materials

Necessary Maurillls

• -APTI Correspondence Course 404-
• EPA 450/2-89-010; 'Assessing Multiple Pollutant Multiple Source Cancer Risks from Urban

Air Toxies: Summary of Approaches and Insights from Completed and Ongoing Urban Air
Toxies Assessments Studies,-

• . pencil or pen
• calculator
• quizzes and exams

Use ofthis Guidebook·

Relationship Between Guidebook and Assigned Reading Materials

This guidebook directs your progress through the reference text -Assessing Mulliple Pollutant
Mulliple Source Cancer Risks from Urban Air Taxies:

- -Description of Guidebook Sections

This guidebook contains six reading assignment sections that correspond to the six lessons of the
.course. Each section contains the following:

• reading assignment
• reading assignment topics
• section's learning goal and objectives
• reading guidance
• review exercise

Instructions for Completing the Quizzes and the Final Examination

• You should have received, along with this guidebook, (W() quizzes and a final examination.
• Quiz No._l covers the first three sections of the guidebook. Take this quiz after you have

completed these three sections and the review questions for each section.
• Quiz No.2 covers the last three sections of the guidebook. Take this quiz after you .have

completed the last three sections and the review questions for each section.
• Afler completing each quiz and the final exam, mail the quiz/exam answer sheet to the

following address:

Air Pollution Training Institute
Environmental Research Center
MD-!7
Research Triangle Park, NC 27711

• After completing a quiz. continue with the course. Do nol wait for quiz results.
• Quiz/exam and course grade results will be mailed to you.
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q you have questions, contact:

Air Pollution Training Institute
Environmental Research Center
MD-17
Research Trii'ngle Park, NC 27711

Telephone Numbers:
Commercial: (919) 541-2401
FJ'S: 629-2401

0-4



Section 1

Ambient Air Quality Monitoring

Reading Assignment

Pages 23-72 of EPA-4S012-89-010, ~Assessing Multiple Pollutant Multiple Source Cancer Risks
from Urban Air Toxics."

Reading Assignment Topics-

• Use of ambient air monitoring data in urban assessments
• Pollutant coverage
• Site selection
• Sampling periods, frequencies, and duration
• Evolving J:Iloniioring techniques
• Insights intO the use of monitoring in air toxies programs

Learning Goal and Objectives

I..etIming Goal

To familiarize the,reader with decisions involved in developing and implementing an ambient air'
quality monitoring plan,-and.through-the examination-oC-example plans,lo illustrate the types of
trade-orcs and compromises involved in these decisions.

Learning Objectives

When you have completed this section, you should be able to:

• understand the usage of ambient air monitoring data in an urban air taxies program
• evaluate the tradeoffs and compromises inherent in design of an effective monitoring plan
• describe the technical issues involved in sample accuracy, site selection, and sample analysis
• understand the objectives for the air taxies monitoring programs
• define terms such as pollutant coverage, spatial coverage, temporal coverage, and sampling

period, frequency and duration
• be familiar with some basic sampling and analysis methods
• describe some evolving monitoring technologies
• describe ways to cut costs in monitoring programs
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&ading Guidance

• When you have finished the reading assignment, complete the review exercise for Section 1.
It begins on the fonowing page. .

• After you have answered the review exercise questions. cheet your answers The oorrect
answers arc listed on tbe page immediately following the review aerc:ise.

• For any review exeroise questions that you answered incorrectJy, review the page(s) of the
reading assignment indicated on the aDSWCl'S page.

• After you have revie9t'ed your inoorrect answeJS (if any). proceed to Section 2 of this
guidebook.
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Review Exercise

Now that you've completed the assignment for Section 1, please answer the (ollowing questions.
These will help you dCler:nme whether or not you are mastering the material.

1. Identify as many of the following that are evaluated bener by air monitoring than by air
pollution dispersion models:

a. trans(onnation products
b. pollutants emiued directly
c. gradual buildup of background level pollutants
d. pollutant transport from other areas

2. Ambient air monitoring dau. provide all the following for multi-SOUrce, multi·poUutant
urban assessment except:

a. assessment of dispersion modeJ performance
b. characterization of toxic pollutant exposures and risks
c. high accuracy measurement and analysis for many substances found at Jow concentration
d. evaluation of emission inventory accuracy

3. Ambient air monitoring data can be used in '

a. verifying specific operating permit conditions
b. mutagenic bioassays
c. source apportionments
d. nonc of the above
e. all of the above

4. The OOSI of monitoring programs for toxic air pollutants can be reduced by:

8.' sampling over shorter time periods
b. sampling over longer time periods

S. Order the following iil1roujfi st to describe the piocess by whicb~exce$s cancer Cases are
estimated:

_ multiply exposure levels by cancer unit risk factor
_ estimate population exposure
_ superimpose cancer risk over population distribution

measure ambient air toxics levels

6. True or False? The greater the number oC samples analyzed, the more variations in the
concentration of pollutant in lime and space can be described.

7. Site selection [or sampling is influenced by:

a. gradient of ooncentrations
b. laboratory delection limit oC pollutants
c. air quality statistics oC concern
d. a and b above
e. a, b. and c above

1-3



8. Sampling locations with gradients require the most careful site location:

a. Oal
b. gradual
c. Sleep

9. Which two of Ihe following pollulant groups have been emphasized in monitoring programs
to date:

a. aldehydes
.b. volatile organics
c. semi volatile organics
d. metals
e. ketones

10. Which of the following pollutants were covered in all of tbe nine programs described in this
chapter.

a. asbeslos
b. carbon tetrachloride
c. benzene
d. toluene

e. chlorofonn
f. xylene
g. perchloroethylene

11. Match the type of site selection below to a program purpose:

SITE SELECTION PROGRAM PURPOSE

a. Site only where concentration gradients of
targeted pollutants are steepest.

b. Many sites, few specific substancc:s
measured.

c. Few sites, in-depth and broad spectrum
analysis.

Characterize regional pollutants and
variation.

Verify emission inventory and assess
maximum individual risk.

Compare with specific model outputs.

