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CHAPTER 1
INTRODUCTION

1.1 INTRODUCTION

The Hazardous Air Pollutant Exposure Modd, version 4 (HAPEM4) User’s Guide is designed
to asss exposure andysts with running and interpreting results from HAPEMA4. Throughout the User’s
Guide, theinput file names and file types are in lowercase itdics and program names are in all
uppercase letters for easer identification. Likewise, model variables are presented in bold itdics.
When presented, input and output data and program source codes will be presented in asingle lined
box, indicating that the text ingde the box is shown exactly asit exigsin its eectronic form. In addition,
shaded text boxes gppear throughout the document providing useful information and tips to users.

1.2 ORGANIZATION OF THE USER’S GUIDE

The User’s Guide is organized into seven chapters. Chapters 1 and 2 provide agenerd
overview of the background functiondity of HAPEMA4, aswell as basic ingructions for running the
model. The remaining chapters are designed to provide the user with more detailed information on the
components of HAPEMA4. These chapters are designed to be easly referenced without requiring the
entire document to be read. We suggest, however, that the novice user read al of the chapters at least
once to gain a better understanding of HAPEMA4.

Chapter 1 Providesabrief introductionto HAPEM4 modding fundamentas induding a brief
history of the development of HAPEMA4.

Chapter 2 Provides an overview of the various components of HAPEM4 and basic
information needed to run the modd.

Chapter 3 Provides adescriptionof the formet, data, and options for each of HAPEM4 input
files

Chapter 4 Provides adescription of the format and data associated with each of HAPEM4
outpuit files

Chapter 5 Provides a description of the purpose and oper, inputs, and outputs, including a
brief description of the computer code, for eachof HAPEM4 computer programs.

Chapter 6 References.

1-1
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CHAPTER 1
INTRODUCTION

1.3 BACKGROUND

The Hazardous Air A microenvironment is a three-dimensiona space in which humar
Pollutant Exposure Modd, contact with an environmental pollutant takes place and which can be
verson 4 (HAPEM4) isa [treated as a well-characterized, rdaively homogeneous location with
screening-level exposure respect to pollutant concentrations for a specified time period.
model appropriate for
asessing average long-term
inhaation exposures of the generd population, or a specific sub-population, over spatia scales ranging
from urban® to nationa. HAPEM4 provides ardaively transparent set of exposure assumptions and
gpproximations, as is appropriate for a screening level modd.

HAPEMA4 uses the genera approach of tracking representatives of specified demographic
groups as they move among indoor and outdoor microenvironments and among geographic locations.
The estimated pollutant concentrations in each microenvironment visited are combined into atime-
weighted average concentration, which is assgned to members of the demographic group.

HAPEMA4 uses four primary sources of information: population data from the US Census,
population activity deta, air qudity data, and microenvironmental data. These data will be discussed
briefly below, and in gregter detail later in this Usar’s Guide.

1.3.1 Population data

The U.S. Census Bureau is the primary source of most population demographic data. The U.S.
Census Bureau collects information on where people live, their demographic makeup (e.g., age, gender,
ethnic group), and employment. The default population data for HAPEM4 uses 1990 US Census data
reported at the spatia resolution of census tracts, which are smdl, relatively permanent Setistical
subdivisons of acounty. Census tracts usualy contain between 2,500 and 8,000 residents.

1.3.2 Activity data
HAPEM4 uses two types of population activity data: activity pattern data and commuting

pattern data. Human activity pattern data are used to determine the frequency and duration of exposure
for specific groups within various microenvironments. Activity pattern deta are taken from

! Urban refers to a scale that encompasses the size of alarge city, and is generaly on the order
of tens of kilometers.

1-2
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demographic surveys of individuas daily activities, the amount of time spent engaged in those ectivities,
and the locations where the activities occur.

Table1-1. HAPEM4 Microenvironments

MICRO - MICROENVIRONMENT MICRO - MICROENVIRONMENT
ENVIRONMENT ENVIRONMENT
No. No.
SPECIFIC GENERAL SPECIFIC GENERAL
Manufacturing
1 Car In vehicle 20 facility Indoors
2 Bus In vehicle 21 School Indoors
3 Truck In vehicle 22 Church Indoors
4 Other In vehicle 23 Shopping mall Indoors
5 Public garage Indoors 24 Auditorium Indoors
6 Parking lot/garage Outdoors 25 Hedlth care facility Indoors
7 Near road Outdoors 26 Other public building Indoors
8 Maotorcycle Outdoors 27 Other location Indoors
9 Service station Indoors 28 Not specified Indoors
10 Service station Outdoors 29 Construction site Outdoors
11 Residential garage Indoors 30 Residential grounds Outdoors
12 Other repair shop Indoors 31 School grounds Outdoors

Residence - no gas
13 stove Indoors 32 Sports arena Outdoors

Residence - gas
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14 stove Indoors 33 Park/golf course Outdoors
Residence -
15 attached garage Indoors 34 Other location Outdoors
Residential -
16 stove and garage Indoors 35 Not specified Outdoors
17 Office Indoors 36 Train/subway In vehicle
18 Store Indoors 37 Airplane In vehicle
19 Restaurant Indoors
1-3
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CHAPTER 1
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In addition to recording the duration and location of a person’s activities, these surveys dso
collect important demographic information about the person. The demographic information usualy
includes the person’s age, gender, and ethnic group. Most activity pattern studies aso try to collect
information on other attributes of arespondent, such as highest level of education completed, number of
people in their household, whether the person or anyone in their household is a smoker, employment
gtatus, and the number of hours spent outdoors.

The default population activity file for HAPEMA4 is derived from a database of activity pattern
surveys caled the Consolidated Human Activity Database (CHAD) (Glen et d. 1997). The CHAD is
currently comprised of over 22,000 person-days of activity pattern data, including 140 activities and
114 |ocations, collected and organized from twelve human activity pattern surveys. The CHAD
contains the sequentid patterns of activities for each individua, and each activity has a corresponding
location code so that the microenvironment of each activity isknown. The microenvironment categories
currently incorporated into the default population activity file for HAPEM4 are presented in Table 1-1.

Because available activity data are not adequate to estimate the exposure of each individua ina
population, HAPEM4 groups activity patterns data together for people with smilar demographic
characteristics that are expected to influence exposure to air pollutants (e.g., age, gender, race, work
dtatus), and makes exposure estimates for these groups. The activity profiles for each personin a
demographic group have an equal chance of being sdlected from the activity database. (See discusson
of stochastic dements below.) The result is that HAPEM4 provides an overal population-weighted
average exposure for each demographic group.

HAPEMA4 divides the population into 50 demographic groups, based on combinations of age (5
categories), race (5 categories), and gender. Activity pattern data are also separated into 3 day types.
summer weekdays, other weekdays, and weekends.

The commuting data contained in the HAPEM4 defaullt file was derived from a specid 1990
US Census study that specifies the number of residents of each tract that work in that tract and every
other US Censustract, i.e., the population associated with each home tract/work tract pair. HAPEM4
uses this data in coordination with the activity pattern data to place an individud ether in the home tract
or thework tract at each time step.

1.3.3 Air Quality Data

Previous versions of HAPEM relied on measured outdoor air pollutant data for the exposure
cdculations. Thislimited both the extent of the modeling domain and pollutants, because exposures

14
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could only be caculated for locations and pollutants with large monitoring networks. Typicaly,
sufficient data were only available for large metropolitan areas and for the criteria pollutants?.

HAPEMA4, however, is cgpable of usng modd predictions of outdoor air quality datain addition to
measured data. This added flexibility gives HAPEM4 the ability to model more pollutants and
geographical areas than its predecessors.

HAPEMA4 is able to estimate exposures over the entire U.S. at spatial scesas small asaUS
Censustract. For example, for the Nationa Air Toxics Assessment program, annual average outdoor
concentrations for each US Census tract were estimated with the Assessment Systemn for Population
Exposure Nationwide (ASPEN). In order to preserve any characteristic diurnal patterns in ambient
concentrations that might be important in the estimation of population exposure, ASPEN annua
average concentration estimates are dratified by time of day, with an annua average for each of (8) 3-
hour time blocks. This dratification was preserved in HAPEM4 by combining the air qudity data with
amilarly gratified activity deta to estimate exposure concentrations.

1.3.4 Microenvironmental data

In order to calculate the exposure concentration for each demographic group, an estimate is
required of the concentration in each microenvironment (ME) specified by the activity pattern. In
HAPEM4 these ME concentration estimates are derived from the outdoor concentration estimate for
the geographic subdivison (e.g., US Censustract) and a set of 3 ME factors: PEN, PROX, and ADD.
These account for penetration of outdoor air into the microenvironment, proximity of the
microenvironment to the emission source, and emisson sources within the microenvironment .

The ME factors are entered into the modd as data from an input file. Asisthe casewith dll
other HAPEM4 input files, these data can be modified by the user. The default factor s files for
HAPEMA4 contain estimates for PEN and PROX for 33 pollutants. These were obtained from an
extengve review of literature and databases on indoor/outdoor ratios of hazardous air pollutants
(HAPs). Thereiscurrently no datafor the ADD factorsin the HAPEM4 data base. The ME factors
can, and should, be updated as needed to reflect current knowledge, as available.

1.3.5 Stochastic eements

2 Criteria pollutants are those for which a National Ambient Air Quality Standard (NAAQS) has been set. They are
ground-level ozone, carbon monoxide, sulfur dioxide, nitrogen dioxide, |ead, and particul ate matter.

1-5
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Although it would be difficult to accurately represent the activities of an individua due to day-
to-day variation, the genera behavior of population groups can be well represented using stochastic
processes. Thismakesit possible for estimates of population exposure to be characterized as
digtributions rather than point estimates.

HAPEMA4 incorporates two stochagtic eements. The firdt is the selection of activity patternsto
represent each demographic group. Because HAPEM4 estimates long-term average concentrations,
but the available population activity data sequences are specified for 24-hour periods only, severa of
these patterns must be combined to represent the time alocation of activities over afull season or year.
For each demographic group and day type HAPEM4 sdects multiple activity patterns randomly (with
replacement), and combines them to find the average fraction of time in each of the 37
microenvironments for each time block. One-hundred such annud activity patterns are created for each
demographic group/day type combination. Then for each US Census tract, 30 of the 100 annual
patterns are randomly selected (with replacement) to represent typica annua time alocations for group
membersin that tract for that day type. The results for each day type are combined to create a set of 30
annua exposure concentration estimates for each demographic group in each Census tract.

When sdecting the multiple 24-hour activity patternsto construct an annuad average pattern,
patterns are combined that pertain to different individuas, so that day-to-day correationsin activity are
not preserved. For example, for day 1 the pattern may specify a house with an attached garage, and for
day 2 a house without an attached garage. As aresult the aggregated activity patternis more
representative of a population average pattern for the demographic group, than an individua pattern.
Thus, the distribution of exposure concentrations for the group estimated by HAPEM4 represents the
uncertainty in the population average exposure concentration, rather than the variability of the individua
exposure concentrations among members of the group.

Another stochastic processis applied in HAPEMA4 for demographic groups whose activity
patterns indicate time spent at work. For those groups awork digtrict is selected a random from the set
of work digtricts specified for that home digtrict, using the proportion of workers commuting to each
work tract for its selection probability.

1.4 STRENGTHSAND LIMITATIONS OF HAPEM4

All modds have strengths and limitations. Therefore, for each application, it isimportant to
carefully sdlect the mode that has the desired attributes. With thisin mind, it is equaly important to
understand the strengths and weaknesses of the chosen modd. The following sections provide a
summary of the strengths and potentid limitations of HAPEM4. However, thisis not an exhaustive list
and may not address features important for specific applications of an exposure mode!.
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1.4.1 Strengths

HAPEM has undergone many enhancements in recent years. The most recent of these isthe
ability to use air qudity concentration estimates from the ASPEN modeing system. This capability
alows exposure to population groups to be smulated at the census tract level, amuch finer spatia
resolution than was previoudy possible. 1t dso means that estimation of population exposure no longer
needs to rely solely on data from the limited (in both ared extent and pollutants measured) nationwide
network of fixed-ste monitors.

An important festure of HAPEMA4 is its versatility. The mode is designed so that input data
specific to different gpplications can be used without having to rewrite the computer source code. This
flexibility is possible because most specifications are not “hard wired” into the model’s code. Insteed,
the necessary input data are entered through externa databases and the modeling parameters are
specified through an externd file. Thisfesature alows easier use of new data, or other informetion (e.g.,
microenvironmenta factors) used by the modd, as they become available.

Another strength of HAPEMA4 isits ahility to estimate the exposures of workersin the
geographic area where they work, in addition to the geographic areawhere they live, snce the pollutant
concentrations in these locations may be very different.

Another important feature of HAPEMA4 is the incorporation of stochastic processes for the
selection activity patterns, so that at least some of the uncertainty in the exposure estimates can be
captured.

Exposure assessment with HAPEM4 has aso been facilitated by development of default input
files derived from the databases discussed above: national US Census popul ation and commuting
information, CHAD activity data, and ME factors for more than 30 HAPs.

1.4.2 Limitations

HAPEMA4 cd culates long-term average exposure concentrations in order to address exposures
to pollutants with carcinogenic and other long-term effects. Thus, HAPEM4 does not preserve the
time-sequence of exposure events when sampling from the timefactivity databases. The result is that
information used to evaluate possible corrdations in exposures to different pollutants due to activities
that are related in time is not preserved.

HAPEMA4 only estimates exposures experienced through inhdation. For certain HAPs,
inhaation might not be the mgjor route of exposure, and therefore, HAPEM4 may underestimate

1-7
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exposuresin these ingtances.  Also, athough HAPEMA4 is an inhaation exposure modd, it does not
include any measures of the ventilation rate associated with an activity, so thereis no ability to caculate
the potentia dose recelved when engaging in various activities.

The default files for HAPEM4 currently do not account for inhalation exposures from indoor
emission sources, such as passive smoking, which can be a sgnificant source of inhalation exposure for
many HAPs.

Uncertainty and variability of input data other than activity dataiis not congdered, so that the
resulting uncertainty information provided by the prediction digtributions is an underestimate of the
overdl uncertainty. Some of these additiona uncertainties are asfollows.

The US Census population data incorporated into HAPEM4 was collected in 1990,
and thusislikely to undergate the current population in most US Censustracts. In
addition, it may not reflect recent changesin spatia patterns of population, eg.,
increased population dengty in formerly suburban fringe aress.

The population activity pattern datais limited. Only one of the 12 sudiesin CHAD was
nationa in scope; therefore, the combined data set does not condtitute a representative
sample, at least with respect to geographic region. See ??7? for amore detailed
discussion.

Commuting pattern data was derived from the 1990 US Census, and therefore may not
reflect current commuting patterns. Moreover, the commuting data addresses only
home-to-work travel. The population not employed outside the home is assumed to
adways remain in the residentia Census tract. Further, dthough severd of the HAPEM4
microenvironments account for time spent in travel, the travel is assumed to aways
occur either in the home or work tract. No provision is made for the possibility of
passing through other tracts during travel.

The ME factors incorporated into HAPEM4 were derived from reported measurement
dudies. The data available was quite limited. As aresult most factors were not derived
from a representative sample of measurements, and many were inferred on the basis of
measurements of different pollutants and/or MEs that would be expected to be smilar
(see ??7?). In addition the derivation of the PEN factors was based on the assumption
that measured 1/O ratios of 1.0 or less indicate the absence of indoor emission sources.
Because this assumption is unlikely to be uniformly vaid, PEN factors are likely to
overestimate penetration by some unknown amount.

Air qudity data from modeling studies are uncertain, due to smplifications incorporated
into modeling agorithms and limitations of input data (e.g., emissons, meteorology). Air
quality measurements are a'so uncertain due to limitations of measurement technology
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(e.g., minimum detection limits) and unknown representativeness of monitoring
locations.

1.5 APPLICABILITY

HAPEMA4 is a screening-level exposure model appropriate for ng aver age long-term
inhaation exposures of the generd population, or a specific sub-population, over spatid scales ranging
from urban to nationd. Dueto its design features, HAPEM4 is not appropriate for modding short-term
(e.g., hourly or daily) exposure events, nor should the model be used to assess the exposure of
individuas. Furthermore, the modd is designed to look at the average inhaation exposures of different
groups, and thusit should not be used to quantify exposures of episodic “high-end” inhdation exposure
that results from high localized pollutant concentrations and/or activities that, by their nature, could result
in potentially high exposures. Furthermore, HAPEM4 cannot address cumulative exposure from
multiple pollutants nor pollutant mixtures.

1.6 BRIEFHISTORY OF THE HAZARDOUSAIR POLLUTANT EXPOSURE MODEL

In 1985, the EPA’ s Office of Mobile Sources (OMS)® developed amodd for estimating
human expaosure to nonreactive pollutants emitted by mobile sources. This modd was smilar to the
probabilistic NAAQS Exposure Modd (pNEM) in that both smulated the movements of population
groups between home and work locations and through various microenvironments. They differed,
however, in severa respects. The pNEM provided minute-by-minute exposure estimates which could
be averaged over longer time periods, whereas HAPEM provided annual average exposure estimates.
The pNEM included stochastic processes for estimating uncertainty and variability, while HAPEM
provided only point estimates. HAPEM aso included the ability to estimate cancer incidence through
the use of risk factors developed by EPA, a capability not available to pNEM.

The OMS extended the modeling methodology in 1991 to estimate annua average carbon
monoxide (CO) exposures in urban and rural areas under specified control scenarios. The modd was
renamed the Hazardous Air Pollutant Exposure Modd for Mobile Sources (HAPEM-MS). HAPEM-
MS used the estimated annua average CO exposures to estimate annua average exposures to various
HAPs associated with mobile sources. This was achieved by assuming the annud average exposure to
each HAP was linearly proportiond to the annud average CO exposure. The model was limited by the
fact that it could only be run for specified urban areas with ambient fixed-site CO monitors.

3 The EPA changed this name to the Office of Transportation and Air Quality in 1999.
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Shortly after, EPA’s Office of Research and Development (ORD) devel oped an enhanced
verson of HAPEM-MS, cdled HAPEM-MS2. HAPEM-M S2 sub-divided the annua exposures by
caendar quarter (i.e., 3-month periods) to more accurately estimate exposures to mobile sources as a
function of outdoor air temperature. HAPEM-MS2 <o increased the number of microenvironments
from 5 to 37, increased the number of demographic groups from 11 to 23, and increased the Size of the
activity pattern database.

In 1996, ORD further enhanced HAPEM by creating another generation of the model called
HAPEM-MS3. These enhancements included adding the ability to customize the demographic groups,
updating the census data using the 1990 U.S. census, and developing an agorithm for estimating
ambient impacts in resdences with attached garages.

Until the spring of 1998, HAPEM-MS3 could only be run on an EPA mainframe computer.
During early model development, use of the mainframe was necessary, because the mode required the
dorage of large data files and the caculation of large interna arrays. After 1998, with advancesin
computing technology, it became possible for HAPEM-M S3 to be executed on a“workstation.” To
thisend, in the spring of 1998, HAPEM-MS3 was migrated (i.e., transferred) to the UNIX operating
system on aworkgtation. During the migration, further enhancements to the modd were made,
including a new time-activity database derived from CHAD, anew air quality program that
automatically sdects ar pollutant monitoring Sites, and a more efficient implementation of the commuting
agorithm.

Immediately after the release of the UNIX-verson of HAPEM-MS3, ORD, in association with
the EPA’s Office of Air Qudity Planning and Standards (OAQPS), again made substantia
improvements to the model. The newer modd had two distinct improvements over the 1998 UNIX-
verson. Firg, the flexibility of the model was expanded to dlow the use of modeled air qudity data as
well as measured data. This added functiondity alowed the second improvement, expanding the aredl
extent of the modd to include the entire contiguous U.S. a the censustract levels. With these
improvement, the modd was able to dir ectly estimate exposures to HAPs, and hence the modd was
again renamed by dropping the mobile source (-MS) acronym.

Thislatest verson of the modd, caled HAPEM4, has other enhancements aswell. These
include broader flexibility in defining the study area (this can range from a single Census tract up to the
entire contiguous U.S.), population and commuting data for al census tracts in the country, a database
of ME factors for more than 30 HAPs, stochastic sdlection of activity data, and the ability to alow the
user to change internal modeling parameters such as the number of microenvironments.
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The EPA isusng HAPEM4 in its Nationa Air Toxics Assessment (NATA) program. This
program is designed to address the air toxics problem in the U.S. and is an important part of EPA’s
Integrated Urban Air Toxics Strategy. As part of the NATA program, HAPEM4 will continue to be
enhanced and tested.
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GETTING STARTED — A N OVERVIEW

2. GETTING STARTED — AN OVERVIEW OF HAPEM4

This chapter provides the user the basic information needed to run HAPEM4. The topics
addressed in this chapter include the functions of the programs that comprise the HAPEM4, the
contents of the various input and output files, and the meanings of parameter values. The chapter has
been separated into the following sections.

Section 2.1 Describes the generd structure of HAPEMA4, the input and output files, and the
parameter settings.

Section 2.2 Discusses consderations for changing parameter settings.
Section 2.3 Providesingructions for setting up and running HAPEMA4.

Figure 2-1 presents a graphica overview of the HAPEM4 modd, including the types of data needed
and the types of output produced by the mode. The user should refer back to the figure while reading
this chapter to understand how dl the pieces of the mode fit together.

21 MODEL STRUCTURE

Five programs comprise HAPEM4. These are:

DURAV
INDEXPOP
COMMUTE
AIRQUAL
HAPEM

g s wbdpE

Because severd output files of these programs are used as input to other programs of the ¢, it
isimportant to execute them in the order presented. Program 3, COMMUTE, is omitted if commuting
is not included in the exposure assessment.

For agiven modeling domain (eg., adtate, a set of sates, entire US) the fird three of these
programs need to be executed only once, even if severd different air quality scenarios/pollutants are
evauated. Programs 4 and 5 need to be executed one time each for each air quality scenario/pollutant.
The modeing domain for running programs 4 and 5 must be included in the modeing domain used for
running Programs 1- 3, but may be smaller. For example, if programs 1- 3 are run for the entire US,
the outpuit files from these runs may then be used by programs 4 and 5 for evauating a sngle state or
Set of states.

2-1
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The HAPEM4 programs use Six user-supplied input datafiles, and one or more parameter
files All arein ASCII format. A parameter fileidentifies the user-supplied input files, the output files
available to the user, and specifies the parameter settings for amodd run.

2.1.1 Parameter file

We recommend that the user prepare a separate
parameter file for each air quality
scenario/pollutant evauaion. Using didtinct files,
rather thanre-using the same file repeatedly (i.e.,
by editing it between runs), will assst the user in
keeping track of the differences between various
model runs, because the parameter file serves as
arecord of the job settings.

Therequired parameter file
information for running each of the 5 HAPEM
programsiis presented in Table 2-1 as user
defined files and user defined parameters. The
contents of each of the user defined filesis
described below. Any information in the
parameter filein addition to that required will
be ignored by the program. Therefore, dthough
a separate parameter file may be used for each
program in the HAPEM &, it is possible to use the same parameter file for running more than one
program by aggregating al the information needed for each program in thefile. If only one air qudity
scenario/pollutant is evaluated, we recommend using a Sngle parameter filefor running dl 5 programs,
to avoid errorsin duplicating information used by more than one program. If multiple air qudity
scenariog/pollutants are eva uated for the same modeling domain, we recommend using one parameter
file for running programs 1 - 3, and a separate parameter file for each set of program 4 - 5runs. The
name of the parameter fileis specified in the OPEN statement for unit 10 in the source code of each
program. These statements should be modified to specify the correct parameter file name for each
program as appropriate before compiling.

In order for arecord in the parameter file to be processed by the program it must contain an
equd Sgn, i.e,, “=". Other records in the file are ignored by the program. The left Sde of the equa sign
contains a user supplied key word or phrase for each user defined file and parameter, asindicated in
Table 2-1. Note that the word “file” is part of the file key phrase, eg., “activity file’. On the right sde of
the equa sgn afull file path name (al files except the find exposure output files), a path name (the find
exposure output files), or a parameter vaue is specified. As currently configured HAPEM4 cregtes two
exposure output files for each state/pollutant combination. The names of these files are congtructed by
the program based on the pollutant SAROAD code and the state FIPS code, so that the user need not
supply names for these filesin the parameter file. However, the user must supply the SAROAD code
for the pollutant in the parameter file of HAPEM as the vaue for the parameter sarod.

The names of the other user defined input and outpuit files should consist of two parts,
separated by adot (“.”). The part of the name preceding the dot, including the path, isthe root and the
part following the dot is the extension. Note that the maximum record length in the parameter file that
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will be processed by the program is 120 characters, including the key word/phrase, the equa sign, and
the file name/path or parameter vaue. The number of spaces between the keywords and the “=" Sgns
and between the “=" sgns and the file names are not
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Figure 2-1. Overview of HAPEM4
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Figure 2-2. Example parameter file

INPUT FILES:
activity file = /hapemin/durhw.txt
population file = /hapemin/censusitxt
commuting file = /hapemin/comm.txt
ar qudity file = /hapemin/benzout.txt
fectorsfile = /hapemin/factors.txt
daefip file = /hapemin/datefip.dat
— OUTPUT FILES:
z log file = log.txt
counter file = counter.dat
m midrect file = mistract.dat
E dile = /hapemout/
: bfile = /hapemout/
U PARAMETER SETTINGS,
o comm =YES
regionl =1
a region2 =53
sarod  =45201
98]
:'..i backg =0.00
(= | nmicro =37 I Number of microenvironments
: nblock =24 I Number of time blocks/day in activity file
hblock =8 I Number of time blocks/day for analysis
U ntype =3 I Number of day types
u ngroup =50 I' Number of demographic groups
q nsource =4 I Number of source categories
<
(a8
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fixed, and therefore can be any reasonable number. Figure 2-2 presents an example parameter file
Note that the input and output file names must be listed before the parameter settings.

The HAPEM programs dso create severa intermediate outpuit files that are used as input to
other programsin the HAPEM s, but are not directly ussful for the user. The HAPEMA4 programs
generate the names of the intermediate output files by changing the filename extensions (i.e., the text
after the dot) of theinput file names. An example set of filenames, including the intermediate files
generated by the programs, is shown in Table 2-1, with example user defined filenamesin parentheses.

Besides the input and output files, the HAPEM4 programs create a set of user defined
diagnogtic output files The main oneisalog file which records information about the execution of the
programs, including some error messages. Another isacounter file that keeps track of the numbers of
elements in various processed files, some of which are used by subsequent programs. A third diagnostic
fileisthe mistract file. Thisfile kegpstrack of tracts in the population file that are not matched by
tractsin the commuting file, tractsin the population file that are not matched by tractsin the air
quality file, and of tracts in the commuting file that are not matched by tractsin the air quality file
Only tracts included in both the population and air quality files are processed by HAPEMA4, since
both these pieces of information about atract (population and air qudity) are needed to make an
exposure esimate. If commuting isincluded in the smulation and tract is missing from the commuting
file, it isassumed that al workersresiding in that tract stay in the home tract for work.

2.1.2 DURAYV and theActivity File

The DURAYV program performs two main functions.

. It categorizes population activity data extracted from CHAD into demographic groups and day
types (season, day-of-week).

. It creates 100 annual average activity patterns for each demographic group/day type
combination by random sampling to be used in HAPEM.

The activity fileisthe primary input file for the DURAV program. The default file, dur hw.txt,
contains data extracted from CHAD, describing the amount of time spent in various microenvironments
by individuds. Each record in the activity file conssts of one person-day (i.e., 1,440 minutes of data
for anindividud) of activity data. Thisinformation is not an activity sequence, rather it isthe tota
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number of minutes spent in each microenvironment during each block of time throughout the day (i.e.,
the time increments used per twenty-four hour period). For example, in the default activity file,

dur hw.txt, there are 37 microenvironments, (24) one- hour time blocks, and 2 exposure districts
(home and work), resulting in atotd of 1,776 duration vaues. The duration in each of the 37
microenvironments for the first hour comesfirgt in the activity file, followed by the 37 durations for the
second hour, etc. This pattern is repeated for dl twenty-four hours for the home exposure digtrict, and
then for the 24 hours and 37 microenvironments of the work digtrict.
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Table2-1. Keywordsfor parameter filesand example file names

User/Model Defined Inputs

DURAV.f90

Outputs

User defined files y/ activity file (eg., durhw.txt)

log file
counter file

User defined comm
parameters y/ nmicro
nblock
hblock
ntype
ngroup
HAPEMA4 defined files durhw.wrong_chad
Y4 durhw.da
durhw.nonzero
INDEXPOP.f90
User defined files y/ population file (e.g.,census.txt) log file
statefip file counter file
User defined regionl
parameters y/ region2
ngroup
HAPEMA4 defined files census.da
VY4 census _direct.ind
census.county tract_pop_range
census.state_county_pop_range
COMMUTE.f90

2-8
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census.state_county_pop_range

User defined files y/ commuting file (eg.,comm.txt) log file
population file (e.g.,census.txt) counter file
statefip file mistract file

User defined regionl

parameters y/ region2
HAPEMA4 defined files | census direct.ind comm.da;
Y4 census.county_tract_pop_range | comm.ind

comm.st_comml_fip_range

AIRQUAL .f90

User defined files y/ air qualityfile (e.g.,benzout.txt) | log file
population file (e.g.,census.txt) counter file
statefip file mistract file
User defined hblock
parameters y/ nsource
ngroup
regionl
region2
HAPEM4 generated census.da benzout.air_da
filesy census_direct.ind benzout.pop_air_da

benzout.state air_fip _range
benzout.state airl fip_range
benzout.state air2_fip_range

HAPEM .f90

User defined files y/

factorsfile (eg., factors.txt)

air quality file (e.g.,benzout.txt)
commuting file (eg.,comm.txt)
activity file (eg., durhw.txt)

log file

counter file
mistract file

afile file (path only)
bfile file (path only)

DRAFT — November 29, 2000
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User defined comm
parameters y/ backg
sarod
nmicro
hblock

ntype
ngroup
nsource
regionl
region2

HAPEM4 generated durhw.da

filesy durhw.nonzero
benzout.air_da
benzout.pop_air_da
benzout.state air_fip_range
benzout.state airl fip_range
if commuting isinduded:

comm.da;

comm.ind

comm.st_comml_fip_range
otherwise:

benzout.state air2 fip_range

The number of time blocks in the activity file is specified by the user in the parameter file of
DURAY as nblock. The number of microenvironmentsin both the activity file and the factor s file
(discussed below) mugt be the same and is specified in the parameter files of DURAV and HAPEM as
nmicro. The number of duration vauesin the activity file must equa twice the product of the vaues of
the nmicro and nblock settingsin the parameter file. The sum of the duration vaues for each
individua profile should dways equd 1,440 minutes (i.e., there should be no unaccounted time);
otherwise, the program will stop. Each duration must be specified as an integra (i.e., no decimals)
number (this number can be zero) of minutes in each microenvironmen.
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Whether commuting will beinduded in the andysisisindicated by the vaue of comm, specified
in the parameter filesof DURAV and HAPEM as either “yes’ or “no”. If no commuting is indicated,
DURAV will aggregate the home and work durations for each time block.