12. Which one of the following is not true of a good sampling station?

a. sampling line intake should be from 2 to 10 m above the ground
b. sampling probe should extend at least 2 m from supporting structure
c. distance between obstruction and the sampler should be at least the height of the

obstruction
d. sampling probe must be mounted on the windward side if located on a building

13. Based on the studies reviewed, rooftop sampling (wastwas not) demonstrated to
interfere with the collection of representative data.

14. Assign each design factor to its correct definition:

a. sampling period

b. sampling duration

c. sample frequency

number of hours that compose each sample

length of time field program is operational

separation of sample days (every 2nd, every 5th, etc.)
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15. A minimum sampling period of one season may be reasonable for which of the following
objectives?

8. to assess model performance
b. to estimate annual average concentration

16. To show diurnal differences wbile retaining the abilily to compute daily averages, one would
ch~ the following type of sampling duration:

a. 24-hour samples
. b. 12-hour daytime samples
c. 12-hour daytime and nighttime sets

17. Place a T for "Ten~~ or a C for -canister- in each of the sets of statements below
describing sampling techniques for volatile organics.

absorbent material
_ collectS ambient air samples

lower detection limits
_ higher detection limits
_ documented unreliability
_ greater day-lo-day consistency in results

18. -Distributed volume sampling protocol·· for use of Tenax- is:

a. combining gas chromatography and mass spectrometry analysis methods
b. varying sampling volume by probe location
c. use of 4 sampling tubes at different now rates

19. Semivolalile organic pollutants can be sampled by collection on _

a. Tenaxe or canister
b. polyurethane foam or XAD~2
c. gas chromatograph or mass spectrometer

20. True or False? Metals can be collected using either high volume samplers or fine paniculate
samplers.

21. Formaldehyde, aldehydes, and ketones were sampled by which of th~ following methods in
some of these studies:

3. polyurethane foam
b. 24,dinitcophenylhydrazine canridges
c. high volume samplers
d. aandb
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23. Match the pollutant to an appropriate sampling method, and to an appropriate anaJyzation
method.

PollutanU

a. volalile organics
b. semivolatile organics
c. metals
d. aldehydes and ketones

Sampling

high volume samplers
To,""",
2-4,dinitrophenyl·
hydrazine cartridges
polyurethane foam

Analvzation

GCIMS
HPLC
GClMS with HPLC
X-ray fluorescence spectroscopy

23. The Total Exposure Assessment Methodology (TEAM) studies collect data on 20
air pollutanu.

a. personal and stack
b. stack and ambient
c. ambient and personal
d. personal. ambient. and stack

24. Match tbe following acronym. to its definition. (Hint: All concern evolving monitoring
techniques.}

IACP
TAGA
ROS~

8. Portable infrared sensor housed in van.

b. Mobile mass spectrometry/mass spectrometry system used to
collect near real·time air quality concentrations.

c. Broad program designed to identify species most likely to be
carcinogenic and their sources.

25. True or False? Both the TAGA- and the ROSE- systems suffer from having high pollutant
detection limits.

26. True or False? Sample compositing has been used successfully (or many years for ambient
air sampling.

27. Sample compositing involves ---L-

a. combining shorHerm samples (e.g., S 24 hours) after collection
b. collecting long-term, intermittent samples
c. neither a nor b
d. both a and b

28. True or False? In selective analysis. easily measured pollulants that relate to pollutants
more difficult to measure are selected for analysis.

29. True or False? Measured air quality data are inherently better than modeled concentrations.
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30. Circle any of the following wbich are true limitations of measured air quality data.

a. low number of sites and samples
b. sampling and analytical uncertainties
c. inability to characterize concentrations at key receptors
d. high cost to obtain representative data

31. Ideally, for studies that emphasize cancer risks, pollutant concentrations should be estimated
over a period of_.

a. 24 hours
b. one season
Co one year

32. True or False? Among the studies described in this chapter I the sampJing networks bad a
size range of from 1 to 13 sites in an urban area.

33. Which of the following will cause temporal patterns of pollutant concentration to vary if lIle
receptors are dominaled by area·sources:

a. seasonal variability
b. industrial clusters
Co diurnal patterns
d. aandc
e. a through c above

34. Acute noncancer risks pose substantial challenges in terms of temporal coverage because of
their relation to '

a. short~lenn exposures
b. long-tenn exposures
c. both a and b
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Review Exercise Answers

Page(s) or
Urban Air
Taxies Manual

I.
2.
3.
4.
5.
6.
7.
8.
9.

10.
II.
12.
13.
14.
15.
16.
17.
18
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
3!.
32.
33.
34.

a, c; d . M _ •••••__• •• • ._._•• •__ •

C ._•••__••_ •••••••••••••••••••• ••••_.__• _ ••_ •• •••__._. _

e __ __ _ _ _ _ _ _.._ _ __.__
b __ _ __ .. ._.
C, h, d, a .._ _ _ _.
True _ _ _ .
e M .

C _ _ .

b, d _......•....•.........._ _ _ ..__•.........••.•
b, C, e, g _...............•.••.....••_ _._••..._ __•._ _••._••
C, a, b _.._•....••.•_••.•.••.__.•......•_ _ _ _.._ _
C ••••_ _••••••• •••__••••••••_•••_._._.__••••_••__.._._••• _
was not .__._. _.....__....._ .._ ... ._••• ••
b, a. C_. •••_•• ••__._._.__• .

a _ __._ _ _ _ .. ==_
C _. • ••_•• ._ _ ••_ ••__._ _._._

T. C, T. C, T. C _ _ .._ .._ _ _ _._..__ ._. _
C M __ _ ••••••••••••••••_ ••_ _ _ ••••••••••••_ .._ ••••••_ .;•••••_ _ __••••__..__•

b .•.......••••••••••••.••••.•..........•...._ _ _ _ _ ••._,_.
True _ _ _ _._ _ _.__ _
b .
t, a, d, b and a, d. b, C _ __..•.
c _ _ __ _.
C, b, a __ _._ _.......•.........
True .__ _ _ ..,.•.............• ._.._._ _.__ __._ _ ..
Falsc: _••••.•••.•••__ _••••••_•• •__. .• M __ _._

d _ _ _._ _ __._.••..•..•._•.•_ .
False .__.. _.._ __ _ ..
False _ _ _ .
a, b, and d ..............................................•.••._._...•.._......•_ _.•.••••.•__••_.
C •••_•••_••••••••••••.••••••••••••••••••••••••_•••_ _ ••••••••••••••••••

True _ .
d ....................................•.......••.•.........•.......................•.............•....•....•••..................................
a _ .

, 0

24
23-25
24-25
25
23-24
25·27
26-27
26
33
34-37
39-47
47
47-48
48
451
52
54
54
58
58
59
54-59
59
61-62
62
63
63
~

66
66-67
68
69
70
71



Section 2

Emission Inventories

&ading Assign""nt

Pages 73·94 of EPA-4S0/2..s9-OlO••Assessing Multiple Pollutant Multiple Sou~ Cancer Rists
from Urban Air Taxies:

lUading Assignment Topics

• Use of emissioD inventories in multi·pollutant, multi-source urban air loxia assessments
• Pollutant coverage
• Source ooveraJe
• Estimating emissioDS
• Spatial and temporal resolution
• Quality assurance
• Insights into compiling inventories for urban air toxies assessments

Learning Gaal and Objectives

Lurnlng Goal '

To teach the reader the uses of emission inventories in urban air taxies assessments, define and
describe the oomponents of inventories, and consider some insights into building inventories.

Learning Objectives

Wllen you have completed this section, you should be able to:

• understand the usage of emission inventories in multi-pollutant, multi-source urban air toxies
assessments;

• identify pollutants and sources rovercd by urban air toxies assessments;
• identify several approaches for estimating emissions DC air toxies;
• understand basic aspects associated with incorporating point and area sources into an

emissions inventory; and
• identify methods (or assessing the quality of an emissions inventory.
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Reading Guidance

• When you have finished the reading assignment, complete the review exercise for Section 2.
It begins on the foUowing page. .

• After you have answered the review exercise questions, check your answers The correct
answers are listed on the page immediately following the review exercise.

• For any review exercise questions that you answered incorrectly, review the page(s) of the
reading assignment indicated on the answers page.

• After you have reviewed your inOOfTect inswers (if any), proceed to Section 3 of this
guidebook.
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Review Exercise

Now that you"ve completed the assignment for Section 2, please answer the following questions.
These will belp you deterp:aine whether or not you are mastering the material.

1. EmissioD inventory data are used as input to air dispersion models for estimating _
across an urban area.

a. concentrations
b. c:xpo5ures
c. risks
d. aU of !be above
e. a and b only

2 The chapter lists the following 20 oompounds that account for tlIe vast majority of aggregate
cancer incidence in most of the studies reviewed. Of these, which five contributed most to
aggregate incidence? _

h. Chloroform
i. Chromium (total or +6)
j. Ethylene dibromi4e
k. Ethylene dichloride
L Gasoline vapors
1ft. Ethylene oxide

a. Arsenic
b. Benzene
c.BaP
d. Beryllium
c. l).butadiene
f. Cadmium
g. Carbon: tetrachloride

3. POM is the acronym for .

n. Fonnaldehyde
. o. Methylene chloride

p. Perchtoroethylene
q. POM
r. Trichloroethylene
s. Vinyl chloride

4. The problematic (orm of chromium from a.cancer risk stand point is ~

S. True or false? POM is sometimes called products of incomplete combwotion.

6. One approach to inventory emissions of POM was to use emissions of the surrogate
compound as representative.

7. When using the ·comparative potency factor approach- method to estimate risk from POM,
____ can be inventoried as representative of POM emissions.

a. total particulate emissions
b. the solvent extractable fraction of total particulate
c. both a and b
d. neither a Dor b

8. True or False? TIlere is a general consensus among study managers that the comparative
potency factor approach, rather than the BaP surrogate approach, is most suitable for
estimating cancer risk from POM.
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9. To model both ambient Cr+' and total chromium levels, one musl:

a. measure the ambient level of each
b. assume aU chromium is Cr~ .
c. distinguish between Cr~ and total chromium directly in the inventory
d. aore

10. True or false? Cr+' can not be direcUy measured at typical ambient levels.

11. Whicb of the rollowing forms of beryllium is !!Q! considered to be the one or the more
. carcinogenJc forms.

a. ore
b. oxide
c. Dueride
d. phospbate
e. sulfate

12. True or false? The various studies done so rar seem to show that risks are reasonably
estimated if one assumes lhat all beryllium and nickel emissions are as carcinogenic as the
most polent compounds containing lhese elements.

13. The studies discussed in this section used to estimate exposure to secondarily
formed formaldebyde.

a. emission inventories of precursors
b. ambient air monitoring data

14. True or false? No validated models exist yet for predicting transformation' products from
precursor inventory tlata. .

IS. Whicb of the following types of sources are included in any comprehensive emission
inventory?

a. industrial point
b. TSDFs
Co area
d. mobile
e. a.c,d
f. a through d above

16. Which of the following was not used in the studies reviewed to estimale toldc emissions from
existing data bases?

a. conduct source specific surveys for the toxic pollutants
b. use the species factor method
c. apply an air toxies emission factor to the existing throughput or activity level

17. True or False? The species factor method of toldc emissions estimalion involves applying
species factors to existing toxic survey data.

18. ____ is a measure of how finely emissions dala are subdivided in space.