The number of time blocks for the andysisis specified in the parameter filesof DURAV,
AIRQUAL, and HAPEM as hblock. The number may be less than or equa to nblock, however, it
must be an integrd factor of nblock, so that the activity time blocks can be combined if necessary to
match to match hblock. For example, if nblock is24 and hblock is set to 8, DURAV will combine
the (24) one-hour activity time blocks into (8) three-hour activity time blocks.

Each record in the activity file dso contains information about the individua from whose
activities the data were derived, so that the records can be classified into demographic groups. The
definitions of these groups are part of the DURAV source code, so that in order to change the
demographic group definitions the source code must be modified and recompiled. Smilarly, the
definitions of day types, pertaining to season and day-of-week for categorizing activity patterns, are
part of the DURAV source code. The number of demographic groups, ngroup, is specified in the
parameter filesof DURAV, INDEXPOP, AIRQUAL, and HAPEM. The number of day types,
ntype, is specified on the parameter files of DURAV and HAPEM.

The current version of DURAYV divides the activity data into 40 demographic groups, based on
combinations of age (5 categories), race (4 categories), and gender. There are also 10 additional
categories of age and gender combinations for data records of unknown race. Activity pattern dataare
also separated into 3 day types: summer weekdays, other weekdays, and weekends.

2.1.3 INDEXPOP and the Population File
The INDEXPOP program performs two main functions:

. It creates a direct accessfile of population datato be used in AIRQUAL

. It crestesindex files for the population data Census tracts, to facilitate file searching in
COMMUTE and AIRQUAL

The main input file to INDEXPOP is the popul ation file, which provides the number of people
in each demographic group (defined in the DURAV source code) for each census tract in the study
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area under investigation. The data must be sorted according to state FIPS, county FIPS, and tract
code. These data are typicaly obtained from the U.S. Census Bureau' s census surveys. For example,
the default population file contains US Census population counts for each of the demographic groups
defined in the current version of the DURAV source code for each Census tract in the US,

214 COMMUTE and the Commuting File
The COMMUTE program performs two main functions.

. It creates afile identifying for each Censustract (i.e., home tract) the associated set of work
tracts (i.e., tracts in which the residents of the home tract work), and the fraction of home tract
workersin each work tract

. It crestes index files to facilitate file searching in HAPEM

The commuting fileis the main input file to the COMMUTE program. The default commuting
file was derived from U.S. Census Bureau data identifying the place of work and place of residence for
individudsin dl fifty states and the Didrict of Columbia While there are gpproximately 500 million
pairs of tracts nationwide within a reasonable commuting distance of each other, only about 5 million of
these pairs have a non-zero flow of commuters. Only those pairs with non-zero flows areincluded in
the commuting file

An important issue pertaining to this commuting data is that workers do not dways travel
between their home and work locations on adaily basis. The larger the distance between home and
work, the greater the likelihood that daily commuting does not occur. For example, places of resdence
in the lower 48 States gppear with Alaskan places of work. These workers are dmost surely not
commuting on adaily basis between the continental U.S. and Alaska. To address this issue the
commuting flows were examined as afunction of distance. To examine how the decline in commuting
flow is affected by distance, researchers plotted the natura log of the natura log of the total flow versus
distance. Thisplot reveded that the In(In(total flow)) is nearly linear for distances ranging from 0 to
about 100 km. For distances greater than 100 km, the graph exhibits a decreasingly negative dope
with distance (i.e., the curve “flattens out”). These findings suggest that peopl€e s * commuting behavior”
isfairly condgstent, on an aggregate basis, to a distance of approximately 100 km. Then, a grester
distances, factors other than daily commuting may become increasingly important. Therefore, within the
COMMUTE program alimit for the distance between home and work distance is specified, such that
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commuting flows for greater distances are not processed. The distance limit is currently set at 120 km.
2.1.5 AIRQUAL and the Air Quality File

The AIRQUAL program performs two main functions.
. It creates adirect accessfile of air quality datato be used in HAPEM.

. It crestes index filesto facilitate file searching in HAPEM.

Theair quality file contains the ambient air concentrations that are used by the AIRQUAL
program. The AIRQUAL program is designed to read air quality filesthat are crested by the ASPEN
model. The ASPEN modd ca culates HAP concentration contributions from multiple emission source
categories for multiple time blocks for every censustract in the US. AIRQUAL requires a separate air
quality file for each pollutant being evduated. Details about the format of the air quality file can be
found in Chapter 3.

The number of emission source categories is specified in the parameter files of AIRQUAL and
HAPEM as nsource, and must match the number in the factors file, discussed below. The user
specifies the number of time blocks for the andyssin the parameter files of DURAV, AIRQUAL, and
HAPEM as hblock.. As discussed above, this value must be an integra factor of nblock, the number of
time blocksin the activity file, so that the activity time blocks can be combined if necessary to maich to
match hblock. Smilarly, hblock may aso be greater than or equa to the number of time blocksin the
air quality file. But it must be an integrd multiple of the number of air quaity time blocks, so thet the air
qudity values can be replicated if necessary to create hblock ar quaity vaues. For example, currently
the air quality input file created by ASPEN has (8) three-hour time blocks per day. If hblock is set to
24 AIRQUAL will create 24 air qudity time blocks with three replicates of each of the 8 air qudity
vaues.

216 HAPEM and the Microenvironmental FactorsFile
The HAPEM program performs four main functions.

. For each demographic group in each Census tract, it randomly selects 30 of the 100 annual
average activity patterns for each day type (created in DURAV).

2-13
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. For each activity pattern for a commuting demographic group, it randomly selects awork
Census tract with probability weighting based on the fraction of residents that work in that
tract..

. For each Census tract it estimates the concentration in each microenvironment based on

microenviroment factors and outdoor concentrations.

. It combines activity pattern, commuting, and microenvironment concentration estimates to
caculate 30 annud average exposure concentrations for each demographic group in each
Census tract

The microenvironmental (ME) factor s file provides the factors used to calculate an estimated
microenvironmental concentration from an outdoor concentration. This verson of HAPEM uses an
updated ME factor methodology, and includes a data base for the air pollutants on EPA’s urban HAPs
lig. This updated methodology alows the user to specify vaues for three types of ME factors:
penetration factors, proximity factors, and additive factors. These factors are combined with the
outdoor concentration estimates according to the following agorithm.

ME concentration = PROX x.PEN x outdoor concentration + ADD

The penetration factor, PEN, isan

estimate of theratio of the ME concentration The user should be aware that many variables
contribution (from a given emission source affect the amount of a pollutant that infiltratesinto
category) to the concurrent outdoor an indoor location and that a single ME factor
concentration contribution in the immediate does not account for the myriad of possibilities.

vicinity of the ME.

The proximity factor, PROX, is an estimate of the ratio of the outdoor concentration in the
immediate vicinity of the ME to the outdoor concentration represented by the air quality data. The air
qudity datafrom ASPEN represent a population-weighted average over the Census tract. For most
Stuations the default factorss file specifiesa PROX vaue of 1.0, i.e., an outdoor concentration

! The urban HAPs list was published in the Federal Register Notice describing EPA’s Integrated Urban Air
Toxics Strategy (64 FR 38706).
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contribution in the immediate vicinity of the Census tract equa to the Census tract average
concentration contribution. However, when ng exposure to motor vehicle emissions, for MEs
near roadway’s (e.g., in-vehicle) the pollutant concentration contribution in the immediate vicinity of the
ME is expected to be higher than the average pollutant concentration contribution over the Census
tract, i.e., PROX is expected to be grester than 1.0, and thisis reflected in the default factors file

ADD isan additive factor that accounts for emisson sources within or near to a
microenvironment, i.e., indoor emission sources. Unlike the other two factors, the ADD factor isitsdf a
concentration and therefore has units of mass'volume. The actua units used must be the same as those
intheair quality file

A fourth factor, LAG, is used to account for the possibility of very dow pollutant diffusion and
penetration, so that the relevant air quality concentration vaue may be from the previous time block. A
vaue of zero for LAG indicates no time lag, i.e., use the concurrent air quality vaue; otherwise, the
previous time block valueis used.

The factor s file includes values for each of these factors for each ME/emission source category
combination. As noted above, the number of MEs in the factor s file must match the number in the
activity file (i.e, nmicro). Smilarly, the number of emisson source categories (i.e., nsource) must
match the number inthe air quality file. The default factors file contains ME factors gpplicable to
the MEs included in the default activity file, for the four emission source categories (point, area, onroad
mobile, and nonroad mobile) currently provided in the ASPEN air quality files. These pollutant-
specific estimates were derived from reported measurement studies. However, because indoor
emission sources were not addressed in the NATA application for which this verson of HAPEM was
developed, in the default factors file ADD is uniformly set equd to zero. Smilarly, LAG isuniformly set
to zero.

21.7 Satefip File

The statefip file cross-references the 2-digit state FIPS codes for each US Sate to its
numerica ranking on thelist. The default statefip file contains 53 codes: one for each US Sate, the
Didtrict of Columbia, Puerto Rico, and the US Virgin Idands. Therefore, the numerica rankings range
from 1 to 53, dthough the FIPS codes in the file range from 01 to 78, snce severa possible codesin
the sequence are skipped (i.e., not assigned to a dtate, didtrict, or territory).

The statefip fileis used in conjunction with the parametersregion1 and region?2 specified in

2-15
DRAFT — November 29, 2000



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

CHAPTER 2
GETTING STARTED — AN OVERVIEW

the parameter files of INDEXPOP, COMMUTE, AIRQUAL, and HAPEM to specify the group of
gates to be included in the andysis, according to numerica ranking. For example, setting region1to 1
and region?2 to 53 resultsin assessment of dl the states, districts, and territories in the default statefip
file (assuming the input files contain al the necessary data). Alterndtively, setting both regionl and
region2 to 5 results in assessment of the fifth state only: Cdiforniawith FIPS code 06.

The region range need not be the same for each of the five HAPEM programs, the range for
each program may be the same as or smdller than the range for the preceding program, where the order
of the programs is as specified above. For example, INDEXPOP and COMMUTE could be run for
region range 1 to 53, while AIRQUAL and HAPEM are run for asingle sate.

Note that the regionl and region2 parameters specify the states for which the program will
look for datain the input files. The input files need not contain data for every tract within the specified
dtates, however. For example, if the air quality file contains data for only a subset of tracts within a
sate, AIRQUAL and HAPEM will smply make estimates for those tracts, as long asthe Sate or states
are specified within the region1 and region2 range.

2.1.8 Background Concentration

In addition to estimating expasure concentration contributions for each emission source
category for which datais provided inthe air quality file, HAPEM dso estimates the exposure
concentration contribution from the background outdoor concentration.The background concentration
is an eslimate of the outdoor concentration that would occur in the absence of any anthropogenic
emissions. It includes concentration contributions from natural sources, re-entrainment, or globa
trangport. This background exposure contribution is added together with the emission source category
contributions; the total exposure concentration is reported in the exposure output files. The background
concentration is assumed uniform throughout the study area, and the single vaue is specified as backg
in the parameter file of HAPEM. The units of measurement must be the same as those used in the air
quality file

219 ExposureOutput Files
As currently configured HAPEM4 creates two exposure output files for each state/pollutant

combination. The names of these files are congtructed by the program based on the pollutant SAROAD
code and the state FIPS code as follows:
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XXXXX.YYd.dat

XXXXX.YY .ada

where XXXXX = the 5-digit SAROAD pollutant code specified by the sarod parameter
and YY = the 2-digit state FIPS code

Thefirg file of these files contains exposure estimates for demographic groups defined
according to age, gender, and race. These exposure estimates use activity data for individuas for which
the race is known (about 80% of the CHAD data) and population data that is specific for age, gender,
and race in each Census tract. The second file contains exposure estimates for demographic groups
based on age and gender only. These exposure estimates use activity data for individuas whoserace is
unknown (about 20% of the CHAD data) and population data that is specific for age and gender in
each Census tract, but combines valuesfor al races.

These output files contain 30 records for each Census tract/demographic group combination.
Each record identifies the Census tract, the demographic group, the number of people to which the
exposure estimates gpply (i.e., one-thirtieth of the population of the demographic group in the Census
tract), and exposure concentration contribution estimates. one each for the nsource emission source
categories, one for background, and atota of the contributions for all emission source categories and
background.

22 CHANGING THE PARAMETER SETTINGS

The HAPEM4 was designed to be as easy to use as possible. With thisin mind, the mode’s
gructure is such that, for routine gpplications, no changes need be made to the model’ s computer code,
except to specify the name of the parameter file in the OPEN statement for unit 10. Otherwise, for
most gpplications, the user need only supply the mode with the gppropriately formatted input files and
parameter specifications declared in the parameter files

However, there are severd changes that a user can make to HAPEMA4 to “tailor” the modd to
his or her needs. Changes or modifications to the model are most easily accomplished by dtering the
parameter settings. The following discussion describes those parameters that can be dtered. For a
more detailed explanation about how to change the parameter settings, refer to Chapter 6.

2.2.1 Changing the Number of Microenvironments
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In principle, HAPEM4 will work with any number of microenvironments. The number,
gpecified as nmicro in the parameter files of DURAV and HAPEM, must match the number actudly
used in both the activity file and the factors file. Definitions of the microenvironments do not appesar
anywhere in HAPEM4 program code.

The HAPEM4 programs should be able to accommodate anywhere from one up to at least
100 microenvironments. However, large numbers of microenvironments could result in input-file line
lengths beyond a system’s limits (particularly in the case of the activity file) if other parameters (such as
the number of time blocks) are dso st to large vaues. Note that in the case of asingle
microenvironment (i.e,, dl of the individuasin each of the demographic groups spending 1,440 minutes
per day in that microenvironment) the only differences in exposure to individuals or groups residing
within a Census tract would be the result of commuting.

2.2.2 Changing the Number And/or Definitions of the Demographic Groups

The number of demographic groups, specified as ngroup in the parameter filesof DURAV,
INDEXPOP, AIRQUAL and HAPEM, must be consistent in two places:

. the group definitionsin the source code for the DURAYV program, and
. the number of columnsin the population file

The definitions of the groups appear only once explicitly (in the DURAV program). However, these
definitions are paired with the columnsin the population file by numerica order, o if the group
definitions are changed then the columnsin the population file must dso be changed.

The 50 current demographic groups are defined by combinations of the following age, race, and gender
categories.

Age

. 0-4

. 5-11
. 12- 17
. 18- 64
. 65+
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Race:

. White

. Black

. Hispanic

. Asan and Other
. Unknown
Gender:

. Mde

. Femde

The number of demographic groupsis unlimited. However, the user is cautioned that for
narrowly defined groups, there might not be enough activity pattern data to caculate a reliable group
average. An extreme example of thisiswhere no activity patternsfit a demographic group’s definition,
resulting in incorrect exposure caculations (i.e., exposure concentrations equal to zero) for that group.

In addition, the find exposure output files are structured on the basis of the demographic group
definitions. The results for the 10 groups with unknown race/ethnic group are written into output files
separate from the results for the race-specific groups, since they provide dternative exposure estimates
for the same populations. (See Section 4.2.) If the user wishes to change the demographic group
definitions, congderation should dso be given to the structure of the final exposure output files.

2.2.3 Changingthe Number And/or Definitions of Day Types

Day types are used to guide the sdection of the activity patterns. Demographic studiesindicate
that typical weekday (Monday-Friday) and weekend (Saturday-Sunday) activities differ significantly for
most working people and school children. Furthermore, in certain respects, activities in summer (or
warm wesether) may differ from those in winter (or cold wegther), especidly for children or other non-
workers. Currently, two variables, season and day of week, are used to determine three day types.

. weekdays in summer (June - August)
. other weekdays
. weekends.
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In principle, year, month, day, season, temperature, rainfall, other meteorological variables, or
even geographica variables could be used to assign day type. However, if there are too many day
types, or if they are too narrowly defined, then there may not be enough activity pattern datafitting the
day type definition to dlow the determination of ardiable average. If additiona varigbles are used to
define day types, then the programmer is advised to check that there are an adequate number of activity
pattern profiles for each new day type.

2.24 Changing the Number And/or Definitions of Time Blocks

Thetraditional method for running HAPEM has been to use one hour time increments (referred
to astime blocks). The HAPEM4, however, was designed to alow more flexibility in the selection of
time blocks. Time blocks can range between one minute (the finest resolution available for the activity
data) to one day, so in principle, there can be any number from one to 1,440 time blocks. In most
practica applications, the number of time blocks will be twenty-four or less. In order to accommodate
the possible adjustment of time blocks from nblock to hblock as discussed above, the time blocks
must each be of equa size.

2.2.5 Changing the Number of Annual Average Activity Patterns Created

As explained above, DURAYV creates 100 annual average activity patterns for each
demographic group/day type combination by averaging activity datafrom severd randomly sdlected
activity pattern records. The number of patterns created is set by the value of the variable nsel. This
vaueis specified in the DECLARATIONS section of the source codes of both the DURAV and
HAPEM programs. To change the number of activity patterns crested, the user needs to change the
vaueof nsel in both these programs before compiling.

2.2.6 Changingthe Number of Annual Average Activity Patterns Sampled

As explained above, for each demographic group in each Census tract, HAPEM randomly
sectsfor analysis 30 of the 100 annua average activity patterns for each day type (crested in
DURAYV). The number of patterns selected is set by the value of the variable amax, which is specified
inthe DECLARATIONS section of the HAPEM source code. (Note that amax in the DURAV
source code has a different function and vaue.) To change the number of activity patterns sdected for
analyss, the user needs to change the value of amax in HAPEM before compiling.
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23  SETTING UP A HAPEM4 RUN

This section shows how to set-up and make a smple HAPEMA4 run.  Subsequent sections and
chapters provide more detailed explanation about HAPEM4' sinput and output files and the moddl’s
programs. More advanced users are referred to Chapter 6 for information about how to modify
HAPEM4' s parameter settings.

The example shown in this section isfor a hypotheticd HAPEM4 analysis of benzene. Figure
2-3 presents adetailed picture of al of the inputs, outputs, and programs associated with HAPEMA4.

The most important consderation for making a HAPEMA4 run is ensuring thet the input filesare
accurate and correctly formatted. Thisis the responsbility of the user. To run the modd, the user must
provide Sx datainput files, the parameter filg(s) (these files are used by the modd to identify the name
and location of the input and outpuit files) and the five executable files that comprise the modd. The
programs can either be run consecutively by using a“batch” file, or they can be run independently.

Parameter file(s)

The parameter file for this example, presented above in Figure 2-2, can be used for running al
five executables. The name of the parameter file must be specified in the OPEN statement for unit 10
in the source code of each of the five HAPEM4 programs before compiling.

| nput/output files

As seen in FHgure 2-2, the sx input files (indluding full path names) are identified
inthe parameter file. Theinput files resde in a subdirectory named “ c./hapemin”. The main exposure
output files (afile and bfile) are sent to a subdirectory named “c:/hgpemout”, while the diagnostic
output files (thelog file, the mistract file, and the counter file) are sent to the subdirectory
(unidentified) where the executable programsresde. When the full path name isidentified for an input
or outpuit file, it is not required thet it reside in the same subdirectory as the executables.

The names of the input and output files must be identified in the parameter file before the
parameter settings.
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Parameter settings

The“*PARAMETER SETTINGS’ in the parameter file shows that comm =Y es (commuting
isto be included in the andlyss), the region to be modeled is 1 through 53 (all Sates, the Digtrict of
Columbia, Puerto Rico, and the US Virgin Idands), and the pollutant SAROAD code is 45201
(benzene).

Thelagt group of informetion in the parameter file shows that there are thirty-seven
microenvironments to be modeled (nmicro). This number of microenvironments must be cons stent
with the number of microenvironmental (ME) factors specified in the factor s file (i.e., factors.txt) and
the number of duration values specified in the activity file (i.e., durhw.txt). The number of time blocks
per day inthe activity fileis 24 (nblock), but the number of time blocks per day for the andyssis 8
(hblock), whichiisan integrd factor of the nblock vaue, as explained above. The number of emission
source categoriesisfour (nsource). Thedatain theair quality file (for thisexample thefileis
benzout.txt) must be consstent with nsource, and the number of time blocks must be an integra factor
of hblock, as explained above. The number of demographic groups (ngroup) must be consstent with
the demographic groups specified in the DURAYV source code and in the popul ation file (i.e.,
census.txt).
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Figure 2-3. HAPEM4 programs and input and output files
ACTIVITY DATA

POPULATION DATA STATEFIP FILE COMMUTING
(from CHAD) (from 1990 US Census) DATA
| I | | |
durhw.txt census.txt l l comm.txt

census_direct.ind
DURAV ¢ INDEXPOP . census.county_tract_pop_range_ COMMUTE

Counter file census.state_county_pop_range

Counter file

Log file
duravhw.wrong_chad census.da
census_direct.ind Log file
¢ Mistract file
durhw.da
durhw.nonzero AIR QUALITY < -
DATA — benzout.txt— | AIRQUAL <«—— Counter file
(from ASPEN)
: Log file comm.da
Counter file Mistract file N

comm.ind

benzout.air_da

benzout.pop_air_da.ind
benzout.st_air_fip_range

LEGEND benzout.st_a_lrl_f_lp_range EACTORS FILE
benzout.st_air2_fip_range

HAPEM4

Program i i i l l
<«— factors.txt:

C) Input data] HAPEM

comm.st_comml_fip_range

<«
<

Output file

Mistract file

Exposure
Example :
text.ext filena?ne Log file 4_‘ 45201.06ddat | [ concentrations file
45201.06.a.dat (by census tract, cohort,
and total population)
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2.3.1 Running HAPEM4 asa“Batch” Job

When running HAPEM4 by submitting batch jobs, each job should be dlowed to finish before
submitting the next job.

For this example a smple baich file was written to run the five HAPEM4 programs
sequentidly, with dl five programs residing in the same directory asthe betch file. The betch fileis
shown below:

Figure 2-4

dur av. exe
i ndexpop. exe
commut e. exe
ai rqual . exe
hapem exe

Because the full path names of the parameter file(s) are specified as unit 10 in the source code of each
program, and the parameter file(s) specify the names or paths of al the input and output files, aswell
as the parameter settings, the batch file smply specifies the order in which the HAPEM4 executable
programs will be run.

2.3.2 Running HAPEM4 Programs Individually

Any of HAPEM4 programs can be run individudly. The user must ensure that the required
input files exist and are in the same location specified in the parameter file

If auser isinterested in running the DURAV program (thisistypicaly the first program thet is
run when doing an exposure andysis), he or she would go to the subdirectory containing the executable
program and type the following command on the DOS command line:

dur av. exe
The other HAPEM4 programs are run smilarly.

Asindicated in Table 2-1 and Figure 2-3, INDEXPOP, COMMUTE, AIRQUAL and
HAPEM dl require input files that are generated from running other HAPEMA4 programs. Therefore, if
any of these programsis run aone, the user must ensure that the required HAPEM4 generated input
filesexig and are in the same subdirectory as the origina input file from which ther filenames were
derived (see Table 2-1). For example, running AIRQUAL requires two files with filenames derived
from the population file. For this example these files are census.da and census _direct.ind, with
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filenames derived from census.txt. Therefore, the parameter file for running AIRQUAL must specify
the full path name of the population file, and the two intermediate files must exist and reside in the
subdirectory specified for population file
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3. HAPEM4 INPUT FILES

The HAPEM4 programs use Six user-supplied input datafiles, and one or more parameter
files All arein ASCII format. The function of each of the files and their relationship to the structure of
HAPEM4 are discussed in Chapter 2. The reader is referred to that chapter for an overview of
HAPEMA4 input files. This chapter summarizes that information, and presents the format of each of the
user-supplied input files.

The parameter files are the centrd input files for HAPEM4 smulations and customized
parameter files should be prepared for every smulation or set of amulations. It is best to save the
parameter file used for each smulation or set of smulations under a unique name, so thet the files from
earlier amulations are not overwritten. A congstent naming system should be developed to pair each
parameter file with the output files generated by the Smulation or set of Smulaions. This pairing serves
as documentation for the model smulations, so the user can later determine which settings produced
which results.

The parameter file nameisthe only file name directly coded into the HAPEM4 programs. The
name of the parameter fileis specified in the OPEN statement for unit 10 in the source code of each
program. These statements should be modified to specify the correct parameter file name for each
program as appropriate before compiling.

The remaining file names used by the HAPEMA4 programs are input from the parameter file
Thus, the user must check that the parameter file refers to the correct file names before submitting a
job. Which of the user-supplied files and HAPEM4-generated files are required for each of the five
programs that comprise HAPEM4 is discussed in Chapter 2 and presented in Table 2-1.

As explained in Chapter 2, there are default files available for five of the six user-supplied input
files They are:

. the activity file
. the population file (nationa scope);
. the commuting file (nationa scope);

. the factors file and
. the statefip file (nationa scope).

The user may provide his or her own files as replacements for any or al of thesefiles, usang thefile
formats described in this chapter.

The sixth user-supplied file, the air quality file, must be provided by the user with the format
described in this chapter.
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3.1 Parameter FILE
The parameter file contain six types of information for usein HAPEM4 runs

. Peths and file names for the input data files and al output data files except the find exposure

outpuit files,

. Peth names for the find exposure outpuit files;

. Identification of the set of sates (optionally including the Didtrict of Columbia, Puerto Rico, and
the US Virgin Idands) for the smulation

. Identification of the pollutant and its background concentration;

. Option for selecting commuting (YES or NO); and
. Six internd parameter settings.

All of thisinformation isidentified usng keywords. The required parameter fileinformation for
running each of the five HAPEM4 programs is presented in Table 2-1 of Chapter 2 as user-defined
files and user-defined parameters. The contents and format of each of the user defined filesis described
below. As explained in Chapter 2, any information in the parameter file in addition to that required by
aprogram will be ignored by the program. Therefore, although a separate parameter file may be used
for each program in the HAPEM s, it is possible to use the same parameter file for running more than
one program by aggregeating dl the information needed for each program in thefile. The format
(including keywords) of aparameter file for running dl five HAPEM4 programs, including
COMMUTE is presented in Figure 2-2 in Chapter 2.

The HAPEMA4 programs only scan lines containing an equals sgn. The word or words to the
left of the equals Sign identify which variableis being set and thus should not be changed. The datato
the right of the equas Sgn are the values or settings that the user selects for the run. The pathnames
should precede the parameter settings in the file. The user can add additiond lines (e.g., comments)
anywhere to the parameter file. Itissafest if theselines do not contain an equals sgn, which could
cause them to be parsed accidentaly by HAPEM4 programs. To ensure that al the necessary
information is specified, it is safest to edit an existing parameter file, changing only the comments and
the right hand sides of the equations.
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3.1.1 Specifying the Location and Names of Input and Output Files

In editing the parameter file, the user should
typicaly provide the full path names for input and Forward slashes (/) are used in path
output files (except the final exposure output files). The | Mames on Unix systems; and backslashes
names can be up to 100 charactersin length and ) ExRuEze I (2200 EESEE SEENS
should not use quotation marksto enclose the file
names. If the full path names exceed 100 characters, the user may use abbreviated paths (location of
the filesrdative to the parameter file), but must dways update these pathsif the parameter fileis
moved.

In addition to the input files discussed above, there are three diagnostic output files and two sets
of fina output files (i.e., two files for each sate included in the smulation). The diagnostic output files
are:

. thelog file
. the counter file and
the mistract file

Full path names must be specified for thesefiles.

As explained in Chapter 2, HAPEM4 creates two exposure output files for each state/pollutant
combination. The names of these files are congtructed by the program based on the pollutant SAROAD
code, pecified as the vaue of the sarod parameter, and the state FIPS code. Thus, the pathname, but
not the filenames, for each of the two sets must be specified in the parameter file

3.1.2 ldentifying the Pollutant and Background Concentration

The user must dso specify the pollutant SAROAD code and the background concentration, the
vaue of the backg parameter, for running the HAPEM program. The pollutant SAROAD code has ho
effect on the exposure results but is used to construct the names of the final exposure output files.

The background concentration is an estimate of the outdoor concentration that would occur in
the absence of any anthropogenic emissons. It includes concentration contributions from natural
sources, re-entrainment, or globa trangport. In addition to estimating exposure concentration
contributions for each emisson source category for which datais provided inthe air quality file,
HAPEM also estimates the exposure concentration contribution from the background outdoor
concentration. This background exposure contribution is aso added together with the emission source
category contributions to calculate the total exposure concentration. The background concentration is
assumed uniform throughout the sudy area, i.e,, asngle vaue is specified asthe backg parameter.
The units of messurement must be the same asthose used in the air qualityfile
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3.1.3 Sdecting the Commuting Option

To indude commuting in the HAPEM4 smulations the vaue of the comm parameter must be
st to YES. The default mode for this option is not to include commuting in the Smulations.

3.1.4 Settingthelnternal Parameters

Internal Parameters

The sx interna parameter settings (nmicro,
nblock, hblock, ntype, ngroup, and nsource) are
pecified by .the Userin oneor mo.r eof th_e nblock number of time blocks per day
parameter filesand must be consstent with the T s e
dructure of the other input data files. Each of these hblock  number of time blocks per day

nmicro number of microenvironments in
the activity and factors files

parameters are defined in the adjacent text box. for the analysis

Thus, if the user wishes to change the number of ntype number of day types in the

microenvironments, for example, the input files that DURAYV source code

specify microenvironments must also be dtered in a ngroup  number of demographic groups

congstent manner. More details about changing in the DURAV source code and

these parameters are presented in Chapter 6. the population file
Asexplained in Chapter 2, the value of the nsource  number of emission source

hblock parameter, the number of time blocks per ez rganEsin e el apuelliy il

day for the andysis, must be selected to meet the
following criteria

. Thevaueof hblock must be an integrd factor of nblock, the number of time blocks per day in
the activity file, so that the activity time blocks can be combined if necessary to match to match
hblock.

. Thevaueof hblock must be an integra multiple of the number of time blocks per day inthe air
quality file, so that the air quality values can be replicated if necessary to create hblock ar
quality vaues.

32 ACTIVITY FILE

The activity file, the primary input to the DURAV program, contains information on the time
Spent in various microenvironments by individuals. Thisinformation is not presented as an activity
sequence; rather it is presented in an activity file as the tota time spent in each microenvironment
during each block of time and at each location throughout the day.

3.2.1 Variablesand Format of the Default File
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Thefird line of the activity fileis atext header that indicates the order of the variablesin each
record. The header in the default activity file, durhw.txt, is asfollows.

Header of Default activity File (in “wrapped” view)

CHADID ZIPDAYTYPE STATE COUNTY GENDER RACE EMPLOYED YEAR MONTH DAY AGE COMMUTE
DURATION(MICRO,BLOCK,HW) (NMICRO=37 NBLOCK=24 HW=2 IN FORTRAN ORDER)

Although most of the header record of the activity file is not used by the HAPEM4 programs, it
provides documentation to inform the user of the meaning of the datafields. The exceptionisthe
specification of the number of time blocks per day, nblock, which the DURAV program checks against
the value of the nblock parameter specified in the parameter file for consgstency. If inconsstent, an
error message is sent to the log file and the program stops.

Each space-ddlimited record following the header record congists of one person-day (1,440
minutes) of activity data The variablesin the default activity file, extracted from CHAD, are defined as

follows.

CHADID

ZIP

DAYTYPE

STATE

COUNTY

9-character string identifying the data record; e.g., the corresponding
person-day in the CHAD activity database. Thisinformation is used by
the DURAYV program only to identify faulty recordsin the diagnostic
output files.

5-character string identifying the zip code of respondent’ sresidence. If
aZIP codeismissng, it is reported as“00000 ”. Thisinformation is not
used by the DURAYV program.

integer indicator of day type for classfication, with vaues asfollows
1 = summer weekday

2 = non-summer weekday

3 = weekend

2-character string identifying the FIPS code of the state where the activities
took place. Thisinformation is not used by the DURAV program.

3-character string identifying the FIPS code of the county where the
activitiestook place. Thisinformation is not used by the DURAV

program.
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GENDER

RACE

EMPLOYED

YEAR, MONTH, DAY

AGE

COMMUTE

1-character string, indicating gender, used to assgn the respondent to a
demographic group, with vaues as follows:

R femde
“2 = mde
“g = unknown

1-character string, indicating race/ethnic group, used to assign the
respondent to a demographic group, with vaues asfollows:

1 = White (non-Hispanic)
“2' = Black (non-Hispanic)
“3 = Hispanic (any race)
“qr = Asian or Other (non-Higpanic)
“or = unknown

1-character string, indicating employment status of respondent, with
values asfollows

Yes
No

Y
13 NH
“X” missng

Thisinformation is not used by the DURAV program.

numeric variables (four-digit year) that identify the date when the
activities actudly took place. Thisinformation is not used by the
DURAYV program.

integer indicator of the age group, used to assign the respondent to a
demographic group with values asfollows

0-4 yearsold
5-11yearsold
12-17 yearsold
18-64 yearsold
65 years or older
unknown

O o wWNPRE

integer indicator of whether the respondent is a commuter, with vaues
asfollows
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0
1

no commuting
commuting

Following the commuting indicator is a series of duration vaues. The vaues specify the integrd
number of minutes (possibly zero) spent in each microenvironment/time block/location combination,
where locations are the vicinity of either home and work. The default activity file, dur hw.txt, with 37
microenvironments, 24 time blocks per day, and two locations has atotal of 1776 duration values.
These vaues are sequenced so that the 37 microenvironment durations for the first time block in the
home location come firgt, followed by the 37 microenvironment durations for the second time block in
the home location, and so on, until dl the 888 vaues for the home location are specified These are
followed by the 888 vaues for the work location. The following is an example of arecord from
durhw.txt.

Example Data Record from Default activity File (in “wrapped” view)
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BAL97001A 212042 2400091 N 1997 1 219000000000000060000000000
000000000O00O0OOOOOOOOOOOOOOOOBOOOOOOOOOOOOOOOOOOOOOOO
0000000O0OOOOOOOG00000O00O0O0OOOOOOOOOOOOOOOOOOOOOOOOOOOOO
060000000000000000000O0O0OOO0O0O0OOOOOOOOOOOOBO0O0O0O0O0O0O0OONO
0000O0O0OOOOOOOOOOOOOOOOOOOOOGBOOOOOOOOOOOOOOOOOOOOOOOO
0000000000O0O0OOG00OOOO0OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
600000000000000000000000000000000000006000000000000
000000000OO00O0OOOOOOOOOOOOOOBOOOOO0O0O0OOOOO0O0OOOOOOOONOOOO
00000000000030000000000000003000000000000000000000O0
450000000000000015000000000000000000000600000000000

0000O0O0OOOOOOOOOOOOOOOOOOOOOGBOOOOOOOOOOOOOOOOOOOOOOOO
000000000O00O0OOGB00OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
600000000000000000000000000000000000006000000000000
000000000OO00O0OOOOOOOOOOOOOOBOOOOO0O0O0OOOOO0O0OOOOOOOONOOOO
0000000O0OOOOOG0000000O0O0OOOOOOOOOOOOOOOOOOOOOOOOOOOOO

600000000000000000000000000000000000006B0O0O000O0O0O0O0O0O00O
0000O0O0OOOOOOOOOOOOOOOOOOOOGBOOOOOOOOOOOOOOOOOOOOOOOOO
000000000O0O0O0O6GO000OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

60000000000000000000000000000000000000000O0O0O0O0O0O0O0O0OOO0
0000000O0OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

0000O0O0OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOONONOO

0000000O0OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

000O0O0O0O0OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOONONOO

0000000O0OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

0000O0O0O0OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOONONOO

0000000O0OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

0000O0O0O0OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOONONOO

0000000O0OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

0000O0O0O0OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOONONOO

0000000O0OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

0000O0O0O0OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOONONOO

0000000O0OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

0000O0O0O0OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOONONOO

0000000O0OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

0000O0O0O0OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOONONOO

0000000O0OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

0000O0O0O0OOOOOOO

The 37 microenvironments used in the default activity file were derived as combinations of
location codes specified in the CHAD. They are asfollows.
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List of Microenvironmentsin the Default activity File

MICROENVIRONMENT
MICROENVIRONMENT #

SPECIFIC GENERAL
1 Car In vehicle
2 Bus In vehicle
3 Truck In vehicle
4 Other In vehicle
5 Public garage Indoors
6 Parking lot/garage Qutdoors
7 Near road Outdoors
8 Motorcycle Qutdoors
9 Service station Indoors
10 Service station Outdoors
11 Residential garage Indoors
12 Other repair_shop Indoors
13 Residence - no gas stove Indoors
14 Residence - gas stove Indoors
15 Residence - attached garage Indoors
16 Residential - stove and Indoors

garage

17 Office Indoors
18 Store Indoors
19 Restaurant Indoors
20 M anufacturing facility Indoors
21 School Indoors
22 Church Indoors
23 Shopping mall Indoors
24 Auditorium Indoors
25 Health care facility Indoors
26 Other public building Indoors
27 Other location Indoors
28 Not specified Indoors
29 Congtruction site Outdoors
30 Residential arounds Qutdoors

DRAFT - November 29, 2000

3-10



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

CHAPTER 3
HAPEM4 INPUT FILES

MICROENVIRONMENT
MICROENVIRONMENT #

SPECIFIC GENERAL
31 School grounds Qutdoors
32 Sports arena Qutdoors
33 Park/golf course Qutdoors
34 Other location Outdoor s
35 Not specified Qutdoors
36 Train/subway In vehicle
37 Airplane In vehicle

3.2.2 Replacing or Modifying the Default File

If the user wishes to replace or modify the default activity file, he or she must ensure thet the
following two conditions are met.

. The number of duration valuesin each record must equa twice the product of the values of
nmicro and nblock as specified in the parameter file

. The sum of the duration vauesin each record must totd 1,440 minutes (i.e., notimeis
unaccounted); otherwise the DURAV program will stop.

In addition, the user must ensure that the activity file is consstent with severd features of the
DURAYV source code. Fird, the record length of the activity file (unit 11) and two files derived from it
(units 20 and 21) are specified inthe DURAV program. Unit 21 is aso used asinput to the HAPEM
program, whereit'srecord length is again specified. If the user congtructs a replacement activity file
with arecord length different from that of the default activity file, corresponding changes need to be
made in both DURAV and HAPEM.

The variables used by the DURAYV program for classifying activity records (i.e, DAYTY PE,
GENDER, RACE, AGE, and COMMUTE), aswell asthe activity duration values, are identified by
the program by their pogtion in the data record. If the user congtructs a replacement activity file with
these variables positioned differently, corresponding changes need to be madein DURAYV.

The definitions of the demographic groups (presented in Section 2.2.2) are part of the DURAV
source code, so that in order to change the demographic group definitions the source code must be
modified. Smilarly, the definitions of day types for categorizing activity patterns, presented above, are
part of the DURAV source code. The number of demographic groups and day typesis unlimited.
However, the user is cautioned that for narrowly defined groups and day types, there might not be
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enough activity pattern data to caculate ardliable group average. An extreme example of thisis where
no activity patterns fit a demographic group’s definition, resulting in incorrect exposure caculations (i.e.,
exposure concentrations equal to zero) for that group.

Further, the structure of the fina exposure output files was designed on the basis of the current
definitions of the demographic groups. Every fifth demographic group represents the aggregate of all
races and ethnic groups for a gender/age group combination. The results for these race-aggregate
groups are written into output files separate from the results for the race-specific groups, since they
provide dternative exposure estimates for the same populations. (See Section 4.4.) If the user wishes
to change the demographic group definitions, consideration should aso be given to the structure of the
final exposure output files.

The number, definition, and order of microenvironments must be the same in both the activity
fileand the factors file (see Section 3.6). The number is specified in the parameter filesasnmicro.

Theactivity fileis read by the DURAV program, which creates severd intermediate output
fileswith the same path and root file name, but with different filename extensons. Thus, the user should
NOT name an activity file with any of the following filename extensons “.da” , “ .draft” ,
“.wrong_chad’, and “ .nonzero” .

Aswith other HAPEM4 input files, the user can add comments or other information after the
last datarecord in thefile. To prevent the program reading these comments as data, a blank line must
be inserted after the last data record and before any comments.

3.3 POPULATIONFILE

The population file, the primary input to the INDEXPOP program, provides the number of
people in each demographic group resding in each census tract of the study area. The data must be
sorted according to state FIPS, county FIPS, and tract code. The dataiis typicaly derived from the US
Census data. The demographic group definitions are defined in the DURAV source code, and
presented in Section 2.2.2.

3.3.1 Variablesand Format of the Default File
The population file begins with two text header records, followed by one data record for
each censustract. Thefirst header record indicates the order of the variables in each of the data

records. The first header record of the default population fileisasfallows,

First Header Record from the Default population File (in “wrapped’ view)
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TRACT WM _00 BM_00 HM 00 OM_00 XM _00 WM _05 BM_05 HM_05 OM 05 XM _05 WM 12
BM_12 HM 12 OM_12 XM _12 WM_18 BM_18 HM_18 OM_18 XM _18 WM 65 BM_ 65 HM_65
OM_65 XM _65 WF 00 BF 00 HF 00 OF 00 XF 00 WF_05 BF_05 HF 05 OF 05 XF_05 WF_12
BF 12 HF 12 OF 12 XF 12 WF_18 BF 18 HF 18 OF 18 XF 18 WF 65 BF 65 HF 65 OF 65 XF 65

Although the header records of the population file are not used by the HAPEM4 programs, the first
one provides documentation to inform the user of the meaning of the data fields. Each space-delimited
data record following the header records conssts of a census tract identifier and a population vaue for
esch of the indicated demographic groupsin thet tract. The definitions of the data fields in the defaullt
population fileis as follows.

TRACT

XY 77

11-character string uniquely identifying a US Census tract. The first two characters
identify the state FIPS code, the next three characters the county FIPS code. The
remaining 6 characters consst of the 4-digit tract code followed by its 2-digit extension.
If there is no extension for the tract, “00" is used.

integer specifying the number of 1990 tract residents with race/ethnic group X, gender
Y, and age group ZZ. The racelethnic group definitions are;

W = White (non-Hispanic)

B = Black (non-Hispanic)

H = Hispanic

O = Asian or Other (non-Higpanic)

X = All races/ethnic groups combined.
The gender defintions are:

M = mde

F = femde

The age group definitions are;

00 = 0-4 yearsold

05 = 5-11yearsold
12 = 12-17 yearsold
18 = 18-64 yearsold
65 = 65 years or older

An example data record from the default population file is presented below.
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Example Data Record from the Default population File (in “wrapped” view)

01003010400 90 2 5 0 97 159 37 11 1

208 174 29 5 3 211 831 51 7 33 922

130 0 0 9 139 106 3 0 0 109 178

27 5 3 213 143 15 4 12 174 832 35
4 36 907 149 16 16 0 181

In this example, notice that every fifth population value is the sum of the preceding four values. Thisis
because every fifth demographic group includes resdents of al races and ethnic groups.

3.2.2 Replacing or Modifying the Default File

If the user wishes to replace or modify the default population file, he or she must ensure that
the definitions and ordering of the demographic groups in the popul ation file corresponds to the
ordering in the output file from DURAYV that is subsequently used in the HAPEM program.

In addition, the user must ensure that the record length is consistent with its specification in the
INDEXPOP program (unit 14).

As noted el sawhere, the definitions of the demographic groups (presented in Section 2.2.2) are
part of the DURAV source code, so that in order to change the demographic group definitions the
source code must be modified.

The population fileis read by the INDEXPOP program, which creates severa intermediate
output fileswith the same path and root file name, but with different filename extensons. Thus, the user
should NOT name a population file with any of the following filename extensons “.da” ,
“.county_tract_pop range’, and*“ .state_county pop_range” .

Aswith other HAPEM4 input files, the user can add comments or other information after the
last datarecord in thefile. To prevent the program reading these comments as data, a blank line must
be inserted after the last data record and before any comments.

34 COMMUTING FLOW FILE

The commuting file, the main input file to the COMMUTE program, provides data on the
commuting flows (i.e., the number of commuters) between pairs of census tracts. The default
commuting file was derived from U.S. Census Bureau data identifying the place of work and place of
resdence for individudsin dl fifty ates and the Didtrict of Columbia.
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Although there are gpproximately 500 million pairs of tracts nationwide within a reasonable
commuting distance of each other, only about 5 million of these pairs have a non-zero flow of
commuters. Only those pairs with non-zero flows are included in the default commuting file

The commuting file has no header records, only data records. Each space-delimited data
record contains four variables, as follows.

Home tract ID (11-character string: state FIPS, county FIPS, and tract code)
Work tract ID (11-character string: state FIPS, county FIPS, and tract code)
Distance gpart in kilometers (decima number)

Number of workersin the commuting flow (integer)

The default commuting file is sorted by home tract 1D, smadlest to largest in numerical order. Severd
example data records from the default commuting file are presented below.

Extract from the Default commuting File
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01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100
01001020100

01001020100
01001020200
01001020300
01001020500
01001020700
01001020800
01011952200
01051031100
01073012903
01085981000
01089002300
01101000100
01101000200
01101000385
01101000600
01101000700
01101001000
01101001400
01101001800
01101002000
01101002200
01101002800
01101002900
01101003000
01101003200
01101003301
01101005301
01101005401
01101005402
01101005403
01101005902
01101006085
22057021200
51710004600

O NNNOVOOONNANONOUUOOOR,R WNEARNOONDBANOORPLPWOONOOO

43

35
217
152

The commuting file is read by the COMMUTE program, which creates severd intermediate
output fileswith the same path and root file name, but with different filename extensons. Thus, the user
should NOT name a commuting file with any of the following filename extensons “.da” , “ .ind” , and
“.st_ comml fip _range’.

Aswith other HAPEM4 input files, the user can add comments or other information after the
last datarecord in thefile. To prevent the program reading these comments as data, a blank line must

be inserted after the last data record and before any comments.

35 AIRQUALITY FILE
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The air quality file contains the ambient air concentrations that are used by the AIRQUAL
program. AIRQUAL requires a separate air quality file for each pollutant being eva uated.

Theair quality file must begin with at least one text header record, followed by one data
record for each censustract to be evaluated.  The required text header is used by the AIRQUAL
program to determine the number of time blocks per day (of equa size) inthe air quaity data. This
vaue should be indicated immediately following the last instance of the character string “block”. For
example, the sixth header record of the ASPEN-derived air quality files used for the recent NATA
andyds, which indicates the order of the variables in each of the datarecords, is asfollows.

Example Header Record from an air quality File (in “wrapped’ view)

FIPS Tract Conc_blockl Conc_block2 Conc_block3 Conc_block4 Conc_block5 Conc_block6
Conc_block7 Conc_block8 Conc_blockl Conc_block2 Conc_block3 Conc_block4 Conc_block5
Conc_block6é Conc_block7 Conc_block8 Conc_blockl Conc_block2 Conc_block3 Conc_block4
Conc_block5 Conc_block6 Conc_block7 Conc_block8 Conc_blockl Conc_block2 Conc_block3
Conc_block4 Conc_block5 Conc_block6 Conc_block7 Conc_block8

For this example, AIRQUAL will interpret the number of time blocks per day as 8. Asnoted in
elsewhere, the number of time blocks per day in the air quality file must be an integra factor of
hblock, the number of time blocks per day for the andlysis as specified in the parameter file
otherwise the program will stop. If the number of time blocks per day in the air qudlity file islessthan
hblock, AIRQUAL will replicate the vaues to create hblock concentration vaues.

The other information in this header record and al other header recordsis ignored by
AIRQUAL.

After the required header information is found, AIRQUAL identifies data records by finding a
numericd digit in the fourth data field. To avoid amistaken identification, the user should insure that
header records do NOT contain anumerica digit in the fourth data field.

Thefiddsin the data records are defined as follows.

Fields 4-5 state FIPS code (2-character string)
Fields 6-8 county FIPS code (3-character string)
Fields 11-16 censustract 1D (6-character string)
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Felds17 - end space-delimited concentration contribution values for each
emission source category/time block combination (decimal
numbers, optiondly in exponentia format).

The number of concentration values in each data record must equd the product of the number
of emissions sources (i.e., the value of nsource in the parameter file), and the number of time blocks
per day, asindicated in the text header record discussed above. The values are ordered beginning with
thefirgt time block of the first emission source, followed by the second time block of the first emisson
source, and so on. An example of adata record from the ASPEN-derived air quality files used for
the recent NATA andysisis presented below (nsource = 4).

Example Data Record from and air quality File (in “wrapped” view)

01001 20100 0. 000000E+00 0. 000000E+00 0. 000000E+00 0. 000000E+00
0. 000000E+00 0. 000000E+00 0. 000000E+00 0. 000000E+00 0.123700E-01 0.142200E-01
0.114100E-01 0.670400E-02 0.724700E-02 0.192200E-01 0.139700E-01 0.123700E-01
0. 846300E-02 0.881000E-02 0.296600E-01 0.190400E-01 0.232400E-01 0.705200E-01
0. 350100E-01 0.182400E-01 0.204200E-05 0.201100E-04 0.290700E-02 0.244900E-02

Theair qualityfileisread by the AIRQUAL program, which creates severa intermediate
output fileswith the same path and root file name, but with different filename extensons. Thus, the user
should NOT name an air quality file with any of the following filename extensons “.da” , “ .air_da”,
“.pop_air_da’, “ .state air_fip range’, “ .state airl fip_range”, and “ .state air2 fip_range” .

Aswith other HAPEM4 input files, the user can add comments or other information after the
last datarecord in thefile. To prevent the program reading these comments as data, a blank line must
be inserted after the last data record and before any comments.
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36 MICROENVIRONMENTAL FACTORSFILE

The microenvironmental (ME) factor s file provides the factors used to caculate an estimated
microenvironmenta concentration from an outdoor concentration. The file contains 4 factors for each
emission source category/microenvironment combination. These factors are used in the HAPEM
agorithm, asfollows.

ME(m,c,t) = ADD(m) + [PROX(m)] [ PEN(m)] [AMB(C,t, agm)] (3-1)

where:

ME(m,c,t):  concentration in microenvironment m located in censustract ¢ a timet,

ADD(m): additive factor for microenvironment m (defined below),

PROX(m): proximity factor for microenvironment m (defined below),

PEN(mM): penetration factor for microenvironment m (defined below),

AMB(c,t): ambient concentration for censustract ¢ a timet from the air qualityfile, and

t acm): timet if LAG(m) = 0; timet-1, otherwise,

The penetration factor, PEN, is an estimate of the ratio of the ME concentration contribution (from a
given emission source category) to the concurrent outdoor concentration contribution in the immediate
vicinity of theME. Thatis,

PEN = (indoor or in - vehicle ME conc.)
~ (outdoor conc. inimmediate vicinity of indoor or in- vehicle ME)

(3-2)

The proximity factor, PROX, is an estimate of the ratio of the outdoor concentration in the
immediate vicinity of the ME (or in the ME for outdoor Mes) to the outdoor concentration represented
by thear quality data. Thet is,

PROX: = (outdoor conc. in immediate vicinity of indoor or in - vehicle ME) aa
- (air quality file conc.) (3-39)

(outdoor ME conc.)
PROXo = — — (3-3b)
(air quality file conc.)
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Asexplained esewhere, the air qudity data from ASPEN represent a population-weighted
average over the Censustract. For most situations the default factor s file specifies a PROX vaue of
1.0, i.e, an outdoor concentration contribution in the immediate vicinity of the Census tract equd to
the Census tract average concentration contribution. However, when assessing exposure to motor
vehicle emissons, for MES near roadway's (e.g., in-vehicle) the pollutant concentration contribution in
the immediate vicinity of the ME is expected to be higher than the average pollutant concentration
contribution over the Censustract, i.e., PROX is expected to be greater than 1.0, and thisis reflected
in the default factor s file

ADD is an additive factor that accounts for emission sources within or near to a
microenvironment, i.e., indoor emisson sources. Unlike the other two factors, the ADD factor isitsalf
a concentration and therefore has units of mass'volume. The actud units used must be the same as
thoseintheair qualityfile

LAG, isused to account for the possibility of very dow pollutant diffuson and penetration, o
that the rdlevant air quality concentration value may be from the previous time block. A vaue of zero
for LAG indicates no timelag, i.e., use the concurrent air qudity vaue; otherwise, the previous time
block valueis used.

The factor s file has no header record, and contains one data record for each ME, with the
same number, definition and order asthe MEs in the activity file. Each space-delimited record
contains vaues for each factor/emission source category combination. The record begins with the
vauesfor PROX, PEN, LAG, and ADD (in that order) for source category 1, followed by the factor
vaues for source category 2, and so on. All vaues are decima numbers. The number, definitions, and
order of the emission source categories in the factor s file must match thosein the ar qudity file. The
number of emission source categories is specified in the parameter file asnsource.

A separate default factors file is available for each pollutant on the EPA’s urban HAPs list!
The default factors files contain ME factors gpplicable to dl the MEs included in the default activity
file, for the four emission source categories (point, area, onroad mobile, and nonroad mobile) currently
provided in the ASPEN air quality files. These pollutant-specific estimates were derived from
reported measurement studies. However, because indoor emission sources were not addressed in the
NATA application for which this verson of HAPEM was developed, in the default factors file ADD is
uniformly set equd to zero. Smilarly, LAG was uniformly st to zero

An example default factors file is presented below.

! The urban HAPs list was published in the Federal Register Notice describing EPA’s
Integrated Urban Air Toxics Strategy (64 FR 38706).
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Aswith other HAPEM4 input files, the user can add comments or other information after the
last datarecord in thefile. In this case ablank line need NOT beinsarted after the last data record
before the comments.

3.7 STATEFIPFILE

The statefip file cross-references the 2-digit state FIPS codes for each US gate to its
numerica ranking on the list. The default statefip file contains 53 codes: one for each US dtate, the
Digrict of Columbia, Puerto Rico, and the US Virgin Idands. It is presented below. The format of
each record is as follows.

Fields 1-2 numerica rank (integer)
Fidds9-10  sate FIPS code (2-character string)

Asdiscussed in section 2.1.7, the statefip file is used in conjunction with the parameters
regionl and region?2 specified in the parameter files of INDEXPOP, COMMUTE, AIRQUAL, and
HAPEM to specify the group of satesto beincluded in the andyss, according to numerica ranking.
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Example Default factors File
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Default statefip File

1 o1
> 02
3 04
4 05
5 06
6 08
7 09
8 10
9 11
10 12
11 13
12 15
13 16
14 17
15 18
h 16 19
z 17 20
18 21
m 19 22
20 23
E 21 24
2 25
: 23 26
o4 27
u 25 28
26 29
o 27 30
28 31
n 29 32
30 33
31 34
[y 32 35
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> 34 37
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50 55
m 51 56
52 72
: 53 78
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4, HAPEM4 OUTPUT FILES

The HAPEMA4 creetes three diagnostic output files and 2 sets of final exposure output files.
The diagnodtic files record information about the parameters of the smulations, aswell as error
messages. The names for these three files are specified by the user in the parameter files of each
HAPEMA4 program. The find exposure output files contain dl of the exposure estimates from a
HAPEMA4 run. The path names for these files are specified by the user in the parameter file for the
HAPEM program.

41 LOGFILE

Thelog file contains arecord of aHAPEM4 anadlysis. Three of the HAPEM4 programs
(INDEXPOP, COMMUTE, and HAPEM) will append records onto an exigting log file, as specified
its parameter file, without overwriting previous records. DURAV and AIRQUAL will overwrite any
records on an exigting log file. Therefore, if asnglelog file nameis used to run dl the HAPEM4
programs, a running record will be kept for DURAV, INDEXPOP, and COMMUTE, but a new
record will be started by AIRQUAL and then added to by HAPEM. To maintain a complete log file
record of aHAPEM4 smulation, two aternatives are:

. If agngle parameter fileisfor acomplete smulation, so that the log file nameis the same for
al 5 programs, rename the log file created by the first 3 programs before AIRQUAL isrun

. Use adifferent parameter file for running AIRQUAL and HAPEM than for the other
programs, with a different name specified for the log file

If the HAPEMA4 programs experience no fatd errors during asmulation, there are severd items
written to the log file by each of the programs. Thefirst record written to the file by each program
identifies the program and its dart time. The time congsts of three numbers; the firdt is the current time,
the second is the sze of the time increment equivaent to one second, and the third is the maximum
vaue dlowed for the current time before it isreset to zero. All three of these quantities are system
dependent. An example record of thistype is presented below.

Examplelog File Program and Start Time Record
[Durav start time= 34862630 1000 86399999 |

The last two records written to the log by each HAPEM4 program report the ending time and
the total job time for the particular program. For the tota job time record, the job timeis converted
into seconds. Note that the total job time will not be correct if the clock maximum is exceeded during
the job. An example of these type of records is presented below.
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Examplelog File Stop Time and Run Time Record

Durav End tine 34880980
Durav Job tinme 18. 3500004

If aerror occurs that the HAPEM4 congders to be fatal, a diagnostic message will be written
to the log file and the program stopped. For example, if DURAYV finds that the number of time blocks
per day specified in the activity file header does not match the vaue of nblock specified in the
parameter file, it will write amessage to the log file and stop. An example of this type of record is
presented below.

Example log File Error Message Record

|number of time blocksin activity file does not equal nblock

4.1.1 DURAYV Output tothelLogFile

Apart from the text produced by al HAPEM4 programs, each program writes some
gpecidized information to thelog file. DURAV wrrites the name of the input activity file, and
intermediate file used to randomly select activity patterns for each group. An example of these types of
recordsis presented below.

Examplelog File Input and I nter mediate File Records

Data read fromfile=c:\hapend\ dur hw. t xt
di rect access in file=c:\hapem durhw. draft

DURAYV aso records the number of records (person-days) extracted from the activity file,
and the table of frequency counts for each combination of demographic group and day type (a matrix
whose e ements should sum to the total number of records extracted). |f any elements of this matrix are
zero then there are groups that have no activity patterns and thus are undefined. If the numbers are
pogitive but smdl (e.g., lessthan ten), then there is a chance that the exposure results might not be
representative for the group. An example of apart of thistype of matrix is presented below.

Examplelog File Matrix Records
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Tot al nunber of person-days processed= 16613
Frequency table for person-days
By denographic group (rows) & day type (cols)
1421 1905 2816
99 188 308
72 194 300
137 330 408
108 236 434
123 244 319
948 1159 1213
78 123 167
127 209 273

Before completing execution, DURAV writes the name of the output file (the averaged activity
database) in the log file following the table of frequency counts. An example of thistype of record is
presented below.

Example log File Output File Record

Data witten to file=c:\hapemd\ durhw da

4.1.2 |INDEXPOP Output totheLog File

In addition to the program name and the start, stop, and job time information provided to the
log file by dl the HAPEMA4 programs, INDEXPOP writes 2 other records to the log file The first
confirmsthat dl the input files were successfully opened, and the second records the total number of
tract records in the population file. An example of these two recordsis presented below.

Example log File Records from INDEXPOP
Finished opening files
total number of tractsis 60803

4.1.3 COMMUTE Output totheLog File

The COMMUTE program write no information to the log file other than the program name and
the start, stop, and job time.

4.1.4 AIRQUAL Output totheLog File
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In addition to the program name and the start, stop, and job time information provided to the
log file by al the HAPEM4 programs, AIRQUAL writes severa other recordsto thelog file. Fird, a
summary of theair quality file, which is produced by counting the number of census tracts and distinct
counties found in thefile, iswritten. These tracts are then paired with the tracts found in the popul ation
file. The number of tractsfound in the air quality file but not in the census file are recorded in the line
containing the phrase “unpaired air tracts’. Thisisfollowed by the list (if any) of unpaired tracts. Then,
the number of tractsin the population file but not in the air quality fileis reported, dong with the
number of matches and the number of repeated matches (two or more air tracts for one census tract).
Next, amilar Setigtics are given, for counties that have air quaity data. Idedlly, every tract in the air
quality file should be paired with exactly one tract in the population file. An example of the log output
produced by AIRQUAL is presented below.

Example log File Recordsfrom AIRQUAL

# air tracts = 60803

# counties on air file = 3111

There were O wunpaired air tracts.

Overall, there were:

455 unpaired census tracts.

60803 census tracts with a matching air tract.
0 census tracts with 2 or nore air tracts.
Wthin the counties on the air file, there were:
0 unpaired census tracts.

60803 census tracts with a matching air tract.
0O census tracts with 2 or nore air tracts.

4.1.5 HAPEM Output totheLog File

In addition to the program name and the start, stop, and job time information provided to the
log file by dl the HAPEM4 programs, the HAPEM program writes two other records to the log file
HAPEM reports the time when dynamic array dlocation is complete (i.e., HAPEM Al | ocat i on
=) and the number of tracts used in the analysis (i.e,, that had datain the air quality, population, and
commuting files). An example of the log output produced by HAPEM is presented below.

Example log File Records from HAPEM

HAPEM Al | ocation = 35921930
There were 4046 tracts in the study area.

42 COUNTERFILE
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A second diagnogtic file creasted by HAPEM4 isthe counter file. The counter file recordsthe
number of records in various data input and output files, which can aso be a useful tool for kegping
track of which files were used in the smulation, and for troubleshooting.

It isimportant to use same counter file for adl the HAPEM4 programs in asmulation, because
the programs use some of the information recorded by previous programs for dynamic memory
dlocation of arrays. If the expected records from previous programs are not in the counter file, an
error will occur.

The HAPEMA4 programs add records the counter file by appending to the end of the records
generated by the previous programs, where programs are run in the expected order, as described in
section 2.1. (Running COMMUTE is optiond). For example, INDEXPOP reads the DURAV -
generated records, and then begins its own recording. If INDEXPORP is run a second time, using the
same counter file, the second run will overwrite the previous INDEX POP-generated records.

The specific information recorded in the counter fileis asfollows.

DURAV: record 1

number of data records in the activity file (dur hw.txt)
- number of activity file data records with 1440 minute total

INDEXPOP record 2 - number of data records (tracts) in the population file (census.txt)
- number of countiesin the population file (census.txt)
COMMUTE record 3 - number of records in the population index file (census_direct.ind)
- number of records in the commuting file (comm.txt)
record 4 - number of recordsin the work tract file (comm.da)
- number of records in the commuting index file (comm.ind)
AIRQUAL  record 5 - number of matching tractsin the air quality (e.g, benzout.txt) and

population index (census_direct.ind) files
- number of counties with matching tractsin the air quality (e,

benzout.txt) and population index (census_direct.ind) files
- number of data records (tracts) in the air qudity file (e.g,
benzout.txt)

The following relationships are expected among the numbers in the counter file

. The number of records in the population file (census.txt), the population index file
(census_direct.ind), and the commuting index file (comm.ind) should dl be the same.