19. True or False? A measure of how fin.ely emissions data are subdivided in time is called
temporal resolution.
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20. The resolution of any risk estimates can exceed the resolution of input data ~

a. DOne
b. by DO more than a faetor of 2
Co by DO more than a factor of 10

21. Typically, point soulte locations are known to the nearest Ian for areawide cancer
assessmeots.

L 0.01
·b. 0.1
Co 1.0
It. 10.0

22 Configuration of the emiuions release poiDt is espedally imponant: (Circle as many as
IPPIy)

a. within small lightly amtained facilities
b. within large sprawling facilities
c. where release points are under GEP stack beighl
d where differenl types of release points cxisl
e. when evaluating maximum individual exposures and risks

23. Which of the following were identified as a surrogale indicator for area source aUOcalion?

L population
b. ...bide mJles tnveIed
c. employment within certain SIQ
d. land usc clala
e. aU of the above
f. a through conly

24. True or False? The simplest approach to apponion all area source emissions is by
population.

15. True or False? When assessing.long-Ienn pollutant exposure, diurnal and seasonal emissions
variations are critical

26. Meteorological dispcn;ion oonditions during the night are generally those during the
day.

a. poorer than
b. the same as
Co beller IhaD

27. Quality assurance of inventories can be provided by which of tbe following:

a. emission invcnlory review
b. data verification
c. monitoring YS. modeling oomparisons
d. all of Ihe above
Co a and b only
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28. Emission inventory review shouleJ be coneJueted _--,,- to help ensure the best
possible inventory procedures aneJ eJata are being used.

a. during the planning stages
b. at the end of the data collection effort
Co when the results were oompiled
d. all of the above~

e. a and b only

29. True or False? Defining the study area as large as possible may belp to account for local
.background levels of poJIutants that are not secondarily formed or due to gradual buildup.

30. Aggregate cancer risk due to exposure to primary formaldehyde emissions is probably
____ from secondary fonnaJdebyde.

"L less than
b. aboul Ihe same as
Co greater than

31. Point source characterization is Jikely to be ",..,.,-,=__ for areawide aggregate C8Dcer
incidence estimates than for maximum individual risks.

a. less oompla
b. about the same in complaity
c. more compJex

32 True or False? The use of several soooemnomic or land use parameters as surrogates for
allocating area source emissions is to be preferred to the use of a single indicator. such as
population.

33. True or False? EPA's Human Exposure Model internally allocates emissions to the
suboounry level

34. True or False? Temporal resolution of hourly variability is probably more useful for studies
that focus on caneer than for studies that focus on noncaneer effects.
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Review Exercise Answers

Page(s) of
UrbaJI Ajr
TOJics Manual

1. .d _ .............••..........•.....•.................•....._.__....•........._. ....•_._ .
2 b, e, i. n, and q _..~ _ __ _ _.. .
3. polycyclic organic matter ". _ _ _..__ _._ __ .
4. Cr'" or hexavalent chromium __ _ _ .
S. True __._._.__._••••_ __• •._. •••_.__
6. benzo(a)pyrene or BaP _
7. C ••••• ._ _ _
8. Falsc. . _
9. C •__•••__ _.__ _ __ _... __• _

10. Truc..... __.•.••__ _ ••••__ __ __....... . ••_ .....
11. b ...•_._._ _ _ .....•.•.__ _ _._..__.._ .._ .....................•._._.
12 False. __ _ _ __..
13. b ........•.._ :.- _...........................•......•_ _•..........._ _ •..............._ ....•
14. True _._•••••_••••.••••..•..••.••..••••••••._ .._ _._ _._._ _._•••
IS. e ... _ ..._ ..._~ .. .__
16. a _ .__" _
17. False •. _
18. Spatial resolution _
19. True .•.__..•_.__• _
20. a . __._.__ ..__.__ _ .._. _
21. b .... .....••...•......••_ ....•.•_ ..•.......•••._ ...__.•_. ••.._
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Section 3

Dispersion Modeling

Reading Assignment

Pages 95-145 of EPA-4S0/2--89·010, RAssessing MUltiple Pollutant Multiple Source Cancer Risks
from Urban Air Taxics·.

Reading Assignment Topics

.. Use oC models for estimating exposure in multi-pollutant, multi-source urban assessments.

.. Decisions affecting modeling protorols

.. Model Selection

.. Release specifications

.. Selection of receptor network

.. Meteorological data

.. Decay, lrans(onnation. deposition

.. -ModeJ execution

.. Model performance evaluation

.. Insights

Learning Goal and Objectives

Learning Goal

To grasp that a model's performance for a specific use depends upon the accuracy of emissions
data, the representativeness of meteorological data, and how well the application matches the
source and terrain types (or which the model was originally developed.

Learning ObJectiYes

When you have completed this section, you should be able to:

.. understand that dispersion modeling is a powerful tool as applied 10 air loxia studies;
• recognize the limitations on modeled results as a function of available input data, as well as

the compatibility of the model to the particular application;
• idenliry the strengths and weaknesses of modeled results YS. tbose obtained by ambient

monitoring; and
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• recognize that there are a wide variety of dispersion models available (some of which are not
EPA-approved) specific to some of the following factors: shorHenn \'S. long-term analysis,
complex '0'5. simple terrain, urban vs. rural areas, and point \'S. area sources;

Reading Guidance

• Many of the dispersion models discussed are identified and discussed in the EPA document,
-Guideline on Air Quality Models (Revised)" EPA-450!2-78-027R, OAQPS, Durham, NC,
1986.

• .UNAMAP is an acronym for User's NetwOrk for Applied Modeling of Air POllUtiOD. This is
a collection of FORTRAN source codes for air quality models. The most recent version of
UNAMAP (Version 6, dated July 1986) contains 23 models and associated processors.

• The term formulation refers to a dispersion model run with specific input data and control
settings. A dispersion model can be run with multiple formulations.

• When you have finished the reading assignment, complete the review exercise for Section 3.
It begins on the (oUowing page.

• After you have answered the review exerdse questions, check your answers. The correct
answers are listed on the page immediately following the review exercise.

• For any review exercise questions that you answered incorreclly, review the page(s) o( the
reading assignment indicated on the answers page.

• After you have reviewed your incorrect answers (if any), proceed to Section 4 of this
guidebook.



Review Exercise

Now that you've completed ·the assignment for Section 3, please answer the following questions.
These will help you dCle~ine whether or not you are mastering the material

1. Dispersion modeling is a powerful tool as applied 10 toxic air pollutant studies. Modeling
may be used to:

a. estimate ambient concentrations of pollutants
b. assist in the planning of monitoring programs
c. veril'y emission inventories when used in conjunction with monitoring data
d. aU of the above
e. a and conly

2. True or False? Gaussian models currently in use for toxic poJlutant anal)'Sis were originally
developed for criteria pollutants, and therefore had to be extensively revised for air lema
anaJys.is.