. The number of records in the work tract file (comm.da) may be larger or smdller than the
number of records in the commuting file (comm.txt). It may be larger, because, if atract in the
population file has no matching home tract in the commuting file, COMMUTE creates a
“commuting” flow, using the population tract as both the home and work tract. It may aso be
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gamdler if the population file sudy areais smdler than the commuting file sudy area (dl US
dates and the Digtrict of Columbia).

43 MISTRACT FILE

A third diagnodtic file created by the COMMUTE, AIRQUAL, and HAPEM programsisthe
mistract file. If the same mistract file nameisused for COMMUTE and AIRQUAL, The
COMMUTE information will be overwritten by AIRQUAL. HAPEM will append records onto an
exiding mistract file. To maintain a complete record of this information for aHAPEM4 smulation,
ather different mistract file names should be used for COMMUTE and AIRQUAL (requiring different
parameter files), or the mistract file should be re-named after the COMMUTE program is run.

Each of the three programs records a different set of information about the consstency of
census tracts included in the input files.

. The COMMUTE mistract file records the state, county, and tract FIPS codes of each tract in
the population file that is not matched by ahome tract in the commuting file. These unmatched
tracts are till processed by COMMUTE, as explained in the previous section, by creating a
“commuting” flow, using the population tract as both the home and work tract.

. The AIRQUAL mistract file records the record number, state and county FIPS, and tract
code of each tract in the population file that is not matched by atract intheair qualityfile
Only tractsthat are included in both the files are processed by HAPEMA4, since both these
pieces of information about atract (population and air quality) are needed to make an exposure
eslimate.

. The HAPEM program records information on the mistract file only if commuting isinduded in
the smulation. The HAPEM mistract file records the state, county, and tract FIPS codes of
each home tract in the commuting file thet is not matched by atract in the air quaity index files.
These index files contain information on tracts that were included in both the population and
air quality files. The unmatched home tracts are not processed further. The HAPEM mistract
file o records each instance of awork tract that is not matched by atract in the air quality
file. For these cases, the work tract is assigned the air quaity of the home tract.

4.4 FINAL EXPOSURE FILE

Asexplained in section 2.1.9, HAPEM4 creates two exposure output files for each
gtate/pollutant combination. The names of these files are congtructed by the program based on the
pollutant SAROAD code and the state FIPS code as follows:

XXXXX.YY.d.dat
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XXXXX.YY .adat

where XXXXX
and YY

the 5-digit SAROAD pollutant code specified by the sarod parameter
the 2-digit state FIPS code

The “d’files contain exposure estimates for the 40 demographic groups defined according to
age, gender, and race or ethnic group. These exposure estimates use activity data for individuals for
which the race or ethnic group is known (about 80% of the CHAD data) and population data that is
gpecific for age, gender, and race/ethnic group in each Censustract. The“a’ files contain exposure
estimates for the 10 demographic groups based on age and gender only. These exposure estimates use
activity data for individuals whose race and ethnic group is unknown (about 20% of the CHAD deata)
and population data that is specific for age and gender in each Census tract, but combines vaues for dl
races and ethnic groups.

The results for the race-aggregate groups are written into output files separate from the results
for the race-gpecific groups, sSnce they provide dternative exposure estimates for the same populations.
That is, the “d” files contain an exposure assessment for the total study area population taking race and
ethnic group into account, and the“a’ files contain an aternative assessment for the total study area
population without taking race and ethnic group into account. The user can chooseto usetheresultsin
ather the“d’ filesor the“d’ files. Alternatively, the user can combine the results with weighted
averaging, S0 that dl the population activity datais utilized in making the exposure estimate.. For
example, two separate estimates of the average population exposure concentration for a study area
could be made -- one from the “d” files and one from the “&’ files -- each as a popul ation-weighted
average of the exposure estimates. These two separate estimates could then be combined as a
weighted average, e.g., with .8/.2 weighting to reflect the relative number of activity records used asthe
bassfor each estimate. Smilarly, a.8/.2 weighting could be used to combine separate estimates from
the two sets of files for the number of individuals exposed to concentrations exceeding a particular
threshold levd.

4.4.1 FileFormat
The find exposure output files each begin with a heeder record indicating:

. the tota number of demographic groups for the andysis (i.e,, the vdue of ngroup inthe

parameter file)

. the total number of replicates for each group/tract combination (i.e., the value of the parameter
amax in the HAPEM source code, currently set at 30)

. the total number of source categories (i.e., the value of nsource in the parameter file)

An example header record is presented below.
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Example Header Record for Final Exposure Output File
INo. of Groups = 50 No. of Replicates = 30 No. of Source Categories = 4 |

The header record isthen followed by amax (i.e., 30) data records for each group/tract
combination, where the groups are alocated to the“d” and “&’ files as explained above. The format of
each data record, assuming nsource = 4, isasfollows.

Fields 2-3 state FIPS code (2-character string)

Fields 5-7 county FIPS code (3-character string)

Fields9-14  tract ID (6-character string)

Fields16-17 demographic group indicator (integer from 1-50, ordered asin the population input file
)

Fields19-25 number of people to which the exposure estimates in the data record gpply, equa to the
population of the group/tract combination divided by the number of replicates (decima
number)

Fields27-36  estimated exposure concentration contribution from emission source category 1
(decimd number in scientific notation, units of measurement asinthe air qualityfile)

Fields 38-47 egtimated exposure concentration contribution from emission source category 2

Fields49-58 egtimated exposure concentration contribution from emission source category 3

Fields60-69 egtimated exposure concentration contribution from emission source category 4

Fields 71-80 estimated exposure concentration contribution from background

Fields82-91 edimated total exposure concentration, the sum of the preceding 5 vaues

An example set of replicate data records is presented below. Note that the background concentration
contribution is zero for this example. The total population for demographic group 1 in thistract is 175,
50 that the number of people to which the exposure estimates in each record apply is 5.83 = 175/30.
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Example Set of Replicate Data Records From a Final Exposure Output File

10 001 040100
10 001 040100
10 001 040100
10 001 040100
10 001 040100
10 001 040100
10 001 040100
10 001 040100
10 001 040100
10 001 040100
10 001 040100
10 001 040100
10 001 040100
10 001 040100
10 001 040100
10 001 040100
10 001 040100
10 001 040100
10 001 040100
10 001 040100
10 001 040100
10 001 040100
10 001 040100
10 001 040100
10 001 040100
10 001 040100
10 001 040100
10 001 040100

10 001 040100

10 001 040100 1

[EEY

P RRPRRRPRPRRPRPRRPRRPRPRRPRPRRPRRPRRPRPRREPRPRRPREPRRERER

5.83 0.8716E-02 0.2020E-01 0.1441E+00 0.2803E-01 0.0000E+00 0.2010E+00
5.83 0.8669E-02 0.2023E-01 0.1438E+00 0.2808E-01 0.0000E+00 0.2008E+00
5.83 0.8718E-02 0.2025E-01 0.1486E+00 0.2815E-01 0.0000E+00 0.2057E+00
5.83 0.8660E-02 0.2015E-01 0.1441E+00 0.2800E-01 0.0000E+00 0.2009E+00
5.83 0.8735E-02 0.2027E-01 0.1439E+00 0.2798E-01 0.0000E+00 0.2009E+00
5.83 0.8741E-02 0.2008E-01 0.1424E+00 0.2801E-01 0.0000E+00 0.1992E+00
5.83 0.8631E-02 0.2039E-01 0.1423E+00 0.2798E-01 0.0000E+00 0.1993E+00
5.83 0.8721E-02 0.2020E-01 0.1450E+00 0.2809E-01 0.0000E+00 0.2020E+00
5.83 0.8737E-02 0.2018E-01 0.1419E+00 0.2789E-01 0.0000E+00 0.1987E+00
5.83 0.8703E-02 0.2025E-01 0.1458E+00 0.2802E-01 0.0000E+00 0.2027E+00
5.83 0.8716E-02 0.2023E-01 0.1441E+00 0.2788E-01 0.0000E+00 0.2009E+00
5.83 0.8657E-02 0.2019E-01 0.1438E+00 0.2786E-01 0.0000E+00 0.2005E+00
5.83 0.8705E-02 0.2019E-01 0.1440E+00 0.2797E-01 0.0000E+00 0.2009E+00
5.83 0.8675E-02 0.2027E-01 0.1461E+00 0.2812E-01 0.0000E+00 0.2032E+00
5.83 0.8672E-02 0.2016E-01 0.1446E+00 0.2799E-01 0.0000E+00 0.2014E+00
5.83 0.8727E-02 0.2007E-01 0.1438E+00 0.2799E-01 0.0000E+00 0.2006E+00
5.83 0.8688E-02 0.2031E-01 0.1427E+00 0.2786E-01 0.0000E+00 0.1996E+00
5.83 0.8612E-02 0.2008E-01 0.1447E+00 0.2791E-01 0.0000E+00 0.2013E+00
5.83 0.8748E-02 0.2022E-01 0.1461E+00 0.2817E-01 0.0000E+00 0.2032E+00
5.83 0.8730E-02 0.2037E-01 0.1472E+00 0.2816E-01 0.0000E+00 0.2045E+00
5.83 0.8674E-02 0.2009E-01 0.1453E+00 0.2802E-01 0.0000E+00 0.2021E+00
5.83 0.8690E-02 0.2022E-01 0.1434E+00 0.2804E-01 0.0000E+00 0.2004E+00
5.83 0.8786E-02 0.2031E-01 0.1417E+00 0.2792E-01 0.0000E+00 0.1987E+00
5.83 0.8675E-02 0.2021E-01 0.1458E+00 0.2809E-01 0.0000E+00 0.2028E+00
5.83 0.8705E-02 0.2022E-01 0.1486E+00 0.2791E-01 0.0000E+00 0.2055E+00
5.83 0.8666E-02 0.2023E-01 0.1436E+00 0.2801E-01 0.0000E+00 0.2005E+00
5.83 0.8657E-02 0.2017E-01 0.1452E+00 0.2794E-01 0.0000E+00 0.2020E+00
5.83 0.8738E-02 0.2032E-01 0.1435E+00 0.2818E-01 0.0000E+00 0.2007E+00
5.83 0.8719E-02 0.2010E-01 0.1431E+00 0.2793E-01 0.0000E+00 0.1998E+00
5.83 0.8702E-02 0.2011E-01 0.1433E+00 0.2816E-01 0.0000E+00 0.2003E+00
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S. HAPEM4 PROGRAMS

This section presents detailed descriptions of the five programs that comprise the mode!:
DURAV, INDEXPOP, COMMUTE, AIRQUAL, and HAPEM. Thefirgt four programs (DURAYV,
INDEXPOP, COMMUTE, and AIRQUAL) are essentially preprocessers that convert input datafiles
into the form required for efficient exposure cdculations. Thefind program (HAPEM) actudly
performs the exposure caculations and summearizes the results.

NOTE TO USERS

It isimportant to note that some understanding of Fortran programming is necessary to understand al
the programming details discussed inthis chapter. However, al of the general conceptsrelated to the
programs should be clear to dl users.

51 PROGRAMMING GUIDELINESUSED TO DEVELOP HAPEM4
The source code for each of the five HAPEM4 programs is written in Fortran 90 and designed
S0 that it can be compiled and executed with little or no programming changes on various platforms

(e.g., UNIX, DOS, Windows).

The HAPEMA4 programs incorporate a structured programming style as summarized by the
following attributes:

. No“GO TO” gatementsor line numbersin any of the programs. Program flowisdirect fromthe
beginning to the end within each program, thus making the code easy to follow. The only looping
iswithin “DO” blocks.

. Each line of code is short enough to avoid the need for continuation lines.

. Except for the parameter file no filenames appear in source code of any of the HAPEM4
programs. Ingtead, thisinformation is specified in the parameter file

. Most parameter vaues are input from the parameter file so that the programs themsalves only
alocate space for and carry out as many caculations as are necessary.

. All arrays depending on variable parameters are dynamicaly alocated.

. To avoid limitations such as hard-coded numbers of varidblesona“FORMAT” statement, many
of the “FORMATS’ are dynamicdly written during the run.
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. All variables are declared (no implicit typing), with comments at the end of most declarations to
assg ininterpretation.  Comment lines are inserted between the logical blocks of codefor clarity.
At the end of each program (after the “END PROGRAM” statement), additional comments are
given to explain the structure and details of each program.

Each file is opened with an “OPEN” statement that specifiesif thefileisto be used for reading
or writing, and also specifiestherecord length. Each “READ” and “WRITE” statement contains an
| OSTAT varigble, which is used by the program to determine how to respond to an error condition.
All files that are opened are explicitly closed and dl alocated arrays are dedllocated at the end of each
program. Generdly, the “READ” statements use unformatted (list) input so that the data do not have to
be in predetermined columns, but the “WRITE’ statements are usualy formatted for clarity.

5.1.1 Common structural e ements

All of the HAPEMA4 programs consist of a declarations section, a parameters section, a setup
section, a primary section that processes the data, and awrap-up section. In the declarations section,
al variables are explicitly typed. Mogt lines include atrailling comment to indicate the genera purpose of
the variable(s). Arraysthat are to be dynamically alocated are fixed in rank (number of dimensions),
with a colon used to defer the size specification.

The second program section, referred to as the params section, reads the parameter fileto
determine the specific input file names and the parameter settings. This section issmilar in dl the
HAPEM4 programs, except that only the names of files needed by each job are retained as variables.
Each line of the parameter fileisread in as acharacter string (maximum length of 120 characters) and
ingpected for an equalssgn “=". If thereisno equals Sgn then thelineisignored. Thisalowsthe
programmer to add comments and other lines directly to the parameter file without dtering its
performance. Lines containing an equals Sgn are divided into two parts a the equalssign.  The part to
the left of the Sign is scanned for keywords. All keywords are in lower case. If the string “file' isfound,
then the line is assumed to specify one of theinput or output files. For these lines, a second keyword is
searched for. Possible keywords are presented below. Which filenames and paths are required by
each HAPEM4 program are presented in Table 2.1 as user-defined files.

Keyword Definition
activity name of theactivity file (input)
popul at name of the population file (input)
commut name of the commuting file (input)
quality name of theair quality file (input)
factors name of thefactors file(input)
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statefip name of the statefip file (input)
log name of thelog file (output)
counter name of the counter file (output)
mistract name of themistract file(output)
afile path of final exposure output files with demographic group

defined by gender, age, and race/ethnic group (output)

bfile path of final exposure output files with demographic group
defined by gender and age (output)

The HAPEM4 user can use the above keywords in lines that do not contain an equals sign, or
in comments containing an equas Sgn as long as the word “file’ does not aso appear |eft of the equals
sgn. The strings containing the directory and file names should not exceed 100 characters. If they do,
then use an dias or alogicd drive specification to identify most of the path, and thereby reduce the
length to lessthan 100 characters. As described earlier in this guide, each of the input files requires a
certain format for the data 1t isthe respongbility of the user to ensure that this format specification is
met.

The setup section dlocates and initidizes the dynamic arrays that can be sized from the
parameter settings specified in the parameter file. Other arrays that are dependent on the number of
records in an input file are dlocated esewhere. The dynamic alocation serves three purposes, it saves
gpace and time by only using as much space asis necessary, it dlows for the parametersto be
increased or decreased without recompiling the program, and it alows vector and array operationsto
be programmed more smply since they can be gpplied to the entire array rather than only to certain
elements.

52 PROGRAM DESCRIPTIONS

As mentioned previoudy, HAPEM4 is composed of five programs. DURAV, INDEXPOP,
COMMUTE, AIRQUAL ,and HAPEM. This section describes the purpose and structure of the
processing section of each of these programs.
5.2.1 DURAV

Asexplained in section 2.1.2, the DURAV program performs two main functions.

. It categorizes population activity data extracted from CHAD into demographic groups and day
types (season, day-of-week).
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. It creates 100 annud average activity patterns for each demographic group/day type combination
by random sampling to be used in HAPEM.

The 50 demographic groups are defined by combinations of the following age, race, and gender
categories.

Age

. 0-4

. 5-11

. 12 - 17

. 18 - 64

. 65+
Race:

. White

. Black

. Higpanic
. Asan and Other
. Unknown
Gender:

. Mde

. Femde

Two variables, season and day of week, are used to determine three day types.

. weekdays in summer (June - August)
. other weekdays
. weekends.

DURAYV congtructs 100 annua average activity patterns for each demographic group/day type
combination through a stochastic process as follows. All activity patternsin the CHAD database that
correspond to that demographic group and day type combination are extracted. From that set a
number of activity patterns, equa to the annua frequency of that day type, are randomly sdlected (with
replacement) to represent the variation over afull year for an individud. Then dl of the time blocks
corresponding to the same time of day are averaged across the sdlected patterns to create asingle
annua average activity pattern. This procedure is repeated 100 times for each demographic group and
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day type combination, resulting in 3 sets of 100 annua average activity patterns for each demographic
group.

For example, there are generdly 104 weekend days per year. Therefore, an annual average
weekend activity pattern for any demographic group is constructed by selection (with replacement) of
104 weekend activity patterns for that group. To create the first time block of the annual average
weekend activity pattern, the activity durations of the first time block in each of the 104 sdlected
patterns are averaged together.

This sdection procedure implicitly assumes that each activity pattern in the set is equdly likely to
occur. Moreover, because the available activity pattern data includes only afew days of sampling for
any individud, it cannot be used to estimate the day to day correlation of an individua’ s activities over
the course of ayear. Therefore, such correlations are not considered in the salection process. For
example, the sdlection for day 1 may specify a house with an attached garage, and for day 2 ahouse
without an attached garage. As aresult the averaged activity pattern is more representative of a
population average pattern for the demographic group, than an average pattern for an individua. Thus,
the distribution of exposure concentrations for the group estimated by HAPEM4 represents the
uncertainty in the population average exposure concentration, rather than the variability of the individua
exposure concentrations among members of the group.

5.2.1.1 DURAV Processing Operations

In addition to the operations discussed above, the params section of DURAV conducts the following
operation.

« Thevduesof nblock, the number of time blocks per day in the activity file, and hblock, the number
of time blocks per day for the andys's, are checked for compatibility. As explained in section 2.1.2,
hblock mug be an integrd factor of nblock, so tha the activity time blocks can be combined if
necessary to matchto matchhblock. If not, anerror message is written to the log file and the program
is stopped.

In addition to the operations discussed above, the setup section of DURAV conducts the following
operation.

« The number of time blocks per day in the activity file is determined from the header record, as
explaned in section 3.2.1. This number is checked against the value of nblock specified in the
parameter file. If the vaues are different, an error message iswrittento the log file and the program is
stopped.

The main processing section of DURAV conducts severd operations, as follows.

DRAFT - November 29, 2000 55



CHAPTER 5
HAPEM4 PROGRAMS

« The number of data records in the activity file is determined, so that memory can be alocated for
various arrays used to hold the input data records and other data derived from them.

« Each activity record is checked to ensure that the tota activity timeis 1440 minutes. If not the record
is recorded in an intermediate output file with filename extension “.wrong_chad” and dropped from
further processng.

« The nblock time blocks in each activity record are aggregated, if necessary, to create hblock time
blocks.

» The compressed activity records are checked to ensure thetotal activity imeis ill 1440 minutes. If not,
an error message is written to the log file and the program is stopped.

« The compressed activity records are written into a direct access file with a file name extension of
“.draft” .

» Each compressed record is classfied by day type (indicated as part of the activity record) and
demographic group, as defined in the DURAV source code. If any records cannot be classfied, and
error message is written to the log file and the program is stopped. The serid record numbers of the
compressed records for each category are recorded in the array “ntest”.

« Thetotal number of datarecordsinthe activityfile, and the total number withactivity durations of 1440
minutes are recorded in the counter file

« The number of compressed records in each day type/demographic group category with and without
commuting (i.e,, imeinwork locetion) is determined. Day type/demographic group combinations with
more than 10% commuting records are classfied as “commuting” activity sets.

«  Thenumber of compressed activity records ineach day type/demographic group combingtion and their
commuting classfications are recorded in an intermediate file with filename extenson “.nonzero”.

« Compressed activity recordsfor each day type/demographic group combinationare randomly selected
from the “.draft” file by use of the “ntest” array, and averaged as explained above to construct 100
annua average activity patterns for each. (Day type/demographic group combination with no records
are skipped.) An attached subroutine, RANDOM, induding an attached function, RAN1, is used to
generate the random numbers used for selection.

« Thetota number of compressed activity records processed and their alocation among day types and
demographic groupsis written into the log file
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« The sets of 100 annud average activity patterns are written into a direct access file with filename
extenson “.da”, and the filename isrecorded in the log file

522 INDEXPOP
Asexplained in section 2.1.3, the INDEXPOP program performs two main functions:

» It createsadirect accessfile of population datato be used in AIRQUAL

« It createsindexfilesfor the populationdata Census tracts, to fadilitatefile searchingin COMMUTE and
AIRQUAL

5.2.21 INDEXPOP Processing Operations
The specific operations performed in the main processing section of INDEXPOP are asfollows.

« Thenumber of datarecordsin the population file is determined so that memory can be dlocated for
various arrays used to hold the input data records and other data derived from them.

» Eachdatarecordinthe population fileis read. The population array is recorded in a direct accessfile
with the filename extenson “.da” . The state FIPS, county FIPS, tract code, and serid record number
are recorded in adirect access file with the filename extension “_direct.ind”.

» Thetotd number of tract recordsin each county is determined.

« Thetota number of counties included in the population file that fal into each Sate is determined.

» A direct access index file is created with filename extenson “.county_tract_pop range”. For each
county inthe population file, thereisa record in thisfile indicating the serid record numbers of the first
and |last data record for tractsin that county inthe“.da” and “_direct.ind” files

» A direct accessindex fileis created with filename extenson “.state_county pop range”. For each
county thereisa record in thisfile indicating the serid record numbers of the first and last datarecord
for countiesin that Sate in the “.county_tract_pop_range”.

« Thetotd number of records (tracts) and countiesin the population file is added to the counter file

5.2.3 COMMUTE

Asexplained in section 2.1.4, the COMMUTE program performs two main functions.
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» Itcreatesafileidentifying for each Censustract (i.e., hometract) the associated set of work tracts(i.e.,
tracts in which the resdents of the home tract work), and the fraction of home tract workersin each
work tract

» It createsindex filesto facilitate file searching in HAPEM
5231 COMMUTE Processing Operations
The specific operations performed in the main processing section of COMMUTE are as follows.

e Thenumber of data recordsin the commuting file is determined so that memory can be dlocated for
various arrays used to hold the input data records and other data derived from them.

«  Thenumber of commuting file records with home tracts in each Sate is determined.

» For eachstate the seria record numbers of the first and last data record indicating a home tract in that
State are determined.

» The number of records in the population file is read from the counter file, so that memory can be
alocated for various arrays used to hold the input data records and other data derived from them.

« All thetract IDsareread fromthe “ direct.ind” file created by INDEXPOP, using the indices from
the “.state_county_pop _range” and “.county_tract_pop_range” files created by INDEXPOP.

« For each tract in the “_direct.ind” file created by INDEXPOP, al matching home tracts in the
commuting file are found. (There is one home tract record for every commuting flow originating in thet
tract). For each matched home tract, the number of commuting flowsto work tractswithin 120 km, and
the magnitude of eachflow is determined. Each work tract 1D and the fraction of total commuting flow
goingto that tract from the home tract isrecorded in adirect access file with filename extension “.da”
(one record for each work tract).

 If no maching home tracts are found inthe commuting filefor a population tract, an entry is recorded
in the mistract file indicating the indices of the tract in the *“.state_county pop_range”,
“.county_tract pop range’, andthe “ direct.ind” files, aswdl asthetract ID.

» For population tracts with no matching commuting home tracts, a record is recorded in the“.da” file
indicating the population tract as the work tract, with fractiona commuting flow of 1.0, i.e,, al work
takes place in the home tract.

« For eachpopulationtract, arecord iswritteninto a direct accessfile withfilename extenson*®.ind”. The
fiddsinthe record are the population tract 1D, the serial record numbersof the first and last work tract
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record in the*.da” file, and aflagindicating whether the population tract was matched by a home tract
in the commuting file (0=no; 1=yes).

Two records are added to the counter file The firgt indicates the number of records found in the
“_direct.ind” file created by INDEX POP, and the number of data records found inthe commuting file.
The second records the number of recordsin the “.da” file and the number in the“.ind” file

A direct accessindex file is created with filename extension®.st_comml_fip_range’. For each state
thereisa record inthisfileindicating the seria record numbers of thefirst and last datarecord for tracts
inthat sateinthe “.ind’file

524 AIRQUAL

Asexplained in section 2.1.5, the AIRQUAL program performs two main functions.
It crestes adirect accessfile of air quality data to be used in HAPEM.

It creates index filesto facilitate file searching in HAPEM.

5241  AIRQUAL Processing Operations

The specific operations performed in the main processing section of AIRQUAL are asfollows.

The number of datarecordsin theair quality file is determined so that memory can be alocated for
various arrays used to hold the input data records and other data derived from them.

The number of timeblocksinthe air quality file is determined fromthe header record. It ischecked for
compatibility with the vaue of hblock, the number of time blocks for the analyss, as specified in the
parameter file Asexplained in section 2.1.5, hblock must be an integra multiple of the number of air
qudity time blocks, so that the ar qudity vaues can be replicated if necessary to create hblock ar
quality vaues. If thisis not the case, an error message is written to the log file and the program is
stopped.

Each datarecord inthe air quality file isread, and if necessary, the concentrationvauesfor each time
block are replicated to create hblock vaues.

All the unique county FIPS inthe air quality file are counted and the values saved into an array.
The number of records in the population fileis read from the counter file

An attempt is made to match each population tract specified in the “ direct.ind” file created by
INDEXPOP withatractintheair quality file. If amaich isfound, the population array fromthe “.da”
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file created by INDEXPOP is recorded inadirect accessfile withthe root name of the population file
and the filename extension“.pop_air_da” (e.g., census.pop_air_da). Thetract ID (state FIPS, county
FIPS, and tract code) and air quality datais recorded in a direct access file with the root name of the
air quality fileand the filename extenson “.air_da”, (e.g., benzout.air_da). If no match isfound, the
serid record number of thetract inthe “_direct.ind” file created by INDEXPOP and thetract ID are
recorded in the mistract file

» For each gate the number of tractsin the“.air_da’fileis determined.
» For each county inthe“.air_da” file the number of tractsis determined

« A direct accessindex fileis created with filename extenson “.state_air_fip_range”. For each county
thereisa record in thisfile indicating the seria record numbers of the first and last data recordsin the
“.pop_air_da” and“.air_da” files

« A direct access index fileis crested with filename extenson “.state _airl fip range’. For each state
thereisa record in thisfile indicating the serid record numbers of the first and last data records in the
“.state air_fip_range’ file

» A direct access index file is crested with filename extenson “.state _air2 fip _range’. For each state
thereisa record in thisfile indicating the seria record numbers of the first and last data recordsin the
“.pop_air_da” and“.air_da” files

e A record is added to the counter file indicating the number of data records (tracts) in the
“.pop_air_da” and “.air_da” files, the number of records (counties) inthe “.state_air_fip_range’ file,
and the number of datarecordsin the air quality file

525 HAPEM
Asexplained in section 2.1.6, the HAPEM program performs four main functions.

» For each demographic group in each Census tract, it randomly selects 30 of the 100 annud average
activity patterns for each day type (crested in DURAYV).

« For eachactivity patternfor acommuting demographic group, it randomly selects awork Census tract
with probability weighting based on the fraction of residents that work in thet tract..

e For each Census tract it estimates the concentration in each microenvironment based on
microenvironment factors and outdoor concentrations.
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« It combines activity pattern, commuting, and microenvironment concentration estimates to calculate 30
annua average exposure concentrations for each demographic group in each Census tract

5241 HAPEM Processng Operations
The specific operations performed in the main processing section of HAPEM are asfollows.
« The microenvironment factors are read from the factor s file and the values saved into arrays.

« The background exposure concentration contributions are calculated for each time block and
microenvironment based on the uniform vaue of the backg parameter specified in the parameter file,
and the microenvironment factors.

» For each day type/demographic group combination the number of records in the activity file and the
commuting status of the st isread from the “.nonzero” file created in DURAYV.

» For eachday type/demographic group combinationwitha postive number of activity records, the 100
annua average activity pattern records are read from the “.da” file created in DURAV and the vaues
saved into an array.

« If commuting isincudedinthe smulation, for each day type/demographic group combinationwith non-
commuting status (10% or less of activity file records with activity time at work location), any activity
time at awork location in an annua average activity pattern is transferred to the home location.

« Each annud average activity pattern is checked to ensure atota activity time of 1440 minutes. If not,
an error message is written to the log file and the program is stopped.

« Severd vaues areread from the counter file to alocate memory for various arrays.

« Indices are read from the “.state air_fip_range” and “.state airl fip range’ files created by
AIRQUAL.

« Dataisread from the“.pop_air_da” and “.air_da” files crested by AIRQUAL.

« Ifcommutingisincludedinthe amulation, indicesareread fromthe“.st_ comml_fip_range” and “.ind”
filescreated by COMMUTE, and datafromthe “.da” file created by COMMUTE. Otherwise, indices
areread fromthe “.state_air2_fip_range” file created by AIRQUAL.

« If commuting isincluded in the smulation for each tract in the “.ind” file created by COMMUTE an
attempt is madeto find amatchingtract in the“.state_air_fip_range” file created by AIRQUAL. The
ar qudity datafromthe “.air_da’” file created by AIRQUAL for each matched tract is combined with
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the microenvironment factors to estimate the concentrations for each microenvironment/time block
combination for that tract. If amatch is not found, the commuting tract is recorded in the mistract file

« If commuting is not included, every air qudity record fromthe “.air_da” file creasted by AIRQUAL is
processed.

» For each tract processed 30 of the 100 annua average activity patterns from the “.da” file created in
DURAYV arerandomly selected (withreplacement) for each day type/demographic group combination.
(A different selectionof 30 is made for each tract processed.) An attached subroutine RANDOM and
an atached function RAN1 are used to generate the random numbers used in the selection.

o If commuting is included in the amulation, for each day type/demographic group combination with
commuting status, awork tract israndomly selected for each sel ected activity pattern, usng an attached
subroutine, RANDOMR. The work tract is selected fromthe set of work tracts corresponding to that
hometract, as specified inthe “.da” file crested by COMMUTE. The ar qudity datafor that work tract
isdetermined from the “.air_da” file created by AIRQUAL. If the work tract cannot be found in the
“.air_da” file thear qudity datafor the home tract isused. The ar qudity datais combined with the
microenvironment factors to estimate the concentrations for each microenvironment/time block
combination for that work tract.

«  Themicroenvironment/time block time durations of the selected activity patterns are combined withthe
esimated microenvironment/time block concentrations for the home tract (and the work tracts if
commuting is included) to estimate 30 annud average exposure concentrations for each day
type/demographic group combination. A separate set of estimates is made for each emisson source
category. The dgorithm for each day type/demographic group combination in the tract is as follows.

a a Conc,.., Duration, .,

ExpCOnC — TimeBlods Ml;:roermrorrenti .
a a Duration,,,
TimeBlodks Microervromat
where Conc, , is the emisson source category concentration during time block t in

microenvironment m; and
Duration, ,, isthe duration of activity during time block t in microenvironment m

» The exposure concentrations for each day type are combined with weighted averaging to create an
overdl annua average exposure concentration. The weightsare the reative frequenciesof the day types:
0.181 for summer weekday, 0.534 for non-summer weekdays, and 0.285 for weekends.
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« A total annud average exposure concentration is caculated by adding the annud average vaues for
each emission source category and from background.