3. How well a model performs for a specific use depends upon which of the following:

a.. the accuraqr of emissions data .
b. the emission source release specifications
c.. the representativeness of meteorological data
d. bow weD the appJication matches the source and t~rrain types for which the model was

originally developed
c. aU of the abcwe
f.· only a, b, and d

For the following questions (4-7), indicate by inserting the appropriate letter whether either a
modeling analysis (A) or a monitoring analysis (B) is more appropriately described.

4. __ Generally requires a smaller amount of resources to conduct a comprehensive ambient
air quality assessment.

5. __ Provides extensive spatial and temporal resolution of estimated mncentratioDS.

6. __ Can isolate the effect of any single source or evaluate the impact of any aggregate of
sources.

7. __ Cannol analyze hypothetical Situations, such as the imposition of a range of mntral
scenarios.

8. True or False? Long-term modeling is typically conducted in air toxies risk assessments due
to tbe emphasis on chronic health effects. However, shorl·term modeling is also employed
to aid in model performance evaluation.

9. True or False? A combination of models was employed in the studies of interest because
none of the current models in the EPA Guideline on Air Quality Models provide adequate
treatment of complex industrial sources and urban-scale area sources.
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10. True or False? SHOUT is a version of HEMISHEAR as developed by tlle South Coast
Study.

In questions 11-15, match each of the following dispersioD models with the characteristic most
representative of each. .

11. HEMISHEAR
12. GAMS
13. ISCLT
14. COM
15. 'SHORTZ

a. second level screening model for
estimating shon-term averages in urban
areas with complex terrain

b. provides flexibility for evaluating
complex industria! sources

Co exposure modeling system that
internally includes national population
data

d. its greatest strength for modeling urban
soup is its detailed area source
treatment

e. similar operation 10 HEM, although
the approaches differ for close·in
receptors

16. True or False? Exposure modeling withoul consideration of terrain rise (e.g.. complex
terrain) can lead to large model inao;:uracies, for source categories that release from high
stacks. A bias to overestimate impacts for taU stacks can occur on Ihis basis for areas with
m~erate to bigh terrain.

17. The following meteorological parameters are required. for optimal use of the dispersion
models used in these studies:

a. wind speed/Wind direction
b. polar coordinales
c. atmospheric stability
d. ambient temperature
e. all of the above
f. a, b. and d
g. a, Co and d

18. Atmospheric stability is a term used within a dispersion model to indicate the rate of
horizontal and vertical pollutant mixing within a plume. conditions produce
vigorous mixing. conditions indicate moderate mixing, and conditions
result in very limited mixing.

a. Neutral' stable, unstable
b. Unstable' neutral, stable
c. Stable' neutraJ , unstable

19. True or False? The incorporation of diurnal or seasonal differences in meteorological
conditions can be important when modeling industrial facilities or area source categories that
have distinct diurnal or seasonal patterns in emission rates.



20. True or False? The models used in all of these studies contain simplified treatments for
decay, deposition, and transformation. These factors have been significant issues in most
studies of urban air toxies.

21. True or False? Model performance eValuations are only an option for studies that have an
adequate measured data set against which to compare the modeled values.

22 True or False? It is a common misconception of reviewers of studies that have undenaken
model performance testing that measured data are~ to calibrate model output to reduce
bias, thereby showing a bener match with observed results.

In questions 23 through 31. a characteristic or effect of dispersion modeling is presented. For
each of these. insert the Jener of the type of model input data (meteorological. source, or
receptor) which most closely matches.

23. Direction and speed of pollutaDt a. Meteorological data
transport_ b. Source data

c. Receptor data
24. Emission reJease temperature and

velocity _

25. Horizontal and vertical dispersion __

26. Grid-based \/S. polar coordinates __

27. Complex terrain considerations __

28. Release height _

29. Vertical extent of turbulent mixing

30. Location of maximum exposures _

31. 1)pes of pollutants _
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Review Exercise Answers
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Urban AU
Taxies Manual
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Section 4

Exposure and Risk Assessment

Reading AssignIMnl

Pages 146-171 of EPA 45012-89..Q]O, "Assessing Multiple Pollutant Multiple Source Cancer Risks
from Urban Air Taxies. It

Reading Assignment Topit::s

• Use of and issues associated with exposure and risk assessments in air toxic studies
.. Comparison of approaches to exposure and risk interpretation and assessment
~ Insights inle Lbe use of exposure and risk assessment in air 10lic studies

uaming Goal and Obj.cti"".

Leamlne Goal

To familiariz.e you with the role of and methodologies 1aed in exposure and risk estimation in
urban air toxics assessment.

LeamJoc Objective

When you have completed this section, you should be able to:

• idcnlify the various ways risks have been estimated, reponed, and compared
• identify assumplions and uncertainties associated with exposure and risk estimates

Reading Guidana

.. When you have finished the reading assignment, oomplete the review exercise for Section 4.
II begins on the following page.

.. After you have answered the review exercise questions, check your answers The correct
answers are Jisted on the page immediately foHowing the review exercise.

• For any review exercise questions that you answered incorrectly, review the page(s) of the
reading assignment indicated on the answers page.

• After you have reviewed your incorrect answers (if any). proceed to Section 5 of this
guidebook.
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Review Exercise

Now that you've completed the assignment for Section 4, please answer the fonowing questions.
These will help you determine whether or Dot you are mastering the material

1. Estimating exposures and risks from air toxies is a issue that bas been
addressed in a manner.

. 8. simple/bigbly simplified
b. simpJelhighly sophisticated
c. complClr/bigbly simplified
d. complClr/blgbly sopblsticated

2. True or False? Field-oriented studies concerned with ambient outdoor air concentrations of
air toxies typically include exposure conuibutioDS from residential. commercial. occupational,
and transportation-related miaoenvironments.

3. The Total Exposure AssessmeDt Metbodology is investigating more ~. while the
Integrated Cancer Project is investigating -'-~

a. .comprehensive exposures/individual microenvironments.
b. individual microenvironments/comprebensive exposures.

4.. Most studies calculated areawide cancer incidence using the same basic formula. This
formula was:

a. Ambient Number of People cancer Unit

~ ConcenuatJoD • Exposed 10 Ambient + Risk Factor

Concentration

b. Ambient Cancer Unit Number of People

~ Concentration • Risk Factor • Exposed to Ambient

Concentration

c. Ambient Number of People Cancer Unit

~ Concentration • Exposed to Ambient • Risk Faet.or

Concentration

d. ,Ambient Cancer Unit Square miles of Number of People

~ Concentration • Risk Factor • Geographic area x Exposed to Ambient

of Study Concentration

5. In the equation in Question 4 above, the areawide cancer incidence is oomputed by summing
over each and each _

3. subareaJpollutaDt
b. pollutant!source category
c. subarea!source category
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6. True or False? MOSI of tbe studies used cancer unil risk factors developed by EPA's Cancer
Assessment Group?

7. The health hazards index is an indicator of con~rn associated with

a. cancer
b. nonc:ancer ~

c. cancer and noocaocer

effects.

8. If the health hazard index exceeds I, lhe concern is ,-c:-:;--::-:::--- H the o~ffeet threshold
.were exceeded by the same amount by an individual pollutanL

a. less than
b. the same as
c. greater than

9. Most studies emphasized estimating and only a subset empbasized estimating

a. areawide annual population exposures/maximum exposed individuals
b. maximum exposed individuals/areawide annual population exposures

10. Pollutant ranking involves the ranking of the rela.live importance of pollutants in terms of:

a. the number of sources emitting each pollutant
b. the contnoution of each pollutant to ambient concentrations
Co the contribution of each pollutant 10 potential risk
d. aU of the above

11. Source calegories can be ~. suell as " ' and __

a. broad, mobiJe/stationaty. industria1!non·industrial
b. narrow, industriaUnon·industrial, commerciaVresidential
Co broad, area/point, mobile!staCionary
d. narrow, mobile/Stationary, industrial/llon·industrial

12. Culpability analysis applies tOl

a. individual pollutants or groups of pollutants
b. particular sources or source groups
Co aandb

13. Examining of the ratio of MEl to average values is an example of:

a. ranking the relative importance of pollutants
b. ranking the relative importance of sources or source categories
Co culpability analysis of sources or source categories
d. evaluating variations in exposures and risks

14. The total number of cancer cases (isflS not) dependent on the size of the exposed
population and the average probabilistic risk (isrlS not) dependent on the size of
the exposed population.
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For questions 15 through 20, which of the following methodological issues are associated with
exposure assessments and which with risk assessments? (Circle your answer)

15. SeJection of study boundaries Exposure Risk

16. Additivity assumptions &posure Risk

17. Location of monitoring sites &posure Risk

18. Development of dose-response data Exposure Risk

19. Assumption of oonstant cxpo5ures for 70 years Exposure Risk

20. Population mobility Exposure Risk

21. The HEM uses a (polar coordinateheaangular grid) system to link population and exposure
dara.

22. SHED is considered (Jess accurate than, about the same as, more accurate than) SHEAR for
estimating maximum lifetime risks. but (less accurate, not significantly more accurate) than
SHEAR for estimating aggregate incidence.

23. True or False? Based on empirical evidence, air ponutant concentration in the center of a
city are about the same as at the outskirts of the dty because of regional mixing.

For questions 24 through 27. which or the following statements ooncerning the modified NEM are
true and which are false? .

24. Photochemical reactions are taken into aaxJunL

25. Predicted exposure levels are those resulting
from direct exhaust emissions.

26. Assumes pol1utant of interest has emission formulation
and dispersion characteristics similar to CO.

27. Uses aD activity pattern model to simulate day4o-day
activities.

28. Two examples of microenvironmentS are:

a. indoors, automobiles
b. automobiles, parks
c. parks. office
d. gas station. indoors

For questions 29 through 32, True or False? The unit risk factor ...

29. representS (he probability of contacting cancer

30. from constant inhalation and ingestion

31. over a nominal lifetime of 65 years

32. of 1 .gtm'.
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33. For most studies of c:arcinogeniciry at the low levels encountered in ambient air, the shape of
the dose-response function is assumed to be:

a. linear
b. Iog·normal
Co normal
d. varies wilh the ponutant

34. The fonowing formula is used to derive potency estimates for _

'Estimated
Human Risku...l ==--

Known
Human RiskT... x
~

Bioassay Potencyu....!~

Bioassay PotenCYT.-I~

a. CAG does-response relationships
b. Struaure-activiry method
Co comparative risk method

35. One advantage of the (comparative risk method, Structure-Activity Method) is that it directly
evaluates complex organic mixtures, potentially taking into account synergistic or antagonistic
<fred$.

36. True or False? Even for dissimilar endpoints, the assumption of additivity is appropriate for
noncancer health effects.

37. True or False? Data are available to determine the relationship betweeD bealtb effect and
the length of time the threshold is exceeded for many poUutants.

38. True or False? Threshold levels for the same pollutant may vary among individuals or across
population groups. .

39. True or False? Most studies of noncaneer health effects disregard the dose-response curve,
focusing only on whetber the threshold value is exceeded.

40. True or False? Because hea1tb data on noncarcinogens are limited, EPA has endorsed the
use of industrial exposure standards for use in ambient air toxic risk assessments.

41. True or False? The accuracy of Potencies has been an important general issue in ranking the
relative significance of pollutants.

42. One problem facing the ranking of individual pollutants is speciation. The problem of
speciation in this regard deals with:

a. estimating the quantity of individual components of lotal emissions of a compound.
b. assigning potency factofS to each individual oomponent of total emissions of a

oompound.
Co determining the relative oontribution of sources to the total emissions of a oompound.

43. True or False? Modeled exposures tend to be consistently (higllerflower) tban monitoring
coneentralions of the same pollutant because of (uncertain estimates of emission factor,
inability to model background concentrations).

4-5
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Section 5

Control Strategy Simulation
and Evaluation

Reading Assignment

Pages 179·190 of EPA-4S012·89.010. -Assessing Multiple Pollutant MUltiple Source Cancer Risks
from Urban Air Taxies.·

Reading Assignment Tapia

• Use of control strategy and evaluation in urban air loxia assessments
• Comprehensive vs. Site-specific strategy simulation
• Conuol strategy simulation procedures in the 5 City Controllability Study
• Insights on control strategy simulation and evaluation

Learning Goal and Objectives

Lenrning Goal

To recognize that· the potential risk reductions achievable through alternluive control measures is
the principal objective of the methodologies and studies reviewed.