« Theresults are written into the find exposure output files 30 records for each demographic group in
each tract. The format of the filesis described in section 4.4.
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Disclaimer

This document is an external review draft. It has not been formally released by the U.S.
Environmental Protection Agency and should not at this stage be construed to represent Agency
policy. Itis being circulated for comments on its technical merit and policy implications, and
does not constitute Agency policy. Mention of trade names or commercial products is not
intended to constitute endorsement or recommendation for use.
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BACKGROUND

The National Air Toxics Assessment (NATA) activities are a primary component of the
Environmental Protection Agency’s (EPA’s) national air toxics program. The primary goal of
the NATA activities are to set program priorities, characterize risks, and track progress toward
meeting the overall national air toxics program goals, as well as specific risk-based goals, such as
those of EPA’s Integrated Urban Air Toxics Strategy (64 FR 38706). More specifically, our
NATA activities include expanding air toxics monitoring, improving and periodically updating
emissions inventories, periodically conducting national- and local-scale air quality, multi-media
and exposure modeling, characterizing risks associated with air toxics exposures, and continuing
research on health and environmental effects and exposures to both ambient and indoor sources.

As part of the NATA activities, EPA is currently conducting an initial screening-level
assessment, which will demonstrate the approach to characterizing air toxics risks nationwide.
This initial national-scale assessment (NSA), will help to characterize the potential health risks
associated with inhalation exposures to thirty-three hazardous air pollutants (HAPS) identified as
priority pollutants through EPA’s Integrated Urban Air Toxics Strategy. It is important to note
that, such a broad-scale assessment is limited in the scope of the risks that it can address
guantitatively. Specifically, the assessment addresses risks associated with only inhalation
exposure, and does not quantify exposures by ingestion or dermal contact, which may be
important for some substances. The assessment is also limited by the uncertainties inherent in
the various types of data and methods currently available. Despite these limitations, it represents
an important first step in characterizing air toxics risks nationwide.

INTRODUCTION

To accomplish the inhalation exposure assessments under NATA, EPA chose the
Hazardous Air Pollutant Exposure Model, Version 4 (HAPEM4). The HAPEMA4 is a screening-
level human inhalation exposure model designed to estimate exposures of population subgroups
from concentrations of HAPs originating in the ambient (i.e., outdoor) environment. It was
designed to predict the inhalation exposure for selected population groups and HAPs. Through a
series of calculation routines, the model makes use of census data, information about human
activity patterns, ambient air quality levels, climate data, and indoor/outdoor concentration
relationships to estimate an expected range of inhalation exposure concentrations for subgroups
of the population.

It is expected that for a majority of the thirty-three HAPs being examined in the initial
NSA, the air medium, and hence, inhalation exposure, will be the dominant pathway in
determining population risk. Furthermore, a lack of appropriate assessment tools and supporting
data currently prohibits a national scale multimedia assessment. Due, in part, to these factors and
limitations, the EPA chose the HAPEM4 as the tool to predict the inhalation exposure as part of
the initial national-scale assessment. The HAPEM4 was a likely choice for the exposure
modeling component of NATA based on its specific design features including its ability to
process large amounts of input data thus enabling a national assessment at the census tract scale,
its ability to predict exposure concentrations for both outdoor and indoor locations, its ability to
calculate annual average exposures which reflect time-dependent patterns in ambient
concentrations and activity patterns, and its ability to estimate exposures for workers at their
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workplace and also during their commute. HAPEMA4 is also desirable because of the
probabilistic selection of the activity pattern data used by the model.

As part of the NATA activities, the HAPEM4 will be run to estimate inhalation exposure
levels to selected HAPs, including those on the EPA’s urban HAPs list , for all census tracts in
the contiguous United States, Puerto Rico, and the U.S. Virgin Islands. Prior to running the
HAPEM4, pollutant-specific microenvironmental (ME) factors need to be developed for each
HAP/microenvironment combination. The list of HAPs and HAPEM4 microenvironments for
which ME factors were sought can be found in Tables 1 and 2, respectively. This report provides
details of the development of the HAPEM4 ME factors to be used in the NATA analyses.

Table 1. List of HAPs for Development of ME Factor$

1 | acetaldehyde 1§ 1,2-dichloroethane (ethyl(lne 25  nickel compounds
dichloride)
2 | acrolein 14] 1,3-dichloropropene 2p 7-PAH
3 | acrylonitrile 15] ethylene dibromide (1,2- 2y  polychlorinated biphenyl
dibromoethane)
4 | arsenic 16] ethylene oxide 2B  propylene dichloride (1,2
dichloropropane)
5 | benzene 171 formaldehyde 2p quinoline
6 | beryllium compounds 14 hexachlorobenzene B0 styrene
7 | 1,3-butadiene 19 hydrazine 3L 2,3,7,8-TCDD
8 | cadmium compounds 20 lead compounds - organig 32 1,1,2,2-tetrachloroethane
9 | carbon tetrachloride 21 lead compounds - inorgaric 33 tetrachloroethylene
(perchloroethylene)
10 | chloroform 22| manganese compounds B4 trichloroethylene
11 | chromium compounds 2 mercury compounds 35  vinyl chloride
12 | coke oven emissions 2 methylene chloride

(dichloromethane)
#In addition to this list, the following pollutants were also included for future development of ME factors: ethyl
benzene, hexane, methyl-tertiary-butyl-ether (MTBE), propionaldehyde, toluene, and xylenes.

® Styrene is the only HAP in this table that is not on EPA’s urban HAPs list.
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The urban HAPs list was published in the Federal Register Notice describing EPA’s
Integrated Urban Air Toxics Strategy (64 FR 38706).
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Table 2. HAPEM4 Microenvironments

MICROENVIRONMENT
MICROENVIRONMENT #

SPECIFIC GENERAL
1 Car In vehicle
2 Bus In vehicle
3 Truck In vehicle
4 Other In vehicle
5 Public garage Indoors
6 Parking lot/garage Outdoors
7 Near road Outdoors
8 Motorcycle Outdoors
9 Service station Indoors
10 Service station Outdoors
11 Residential garage Indoors
12 Other repair shop Indoors
13 Residence - no gas stove Indoors
14 Residence - gas stove Indoors
15 Residence - attached garage Indoors
16 Residential - stove and garage Indoors
17 Office Indoors
18 Store Indoors
19 Restaurant Indoors
20 Manufacturing facility Indoors
21 School Indoors
22 Church Indoors
23 Shopping mall Indoors
24 Auditorium Indoors
25 Health care facility Indoors
26 Other public building Indoors
27 Other location Indoors
28 Not specified Indoors
29 Construction site Outdoors
30 Residential grounds Outdoors
31 School grounds Outdoors
32 Sports arena Outdoors
33 Park/golf course Outdoors
34 Other location Outdoors
35 Not specified Qutdoors
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MICROENVIRONMENT
MICROENVIRONMENT #
SPECIFIC GENERAL
36 Train/subway In vehicle
37 Airplane In vehicle

METHODOLOGY
Defining the HAPEM4 ME Factors

It is important to point out prior to defining the ME factors that the goals of the initial
NATA assessment are primarily concerned with HAP releases from inventoried sources (i.e.,
certain sources and source types whose emissions originate outdoors), so air quality estimates
and ME factors in the HAPEM4 assessment will consider only exposures associated with
emissions from these sources. Thus, the exposure predictions will not consider the effects of
emissions of HAPs from indoor sources (e.g., internal combustion sources, off-gassing from
wood products, consumer products, etc.). However, it is equally important to point out that
indoor sources of HAPs could be important to total exposure levels and for determining specific
HAP threshold levels.

The data used to calculate ME factors for use in the HAPEM4 came primarily from
journal articles, agency reports, and scientific conference proceedings that report results from
measurement studies that concurrently measured ambient pollutant concentrations with those in
one or more of the various microenvironments shown in Table 2. The ratio of concurrent
measurements of indoor pollutant concentrations to those collected outdoors in the immediate
vicinity of the indoor microenvironment is typically referred to as an 1/O ratio. For this report,
this ratio, which is applicable to all HAPEM4 indoor and in-vehicle microenvironments, is
referred to as the penetration factorP&N. Penetration factors are not applicable to outdoor
microenvironments (alPEN factors for outdoor microenvironments have been set to 1.0 for this
project).

In addition to the development BEN factors for the HAPEM4 microenvironments, this
work investigated the collection of measurement data for a new ME factor for the HAPEMA4.
This new factor, called the proximity factor (abbreviad®RIODX), relates a HAP’s concentration
measured or modeled at a specified location to that measured at an outdoor location that is either
in close proximity to one of HAPEM4’s indoor or in-vehicle microenvironments, or is itself one
of HAPEM4’s outdoor microenvironments. A third ME factor, called the multiplicative factor
(abbreviatedVIULT), is the product of thEENandPROXfactors. ThePEN, PROXandMULT
factors are defined mathematically in Equations 1, 2, and 3, respectively. Equation 2a applies to
indoor or in-vehicle microenvironments, and Equation 2b applies to outdoor microenvironments.

(indoor or in-vehicle ME conc.)
(outdoor conc. in immediate vicinity of indoor or in-vehicle M I(EI)?

PEN =

May 8, 2000 (External Review Draft) 4 HAPEM4 Microenvironmental Factors



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

PROX: = (outdoor conc. in immediate vicinity of indoor or in-vehicle ME) ,
T (measured or modeled ambient conc.) (ca)

PROX, = (outdoor ME conc.) b
ST (measured or modeled ambient conc.) (eb)

(indoor or in-vehicle ME conc.)
MULT = PEN x PROX = : (3)
(measured or modeled ambient conc.)

Calculating HAPEM4 ME Concentrations and Estimation of Proximity Factors

The HAPEM4 estimates concentrations within microenvironments through the
relationship:

ME(m,c,t) = ADD(m) + [PROX(m)][PEN(m)][AMB(c,t)] 4)
where:
ME(m,c,t)  concentration in microenvironmemtlocated in census traciat timet,
ADD(mY additive factor for microenvironment,
PROX(m)  proximity factor for microenvironmemn,
PEN(mM) penetration factor for microenvironment and

AMB(c,t) ambient concentration for census traet timet.

The additive factorADD) accounts for emission sources within or near to a microenvironment.
The ADD'’s primary function is to account for emissions of a pollutant that originate indoors.
Since this term is itself a concentration, the valuADD can be set equal to zero, indicating no
contribution from indoor sources. As stated previously, the initial NATA assessments are
concerned with HAP releases from outdoor sources, therefore for these analy&Bf) teem

has been set to zero. TRENaccounts for the relationship between the concentration in the
microenvironment and the concentration in the outdoor air in the immediate vicinity of the
microenvironment, when the microenvironment contains no sources. For exampleNthe

factor for the indoors, residence microenvironment would represent the ratio of the indoor
concentration to the concentration in the air surrounding the residence when sources are absent in
the residence. THeROXaccounts for the relationship between the outdoor concentration in the
vicinity of the microenvironment and the concentration at the location represemddiBig,t)

In some applications of the HAPEM4, the ambient concentration is determined by
measurements made by a fixed-site monitor. If this fixed-site monitor is located at a greater
distance from the predominant emission sources (e.g., roadways) than the microenvironment is,
then the monitor would tend to record lower values than the outdoor concentration at the

(6] |
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microenvironment. In this case, tRROXfactor should be greater than unity to compensate for
the relatively low reading at the fixed-site monitor.

Estimating Ambient HAP Concentrations Using ASPEN

In the NATA application of HAPEMA4, values fé&iMB(c,t)are provided by the ASPEN
(Assessment System for Population Exposure Nationwide) dispersion model rather than by fixed-
site monitors. The ASPEN first defines a receptor grid for each emission source which extends
out 50 km from the source. This receptor grid, and hence the concentration estimates, varies
according to emission source type (i.e., point sources, mobile sources, or area sources). Next, the
model uses emissions and meteorological data specific to the census tract to estimate pollutant
concentrations at each receptor point. The model then interpolates the receptor concentrations to
the census tracts which fall within the 50 km study area. Finally, ASPEN weights the estimated
pollutant concentrations by population to produce an average concentration value for each census
tract.

The ASPEN uses the following designations for estimating concentrations within a
census tract, depending on whether or not the tract contains the emission source under
evaluation. These methods, related to census tracts defined as resident and non-resident tracts,
are briefly summarized below.

* Resident TractThe census tract containing a particular source is called the “resident”
tract for that source. To avoid the effects of steep pollutant gradients within the resident
tract, ASPEN determines an average concentration for the entire tract rather than the
concentration at the tract’s centrdid . The method varies with the type of emission source
as follows:

Point sources For tracts with centroids close to a major point source, the ambient
concentration is estimated by spatial averaging of the ambient concentrations
estimated to fall within the bounds of the tracts, rather than by interpolation to the
centroid. Because of the difficulty in characterizing the exact boundary locations
of each tract, ASPEN uses a circle whose area equals that of the census tract to
perform the spatial averaging.

Mobile and area sources$n the resident tract, the mobile and area sources are
treated as multiple “pseudo point sources” geographically dispersed
throughout the census tract rather than as a single source. For resident tracts
that have radii greater than 0.3 kambient concentrations are estimated on

the basis of five pseudo point sources. The average concentration for the
census tract is determined by spatially averaging the ambient concentrations
associated with the receptors defined for the five pseudo sources which fall
within the bounds of the tract. And, as in the case of point sources, the tract is
assumed to be a circle with an area equal to that of the census tract for
purposes of spatial averaging. One of the five pseudo sources is located at the

2 The centroid is the geographical center of a census tract.
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center of this circle. The other four sources are located halfway between the
center and the hypothetical circumference in each of the four principle
compass directions. For resident tracts with radii less than Q.8rkbient
concentrations are set equal to zero.

* Non-Resident TracfThe remaining tracts in the 50 km study zone are referred to as “non-
resident” tracts. The ASPEN uses a log-log interpolation procedure to estimate the
pollutant concentration at the population centroid of each non-resident tract. These
estimates are population-weighted.

The ASPEN User’s Guide (SAl, 1999) provides more detailed descriptions of these methods.

Ideally, the concentration values provided by ASPEN are unbiased estimates of the
outdoor concentration at locations within the census tract where people are likely to reside and
work. The values can be used without adjustment to represent outdoor (ambient) concentrations
for microenvironments that do not tend to be in close proximity to the predominant sources of the
pollutant. Consequently, the appropriefeOXfactor for such microenvironments is unity.

However, the ASPEN model estimates ambient HAP concentrations by source category
(i.e., major, area, “onroad” vehicles, and “nonroad” vehiéles) , hence the estimates of outdoor
concentrations are biased low for microenvironments that are usually located near predominant
sources of a pollutant. The most prevalent example of this is for HAPs emitted by onroad motor
vehicles that impact microenvironments in close proximity to roadways. For onroad mobile
source pollutants such as benzene, these “close proximity” microenvironments include outdoor
locations near roads (HAPEM4 microenvironment No. 7), vehicles (Nos. 1, 2, 3, 4, 8, and 36),
service stations (No. 10), and parking facilities (No. 6). In these cases, the appropriate proximity
factor should be greater than unity.

Table 3 lists the microenvironments whé¥eOXfactors (from the literature) for
acetaldehyde, acrolein, benzene, 1,3-butadiene, and formaldehyde for the onroad mobile source
category are greater than unity. All other combinations of pollutants, microenvironments, and
source categories have been assigned a défR@iXfactor equal to 1.0 (see Appendix C).

% The definitions for major and area sources are in Title | of the Clean Air Act
Amendments (CAAA) of 1990, while the “mobile source” terms are defined in Title Il of the
CAAA.

~j
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Table 3. Microenvironments that havePROXFactors Greater Than 1.0 for Acetaldehyde,
Acrolein, Benzene, 1,3-Butadiene, and Formaldehyde For the “Onroad” Mobile-Source

Category Only
MICROENVIRONMENT MICROENVIRONMENT

NO. SPECIFIC GENERAL
1 Car In vehicle
2 Bus In vehicle
3 Truck In vehicle
4 Other In vehicle
6 Parking lot/garage Outdoors
7 Near road Outdoors
8 Motorcycle Outdoors
10 Service station Outdoors
36 Train/subway In vehicle

Literature Search

A broad literature search was conducted of all available sources containing measurement
data for use in developing tiREN factors for HAPEM4. The search was accomplished with the
aid of on-line library search engines that captured relevant literature from the United States and
other countries. These library search engines included, but were not limited to, the National
Technical Information Service (NTIS), Enviroline, Transportation Research Information Services
(TRIS), Wilson Applied Science & Technology Abstracts, Energy Science and Technology,
PASCAL, MEDLINE, TOXLINE, Occupational Safety and Health (NIOSHTIC ), and the
Abstracts in New Technologies and Engineering (ANTE). The search was based on a large set of
key words to ensure that it was comprehensive. The pollutants and microenvironments in Tables
1 and 2, respectively, were included as key words in the on-line search. Additional key words
were used to focus the search on studies that had the potential for reporting results that had both
indoor and outdoor measurements.

The search was conducted using the procedure described below.

Step 1

The on-line search was conducted using key words as described above. The search
included all literature dating back to 1994. Literature published prior to 1994 was included in an
earlier on-line search conducted by TRJ Environmental (see Step 5). Including years prior to
1994 in this search would have yielded more documents than could have been reviewed given the
resources available for this project. The search initially yielded titles and key word descriptors
for 5,424 documents encompassing all of the HAPs in Table 1 (including the six HAPSs listed at
the end of the table). All of the titles and key word descriptors were reviewed and ranked for the
potential of containing data useful to the development of a ME factor. Three categories of
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rankings were used: documents that had a high probability of containing relevant information,
documents that had a moderate probability of containing relevant information, and documents
that were unlikely to contain, or had a low probability of containing, relevant information.

Step 2

The next step was to retrieve the abstracts for each citation deemed to have either a high-
or moderate probability of containing both indoor and outdoor measurements for the various
HAPs. Of the original set of 5,424 titles obtained in Step 1, 251 abstracts were obtained because,
based on the title review, they were thought to have the potential for providing the needed
information for determining?EN factors, (i.e., high or moderate probability). The abstracts were
obtained, reviewed, and ranked in a fashion similar to that in Step 1 to determine which articles
or documents were most likely to provide the needed information for calcukRiiNdactors.

Step 3

The third step in the literature search was to obtain the complete paper or report for each
abstract from Step 2 that was categorized as having either a high or moderate probability of
containing relevant information for determiniR&N factors. Of the 251 abstracts reviewed in
Step 2, 100 were categorized with either a high or moderate potential for containing the
necessary information for determiningBN factor. The complete documents for these 100
references were obtained and reviewed for information needed to det@ENifactors.

Step 4

Because of the relative paucity of information obtained from the on-line literature search
described in the three steps above, researchers obtained additional documents from studies that
preceded those of the on-line search (i.e., pre-1994). These studies were thought to contain
useful information oPEN factors and were identified during the review of papers and reports
from the original on-line search. As a result of this step, researchers obtained and reviewed an
additional 39 papers and reports for useful informatioRBN factors.

Step 5

Concurrent with the activities described in Steps 1 through 4, researchers re-examined
literature that had been obtained for an earlier review of scientific studies related to the
measurement d?EN factors (refer to Fletcher et al. (1999) for a description of this work). This
research included a total of 68 documents that were also collected and reviewed. Researchers
were careful not to duplicate the documents collected in this step with those collected in Steps 1
through 3. Most of the documents collected in this step preceded the five-year period (i.e., 1994-
1999) for which the studies in Steps 1 through 3 were collected.

Grouping HAPs and Microenvironments
Because of the paucity of published I1/0O measurement data for most of the 1,295 HAP/ME

combinations (i.e., 35 HAPs x 37 microenvironments), it was decided to group similar HAPs
together. Microenvironments were also grouped based on similarity to each other. The purpose
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of this grouping was to allow assignment of ME factors to the groups, based on the best data
available, so that more HAP/ME combinations could be covered (and to minimize the
assignment of generic default values).

Microenvironmental Groups

Based on the characteristics of the 37 HAPEM4 microenvironments, each was assigned to
one of five groups. Each group consists of microenvironments expected to havePdiNilar
factors, thus allowing ME factors developed for one microenvironment to be applied to other
microenvironments in the same group. Table 4 shows the five ME groups used in this project, as
well as the mapping between the original 37 HAPEM4 microenvironments and the five ME
groups.

Table 4. Description of ME Groups

HAPEM4 Microenvironments
ME # ME Designation Ger]reral ME Location® TB;/(;%b GIXI)EpC
ype

1 Car In vehicle - - 5
2 Bus In vehicle - - 5
3 Truck In vehicle - - 5
4 Other In vehicle - — 5
5 Public garage Indoors - 0] 2
6 Parking lot/garage Outdoors N - 3
7 Near road Outdoors N - 3
8 Motorcycle Outdoors N - 3
9 Service station Indoors - O 2
10 Service station Outdoors N - 3
11 Residential garage Indoors - R 1
12 Other repair shop Indoors - @] 2
13 Residence - no gas stove Indoors - R 1
14 Residence - gas stove Indoors - R 1
15 Residence - attached garage Indoors - R 1
16 Residential - stove and garagg Indoors - R 1
17 Office Indoors - O 2
18 Store Indoors - O 2

May 8, 2000 (External Review Draft) 10 HAPEM4 Microenvironmental Factors
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HAPEM4 Microenvironments
ME # ME Designation Ger]reral ME Location® TB;/(;%b GIXI)EpC
ype

19 Restaurant Indoors - O 2
20 Manufacturing facility Indoors - 0] 2
21 School Indoors - O 2
22 Church Indoors - O 2
23 Shopping mall Indoors - @] 2
24 Auditorium Indoors — O 2
25 Health care facility Indoors - @] 2
26 Other public building Indoors - (0] 2
27 Other location Indoors - O 2
28 Not specified Indoors - (0] 2
29 Construction site Outdoors A - 4
30 Residential grounds Outdoors A - 4
31 School grounds Outdoors A - 4
32 Sports arena Outdoors A - 4
33 Park/golf course Outdoors A - 4
34 Other location Outdoors A/N - 3/4
35 Not specified Outdoors A/N - 314
36 Train/subway In vehicle - - 5
37 Airplane In vehicle — — 5

&N = near road; A = away from road
® R = residence; O = other building

¢1 = indoors - residence; 2 = indoors - other building; 3 = outdoors, near road; 4 = outdoors, away from road; 5 = in

vehicle

4 Use average of factors determined for Groups 3 and 4.

The five ME groups were established based on the general ME type (indoor, outdoor, or
in-vehicle), expected location relative to roadways (near road, away from road), and building
type (residence, other). This five-group classification shown in Table 4 is similar to the ME
categories used in previous versions of the HAPEM. The current groupings include information
on location for outdoor microenvironments and building type for indoor microenvironments.
PROXfactors are likely to be influenced by ME location relative to roadway sources,Riile
factors are affected by the structural design and usage patterns of indoor microenvironments.
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In general, researchers used the actual HAPEM4 ME designations to assign a
microenvironment to one of the five groups. However, for certain microenvironments,
researchers used CO concentration data from a personal exposure monitoring study in Denver to
determine whether the microenvironment should be assigned to a “near road” or “away from
road” group (USEPA, 1984). Researchers assigned two indoor microenvironments with broad
descriptors (“other indoor location” and “indoors, not specified”) to non-residence groups on the
assumption that these microenvironments are not used to indicate residential locations.

Although these ME groups can be useful in situations where no data are available in the
literature for a particular HAP/ME combination, there are limitations to this method of
approximation. Different microenvironments, even those in the same group, have unique
characteristics which may cause them to have different ME factors for some or all pollutants.
However, the use of ME groups (essentially, extrapolating available data to closely related
situations) is considered preferable to the use of more generic default assumptions.

Pollutant Lifetime Groups

For the purpose of estimatifREN factors for pollutants without I/O ratios available in
the literature, researchers used the lifetime grouping method developed by TRJ Environmental
(see Long and Johnson, 1999; included here in Appendix A). This method classifies HAPs into
five groups based on expected atmospheric residence lifetime. The HAPs belonging to each
group are expected to have similar decay or removal rates in typical microenvironments.
However, in the case of certain HAPs, insufficient data were available to definitively assign them
exclusively into either the short, medium, or long lifetime categories. Therefore, these HAPs
[identified as lifetime Groups 2 (medium short lifetime category) and 4 (medium long lifetime
category) in Table 5] were assigned to Group 3 (medium lifetime category) for this project.
Furthermore, Groups 2 and 4 contain only three HAPs for which no literature data were available
for most microenvironments. In the future, as additional data on atmospheric lifetimes of HAPs
become available, it may be possible to further subdivide these categories into additional
groupings having narrower time increments and then reassign the HAPs among the larger
number of groups. Because the atmospheric lifetime of a pollutant should be a major factor in
determining its 1/O ratio for a given microenvironment (in the absence of indoor sources),
pollutants in each lifetime group should exhibit simP&N factors.

Researchers considered both atmospheric transformation reactions for gaseous HAPs and
removal by deposition for particle-phase HAPs. Although the groups are not directly derived
from structure or composition of each HAP, some broad associations can be made between
structural class (e.g., aromatics, halogenated hydrocarbons) and lifetime group. Table 5 lists the
lifetime group for each of the HAPs considered in this project, and the paper in Appendix A
gives the lifetime classification for all 188 HAPs.
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Table 5. HAP Groups for Use in HAPEM4

Lifetime Source
HAP # Pollutant b Distribution Predominant Ambient Sources
Group .
Group
1 acetaldehyde 1 LN motor vehicles (rxn product)
2 acrolein 1 LN motor vehicles (rxn product)
. 4 chemical manufacturing facilities
3 acrylonitrile PS (vehicle exhaust)
4 arsenic compounds 5 PS smelters; semiconductor manufact"Jring
5 benzeng 5 LN motor vehicles; chemical manufactu"mg
6 beryllium compounds 5 PS smelters; metal manufacturing
7 1,3-butadiene 1 LN motor vehicles; chemical manufactyfing
8 cadmium compounds 5 PS smelters; power generation
9 carbon tetrachloride 5 PD various manufact_urmg facilities;
agricultural chemicals
10 chloroform 5 PD dry cleaning
11 chromium compounds 5 PS smelters; meta_l manufacturing facilitigs;
power generation
12 coke oven emissions -- PS blast furnaces and steel mills
1,2-dichloroethane metal degreasing; chemical prepargtions
13 . . 5 PD
(ethylene dichloride)
14 1,3-dichloropropene 1 AR agricultural soil fumigation
ethylene dibromide chemical manufacturing
15 . 5 PS
(dibromoethane)
16 ethylene oxide 5 AR agricultural fumigation
17 formaldehyde 3 LN motor vehicles (rxn product)
18 hexachlorobenzene 5 AR hydr_agllc cement; agricultural use as
pesticide
19 hydrazine 1 PS chemical manufacturing
20 lead compounds - organic _ _ sources unknown (formerly motor
P 9 vehicles; lead additives)
21 lead compounds - inorganke 5 PS smelters; mangfactunng facilities;
power generation
22 manganese compounds 5 PS various manufacturing
23 mercury compounds 5 PS power gene_ranon;_ various
manufacturing facilities
May 8, 2000 (External Review Draft) 13 HAPEM4 Microenvironmental Factors
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Lifetime Source
HAP # Pollutant b Distribution Predominant Ambient Sources
Group .
Group
methylene chloride chemical and semiconductor
24 . 5 PS L .
(dichloromethane) manufacturing; laboratories
o5 nickel compounds 5 PS smelters; power generation; various
manufacturing
7-PAH (2 categories: lowe residential burning (fireplaces, grillg);
26 v AR ;
and upper bound) diesel exhaust
polychlorinated biphenyls waste incineration and disposal;
27 5 PD } o
(aroclors) atmospheric redistribution
propylene dichloride (1,2- dry cleaning; various manufacturing
28 : 5 PD .
dichloropropane) facilities
29 quinoline 3 PS various manufacturing facilities
30 styrene 1 PS polymer manufacturing facilities
2,3,7,8-TCDD (2 residential burning; waste incineratigh;
31 categories: lower and uppé¢r 3 AR manufacturing; atmospheric
bound) redistribution
32 1,1,2,2-tetrachloroethane 5 PD metal degreasing
tetrachloroethylene dry cleaning; metal degreasing
33 5 PD
(perchloroethylene)
34 trichloroethylene 5 PD chemical manufacturing
35 vinyl chloride P2 PS chemical manufacturing

2 Pollutants that have a long atmospheric lifetime and a line source distribution. These pollutants are expected to

have ME factors similar to those developed for CO.

® Estimated atmospheric lifetimes. 1 = short (<1 day); 2 = medium short; 3 = medium (1-5 days); 4 = medium long;
5 =long (>5 days).

¢ Expected distribution of ambient sources. AR = area sources (e.g., residential fireplaces); LN = line sources (e.g.,
roadways); PD = point sources, densely distributed (e.g., dry cleaning establishments); PS = point sources, sparsely
distributed (e.g., smelters, manufacturing facilities).

4 Were placed in Group 3 for estimation of ME factors.

There are a number of limitations to the pollutant lifetime grouping method. One
limitation is that the method does not explicitly consider the effect of multiple phases of a single
pollutant on HAP lifetimes. This approach treats semi-volatile organics and other pollutants that
may be present in both gas and particle phases as gaseous pollutants. Another limitation of the
method is that it does not account for the production of HAPs through atmospheric
transformations. Also, the method does not consider effects of HAP sorption by materials in
indoor microenvironments.
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RESULTS

The detailed results of the literature review are found in Appendix B. An electronic
version of this information is available in the file called App_B.wpthe first columnRef. No,
has two integers separated by a hyphen. The first number always refers to the pollutant number
as defined in Table 1, and the second number always refers to the microenvironment number, as
defined in Table 2. The second column contains information retrieved from the literature source,
including the pollutants addressed, the authors of the paper or report, the microenvironments
investigated, and other information pertinent to this project. Data on ME factors, or
concentration data that can be used to calculate ME factors, have been bolded. The third and last
column,Sourcescontains a code identifying the reviewer and assigning a tracking number to
each reviewed document.

An Excel spreadsheet was developed that summarizes the results of the literature search
described above. This file, named All_Articles.fpsovided in electronic format only), is
intended to give a quick glance of the title of the paper or report, the authors, the pollutants
considered, and a brief description of the results from each of the documents. In addition, there
is a column entitle&ourcesthe codes in this column are matched to the codes Bahees
column of App_B.wpd. The documents in All_Articles.xls that do not have a code in the
Sourcescolumn were from the earlier Fletcher et al. (1999) work described in Step 5 of the
Literature Searctsubsection of th¥lethodology The All_Articles.xls file contains four
worksheets, one for each of the three researchers that reviewed the literature, and a fourth that
combines all of the information from the previous three worksheets. Within each worksheet, the
documents reviewed are divided between those that yielded information on ME factors (these are
found at the top of each worksheet), and those reviewed papers or reports that did not provide
information on ME factors. The two sections of each worksheet are divided by a bright yellow
band.