Learning Objectives

When you have completed this section you should be atile to: -

• recognize that the concept of co-control is an "imponant consideration in air toxic control
strategy evaluation;

• recognize that control strategy analyses are conducted on comprehensive and site-specific
scales;

• identify the differences between comprehensive and site-specific control strategy analyses;
• know how the regulatory impact model (RIM) assislS in control strategy simulation and

evaluation;
• realize that the basis of derived cost-effectiveness values is as important as the values

themselves; and
• recognize that incidence reduction can be based on both areawide incidence and risk to the

most exposed individual (MEl).
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R£ading Guidance

• The reading assignment discusses the concept of risk assessment vs. risk management. Risk
assessment is the use of the factual base to define the health effects of exposure of
individuals or populations to hazardoUs materialS. Risk management is the process of
weighing policy alternatives and selecting the most appropriate regulatory action, integrating
the results of risk 8S1icssment with engineering data and with social, economic and political
concerns to reach a decision.

• ·Co-control- potential is discussed as an imponant factor in control strategy evaluation. In
this context, co-control is defined as the extent to which controls designed for ozone, PM»

.or other criteria pollutants also control air toxies.
• The acronym IEMP refers to the -Integrated Environmental Management Program-. Within

target cities (such as Philadelphia, Baltimore. and Sa~ta Clara), specific sites were chosen for
the IEMP analyses.

• When you have finished the reading assignment, complete the review exercise for Section 5.
It begins on the following page.

• After you have answered the review exercise questiOns, check your answers. The correct
answers are listed on page immediately following the review exercise.

• For any review exercise queslions that you answered incorrectly, review the page(s) of tbe
reading assignment indicaled on the answers page.

• After you have reviewed your incorrect answers (if any), proceed 10 SCClion 6 of this
guidebook.
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Review Exercise

Now that you've completed the assignment (or Section 5, please answer the following questJons.
These win help you determine whether or not you afe mastering the material.,

1. are suitable for controJ analyses, because emissions can reasonably be projected into
the future, both as a function of anticipated growth in an are&. and as a function of

.alternative control measures that may be applied.

a. Ambient air monitoring studies
b. Dispersion modeling studies

2. Once the control analysis is completed, __ can use the information to prioritize various
alternative measures, based upon risk reduction.

a. risk managers
b. risk assessors

3. True or False? The concept of co-c.ontro! is an important consideration in control strategy
evaluation because measures designed for air taxies control may help -seD· certain criteria
pollutant control measures that may otherwise have marginal acceptability on their own
merits. .

4. What are the two types of control strategy analyses employed in the studies reviewed?

3. co-control and separate control
b. comprehensive and site·speclfic
c. maximum exposed Individual and aggregate

S. A _ analysis was employed in the 5 City Controllability Study and a _ analysis was used
in the !EMP evaluations.

8. co-control/separale control
b. comprehensivelsite-specific
c. maximum exposed individual/aggregale

6. True or False'! In both types of control strategy analyses employed, emissions projections
are made corresponding to the control scenarios simulated.

7. Fundamental differences between the (wo types of control Slralegy analyses include the
following:

8. the extent of source coverage
b. the considenition of muhiple YS. single control strategies
c. the number of individuals living within the area of concern
d. the incorporation of growth and plant retirement into future projections of emissions

and risk
e. all of the above
f. a. b, and c
g. a, b, and d
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8. In the 5 City Controllability Study, a period of _ years was considered long enough that new
source growth and old source retirement could be factored into the analysis.

8. 5
b. 10
c. 15
d. 20

9. True or False? When future projections were made in the 5 aly Controllability Study.
control eUiciencies applied to existing sources vs. new growth and repJacement growth

.sources were considered to be the same.

10. True or False? The regulatory impact model (RIM) is used to project emissions from 8 base
year inventory by incorporating different combinations of control measures.

11. True or False? In this analysis, RIM calculates PM and VOC reductions and assumes that
particulate toxies and toxic VOC are controlled the same extenL

12. Because the 5 aty ControJiability Study was a broad national scoping study, several
irnponant assumptions were made. Which of Ute fonewing assumptions was not important?

a. The baseline emissions and control efficiency are assumed to be accurate.
b. Control levels of toxies organics and toxic PM are assumed proportional to control levels

of VOC and PM, respectively.
c. Assumed that EPA would focus control of toxic "ir emissions on section 112 of me

Qean Air Act.
d. Control measures are assumed to be applicable to the targeted sources, without regard

for technical feasibility on a case·by-case basis.

Match each of the following point and area source categories with its most likely control option.
. (Questions 13--17).

13. De:greasing_
14. Refinery_
15. Gasoline Marketing _
16. Dry Cleaning_
17. Storage Tanks _

a. Leak detection and repair program
b. Inspection and maintenance. carbon adsorption
c. Cover during the idJe time
d. Secondary seals
e. Stage n controls

18. True or False? Cost-effectiveness is measured in terms of control strategy cost per reduced
cancer casc. Generally. the reductions in the incidence rate arc calculated from average risk
values (i.e., the number of excess cancer cases divided by the overall study population).

19. True or False? Taken together, risks to the most exposed individual (MEl), as well as
areawide cancer incidence. offer qualitative insight into the merits of various controls. The
delerrnination of cosl-e(fective controls based on both approaches usually results in similar
conclusions.

20. True or False? Generally, the studies reviewed focused on areawide cancer incidence
reductions. While MEl reductions can also readily be projected. they are more difficult to
evaluate from a cost·effectiveness standpoinL
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Section 6
•

Computerized Data Handling

hading Assignmml

Pages 191-209 of EPA 4Soa-89~lo.-Assessing Multiple Pollutant MultipJe Source cancer Risks
from Urban Air TmiG.·

Reading Assignnunt Topia

• Identification of considerations in using rompulcri%cd data handling systems
• Identification of available oomputerizc:d data handling systems

,- Insights on romputerizcd data handling

Learning Gaal and Obj<eti...

Leamlng Gool

To familiarize you with tbe avaiJability, capabilities, and considerations of oomputer4ed data
handling systems in urban air toxies assessmenL

Leamlnc ObJeed-

When you have completed this section, you should be able to:

• describe the basic considerations in selecting a data handling system
• identify various data handling systems available
• identify various oost saving techniques

Reading GuidDnCi!

• When you have finished the reading assignment, rompJclc the review exercise for Section -6.
11 begins on page 6-3.

• After you have answered the review exercise questions. check your answers. The correct
answers arc listed on the page immediately following the review exercise.

• For any review exercise qucstions that you answered incorrectly, review the page(s) of the
reading assignment indicated on the answers page.
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• After you have reviewed your incorrect answers (it any), take the final examination for the
course. Follow the direction listed in the Course Introduction section of this guidebook.

• Your course grade results will be mailed to you.

•
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Review Exercise

Now that you've completed "tbe assignment for Section 6. please answer the following questions.
These will help you detennine whether or not you are mastering the material.
1. True or false? The development of exposure and risk estimates in multi-source, multi

pollutant assessments involves extensive data handliDg.

2. The best time for a study manager to consider tbe data handling aspects of an urban air
taxies study ~

8. After the initial data have been gathered so an evaluation can be made of data handling
Deeds.

b. At the outset of the study. as pan of the overall study protocol

3. Which of the Collcrwing is uue?

a. Development of specialized data handling software is expensive and time oonsuming.
b. Utilization of existing software can help avoid expenses.
c. Most of the studies reviewed developed lheir own capabilities.
d.. al1 of the above.
e. 8 aDd b.
f. a Rd c.

4. Data handling complexity in ambient· air monitoring studies is (more oomp1a. less complex.
about the same) as in emission inventory/dispersion modeling siudies.

S. Ambient air concentrations are applied io population data to estimate population-averaged
exposures in:

8. emission inventory/dispersion modeling studies
b. ambient air monitoring studies
c. both a and b

6. True or False? Only a few State and local agencies can access EPA's mainframe computers
through remote terminals.

7. The extent to wllicll exposure---.!nd rislcestimation and C9ntrol strategy evaluation can be
arrived at on personal computers depends on:

a. the number of pollutants
b. the sources of pollution
c. tlle spatial resolution of the analysis
d. all of the above
e. aandb

8. True or False? Regardless of the extent of mainframe involvement in -number crunching,
personal computers can be useful for analyzing summary data sets created by the mainframe
and for tailoring special reports and graphics.

9. True or False? Data summaries can be produced using spreadsheets and database
management programs that are commonly available for most personal computers.
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10. Many studies used PIPQUIC to:

a store their data
b. develop estimates of exposure
Co develop estimates of rist
d aU of the above
e. aandb
t baodc

11. PIPQUIC was developed for:

a. The South Coast MAlES
b. The IEMP studies
Co The Southeast Chicago study
d. The S-Oty Controllability study

12. PIPQUIC executes whicb ..... EPA models:

.. ISCLT aDd ISCST
b. ISCLT and COM
c:. ISCLT and HEM
d. COM and HEM

13. True or False? PIPQUIC allows the user to run his/her own models in lieu of the two EPA
already in PIPQUIC

14. PIPQUICs Tool 440 does whicb of the following:

a.. create a broad range of study maps
b. allows the user to rank order hisJher SQurce and emission data
Co pinpoint sites of maximum ooncentrations.

15. PIPQUJCs Tool 450 does which of the fallowing:

a. create a broad range of study maps
b. allows the user to rank order hislher source and emission data
Co pinpoint sites of maximum ooncentratioDS.

16. PIPQUIC's Tool 453 does which of the following:

a. create a broad range of study maps
b. allows the user to rank order hislher source and emission data
Co pinpoint sites of maximum ooncenUalioDS.

17. In addition to sites of maximum ooncentratioD, PIPQUIC allows the user to pinpoint sites of:

a. individual risk
b. aggregate cancer incidence
Co aandb
d. neither 8 nor b

18. True or False? PIPQUIC Tool 453 allows the use to assess the impact of each poUutant and
source al any receptor within the study area.



19. True or False? PIPQUlC is designed so that a user can downJoad maps of graphs to a PC
and then re-aeate and edit them without baving to re-enter PIPQUlC

20. Of the studies reviewed, which two were identified as developing their own data handling
capabWtics? .

I. the S Oty Controllability Study and the Southeast Chicago Study
b. the Southeast OJ.icago Study and the South Coast Study
c. the South Coast Study and the 5 City Controllability Study

21. .True or False? RIM allows tbe user to projed future emissions and cancer incidence by
simulating various hypotbetical growth scenarios.

22. Which of the following (Is) are PCbased model(.):

L HEMiSHEAR
b. SCREAM
eo RIM
d. aU ofaboYe

23. True or False? The SCREAM model, which was used for tbe Los Angeles area, is applicable
to otber geographical areas.

24. The practice of normalized modeling is a cost-saving technique because:

L it awegates similar soun::es
b. reduces the number of dispersion model runs needed
Co reducc:s the time it tUC$ to mate a dispersion model run

25. True or False? Most of the studies reviewed ~id Dot use Dormalized modeling.

26. The cost and execution time of modeling point sources is ,,- (much less than,
about the same as, much greater than) for modeling area sources.

27. Data handling for the ambient air monitoring studies reviewed is being oonducted using:

L dBasee
b. Lotus 1~
c. individuaUy-designed spreadsheets.

28. Various functions that can be done more efficient and more readily on personal oomputers
than on I mainframe oomputer are;

L preparation of emission data
b. dispenion models
c. editing of various outputs
d. creation of summaries and graphs
e. all of the above
f. a, b,c
g. I,c,d
b. b,c,d
i aandd

29. True or False? Normalized modeling assumes a linear relationship between emission
changes and model-predicted roncentratioDS.
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30. If the release specifications change as emission change (e.g., a control device may alter a
plaat's slack/c:xhaust parameters as well as its enUssions), then which of the following OO5t
saving t~iques may no longer be valid:

L normalized modeliDg
b. modeliDg small point soura::s as area sources
c. both a aad b

31. True or False? ModeliDg small point sources as area sources may change the exposures
resulting from those sources.
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