Because this project is concerned with developlBl factors for ambient pollutants that
penetrate into indoor microenvironments, not all of the data reported in App_B.wpd are useful;
that is, most of the 1/O measurement studies of HAPs report indoor concentrations that are
substantially greater than those measured outdoors. This is attributable to indoor sources of the
HAPs being measured, which are not a primary concern of this project. Therefore, the I/O ratios
are typically greater (often by a substantial amount) than unity. For this reason, the following
guidelines were employed to calculate BteN factors from studies that reported 1/0
measurement data:

Case 1 If a study reports I/O measurement data whose median and/or mean
is less than or equal to unity, then this value is used with preference
given to the median. If more than one study reports mean and/or
median I/O values less than or equal to unity, then the average of
the values from these studies are used. Note, however, that median
and mean values are not combined to form an average.

Case 2 For situations not covered by Case 1, and where only the range of
I/O values were reported, and the range extended below unity, the
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PEN (I/O) factor was calculated by splitting the difference between
the minimum value in the range and 1.0.

Case 3 For HAP/ME combinations where there was no indication of the
I/O ratio being less than unity, 1.0 was used as a default value.

The results of the assignmentREN andPROXfactors are provided in Appendix C (also
provided electronically in the file named App_C.Wwpdppendix C shows each pollutant (one
pollutant per page), the HAPEM4 microenvironments and associated ME numbers, and the
HAPEM4 ME (i.e.,PEN, PROX andMULT) factors defined above. In addition, there is a
column for the additive, ohDD, values, i.e., concentrations that represent the contribution to a
microenvironment from a source(s) within the microenvironment (e.g., benzene from smoking in
a residence or in an automobile). Although identificatioADD factors was not within the
scope of this project, they have been estimated for several HAP/ME combinations and can be
included after the data are compilg@EN factors for coke oven emissions (HAP #12) and
MTBE could not be estimated since there was insufficient information to categorize them using
the lifetime grouping methodology. Theata Codecolumn in Appendix C indicates how the
PEN andPROXfactors were derived for each HAP/ME combination:

1 — indicates that measurement data for that particular combination were available and
used,

2 — indicates that useful measurement data for the HAP/microenvironment pair were not
available, and thBEN or PROXfactor was obtained through the grouping scheme
described in thdethodology

3 — indicates that a default value of 1.0 was used. Note that fBEiNéactors, the use
of this default value only applies to those outdoor microenvironments that were in
Groups 3 and 4 (see touping HAPs and Microenvironmergabsection of the
Methodology.

Finally, the codes in thRef. Sourcesolumn are directly matched to tBeurcesodes in
Appendix B (as well as the App_B.wpd file) and the All_Articles.xIs file.

DISCUSSION
The Use of a Linear Model for the Initial NATA Assessment

Equation 4 is acknowledgably an oversimplification of the physical processes that affect
ME concentrations. In addition, Equation 4 does not include probabilistic components to
account for the inherent variability of these processes. Ideally, ME concentrations would be
estimated through the use of a probabilistic mass balance algorithm similar to those incorporated
in recent versions of the probabilistic NAAQS Exposure Model for Ozone (pNEM/O ) (Johnson
et al., 1996) and the probabilistic NAAQS Exposure Model for Carbon Monoxide (pNEM/CO)
(Johnson et al., 2000). These exposure models provide short-term (i.e., less than 1 hour)
estimates of ME concentrations which account for time-varying changes in outdoor (ambient)
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concentration, air exchange rate, filtration, decay and other removal processes, and indoor
emission rates. Values for the various parameters are selected from appropriate distributions that
are specific to pollutant and microenvironment.

A mass-balance modeling algorithm was not implemented in HAPEM4 because (1) the
refinement would have greatly increased computer program run times and (2) available data were
judged inadequate for developing distributions for many of the algorithm parameters. In
addition, the initial NATA assessment was focused on annual exposures which were assumed to
be relatively insensitive to the short-term variations in ME concentrations provided by mass
balance models. This assumption was based on the observation that the relationship between ME
concentration and ambient concentration tends to become more linear as averaging time
increases. For example, Dockery and Spengler (1981) analyzed a mass balance model applicable
to particulate matter and found that the long-term relationship between indoor and outdoor
concentration could be approximated by a simple linear function. The coefficients of this
function were determined by performing linear regression analyses on empirical data.

The assumption of linearity has been used in other exposure models applied to HAPs.
For example, the Benzene Exposure and Absorbed Dose Simulation (BEADS) model developed
by Macintosh et al. (1995) estimated the benzene concentration inside vehicles by the expression:

benzene inside vehiclee+ (3)(ambient benzene)

where the coefficients andp were randomly selected from normal distributions. The means of
these distributions were based on the results of a regression analysis performed by Chang et al.
(1991) on empirical data collected during a field study in Raleigh, North Carolina.

To summarize, mass balance models are preferred when short-term exposure estimates
are required and when analysts are able to identify appropriate data for estimating model
parameters. Linear models such as Equation 4 are considered more appropriate for screening
level analyses such as the initial NATA that attempts to estimate long-term (e.g., annual)
exposures. This is because, compared to mass balance models, linear models typically require
less data for parameter estimation and run faster.

SUMMARY

This project provides an up-to-date investigation into the availability of scientific studies
that reported concurrent indoor and outdoor measurements of HAPs. We found that relatively
few studies had concurrently measured indoor and outdoor concentrations of the HAPs listed in
Table 1. Examination of the results of the literature review (Appendix B) revealed that much of
the published measurement data were for aromatic hydrocarbons, particularly the BTEX
compounds (i.e., benzene, toluene, ethylbenzene, and xylenes). Furthermore, the studies reported
I/O values for only a few of the many microenvironments of interest to this work. These key
microenvironments included automobiles (HAPEM4 microenvironment #1), residences (#13),
and offices (#17). We found the I/O values reported in the literature to be highly variable, with
most of the values being greater than unity, indicating a source(s) of the HAPs in the indoor
microenvironment.
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APPENDIX A

LIFETIME GROUPING METHODOLOGY

(Memo to EPA from TRJ Environmental, Inc.)

(In files: TRImemo2.wpd; TRJtable.wpd)
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MEMORANDUM

To: Ted Palma, USEPA

From: Tom Long and Ted Johnson
TRJ Environmental, Inc.

Date: April 6, 1999

Project: EPA Purchase Order 8D-2091-NALX
TRJ Project No. 324

Memo No. 2: Classification of Hazardous Air Pollutants into Groups Likely to
Exhibit Similar Microenvironmental Factors

Under Purchase Order No. 8D-2091-NALX, TRJ Environmental, Inc. (TRJ) is assisting the U.
S. Environmental Protection Agency (EPA) in developing microenvironmental factors suitable
for use with the current version of the Hazardous Air Pollutant Exposure Model (HAPEM). In
typical applications, HAPEM estimates the concentration in a particular microenvironment
(Cye) by the linear relationship

Cye = ADD + (MULT)(C,,)

in which C_ is the outdoor (ambient) pollutant concentration. The microenvironmental factors
ADD and MULT are constants specific to the microenvironment and pollutant. Usually ADD
represents the contribution of indoor sources, whereas MULT is the ratio of indoor to outdoor
concentration expected when there are no indoor sources.

A recent memorandum prepared by Fletcher, LaPointe, Long, and Johnson (1999)
summarizes the results of an in-depth review of relevant field research which may be useful in
estimating microenvironmental factors. This memorandum presents the results of a
supplementary effort in which Tom Long of TRJ evaluated the physical and chemical
properties of each HAP and then attempted to assign the HAP to one of five groups. The
HAPs belonging to each group are expected to exhibit similar decay or removal rates in typical
microenvironments. As the indoor/outdoor (I/O) ratio in the absence of indoor sources (i.e.,
MULT) is typically a function of the decay/removal rate, these groupings should provide a
means for making rough estimates of MULT when measured indoor/outdoor data are
unavailable or ambiguous.

This memorandum summarizes the development of the grouping method, describes the
method itself, and outlines some limitations of the method which indicate the need for further
research and data collection. Tables attached to the report classify 179 of the 189 HAPs into
five groups likely to have similar (microenvironmental) ME factors. For the remaining 10
HAPSs, insufficient information was available to assign them to ME groups.
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Overview of Project

TRJ initiated the work effort by performing a literature search to identify articles pertaining to
the relationship between indoor/outdoor concentration (I/O) ratios and the kinetics of HAP
removal from the atmosphere. Based on this literature review, a grouping method was
developed which assigns HAPs to groups according to their estimated half-lives or lifetimes in
the atmosphere.

Five groups were established, ranging from compounds with short lifetimes to those with long
lifetimes. A table is included for each of the five groups which lists the phase, structural class,
and type of removal mechanism for each HAP. Other information is also included when
applicable, such as whether the HAP is likely to be present in more than one phase, or
whether the HAP is either a product or a precursor in transformation reactions involving other
HAPs.

This method has several limitations, primarily due to the limited amount of information
available in the literature. Only broad groupings are possible, and ranking of compounds
within a group cannot be accomplished at this point. Although HAPs likely to be present in
multiple phases are identified, lifetimes are only computed for a single phase (usually the gas
phase). In addition, reported lifetimes do not include production of HAPs from atmospheric
transformation reactions. Sorption, which can be a removal mechanism over the short term
and a source in the long term, is not included in the lifetime estimate.

Background Work and Literature Search

A literature search for this portion of the project identified several articles which were directly
useful in developing the grouping method. These articles are briefly summarized below.

* Kelly et al. (1994) prepared a summary of all ambient concentrations and
atmospheric lifetimes reported in the literature for the 189 HAPs identified in the
1990 Clean Air Act Amendments. “Lifetime” was defined as the time required for a
one-unit logarithmic (base e) decrease in concentration, and the reported lifetimes
were grouped into bins of <1 day, 1 — 5 days, and >5 days. Lifetime information
was available for all but 11 of the 189 HAPs. The lifetimes given in this database
formed the basis for the HAP grouping method.

* Atkinson (1986) prepared an extensive review of the kinetics of atmospheric
reactions between hydroxyl radical and various organic compounds. The
atmospheric lifetime of triethylamine, one of the HAPs without lifetime information
given in Kelly et al. (1994), was estimated from this reference.

* Fogh et al. (1997) measured deposition rates for generated, radiolabeled 0.5 mm
particles in residences by subtracting the air exchange rate from the total removal
rate. The deposition rate was then related to the deposition velocity and particle
diameter. This reference is useful in estimating lifetimes for particulate matter of
known diameter.



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

* One article provided additional information on 1/O ratios for HAPs which is useful for
relating atmospheric lifetime to I/O ratio. Lewis & Zweidinger (1992) measured I/O
ratios for several compounds, including benzene and lead.

In addition to the above articles, information gathered by Fletcher, LaPointe, Long, and
Johnson (1999) during the literature review on I/O ratios was considered in grouping
pollutants.

Description of Proposed Grouping Method

The proposed method for grouping HAPs with similar ME factors is based on the concept that
a compound’s atmospheric lifetime will determine its I/O ratio in the absence of indoor
sources. If the removal rate of a particular compound in an indoor ME is low, over time the
indoor concentration of the compound will build up until it is nearly equal to the outdoor
concentration. If the removal rate is high, that is, if the atmospheric lifetime is short, the indoor
concentration will remain low relative to the outdoor concentration. Therefore, compounds
with similar atmospheric lifetimes should have similar I/O ratios.

This method groups together HAPs with similar atmospheric lifetimes. Sufficient information is
available in the literature to classify the 189 HAP into five lifetime groups: those with short,
medium-short, medium, medium-long, and long atmospheric lifetimes. As more lifetime data
become available, it may be possible to further subdivide these groups or to rank the HAPs
within the groups, but for the time being, no more than five groups can be identified.

Atmospheric lifetimes are generally those estimated by Kelly et al. (1994). For gaseous,
reactive HAPs, several atmospheric transformation reactions were considered, including
reaction with hydroxyl radical, ozone, liquid water, and light (photolysis). For particle-phase
HAPs, dry and wet deposition were included as removal mechanisms. In some cases,
lifetimes were directly available in the literature; for other HAPs, Kelly et al. (1994) used
reported or estimated rate constants to calculate lifetimes. For triethylamine, TRJ
Environmental estimated a rate constant and lifetime based on kinetic data from Atkinson
(1986).

The groups created by this method are not directly related to structure or composition of the
HAPs. Nevertheless, some structural classes appear to be associated with a particular
lifetime range (e.g., aromatics tend to have short lifetimes). This may allow the remaining few
HAPs without lifetime information to be assigned to a ME group on a preliminary basis.

With additional analysis, it may be possible to assign a range of I/O ratios (MULT values) to
each of the five groupings based on the lifetime characterization. In general, the 1/O ratios
should decrease as lifetime decreases. The relationship between 1/O ratio and structural class
(e.g., halogenated aromatics) is discussed below.
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HAP Lifetime Groups

The HAPs in each of the five lifetime groups are listed in Tables | - V. Table VI lists those
HAPs without lifetime information, and Table VII summarizes the distribution of structural
classes among the lifetime groups. Each table entry provides the name of a HAP, its CAS
registry number, the predominant phase in which it is found in indoor air, its classification into
one of ten structural groups, and the predominant mechanism for its removal from indoor air.
A comments column is also included which provides information on existence of multiple
phases, the likelihood of HAP formation in the atmosphere, metal densities, and other details.

Table VIl indicates that broad associations can be made between some structural classes and
lifetime groups. In particular, aromatics, hydrocarbons, nitrogenated organics, pesticides, and
sulfates tend to be short-lived in the atmosphere, whereas halogenated aromatics,
halogenated hydrocarbons, and inorganics tend to have long lifetimes. Oxygenated organics
and phthalates have a range of lifetimes. These correlations may be useful in estimating the
lifetime of a compound in the absence of other information, but they should be used with
caution since not all compounds in each class follow the trend.

Method Limitations

Although a number of HAPs are likely to be present in more than one phase in the
atmosphere, the proposed grouping method does not explicitly consider the effect of multiple
phases on HAP lifetime. HAPs are considered to be in the gas phase unless the particle
phase is clearly more important. This approach treats hydrophobic pesticides and other semi-
volatile organic compounds, which may be associated with particles, as gaseous pollutants.
HAPs likely to be in more than one phase are identified in the attached grouping tables.

Another limitation of this method is that it does not account for the production of HAPs through
the transformation of other atmospheric contaminants, including other HAPs. Generation of
HAPs in the atmosphere, such as formaldehyde, would tend to decrease their overall removal
rate and extend their atmospheric lifetime. It is also relevant to consider which HAPs are likely
to be precursors of other HAPs, so that information on concentration of precursors may be
used to help determine expected concentrations of products.

The effect of HAP sorption to the contents of indoor MEs, such as carpeting and furniture, is
also not considered in this grouping method. Over the short term, sorption could be a removal
mechanism, decreasing the indoor concentration of a HAP. Conversely, if a large sorbed
mass of a HAP is present in a ME, the sorbed fraction could act as an indoor source,
increasing the HAP concentration. These competing effects make it difficult to determine the
influence of sorption on indoor concentration and 1/O ratio.

Recommendations for Further Work

Assigning a range of MULT values to each of the lifetime groups will improve the usefulness of
this grouping method. Analysis of I/O ratios available in the literature for compounds in each
of the five lifetime classes should help determine the proper range for each group. As
additional data become available on both atmospheric lifetimes and I/O ratios, this information
will strengthen the quantitative relationship between the lifetime groups and MULT values.

A-4



Inclusion of other removal (and source) mechanisms in the method is another area for future
work. Precursor/product relationships among HAPs can be investigated further to help
determine which HAPs are likely to show a significant effect on I/O ratio due to transformation
reactions. HAPs involved in sorptive interactions which may act either to reduce or increase
indoor concentration can also be identified. Some information is available on particle density,
but the relationship between density and particle deposition rate may be useful for refining the
grouping method.

Additional work on grouping HAPs may allow further subdivision of the current five groups and
ranking of pollutants within the groups, improving the utility of the method for estimating ME
factors for HAPs without 1/0O concentration data.
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Table I. HAPs with short atmospheric lifetimes (< 1 day).

Main
Predominant Structural Removal
HAP Name CAS No. Phase Class? Mechanism ° Comments
acetaldehyde 75-07-0 gas Oxy Org reaction
acetamide 60-35-5 gas Nitro Org reaction
2-acetylaminofluorene 53-96-3 gas Nitro Org reaction also particle phase
acrolein 107-02-8 gas Oxy Org reaction
acrylic acid 79-10-7 gas Oxy Org reaction
allyl chloride 107-05-1 gas Hal Hydro reaction
4-aminobiphenyl 92-67-1 gas Nitro Org reaction also particle phase
aniline 62-53-3 gas Nitro Org reaction
o-anisidine 90-04-0 gas Nitro Org reaction
benzidine 92-87-5 gas Nitro Org reaction also particle phase
bis(2-ethylhexyl) 117-81-7 gas Phthal reaction also particle phase
phthalate
1,3-butadiene 106-99-0 gas Hydro reaction
calcium cyanamide 156-62-7 particle Inorg reaction
captan 133-06-2 gas Pestic reaction also particle phase
carbaryl 63-25-2 gas Pestic reaction also particle phase
catechol 120-80-9 gas Arom reaction
chlordane 57-74-9 gas Pestic reaction also particle phase
chlorine 7782-50-5 gas Inorg photolysis
chlorobenzilate 510-15-6 gas Pestic reaction also particle phase
chloroprene 126-99-8 gas Hal Hydro reaction
cresols/cresylic acid 1319-77-3 gas Arom reaction
o-cresol 95-48-7 gas Arom reaction
m-cresol 108-39-4 gas Arom reaction
p-cresol 106-44-5 gas Arom reaction
cumene 98-82-8 gas Arom reaction
2,4-D, salts and esters 94-75-7 gas Pestic reaction also particle phase
DDE 3547-04-4 gas Pestic photolysis also particle phase
diazomethane 334-88-3 gas Nitro Org rxn with ozone

A-7
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Main

Predominant Structural Removal
HAP Name CAS No. Phase Class? Mechanism ° Comments
dibenzofurans 132-64-9 gas Oxy Org reaction also particle phase
dibutylphthalate 84-74-2 gas Phthal reaction also particle phase
3,3'-dichlorobenzidene 91-94-1 gas Nitro Org photolysis also particle phase
1,3-dichloropropene 542-75-6 gas Hal Hydro reaction
dichlorvos 62-73-7 gas Pestic reaction
diethanolamine 111-42-2 gas Nitro Org reaction
n,n-diethyl aniline 121-69-7 gas Nitro Org reaction
diethyl sulfate 64-67-5 gas Sulfat rxn with liquid
water
3,3'-dimethoxybenzi- 119-90-4 gas Nitro Org reaction also particle phase
dine
dimethyl 60-11-7 gas Nitro Org reaction also particle phase
aminoazobenzene
3,3'-dimethyl benzidine 119-93-7 gas Nitro Org reaction also particle phase
dimethyl carbamoyl 79-44-7 gas Nitro Org reaction
chloride
1,1-dimethyl hydrazine 57-14-7 gas Nitro Org reaction
dimethyl sulfate 77-78-1 gas Sulfat rxn with liquid
water
1,2-diphenylhydrazine 122-66-7 gas Nitro Org reaction
ethyl benzene 100-41-4 gas Arom reaction
ethyl carbamate 51-79-6 gas Nitro Org reaction
(urethane)
heptachlor 76-44-8 gas Pestic reaction
hexachlorocyclopenta- 77-47-4 gas Hal Hydro reaction
diene
hexane 110-54-3 gas Hydro reaction
hydrazine 302-01-2 gas Nitro Org reaction
isophorone 78-59-1 gas Oxy Org reaction
lindane (all isomers) 58-89-9 gas Pestic reaction also particle phase
maleic anhydride 108-31-6 gas Oxy Org reaction also particle phase
methoxychlor 72-43-5 gas Pestic reaction also particle phase
methyl ethyl ketone 78-93-3 gas Oxy Org photolysis

(2-butanone)

A-8
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Main

Predominant Structural Removal
HAP Name CAS No. Phase Class? Mechanism ° Comments

methyl hydrazine 60-34-4 gas Nitro Org reaction
methyl isocyanate 624-83-9 gas Nitro Org reaction
4,4'-methylene 101-14-4 gas Nitro Org reaction also particle phase
bis(2-chloroaniline)
methylene diphenyl 101-68-8 gas Nitro Org reaction
diisocyanate (MDI)
4,4-methylenedianiline 101-77-9 gas Nitro Org reaction also particle phase
napthalene 91-20-3 gas Arom reaction
2-nitropropane 79-46-9 gas Nitro Org reaction
N-nitroso-N-methylurea 684-93-5 gas Nitro Org reaction
N-nitrosodimethyl- 62-75-9 gas Nitro Org photolysis
amine***
N-nitrosomorpholine 59-89-2 gas Nitro Org reaction
parathion 56-38-2 gas Pestic reaction also particle phase
phenol 108-95-2 gas Oxy Org reaction
p-phenylenediamine 106-50-3 gas Nitro Org reaction
phosphine 7803-51-2 gas Inorg reaction
phosphorus 7723-14-0 particle Inorg rxn with

oxygen
propoxur (Baygon) 114-26-1 gas Pestic reaction also particle phase
1,2-propylenimine 75-55-8 gas Nitro Org reaction
(2-methyl-aziridine)
styrene 100-42-5 gas Arom reaction
2,4-toluene diamine 95-80-7 gas Nitro Org reaction also particle phase
2,4-tolune diisocyanate 584-84-9 gas Nitro Org reaction
o-toluidine 95-53-4 gas Nitro Org reaction
triethylamine 121-44-8 gas Nitro Org reaction
trifluralin 1582-09-8 gas Pestic reaction also particle phase
vinyl acetate 108-05-4 gas Oxy Org reaction
vinylidene chloride 75-35-4 gas Hal Hydro reaction
(1,1-dichloroethylene)
xylenes (isomers and 1330-20-7 gas Arom reaction

mixture)
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Main
Predominant Structural Removal
HAP Name CAS No. Phase Class® Mechanism ° Comments
o-xylenes 95-47-6 gas Arom reaction
m-xylenes 108-38-3 gas Arom reaction
glycol ethers 0 gas Oxy Org reaction

@Structural class abbreviations: Arom = aromatic; Hal Arom = halogenated aromatic; Hal Hydro = halogenated
hydrocarbon; Hydro = hydrocarbon; Inorg = inorganic; Nitro Org = nitrogenated organic; Oxy Org = oxygenated
organic; Pestic = pesticide; Phthal = phthalate; Sulfat = sulfate

® Reaction is with hydroxyl radical unless indicated otherwise
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Table II. HAPs with short to medium atmospheric lifetimes (< 1 day to 1-5 days).

Main
Predominant Structural Removal
HAP Name CAS No. Phase Class® Mechanism ° Comments

bis(chloromethyl)ether 542-88-1 gas Oxy Org rxn with liquid

water
chloromethyl methyl ether | 107-30-2 gas Oxy Org rxn with liquid

water
ethylene imine (aziridine) 151-56-4 gas Nitro Org reaction
methyl methacrylate 80-62-6 gas Oxy Org reaction
vinyl bromide 593-60-2 gas Hal Hydro reaction
vinyl chloride 75-01-4 gas Hal Hydro reaction
p-xylenes 106-42-3 gas Arom reaction
polycyclic organic matter 0 gas Arom reaction also particle phase

& Structural class abbreviations: Arom = aromatic; Hal Arom = halogenated aromatic; Hal Hydro = halogenated
hydrocarbon; Hydro = hydrocarbon; Inorg = inorganic; Nitro Org = nitrogenated organic; Oxy Org = oxygenated
organic; Pestic = pesticide; Phthal = phthalate; Sulfat = sulfate

®Reaction is with hydroxyl radical unless indicated otherwise
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Table Ill. HAPs with medium atmospheric lifetimes (1-5 days).

Main
Predominant Structural Removal
HAP Name CAS No. Phase Class® Mechanism ° Comments
acetophenone 98-86-2 gas Oxy Org reaction
dichloroethyl ether 111-44-4 gas Oxy Org reaction
dimethyl phthalate 131-11-3 gas Phthal reaction
2,4-dinitrotoluene 121-14-2 gas Nitro Org photolysis
1,4-dioxane 123-91-1 gas Oxy Org reaction
(1,4-diethyleneoxide)
1,2-epoxybutane 106-88-7 gas Oxy Org reaction
ethyl acrylate 140-88-5 gas Oxy Org rxn with ozone
I ethylene glycol 107-21-1 gas Oxy Org reaction
z ethylidene dichloride 75-34-3 gas Hal Hydro reaction
m (1,1-dichloroethane)
z formaldehyde 50-00-0 gas Oxy Org photolysis formed in
atmospheric
: reactions
u hydrochloric acid 7647-01-0 gas Inorg deposition
o hydrogen fluoride 7664-39-3 gas Inorg deposition
(hydrofluoric acid)
a hydroquinone 123-31-9 gas Oxy Org reaction also particle phase
m methanol 67-56-1 gas Oxy Org reaction
> methyl isobutyl ketone 108-10-1 gas Oxy Org reaction
— (hexanone)
: methyl tert-butyl ether 1634-04-4 gas Oxy Org reaction
U phosgene 75-44-5 gas Oxy Org | rxn with liquid
: water
1,3-propane sulfone 1120-71-4 gas Oxy Org reaction
: propionaldehyde 123-38-6 gas Oxy Org reaction
{ quinoline 91-22-5 gas Nitro Org reaction
n styrene oxide 96-09-3 gas Oxy Org reaction
I.I.l 2,3,7,8-tetrachloro- 1746-01-6 gas Hal Arom reaction also particle phase
dibenzo-p-dioxin
m toluene 108-88-3 gas Arom reaction
: 2,2, 4-trimethylpentane 540-84-1 gas Hydro reaction

A-12




Main
Predominant Structural Removal
HAP Name CAS No. Phase Class® Mechanism ° Comments
radionuclides 0 particle Inorg radioactive radon in gas phase
decay

@ Structural class abbreviations: Arom = aromatic; Hal Arom = halogenated aromatic; Hal Hydro = halogenated
hydrocarbon; Hydro = hydrocarbon; Inorg = inorganic; Nitro Org = nitrogenated organic; Oxy Org = oxygenated
organic; Pestic = pesticide; Phthal = phthalate; Sulfat = sulfate

® Reaction is with hydroxyl radical unless indicated otherwise

Table IV. HAPs with medium to long atmospheric lifetimes (1-5 days to > 5 days).

Main
Predominant Structural Removal
HAP Name CAS No. Phase Class® Mechanism ° Comments

acrylonitrile 107-13-1 gas Nitro Org reaction
benzyl chloride 100-44-7 gas Hal Arom reaction
carbon disulfide 75-15-0 gas Inorg reaction
4-nitrobiphenyl 92-93-3 gas Nitro Org reaction also particle phase
4-nitrophenol 100-02-7 gas Nitro Org reaction also particle phase

& Structural class abbreviations: Arom = aromatic; Hal Arom = halogenated aromatic; Hal Hydro = halogenated
hydrocarbon; Hydro = hydrocarbon; Inorg = inorganic; Nitro Org = nitrogenated organic; Oxy Org = oxygenated
organic; Pestic = pesticide; Phthal = phthalate; Sulfat = sulfate

®Reaction is with hydroxyl radical unless indicated otherwise
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Table V. HAPs with long atmospheric lifetimes (> 5 days).

(chloromethane)

Main
Predominant Structural Removal
HAP Name CAS No. Phase Class® Mechanism ° Comments

acetonitrile 75-05-8 gas Nitro Org reaction
asbestos 1332-21-4 particle Inorg deposition
benzene 71-43-2 gas Arom reaction
benzotrichloride 98-07-7 gas Hal Arom reaction
carbon tetrachloride 56-23-5 gas Hal Hydro photolysis
carbonyl sulfide 463-58-1 gas Oxy Org reaction
chloroacetic acid 79-11-8 gas Oxy Org reaction
2-chloroacetophenone 532-27-4 gas Oxy Org reaction
chlorobenzene 108-90-7 gas Hal Arom reaction
chloroform 67-66-3 gas Hal Hydro reaction
1,2-dibromo-3-chloro- 96-12-8 gas Hal Hydro reaction
propane
1,4-dichlorobenzene(p) 106-46-7 gas Hal Arom reaction
4,6-dinitro-o-cresol, and 534-52-1 gas Nitro Org reaction also particle phase
salts
2,4-dinitrophenol 51-28-5 gas Nitro Org reaction also particle phase
epichlorohydrin 106-89-8 gas Oxy Org reaction
(1-chloro-2,3-epoxy-
propane)
ethyl chloride 75-00-3 gas Hal Hydro reaction
(chloroethane)
ethylene dibromide 106-93-4 gas Hal Hydro reaction
(dibromoethane)
ethylene dichloride 107-06-2 gas Hal Hydro reaction
(1,2-dichloroethane)
ethylene oxide 75-21-8 gas Oxy Org reaction
hexachlorobenzene 118-74-1 gas Hal Arom reaction
hexachlorobutadiene 87-68-3 gas Hal Hydro reaction
hexachloroethane 67-72-1 gas Hal Hydro reaction
methyl bromide 74-83-9 gas Hal Hydro reaction
(bromomethane)
methyl chloride 74-87-3 gas Hal Hydro reaction
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Main
Predominant Structural Removal
HAP Name CAS No. Phase Class® Mechanism ° Comments

methyl chloroform 71-55-6 gas Hal Hydro reaction

(1,1,1-trichloroethane)

methyl iodide 74-88-4 gas Hal Hydro reaction

(iodomethane)

methylene chloride 75-09-2 gas Hal Hydro reaction

(dichloromethane)

nitrobenzene 98-95-3 gas Nitro Org reaction

pentachloronitro- 82-68-8 gas Nitro Org reaction

benzene

pentachlorophenol 87-86-5 gas Oxy Org reaction also particle phase
h phthalic anhydride 85-44-9 gas Phthal reaction
z polychlorinated biphenyls | 1336-36-3 gas Hal Arom reaction also particle phase

(Aroclors)
m beta-propiolactone 57-57-8 gas Oxy Org reaction
z propylene dichloride 78-87-5 gas Hal Hydro reaction
: (1,2-dichloropropane)
u propylene oxide 75-56-9 gas Oxy Org reaction
o quinone 106-51-4 gas Oxy Org reaction
a 1,1,2,2,-tetrachloro- 79-34-5 gas Hal Hydro reaction

ethane
m tetrachloroethylene 127-18-4 gas Hal Hydro reaction
> (perchloroethylene)

toxaphene (chlorinated 8001-35-2 gas Pestic deposition also particle phase
- camphene)
: 1,2,4-trichlorobenzene 120-82-1 gas Hal Arom reaction
U 1,1,2-trichloroethane 79-00-5 gas Hal Hydro reaction
“ trichloroethylene 79-01-6 gas Hal Hydro reaction
< 2,4,5-trichlorophenol 95-95-4 gas Oxy Org reaction
{ 2,4,6-trichlorophenol 88-06-2 gas Oxy Org reaction
n antimony cpds 0 particle Inorg deposition metal density
m 6.7 g/cm?

arsenic cpds (incl. 0 particle Inorg deposition arsine in gas
m Arsine) phase; metal

density 4.7 g/cm?®
: beryllium cpds 0 particle Inorg deposition metal density
1.8 g/cm?
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Main
Predominant Structural Removal
HAP Name CAS No. Phase Class® Mechanism ° Comments

cadmium cpds 0 particle Inorg deposition metal density
8.6 g/cm?

chromium cpds 0 particle Inorg deposition metal density
7.1 g/lcm?

cobalt cpds 0 particle Inorg deposition metal density
8.9 g/cm?

cyanide cpds 0 particle Inorg deposition cyanic acid in gas
phase

lead cpds 0 particle Inorg deposition metal density
11.3 g/cm?®

manganese cpds 0 particle Inorg deposition metal density
7.5 g/cm?

mercury cpds 0 gas Inorg rxn with metal density

aqueous 13.5 g/cm?®
ozone

fine mineral fibers 0 particle Inorg deposition

nickel cpds 0 particle Inorg deposition metal density
8.9 g/cm?

selenium cpds 0 particle Inorg deposition metal density
4.8 g/lcm®

@ Structural class abbreviations: Arom = aromatic; Hal Arom = halogenated aromatic; Hal Hydro = halogenated
hydrocarbon; Hydro = hydrocarbon; Inorg = inorganic; Nitro Org = nitrogenated organic; Oxy Org = oxygenated
organic; Pestic = pesticide; Phthal = phthalate; Sulfat = sulfate

® Reaction is with hydroxyl radical unless indicated otherwise
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Table VI. HAPs without atmospheric lifetime information.

Main
Predominant Structural Removal
HAP Name CAS No. Phase Class® Mechanism ° Comments
acrylamide 79-06-1 gas Nitro Org
bromoform 75-25-2 gas Hal Hydro
caprolactam 105-60-2 gas Oxy Org
chloramben 133-90-4 gas Pestic also particle phase
dimethyl formamide 68-12-2 gas Nitro Org
ethylene thiourea 96-45-7 gas Nitro Org also particle phase
hexamethylene-1,6- 822-06-0 gas Nitro Org
diisocyanate
hexamethyl- 680-31-9 gas Nitro Org
phosphoramide
titanium tetrachloride 7550-45-0 gas Inorg
coke oven emissions 0 gas Arom

@ Structural class abbreviations: Arom = aromatic; Hal Arom = halogenated aromatic; Hal Hydro = halogenated
hydrocarbon; Hydro = hydrocarbon; Inorg = inorganic; Nitro Org = nitrogenated organic; Oxy Org = oxygenated
organic; Pestic = pesticide; Phthal = phthalate; Sulfat = sulfate

® Reaction is with hydroxyl radical unless indicated otherwise
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Table VII. Distribution of structural classes among lifetime groups.

Lifetime Classes
Structural Group Total
Short- Med-
Short Med Med Long Long Other

Aromatic 12 2 2 1 1 18
Halogenated aromatic 1 1 6 8
Hydrocarbon 2 1 3
Halogenated Hydrocarbon 5 2 1 18 1 27
Oxygenated Organic 10 3 15 11 1 40
Nitrogenated Organic 33 1 2 3 5 5 49
Pesticide 13 1 1 15
Phthalate 2 1 1 4
Sulfate 2 2
Inorganic 4 3 1 14 1 23
Total 83 8 26 5 57 10 189
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APPENDIX B

RESULTS OF THE LITERATURE REVIEW

(In file: App_B.wpd)
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INFORMATION / DATA FROM REVIEWED RESEARCH DOCUMENTS

Ref. No. Supporting Information Sources

11 Acetaldehyde TL17
Source #TL17 measured acetaldehyde concentrations in commuting vehicles and at ambent
monitoring sites in the Los Angeles area during the summer and winter of 1987. Measurgments
were made during the same time period, but were not necessarily concurrent. The authofs
reported mean in-vehicle and ambient concentrations (Table 3-3), from which an 1/O ratigcan
be computed.
The I/O average ratio calculated by TRJ researcherd vasdicating the presence of sourcep
near the vehicle. Therefore, the difference between the average in-vehicle and ambient
concentrations can be used to estimate a lower bound for the ADD factor. This differenc¢ was
1.8 ppb (3.2ug/m?).
ADD = 3.2ug/m* (Quality Code = 2)

1-1 Acetaldehyde Mz 37
Author: South Coast Air Quality Management District (subsse
» Report gives results of concurrémvehicle and_ambien(fixed site) monitoring study. this data
» Table 3-3(p. 37) presents a comparison of in-vehicle and background mean concentratipmsported

o Since measurements were reported only for in-vehicle and fixed site monitors -- the orfyirM&Z 33)

factor that can be estimated from this work is_the MUadtor.
From Table 3-3
MULT = 1.4

1-13 Acetaldehyde MZ 3
Author: Gonzalez-Flesca, N.
Has indoor & outdoor measurements for each of the ten residences measured. Indoor sgmples
taken in bedroom of residences. Outdoor measurements taken at various locations. In addition,
a fixed, central-site monitor was used and may provide input to a proximately factor.
From Tables 1 & 2
PEN PROX MULT ADD
122 071 87

1-13 Acetaldehyde Mz 27
Author: De Bortoli, M., Knoppel, H., Pecchio, E., Peil, A., et al.
» Simultaneous indoor and outdoor measurements takesidenceg5 apartments and 9
single family homes) and one office building. NOTE, however, that the data were not repprted

separately for the office, nor were the data separated according to the type of residence {.e.,

apartment or house).

» Table 1lhas the minima, maxima, and means of the indoor and outdoor concentrations.
» Table 2(p. 347) has the minima, maxima, means, and medians of the 1/O ratios.

I/O ratio (mean) = 6.0

I/O ratio (median) = 3.6
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Ref. No. Supporting Information Sources

1-13 Acetaldehyde TLO2
Source #TL02measured simultaneous indoor and outdoor acetaldehyde concentrations fgr 10
residences in Roanoke, VA during the period November 1988 - February 1989. The authHors
reported the data as results from a source model (Table Il), from which original measured
concentrations can be back-calculated. The presence of indoor sources was not indeperfdently
determined.
The residences were heated by either gas or electricity, with no information provided reggrding
cooking or garage status. Therefore, the information was assigned to ME # 13.
TRJ researchers calculated concurrent I/O ratios from the original concentration data and
averaged the ratios. In the absence of indoor sources, this method should yield an estimhpte of
the PEN factor. However, the average 1/O ratio was calculated3d,bedicating that
significant indoor sources were present.
The authors estimated the indoor source contribution for each of the residences by subtrgcting
the measured outdoor concentration from the measured indoor concentration. The avergge
indoor source contribution was 1u§/m3. This represents a lower bound on the ADD factol.
ADD = 7.6ug/m* (Quality Code = 1)

1-13 Acetaldehyde MZ 36
Author: Barguil, S., Le Moullec, Y., Person, A., Laurent, A-M, and Festy, B.
» Study which reports concurrent indoor and outdoor measurements taksid@nceq5
detached houses and 4 apartments).

o The paper reports the average 1/0 measurements (Fig 2. — bar chart) of samples takgn over

the entire length of the study (Sept. 1987 — Aug. 1988).
I/O ratios (average of 75 samples)
PEN=2.0

1-17 Acetaldehyde MZ 10
Author: Brickus, L.; Cardoso, J.; de Aquino Neto, F.
Reports concurrent measurements of aldehyde and VOC concentrations on four differentjfloors
of anoffice building for several different days.
I/O ratios provided — see tables 1, 2, & 3.
Mean PEN (building wide) = 1.3(Range: 0.1 — 2.2)

1-34 Acetaldehyde MZ 3
Author: Gonzalez-Flesca, N.
Has indoor & outdoor measurements for each of the ten residences measured. Indoor sgmples
taken in bedroom of residences. Outdoor measurements taken at various locations. In addition,

a fixed, central-site monitor was used and may provide input to a proximately factor.
From Table 1.
PROX

0.71(note: this is the same value as shown for PROX above)
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Ref. No. Supporting Information Sources
3-13 Acrylonitrile TLO3
Source #TL03neasured simultaneous indoor and outdoor acrylonitrile concentrations for 4
residences in Toronto in the winter and spring of 1996. The authors reported average inqoor
and outdoor concentrations (Table 1), from which the I/O average ratio can be computed
Stove/garage sources in the residences were not identified. Therefore, the information wis
assigned to ME # 13.
The I/O average ratio calculated by TRJ researcher®8asdicating the presence of
significant indoor sources. Therefore, the difference between the average indoor and outdoor
concentrations can be used to estimate a lower bound for the ADD factor. This differenc¢ was
0.11pg/m?e.
ADD = 0.11pg/m® (Quality Code = 2)
5-1 Benzene RA 32
Author: Leung, PL.; Harrison, RM.
In-vehicle, immediately outside the vehicle (out-vehicle), and roadside SIMULTANEOUS
sampling on six different roads.
Roadside (static/fixed-site) sampling sites at different distances from road and measured fat
different heights
Ambient air concentrations — continuous measurements at a background location — meadqured
data each hour throughout the year. Ambient data presented as mean over the sampling period
(p. 194)
Table 2: DAILY means and standard deviations of concentrations in-vehicle, out-vehicle,
roadside, and ambient.
Table 4: 1/0O ratios for benzene on six different roads
Comparison of in-vehicle vs. out-vehicle concentrations during rush hours and non-rush pours —
Tables 6&7.
Comparison of in-vehicle vs. out-vehicle concentrations for different types of cars — Tablgs
8&9.
PEN =1.17
MULT = 12.17
PROX =10.52
5-1 Benzene MZ 33
Author: Liu, C.S., Shikiya, D., Kahn, M.l., and Juarros, J. (Resu
» Paper reports results of concurrgntehicle and_ambien(fixed site) monitoring study. also
» Figure 1(p. 250) summarizes the data with a bar graph. reported
o Since measurements were reported for in-vehicle and fixed site monitors -- the only MEin MZ 37)

factor that can be estimated from this work is_ the M#dtor.

From Fig. 1
MULT =2.5
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Ref. No.

Supporting Information

Sources

5-1

Benzene
Source #TL0Xkomputed ME factors using regression analysis of data collected by RTI in
Angeles. In September and October 1997, researchers collected benzene concentration

measurements during a series of “commutes”. RTI data included simultaneous measuregnents

inside the vehicle, outside the vehicle, along the roadways, and at the nearest ambient
monitoring stations.

TLO1,
L 0S TL(

ADD and MULT factors were available directly from the regression of in-vehicle concentrgtion

against ambient monitor concentration (Eq 20). The PROX factor was available from
regression of outside-vehicle concentration against ambient monitor concentration (Eq 22
PEN factor can then be calculated from the formula PEN = (MULT) / (PROX). The ME fa
from Source #TLO1 arADD = 11 ug/m®; PROX = 0.90 PEN = 1.11 MULT = 1.00 (Quality
Code =1).

). The
Ctors

Source #TL04imultaneously measured benzene concentrations inside the vehicle (passqgnger

sedan), outside the vehicle, and at a nearby fixed-site monitor in Raleigh, NC during the §
of 1988. The authors calculated in-vehicle / vehicle exterior ratios for each concurrent
measurement pair (Table V), which can be used to estimate the PEN P&br(1.08

Quality Code =1).

The authors also reported median in vehicle, vehicle exterior, and fixed-site concentratior]
(Table I1), which can be used to calculate average ratios of in-vehicle / fixed-site (I/F) and
vehicle exterior / fixed-site (E/F) concentrations. TRJ researchers calculated the I/F ratio
6.7 and the E/F ratio to be 6.9, indicating significant sources near the vehicle (as expecte
Therefore, the concentration information can be used to estimate the ADD factor from thd
difference between the in-vehicle and fixed-site concentrafiB(= 9.1 ug/m?; Quality Code
=2).

Source #TL0Sneasured concurrent in-vehicle (passenger cars) and ambient benzene
concentrations during city driving in Sydney, Australia (date not given). The authors repg
average concentrations (Table 1), from which an in-vehicle / ambient ratio can be calculal
TRJ researchers calculated this ratio to be 11, indicating significant sources near the veh
Therefore, the concentration information was used to estimate the ADD ME factor, as wit
Source #TL04 aboveADD = 64 pug/m?; Quality Code = 2).

Source #TL06Bneasured concurrent in-vehicle (passenger car) and vehicle exterior benze
concentrations during suburban commuting in New Jersey during the period from Januar
to July 1992. The authors report the average concentrations in graphical form (Figure 4)
allowing calculation of the in-vehicle / vehicle exterior average ratio (PEN factor). TRJ

researchers scaled the concentrations from the graph and computed the PEN factor as fq
in-vehicle conc. = 13.0; vehicle exterior conc. = 1RPEN = 0.97 Quality Code = 2).

ummer

to be
).

It

ed.
cle.
1

he
1991

llows:

41
[LO5,

TLo6

5-1

Benzene

Author: Shahnaz Alimokhtari Vayghani and Clifford Weisel

Data presented for paired measurements of in-car and "at the pump" concerdeatians
refueling(Table 1).

I/O* ratio (median) = 2.3
* |=in-cabin, O=at the pump.

MZ 13
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Ref. No. Supporting Information Sources
5-1 Benzene RA 19
Author: Jo, W.K.; Park, K.H. RA21
In-vehicle and ambient concentrations of VOCs measured prior to and during idling presgnted Mg 12
GRAPHICALLY. - p. 220. Fig. 1.
See RA21(data presented in table format), MZ12.
Bar graphs of concentrations measured in-car and ambient are presented for both idling gnd
driving conditions. Mean ambient roadway air samples and invehicle concentrations with
standard deviation for 115 commutes in Korean urban route for two types of cars (old
model=Elantra; new model =Sonata II).
NEW MODEL:
Mean indoor conc reported: 49ug/m
Mean outdoor conc reported: 24.9ud/m
PEN=1/0O = 49/24.9 = 1.97
OLD MODEL:
Mean indoor conc reported: 49.1ug/m
Mean outdoor conc reported: 25.8ug/m
PEN=1/0 =49.1/25.8 =1.9
5-1 Benzene MZ 34
Author: Chan, C-C., Spengler, J.D., Ozkaynak, H., and Lefkopoulou, M.
» Results of sampling field study where measurements of VOC concs. were taken while qubjects
commuted byar, subway bicycling (othe), and walking. -- See Table(p. 1596).
o NOTE: No ambient monitoring data were reported so values taken for those subjects vfhile
walking would have to be used as a surrogate for ambiEmerefore, only calculation of a
MULT factor is possible.
» In addition, VOC concs. were also measured in subjects’ residandes offices- See
Table Ill, (p. 1597).
o Measurements taken on a sidewalk next to a busy street are used as a surrogate for ajnbient
monitoring.
» Note that while the these samples may have overlapped, it is not specified which sets of
measurements (if any) were paired samples.
o Nor is it specified where the sidewalk (i.e., the surrogate for ambient, outdoors)
concentrations were taken in relation to the other MEs, or with respect to time.
» Tables | and Il provide median, mean, and max. concs. for the different VOCs and varipus
MEs.
MULT (median) = 1.8
5-1 Benzene MZ 16
Author: Weisel, C.P., Nicholas, N.J., and Lioy, P.J.
» Numerous HAPs/VOCs were measured in automobile interiors. Ambient outdoor HAPS
measured at the start of a commute and at the end of a commute for benzene and xylengs.
o Table 7- provides mean automobile cabin and suburban outdoor concentrations for bgnzene
and xylenes from this study.
» No measurements from the exterior of the vehicle were reported. Therefore, only calcujation
of a MULT factor is feasible.
» This study also summarizes indoor and outdoor measurements from other studies (TEAM and

SCAQMD). The average values reported do not appear to be concurrent.

From Table 7
MULT (mean value) =12.0
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Ref. No. Supporting Information Sources

5-1 Benzene MZ 14
Author: Wan-Kuen Jo and Kun-Ho Park
Table 1has data on concentrationsifieauto, in-bus, and ambient air. Also, just below this
table, the authors provide ratios for in-auto/in-bus/fixed-site. Finally, a possible proximity
factor is suggested (also just below Table 1
No measurements for outside the vehicle were reported.
PEN PROX MULT [Ratio calculated using mediameasurement values]
N/A  N/A 9.4

5-1 Benzene TL17
Source #TL17easured benzene concentrations in commuting vehicles and at ambient
monitoring sites in the Los Angeles area during the summer and winter of 1987. Measurgments
were made during the same time period, but were not necessarily concurrent. The authofs
reported mean in-vehicle and ambient concentrations (Table 3-3), from which an 1/O ratigcan
be computed.
The 1/O average ratio calculated by TRJ researcher2 Wasdicating the presence of in-
vehicle sources. Therefore, the difference between the average in-vehicle and ambient
concentrations can be used to estimate a lower bound for the ADD factor. This differenc¢ was 8
ppb (25ug/m?).
ADD = 25ug/m® (Quality Code = 2)

5-1 Benzene RA 19
Author: Jo, W.K.; Park, K.H. MZ 12
In-vehicle and ambient concentrations of VOCs measured prior to and during idling presgnted
GRAPHICALLY. - p. 220. Fig. 1
See RA21, MZ12.
Bar graphs of concentrations measured in-car and ambient are presented for both idling gnd
driving conditions.

5-1 Benzene RA 7
Author: Duffy, B.L., Nelson, P.F.
Average in-vehicle concentrations (ppb) in catalyst equipped vs. non catalyst equipped dars and

ambient air concentrations — Table 1. 1/O ratios — Table 2 (p.3880).

POST-1986 CARS

MULT = 11 (morning commute)

I/O ratio = PEN =22.1/2 = 11.05 (morning peak-hour)
PROX = MULT/PEN =11/11.05 = 0.99morning)

MULT= 3 (midday)
I/O ratio = PEN = (midday)

PRE-1986 CARS

MULT = 27 (morning commute)

I/O ratio = PEN = 48.1/1.8 = 26.7 (morning peak-hour)
PROX = MULT/PEN =27/26.7 = 1.01

MULT =18 (midday)

I/O ratio = PEN = (midday)
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Ref. No. Supporting Information Sources

5-1 Benzene MZ 28
Author: Chan, C-C, Ozkaynak, H., Spengler, J.D., and Sheldon, L.
» Paper reports measurement results and parameters (i.e., min, 25%, median, 75%, max], mean,
and SD) forin-vehicle (ME #1) car exterior, fixed-site, and sidewalk (i.e., near road) (ME #7
Measurements are simultaneous.
» Table Il (p. 966) — Concs. for each of the above locations.
» Table Il (p. 968) — Median concs. measured inside vehicles and at a fixed site for threg
different driving routes (urban, interstate, and rural).
» Table V (p. 970) — /O ratios for in-vehicle/car exterior.
» Fig. 1 (p. 969) — Ratios of median concs. between in-vehicle and fixed site.
From Table l((Median valuek
PROX PEN MULT PEN Range(from Table V) 0.75 — 2.49
6.9 0.96 6.7

5-2 Benzene TL19
Source #TL19measured benzene concentrations in buses and along the roadway (10 mefers
from the road) during commutes in the city of Taegu, Korea during the winter of 1996-97.] The
authors present mean concentrations for approximately 50 samples (Table 2), from whiclf an I/O
average ratio can be calculated.
The I/O ratio calculated by TRJ researchers 2v@sindicating the presence of benzene sourdes.
Since the buses used diesel fuel, the roadway is likely to be a larger benzene source tha the bus
microenvironment.  This situation, with the source occurring between the ambient monitpr and
the microenvironment, provides information relevant to the PROX factor rather than the HEN
factor. In this case, the two factors cannot be distinguished since no measurements wer¢ made
directly at the bus exterior. Therefore, the 1/O ratio can be used to estimate the MULT fagtor
for this microenvironment.
MULT = 2.9 (Quality Code = 2)

5-2 Benzene MZ 14
Author: Wan-Kuen Jo and Kun-Ho Park
Table 1has data on concentrations for in-anttous, and ambient air. Also, just below this
table, the authors provide ratios for in-auto/in-bus/fixed-site.
Finally, a possible proximity factor is suggested (also just below Table 1
Assumed that in-bus and roadway concentrations were the same.
PEN PROX MULT [All ratios calculated using medianeasurement values.]
1.0 35 35

5-2 Benzene RA7
Author: Duffy, B.L., Nelson, P.F.
Average in-vehicle concentrations (ppb) in catalyst equipped vs. non catalyst equipped dgars and

ambient air concentrations — Table 1. 1/O ratios — Table 2 (p.3880).

I/O ratio = PEN = 9.4/10.3 = 0.91; 7.2/7.9 = 0.91 (morning peak-hour)
I/O ratio = PEN = 4.5/5.7 = 0.79 (midday)

I/O ratio = PEN = 6/9.1 = 0.66 (evening peak-hour)
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Ref. No.

Supporting Information

Sources

5-2

Benzene

Source #TL05Sneasured concurrent in-vehicle (bus) and ambient benzene concentrations
during city driving in Sydney, Australia (date not given). The authors report individual
concentration pairs (Table 5), from which in-vehicle / vehicle exterior ratios can be calculd
The average of these ratios is an estimate of the PEN factor.

PEN =0.84 (Quality Code =1)

TLO5

ted.

Benzene

Author: Chan, C-C., Spengler, J.D., Ozkaynak, H., and Lefkopoulou, M.

» Results of sampling field study where measurements of VOC concs. were taken while g
commuted by caisubway bicycling (other), and walking. -- See Table(p. 1596).

o NOTE: No ambient monitoring data were reported so values taken for those subjects
walking would have to be used as a surrogate for ambiEmerefore, only calculation of a
MULT factor is possible.

» In addition, VOC concs. were also measured in subjects’ residendés offices- See
Table lll, (p. 1597).

o Measurements taken on a sidewalk next to a busy street are used as a surrogate for a
monitoring.

» Note that while the these samples may have overlapped, it is not specified which sets g
measurements (if any) were paired samples.

o Nor is it specified where the sidewalk (i.e., the surrogate for ambient, outdoors)
concentrations were taken in relation to the other MEs, or with respect to time.

» Tables | and Il provide median, mean, and max. concs. for the different VOCs and vari
MEs.

MULT (median) = 0.9

MZ 34
ubjects

hile

mbient

f

pUS

Benzene

Author: Schwar, M.; Booker, J.; Tait, L.

Comparison of concentrationsthe car park vs.at the exit of the car park
Max. concentrations averaged over specified time periods. Table 7.

WEEKDAYS (11 GARAGES)

Mean of averaged 1-hr inside car park conc: 0.25mg/m
Mean of averaged 1-hr exit of car park conc: 0.16mig/m
PEN=I/0 =0.25/0.16 = 1.6

WEEKENDS (5 GARAGES)
Mean of averaged 1-hr inside car park conc: 0.24mg/m
Mean of averaged 1-hr exit of car park conc: 0.34mg/m
PEN=1/0 =0.24/.34=0.71

RA 24

Benzene

Source #TL05Sneasured concurrent benzene concentrations in a covered parking garage
an ambient monitoring site in Sydney, Australia (date not given). The authors report ave
concentrations, allowing calculation of the I/O average ratio. TRJ researchers calculated
ratio to be41, indicating significant sources in the parking garage. Therefore, the concent
information was used to estimate the ADD factor by subtracting the ambient concentratio
the parking garage concentration.

TLO5
and at
ge
his
ation
h from

ADD = 38ug/m®; (Quality Code = 2)

B-8
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Ref. No. Supporting Information Sources

5-7 Benzene MZ 28
Author: Chan, C-C, Ozkaynak, H., Spengler, J.D., and Sheldon, L.
» Paper reports measurement results and parameters (i.e., min, 25%, median, 75%, max], mean,
and SD) for_in-vehicle (ME #]1xar exterior, fixed-site, and sidewalk (iigear road) (ME
#7). Measurements are simultaneous.
» Table Il (p. 966) — Concs. for each of the above locations.
» Table Il (p. 968) — Median concs. measured inside vehicles and at a fixed site for threg
different driving routes (urban, interstate, and rural).
» Table V (p. 970) — /O ratios for in-vehicle/car exterior.
» Fig. 1 (p. 969) — Ratios of median concs. between in-vehicle and fixed site.
From Table Ii
PROX
4.4 Median value

5-7 Benzene TLO1,
Source #TLOXomputed ME factors using regression analysis of data collected by RTI in fos TLG
Angeles. In September and October 1997, researchers collected benzene concentration
measurements during a series of “commutes”. RTI data included simultaneous measurenents
along the roadway and at the nearest ambient monitoring stations.
ADD and MULT factors were available directly from the regression of roadside concentrafion
against ambient monitor concentration (Eq 25). The ME factors from Source #TL&Dare:
=3pug/m®; MULT = 1.40 (Quality Code = 1).
Source #TL04imultaneously measured benzene concentrations along the roadway and gt a
nearby fixed-site monitor in Raleigh, NC during the summer of 1988. The authors reporqd
median sidewalk and fixed-site concentrations (Table 1), which can be used to calculate § ratio
of average sidewalk / fixed-site concentrations. TRJ researchers calculated this radidto e
indicating significant sources near the roadway (as expected). Therefore, the concentratin
information can be used to estimate the ADD factor from the difference between the sideyvalk
and fixed-site concentratioADD = 5.5ug/m?; Quality Code = 2).

5-11 Benzene TL18
Source #TL18neasured simultaneous garage and outdoor benzene concentrations at thrge New
Jersey residences with attached garages during December 1987. The authors report mepn

concentrations for each residence (Table 3), from which I/O average ratios can be computed.

For all three residences, the 1/O ratio was greater thH® *gtio = 2.1, 6.5, and 15
respectively). This indicates the presence of significant sources within the garages. The

the difference between the mean garage and outdoor concentrations can be used to estifhate a

lower bound for the ADD factor. These differences wergug/th®, 26.2ug/m? and 93.4

ug/me respectively. Taking the arithmetic mean of these values, ADD can be estimated t¢ be 42

ug/m? (geometric mean = 28)/n?).

efore,

ADD = 42pug/m® (Quality Code = 2)

B-9
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Ref. No.

Supporting Information

Sources

5-13

Benzene
Author: Wallace, L.A., Pellizzari, E.D., Hartwell, T.D., et al.
» Summary of TEAM study in NJ (Fall, 1981).
» Samples collected for:
personal air- two consecutive 12-hr samples taken from appr. 350 people,
outdoor air- two consecutive 12-hr samples taken from appr. 90 people, also drinkin
water and breath.
Table 9reports a summary of median, max. concs., and ratios (from both the median and
conc. data) for 85 matched overnight personal air and overnight outdoor air samples. (It
conclusion that this data provides the best concurrent I/O ratiossidencesrom this study.)

PEN = 1.9(median value)

MZ 22

max.
S our

5-13

Benzene
Author: Chan, C-C., Spengler, J.D., Ozkaynak, H., and Lefkopoulou, M.
» Results of sampling field study where measurements of VOC concs. were taken while g
commuted by carsubway bicycling (othe), and walking. -- See Table(p. 1596).
o NOTE: No ambient monitoring data were reported so values taken for those subjects
walking would have to be used as a surrogate.
» In addition, VOC concs. were also measured in subjezdglencesand in offices- See
Table Ill, (p. 1597).
o Measurements taken on a sidewalk next to a busy street are used as a surrogate for a
monitoring.
» Note that while the these samples may have overlapped, it is not specified which sets g
measurements (if any) were paired samples.
o Nor is it specified where the sidewalk (i.e., the surrogate for ambient, outdoors)
concentrations were taken in relation to the other MEs, or with respect to time.
» Tables | and Il provide median, mean, and max. concs. for the different VOCs and vari
MEs.

MZ 34
ubjects

hile

mbient

f

pus

5-13

Benzene

Author: Mukherjee, S.; Ellenson, WD.; Lewis, RG.; Stevens, RK.

NOTE: See RA1l

Median concentrations of indoor and outdoor provided for spring and summer.
Median I/O ratios by season supplied — tables 2, 8 and 9.

I/O =PEN = 1.86 (spring); 2.46 (summer)

RA 29

5-13

benzene
Author: Barguil, S., Le Moullec, Y., Person, A., Laurent, A-M, and Festy, B.
» Study which reports concurrent indoor and outdoor measurements taksitdénceg5
detached houses and 4 apartments).
o The paper reports the average 1/0 measurements (Fig 2. - bar chart) of samples taken
the entire length of the study (Sept. 1987 - Aug. 1988).
I/O ratios (average of 75 samples)
PEN =2.75

MZ 36

over

B-10
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Ref. No. Supporting Information Sources
5-13 Benzene RA 14
Author: Bouhamra, W.S.
Table 2 (p.199) -- Indoor VOCs concentrations. Table 3 (p.200) -- Ambient air VOCs
concentrations. Min, max., mean, median, std. deviation provided. Table 4 (p.202) -- I/O
ratios. Sampled during Dec 94-Jan 95. CONCURRENT MEASUREMENTS.
I/O ratio provided: 1.04=PEN
Ambient air conc. provided: 1805ugim (mean),1916dg/m (median), 537ug/m (min),
3263ug/m (max),742ug/m (std. dev)
Indoor air conc provided: 1882ugim (mean), 1774dg/m (median), 626ug/m (min),
3788ug/m (max), 1009ug/n (std. dev)
MULT = (indoor conc)/(ambient conc) = 1774/1916 = 0.93 (from median conc)
Since PEN>1 ==> calculate ADD:
Indoor conc (median) = 1774ugim ; PEN = I/O = 1.04; Outdoor conc (calculated) = 1774/].04
= 1705ug/m
69ug/m? <ADD<1774 ug/m
PROX (calculated from medians) 1705/1916 =0.37
5-13 Benzene MZ 30
Author: Wallace, L.A., Pellizzari, E.D., Hartwell, T.D., Sparacino, C., et al.
» Results of the TEAM study that report measurements of personal and outdoor air sampling; in
addition, breath and drinking water samples were measured.

o The personal and outdoor air measurements were 12-hr integrated samples. These rqughly
correspond to daytime (6am-6pm) and nighttime (6pm-6am). Unfortunately, the personafand
outdoor results for NJ (Table 2) are combined into 24-hr averages.

» Fig. 2 (p. 297) has a bar graph of the nighttime (6pm-6am) personal (might be used as h
surrogate for indoor residence) and outdoor concentrations. NOTE: these are geometric jneans
with more than four times the number of personal (347) compared to outdoor samples (84).

o Also, all /O ratios are greater than 1.5.

» Table 3 also has 24-hr averaged results of personal air and outdoor air sampling for
Greensboro, NC and Devils Lake, ND.
5-13 Benzene MZ 38

Author: Wallace, L. (EPA/600/6-87/002a) “Blue book”
» Bound volume of results from the TEAM studies. Indoor MEegdence
» Table 29(pp. 61-62) provide indoor/outdoor comparisons (and ratios) for masemeples.

o These concentrations are median values for the 12-hr nighttime samples collected for jwo

seasons (Jan. 1984 and May 1984) in LA, and during June 1984 in Contra Costa.

» Table 46(p. 97) provides median concentrations for indoor air in New Jersey (three diffefent

sampling periods) and California (also three different sampling periods).
» Table 47(p. 98) provides median concentrations for outdoor air in New Jersey (the sam¢

three

sampling periods for NJ in Table 46) and California (the same three sampling periods for [CA in

Table 46).

o However, the number of outdoor measurements are always less than the number of infloor

measurements.
From Table 29

LA(1/84) LA(5/84) Contra(6/84) Avg.
PEN (medians) 1.1 1.7 2.3 1.7

B-11
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Ref. No. Supporting Information Sources
5-13 Benzene MZ 3
Author: Gonzalez-Flesca, N.
Has indoor & outdoor measurements for each of the ten residences measured. Indoor sgmples
taken in bedroom of residences. Outdoor measurements taken at various locations. In addition,
a fixed, central-site monitor was used and may provide input to a proximately factor.
From Tables 1 & 2
PEN PROX MULT ADD
2.6 0.76 2.0
5-13 Benzene MZ 2
Author: Crump, D.R.
Indoor & outdoor measurements of HAPs over 2 years with data reported for a summer spason
only and a winter season only. Measurements are for four newly constructed unoccupied test
houses. Although the methods state that measurements were taken in the living room, kchen,
bedrooms, and bathroom; only the average for the whole house was reported.
The mean, max, and minimum data provided for each house and for each contaminant measured
in each house for two consecutive years.
House T1 PEN* Mean
Yr.1 Yr.2 Summer Winter (S and W only)
benzene 4.5 0.8 1.0 1.0 1.0
House T2 PEN* Mean
Yr.1 Yr.2 Summer Winter (S and W only)
benzene 0.9 1.0 0.75 1.0 0.9
House M3 PEN* Mean
Yr.1 Yr.2 Summer Winter (S and W only)
benzene 1.3 1.4 1.0 1.25 11
House M4 PEN* Mean
Yr.1 Yr.2 Summer Winter (S and W only)
benzene 1.3 0.8 1.25 1.0 11
*Mean values
benzene
Overall Mean: 1.0
(all houses, S and W only)
5-13 Benzene RA 35

Author: Baek, S.0.; Kim, Y.S.; Perry, R.; Spencer, R.D.; Green, M.A.; Biggs, P.

SIMULTANEOUS indoor/outdoor sampling at six residences, six offices, six restaurants if two

cities in Korea.
Median, mean, standard deviation, range of concentrations, median I/O ratios provided —
3,48&5

Tables

I/O ratio provided from median conc = PEN = 1.1

B-12
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Ref. No. Supporting Information Sources
5-13 Benzene RA 16
Author: Gilli, G MZ 8
Concurrent indoor and outdoors (apartment),ambient fixed-site, and personal samples cdlected.
I/O ratios reported (Table 3)
I/O Ratios for Benzene3.78 (day), 2.68 (night)
Mean indoor, outdoor, and personal concentrations reported (Table 4)
Dec. 1991 mea/O ratio provided:
3.78 (day) = PEN (day);
2.68 (night) = PEN (nigh)
Winter 1991meaambient congrovided = 9.84 ppb
Dec. 1991 mean indoor conc provided (day) = 16.25 ppb
Dec. 1991 mean indoor conc provided (night) = 18.38 ppb
MULT(day) = (indoor conc)/(ambient conc) = 16.25/9.84 = 1.65
MULT (night) = (indoor conc)/(ambient conc) = 18.38/9.84 = 1.87
Winter 1991meaambient congrovided = 9.84 ppb
Dec. 1991 mean outdoor conc provided (day) = 16.45 ppb
Dec. 1991 mean outdoor conc provided (night) = 18.73 ppb
PROX (day) = (outdoor conc)/(ambient conc) = 16.45/9.84 = 1.67
PROX (night) = (outdoor conc)/(ambient conc) = 18.73/9.84 = 1.9
5-13 Benzene MZ 26
Author: Lebret, E., van de Wiel, H.J., Bos, H.P., Noij, D., and Boleij, J.S.M.
» Table 2(p. 326) reports median and maximum HAP concentratioresidenceqa total of
approx. 300) of three different age groups; the median and maximum outdoor concs.; ang the
overall median /O ratio for all homes.
o These concentrations were weekly averages.
Median, overall I/O ratios:
benzene =2
5-13 Benzene Mz 27
Author: De Bortoli, M., Knoppel, H., Pecchio, E., Peil, A., et al.
» Simultaneous indoor and outdoor measurements takesidenceg5 apartments and 9
single family homes) and one office building. NOTE, however, that the data were not repprted
separately for the office, nor were the data separated according to the type of residence {.e.,
apartment or house).
» Table 1has the minima, maxima, and means of the indoor and outdoor concentrations.
» Table 2(p. 347) has the minima, maxima, means, and medians of the 1/O ratios.
I/O ratio (mean) = 3.8
I/O ratio (median) = 1.7
5-13 Benzene RA 30

Author: Schneider, P.; Lorinci, G.; Gebefugi, IL.; Heinrich, J.; Kettrup, A.

Simultaneous I/O sampling in residences (p.284)

Concentration profiles provided by height at which sampling took place.

Table 5: median I/O ratios supplied for bedroom, living room, kitchen.

Table 6: median /O ratios (for bedroom, living room, kitchen) presented by apartment ag
group (old vs. new)

I/O =PEN = 1.7 (kitchen); 1.5 (living room); 1.3 (bedroom)
Mean /O =15

A1

B-13




Ref. No. Supporting Information Sources

5-13 Benzene MZ 35
Author: Brown, V. and Crump, D.
» Measurement study egsidencesusing passive samplers.
o Samplers were exposed for 1-month periods.
o Far more indoor measurements (173) were taken than outdoor measurements (13).
o Matched samples ne¢ported.
» Table 1(p. 386) reports the min, max, median, and mean for inside 173 homes; and als¢
reports the mean for outdoors for 13 homes.

Indoors* Outdoors*
median mean min max mean mean I/O
benzene 7 8 2 32 5 1.6

* All values inug/m®.

» Fig. 1(p. 391) shows the mean concentrations of benzene and toluene by month for both
indoors and outdoors.
o Not specified how many indoor (or outdoor) measurements were included in each morghly
mean reported in Fig. 1's graphs.
Estimated ratios (I/O) (from Fig. 1)

min max
benzene 1.4 2.0
5-13 Benzene MZ 8
Author: Gilli, G RA 16

Concurrent indoor (apartment), outdoor fixed-site, and personal samples collected. 1/O rdtios
reported (Table 3)

I/O Ratios for Benzene3.78 (day), 2.68 (night)

Mean indoor, outdoor, and personal concentrations reported (Table 4)

5-13 Benzene MZ 23
Author: Wallace, L.
» Summarizes (i.e., summary statistics: including mean, GM, and percentiles) indoor and
outdoor benzene concs. for residences in the TEAM studies (Tables 2&3, p. 1131).
» Summaries are for LA (winter and summer), Valdez (winter and summer), and Woodlar{d, CA
(summer and winter).

o The LA and Valdez data are for day and night (i.e., 12-hr samples), while the Woodlanjl data
are 24-hr samples).

o Of the 11 indoor/outdoor combinations reported from the three cities, only 3 had the nymber
of samples equal for both the indoor and outdoor measurements (these are circled on Taples 2 &
3).
» In addition, this paper summarizes mean indoor/outdoor values measured from other stjdies
(see p. 1130).

o NOTE: Not possible to determine if these mean values were from concurrent measurenents
w/0 obtaining reports on these studies.

» Ref (28) — mean I/O £.36} 48-hr averages measured at 161 homes in CA.
» Ref (29) — mean I/O @.92(summer)} Average from seventeen volunteers.
— mean I/O E35(winter)

» Finally, mean benzene concs. were reported from other studies (see Table 4, p. 1132).

o All of the I/O ratios in Table 4 are > 1.0 (range: 1.4 to 4.0).

This study
PEN

1987, summer, daytime = 1.6
1990, summer, daytime = 2.7
1991, winter, daytime = 1.7
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Ref. No. Supporting Information Sources

5-13 Benzene MZ 4
Author: Drahonovska, H.
Indoor & outdoor measurements of 140 residences (both kitchen and bedroom measurerpents)
taken for listed HAPs. Energy use for heating is broken down by electric, gas, and coal spurces.
Average /O ratios provided (Table 5) for benzene.
1/0=1.6 for house heated
I/0=1.4 for non-heated house

5-13 Benzene MZ 25

Author: Gilli, G., Scursatone, E., and Bono, R.
» Indoor and outdoor simultaneous measurements takemndsideence(apartment).

o Samples were collected by 10 non-smoking university students who each collected sagnples
for 10 consecutive days [2 integrated samples per day: 1) 8:00 - 20:00 (12-hrs), and 2) 0:p0 -

8:00 (8-hrs)] in December 1991.
» Table 3(p. 53) shows the mean I/O ratios for both day (i.e., 8:00 - 20:00) and night (ie,
8:00). Data is the average form all students.

» Table 4(p. 54) shows indoor and outdoor pollutant concentrations for both day and nigh}.

NOTE: It is not clear how this data relates to the ratios reported in Table 3. It might be dd
only a single student.

Average /0O data for all students (Table 3)

benzene (day) = 3.78

benzene (night) = 2.68

:00 -

ta for
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Supporting Information

Sources

5-13

Benzene

Source #TL02measured simultaneous indoor and outdoor benzene concentrations for 6
residences in Roanoke, VA during the period November 1988 - February 1989. The auth
reported the data as results from a source model (Table Il), from which original measured
concentrations can be back-calculated. The presence of indoor sources was not indeper
determined.

The residences were heated by either gas or electricity, with no information provided reg4
cooking or garage status. Therefore, the information was assigned to ME # 13.

TRJ researchers calculated concurrent I/O ratios from the original concentration data and
averaged the ratios to estimate the PEN factor for the residéiels<(1.06 Quality Code =
1).

Source #TL0O3neasured simultaneous indoor and outdoor benzene concentrations for 44
residences in Toronto in the winter and spring of 1996. The authors reported average ind
and outdoor concentrations (Table 1), from which the I/O average ratio can be computed

Stove/garage sources in the residences were not identified. Therefore, the information w
assigned to ME # 13.

The I/O average ratio calculated by TRJ researcher28asdicating the presence of
significant indoor sources. Therefore, the difference between the average indoor and ouf
concentrations can be used to estimate a lower bound for the ADD &b« 2.3 ug/m?;
Quality Code = 2).

Source #TLO#eported the indoor/outdoor benzene concentration ratio measured in June,
for residences in Woodland, CA (Table 2-5). No information was given on stove/garage
sources in the residences. The geometric mean rati@.tyagdicating the presence of indoor
sources. Therefore, the difference between the median indoor and outdoor concentratior]
be used to estimate a lower bound for the ADD fad@f} = 1.1 pg/m?; Quality Code = 2).

Source #TL13eported simultaneous indoor and outdoor benzene concentrations for three
residences in two Taiwanese cities. The authors did not provide information on the cooki
heating status in the residences. TRJ researchers calculated the 1/O ratios of the mean
concentrations for the three residences (0.94, 0.94, 0.88). The average of these three 1/
can be used as an estimate of the PEN factor for these resideibes (.92 Quality Code =
2).

TLOZ2,

TU
ors T
dently

rding
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Hoor

1990

S can
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ratios

D3,
107,

TH13
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Supporting Information

Sources

5-15

Benzene
Source #TL18neasured simultaneous indoor and outdoor benzene concentrations at thre
Jersey residences with attached garages during December 1987. The authors report me
concentrations (Table 3) and the range of simultaneous 1/O ratios (Table 4) for each resig

For two of the residences, the minimum I/O ratio was greater than 1 (I/O ratio range 1.5 -
and 1.5 - 9.3, respectively). This indicates the presence of significant indoor sources.

Therefore, the difference between the mean indoor and outdoor concentrations can be u{
estimate a lower bound for the ADD factor. This difference was|igira® for one residence
and 25.4ug/m? for the other. Using the average of these values, ADD can be estimated tg
ug/me.

For the third residence, the I/O ratio ranged from 0.9 - 2.0, indicating occasional indoor sq
Assuming the minimum /O ratio may have been due to temporal concentration variations

were observed for all residences, a reasonable estimate for the PEN factor is 1.0.

ADD = 18ug/m® (Quality Code = 2)PEN = 1.0(Quality Code = 1)

TL18
e New
AN
ence.
6.7

ed to

be 18

urces.
which

5-17

Benzene

Author: Daisey, J.M., Hodgson, A.T., Fisk, W.J., et al.
» Indoor/outdoor measurements fordffice buildings.

» Table 2(p. 3559) reports the range of 1/O ratios measured for eleven of the twelve officg
buildings.

From Table 2

PEN (range): 0.25-4.2

MZ 39

5-17

Benzene
Author: Chan, C-C., Spengler, J.D., Ozkaynak, H., and Lefkopoulou, M.
» Results of sampling field study where measurements of VOC concs. were taken while g
commuted by carsubway bicycling (othe), and walking. -- See Table(p. 1596).
o NOTE: No ambient monitoring data were reported so values taken for those subjects
walking would have to be used as a surrogate.
» In addition, VOC concs. were also measured in subjects’ residendesoffices-- See
Table Ill, (p. 1597).
o Measurements taken on a sidewalk next to a busy street are used as a surrogate for a
monitoring.
» Note that while the these samples may have overlapped, it is not specified which sets g
measurements (if any) were paired samples.
o Nor is it specified where the sidewalk (i.e., the surrogate for ambient, outdoors)
concentrations were taken in relation to the other MEs, or with respect to time.
» Tables | and Il provide median, mean, and max. concs. for the different VOCs and vari
MEs.

MZ 34
ubjects

hile

mbient

f

pus

5-17

Benzene
Source #TL10nmeasured simultaneous indoor and outdoor benzene concentrations for 12

TL10
Dffice

buildings in the San Francisco Bay Area during the period June - September 1990. The guthors

calculated the I/O ratio for each building, but they reported only the range of I/O ratios for
buildings (Range = 0.25 - 4.2, Table 2).

The lower end of the range can be considered an estimate of the PEN factor since indoo
sources are likely to be minimal. The upper portion of the range likely indicates the presq
indoor sources.

all

nce of

PEN = 0.25(Quality Code = 1)
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Ref. No. Supporting Information Sources

5-17 Benzene MZ 10
Author: Brickus, L.; Cardoso, J.; de Aquino Neto, F.

Reports concurrent measurements of aldehyde and VOC concentrations on four differentjfloors
of an office building for several different days.

I/O ratios provided — see tables 1, 2, & 3.

Mean PEN (building wide; ie., four floors) = 3.1(Range: 1.6 — 4.8)

5-17 Benzene RA 35
Author: Baek, S.O.; Kim, Y.S.; Perry, R.; Spencer, R.D.; Green, M.A_; Biggs, P.
SIMULTANEOUS indoor/outdoor sampling at six residences, six offices, six restaurants if two
cities in Korea.

Median, mean, standard deviation, range of concentrations, median 1/O ratios provided —[Tables
3,4&5.
I/O ratio provided from median conc = PEN = 1.6

5-19 Benzene RA 35
Author: Baek, S.0.; Kim, Y.S.; Perry, R.; Spencer, R.D.; Green, M.A.; Biggs, P.
SIMULTANEOUS indoor/outdoor sampling at six residences, six offices, six restaurants if two
cities in Korea.

Median, mean, standard deviation, range of concentrations, median /O ratios provided —[Tables
3,4&5.
I/O ratio provided from median conc = PEN = 0.9
5-21 Benzene MZ 1
5-31 Author: Underwood, M.C.

Concurrent indoor & outdoor samples reported for two different schools (one test school gnd

one control school). Tablepgrovides monitoring data, both AM and PM, for two different
sampling dates. Figurecdntains a graphical representation of 1/O ratios from Table 1.
In addition, concurrent fixed-site monitoring data for local air district provided. Will enabld
calculation of both penetration and proximity factors.
From Table 1:
PEN PROX MULT

Test sch., Rm. B3, 8/11/92: 14 0.60 0.83
Test sch., Rm. B4, 8/11/92: 1.1 0.60 0.67
Test sch., Rm. B3, 11/9/92: 6.6 056  3.67
Test sch., Rm. B4, 11/9/92: 6.0 0.56 3.33
Control school, 8/11/92: 04 087 037
Control school, 11/9/92: 3.75044 1.67

MEDIAN: 3.5 0.66 2.02

From Table 2

PEN PROX MULT
Test sch., Rm. B3, cond. (b): 1.2 0.56 0.67
Test sch., Rm. B4, cond. (b): 1.2 0.56 0.67
Control school, cond. (b): >20 <0.2 _0.44

MEDIAN: 0.56
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Supporting Information

Sources

5-26

Benzene

Author: Fantuzzi, G.; Aggazzotti, G.; Righi, E.; Cavazzultti, L.; Predieri, G.

Table 2 (p.53) — INDOOR and OUTDOOR concentrations provided for university libraries
Italian city (inner city and suburb locations) — median, min. and max. NOT SURE IF
CONCURRENT MEASUREMENTS.

INNER CITY

Indoor median conc = 11ugfm

Outdoor median ambient conc = 11ud/m

MULT = (indoor conc)/(ambient conc) = 11/11 =1

SUBURBS

Indoor median conc = 8.9ug’m

Outdoor median ambient conc = 4.4ug/m

MULT = (indoor conc)/(ambient conc) = 8.9/4.4 = 2.02

RA 23

in

5-30

Benzene

Author: Gilli, G

Concurrent indoor (apartment), outdoor fixed-site, and personal samples collected. 1/O rg
reported (Table 3)

I/O Ratios for Benzene: 3.78 (day), 2.68 (night)

Mean indoor, outdoor, and personal concentrations reported (Table 4)

MZ 8
RA 16
tios

5-30

Benzene

Author: Crump, D.R.

Indoor & outdoor measurements of HAPs over 2 years with data reported for a summer g
only and a winter season only. Measurements are for four newly constructed unoccupieg
houses. Although the methods state that measurements were taken in the living room, ki
bedrooms, and bathroom; only the average for the whole house was reported.

The mean, max, and minimum data provided for each house and for each contaminant
in each house for two consecutive years

MZ 2
bason
test

fchen,

easured

5-34

Benzene
Author: Gonzalez-Flesca, N.
Has indoor & outdoor measurements for each of the ten residences measured. Indoor s4
taken in bedroom of residences. Outdoor measurements taken at various locations. In a
a fixed, central-site monitor was used and may provide input to a proximately factor.
From Table 1.

PROX

0.76(note: this is the same value as shown for PROX above)

MZ 3

mples
pdition,
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Ref. No. Supporting Information Sources
5-36 Benzene MZ 34
Author: Chan, C-C., Spengler, J.D., Ozkaynak, H., and Lefkopoulou, M.
» Results of sampling field study where measurements of VOC concs. were taken while qubjects
commuted by casubway, bicycling (othe), and walking. -- See Table(p. 1596).
o NOTE: No ambient monitoring data were reported so values taken for those subjects vfhile
walking would have to be used as a surrogate for ambiEmerefore, only calculation of a
MULT factor is possible.
» In addition, VOC concs. were also measured in subjects’ residendés offices- See
Table Ill, (p. 1597).
o Measurements taken on a sidewalk next to a busy street are used as a surrogate for ajnbient
monitoring.
» Note that while the these samples may have overlapped, it is not specified which sets of
measurements (if any) were paired samples.
o Nor is it specified where the sidewalk (i.e., the surrogate for ambient, outdoors)
concentrations were taken in relation to the other MEs, or with respect to time.
» Tables | and Il provide median, mean, and max. concs. for the different VOCs and varipus
MEs.
MULT (median) = 0.7
6-27 Beryllium MZ 24
Author: Durec, F., Durecova, A., et al.
» Paper reports results of concurrent indoor and outdoor sampling.
However, the type of indoor location was not specified -- ICF surmised that this was a
government laboratory and thus labeled iin@®or, other location(ME #27).
o Fig. 2is a line plot of the outdoor/indoor ratio of the air concs. of Be. This graph is diffigult
to read, but the text states that the average outdoor and indoor Be concs. are 2.5 mBg/m| and
1.7 mBg/ni, resp.
Therefore, the average /O ratid)=68
7-1 1,3-butadiene TLO4,

Source #TL04neasured concurrent in-vehicle and vehicle exterior 1,3-butadiene concentfations TL

in Raleigh, NC during the summer of 1988. The authors calculated the in-vehicle / vehicl
exterior ratios for each concurrent measurement pair (Table V). The median ratio can be
to estimate the PEN factor.

Source #TL05neasured concurrent in-vehicle (passenger cars) and ambient 1,3-butadierfe
concentrations during city driving in Sydney, Australia (date not given). The authors repoyt

average concentrations (Table 1), from which an in-vehicle / ambient ratio can be calcula
Measurable concentrations were found inside the vehicle, but not at the ambient monitor

174

used

led.
Site,

indicating significant sources near the vehicle. Therefore, TRJ researchers estimated thgd ADD

ME factor by subtracting the ambient detection limit from the in-vehicle concentration
information.

ADD = 12ug/m®; (Quality Code = 2PEN = 1.21 (Quality Code = 1)

05
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Ref. No. Supporting Information Sources

7-1 1,3-butadiene RA 7
Author: Duffy, B.L., Nelson, P.F.

Average in-vehicle concentrations (ppb) in catalyst equipped vs. non catalyst equipped dars and
ambient air concentrations — Table 1. I/O ratios — Table 2 (p.3880).

POST-1986 CARS

MULT = 55 (morning commute)

MULT= 1 (midday)

PRE-1986 CARS

MULT = 115 (morning commute)

MULT =1 (midday)

7-1 1,3-Butadiene Mz 28
Author: Chan, C-C, Ozkaynak, H., Spengler, J.D., and Sheldon, L.

» Paper reports measurement results and parameters (i.e., min, 25%, median, 75%, max], mean,
and SD) forin-vehicle (ME #1) car exterior, fixed-site, and sidewalk (i.e., near road) (ME #7
Measurements are simultaneous.

» Table Il (p. 966) — Concs. for each of the above locations.

» Table Il (p. 968) — Median concs. measured inside vehicles and at a fixed site for threg
different driving routes (urban, interstate, and rural).

» Table V (p. 970) — /O ratios for in-vehicle/car exterior.

» Fig. 1 (p. 969) — Ratios of median concs. between in-vehicle and fixed site.

From Table ll(Median values):

PROX PEN MULT PEN Range(from Table V) 0.44 — 14.33

2.2 11 24

7-2 1,3-butadiene RA 7
Author: Duffy, B.L., Nelson, P.F.

Average in-vehicle concentrations (ppb) in catalyst equipped vs. non catalyst equipped dgars and
ambient air concentrations — Table 1. 1/O ratios — Table 2 (p.3880).

I/O ratio = PEN = 2.6/2.8 = 0.93; 2.1/2 = 1.05 (morning peak-hour)

I/O ratio = PEN = 1.2/1.4 = 0.86 (midday)

I/O ratio = PEN = 1.8/2.3 = 0.78 (evening peak-hour)

7-2 1,3-butadiene TLO5
Source #TL05Sneasured concurrent in-vehicle (bus) and ambient 1,3-butadiene concentrgions
during city driving in Sydney, Australia (date not given). The authors report individual
concentration pairs (Table 5), from which in-vehicle / vehicle exterior ratios can be calculgted.

The average of these ratios is an estimate of the PEN factor.

PEN =0.91 (Quality Code =1)
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Ref. No. Supporting Information Sources
7-7 1,3-butadiene Mz 28
Author: Chan, C-C, Ozkaynak, H., Spengler, J.D., and Sheldon, L.
» Paper reports measurement results and parameters (i.e., min, 25%, median, 75%, max], mean,
and SD) for_in-vehicle (ME #]Xxar exterior, fixed-site, and sidewalk (i.e., near road) (ME #f
Measurements are simultaneous.
» Table Il (p. 966) — Concs. for each of the above locations.
» Table Il (p. 968) — Median concs. measured inside vehicles and at a fixed site for threg
different driving routes (urban, interstate, and rural).
» Table V (p. 970) — /O ratios for in-vehicle/car exterior.
» Fig. 1 (p. 969) — Ratios of median concs. between in-vehicle and fixed site.
From Table I
PROX
1.0 Median values
7-13 1,3-Butadiene RA 29
Author: Mukherjee, S.; Ellenson, WD.; Lewis, RG.; Stevens, RK.
See RA11
Median concentrations of indoor and outdoor provided for spring and summer.
Median I/O ratios by season supplied — tables 2, 8 and 9.
I/O =PEN = 3.25 (spring); nothing provide for summer
8-1 Cadmium Mz 37
Author: South Coast Air Quality Management District (subss
» Report gives results of concurrémivehicle and_ambien(fixed site) monitoring study. this data
» Table 3-3(p. 37) presents a comparison of in-vehicle and background mean concentratipmeported
o Since measurements were reported only for in-vehicle and fixed site monitors -- the or§yirM&Z 33)
factor that can be estimated from this work is_the Madtor.
From Table 3-3
MULT =0.3
8-1 Cadmium TL17
Source #TL17Mmeasured cadmium concentrations in commuting vehicles and at ambient
monitoring sites in the Los Angeles area during the summer and winter of 1987. Measurgments
were made during the same time period, but were not necessarily concurrent. The authofs
reported mean in-vehicle and ambient concentrations (Table 3-3), from which an 1/O ratigcan
be computed (I/O = 0.33). This ratio can be used as an estimate of the MULT factor.
MULT = 0.33 (Quality Code = 2)
9-1 Carbon tetrachloride Mz 37
Author: South Coast Air Quality Management District (subsse
» Report gives results of concurrémvehicle and_ambien(fixed site) monitoring study. this data
» Table 3-3(p. 37) presents a comparison of in-vehicle and background mean concentratipmsported
o Since measurements were reported only for in-vehicle and fixed site monitors -- the orfyirM&Z 33)

factor that can be estimated from this work is_the MBdtor.
From Table 3-3
MULT =1.0
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Ref. No. Supporting Information Sources
9-1 Carbon tetrachloride TL17
Source #TL17easured carbon tetrachloride concentrations in commuting vehicles and aj
ambient monitoring sites in the Los Angeles area during the summer and winter of 1987.
Measurements were made during the same time period, but were not necessarily concurgent.
The authors reported mean in-vehicle and ambient concentrations (Table 3-3), from which an
I/O ratio can be computed (I/O = 1.0). This ratio can be used as an estimate of the MUL1
factor.
MULT =1.0 (Quality Code = 2)
9-13 Carbon tetrachloride Mz 30
Author: Wallace, L.A., Pellizzari, E.D., Hartwell, T.D., Sparacino, C., et al.
» Results of the TEAM study that report measurements of personal and outdoor air sampling; in
addition, breath and drinking water samples were measured.

o The personal and outdoor air measurements were 12-hr integrated samples. These rqughly
correspond to daytime (6am-6pm) and nighttime (6pm-6am). Unfortunately, the personaland
outdoor results for NJ (Table 2) are combined into 24-hr averages.

» Fig. 2 (p. 297) has a bar graph of the nighttime (6pm-6am) personal (might be used as §
surrogate for indoor residence) and outdoor concentrations. NOTE: these are geometric jneans
with more than four times the number of personal (347) compared to outdoor samples (84).

o Also, all /O ratios are greater than 1.5.

» Table 3 also has 24-hr averaged results of personal air and outdoor air sampling for
Greensboro, NC and Devils Lake, ND.

9-13 Carbon tetrachloride. RA 14
Author: Bouhamra, W.S.
Table 2 (p.199) -- Indoor VOCs concentrations. Table 3 (p.200) -- Ambient air VOCs
concentrations. Min, max., mean, median, std. deviation provided. Table 4 (p.202) -- I/Q
ratios. Sampled during Dec 94-Jan 95. CONCURRENT MEASUREMENTS.
This compound had non detect results and thus I/O ratio was not provided.

9-13 Carbon tetrachloride Mz 27

Author: De Bortoli, M., Knoppel, H., Pecchio, E., Peil, A., et al.
» Simultaneous indoor and outdoor measurements takesigdenceq5 apartments and 9

single family homes) and one office building. NOTE, however, that the data were not repprted

separately for the office, nor were the data separated according to the type of residence (.
apartment or house).

» Table 1has the minima, maxima, and means of the indoor and outdoor concentrations.
» Table 2(p. 347) has the minima, maxima, means, and medians of the 1/O ratios.

I/O ratio (mean) = 1.3

I/O ratio (median) = 1.4

e.,
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Ref. No. Supporting Information Sources
9-13 Carbon tetrachloride MZ 38
Author: Wallace, L. (EPA/600/6-87/002a) “Blue book”
» Bound volume of results from the TEAM studies. Indoor MEegdence
» Table 29(pp. 61-62) provide indoor/outdoor comparisons (and ratios) for masetmeples.
o These concentrations are median values for the 12-hr nighttime samples collected for jwo
seasons (Jan. 1984 and May 1984) in LA, and during June 1984 in Contra Costa.
» Table 46(p. 97) provides median concentrations for indoor air in New Jersey (three diffefent
sampling periods) and California (also three different sampling periods).
» Table 47(p. 98) provides median concentrations for outdoor air in New Jersey (the sam¢ three
sampling periods for NJ in Table 46) and California (the same three sampling periods for [CA in
Table 46).
o However, the number of outdoor measurements are always less than the number of infloor
measurements.
From Table 29
LA(1/84) LA(5/84) Contra(6/84) Avg.
PEN (medians) 1.0 1.1 2.2 1.4
9-13 Carbon tetrachloride TLO7
Source #TLQO#eported the indoor/outdoor carbon tetrachloride concentration ratio measured in
June, 1990 for residences in Woodland, CA (Table 2-5). No information was given on
stove/garage sources in the residences. The geometric mean ratio was 1.0, although all pf the
indoor and outdoor measurements were near the method quantifiable limit. This ratio prgvides
an estimate of the PEN factor (PEN = 1.0).
PEN =1.Q (Quality Code = 2)
9-13 Carbon tetrachloride Mz 22
Author: Wallace, L.A., Pellizzari, E.D., Hartwell, T.D., et al.
Summary of TEAM study in NJ (Fall, 1981).
Samples collected fopersonal air- two consecutive 12-hr samples taken from appr. 350
people,
outdoor air- two consecutive 12-hr samples taken from appr. 90 pegple,
also drinking water and breath.
Table 9reports a summary of median, max. concs., and ratios (from both the median and|max.
conc. data) for 85 matched overnight personal air and overnight outdoor air samples. (It fs our
conclusion that this data provides the best concurrent I/O ratiossidencesrom this study.)
PEN = 1.7(median value)
10-1 Chloroform Mz 37
Author: South Coast Air Quality Management District (subsse
» Report gives results of concurrémvehicle and_ambien(fixed site) monitoring study. this data
» Table 3-3(p. 37) presents a comparison of in-vehicle and background mean concentratipmsported
o Since measurements were reported only for in-vehicle and fixed site monitors -- the orfyirM&Z 33)

factor that can be estimated from this work is_the MBadtor.
From Table 3-3
MULT =0.75
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Ref. No. Supporting Information Sources
10-1 Chloroform TL17
Source #TL17measured chloroform concentrations in commuting vehicles and at ambient
monitoring sites in the Los Angeles area during the summer and winter of 1987. Measur¢ments
were made during the same time period, but were not necessarily concurrent. The authofs
reported mean in-vehicle and ambient concentrations (Table 3-3), from which an 1/O ratigcan
be computed (I/O = 0.75). This ratio can be used as an estimate of the MULT factor.
MULT =0.75 (Quality Code = 2)
10-13 Chloroform Mz 38
Author: Wallace, L. (EPA/600/6-87/002a) “Blue book”
» Bound volume of results from the TEAM studies. Indoor MEegdence
» Table 29(pp. 61-62) provide indoor/outdoor comparisons (and ratios) for masatmeples.
o These concentrations are median values for the 12-hr nighttime samples collected for jwo
seasons (Jan. 1984 and May 1984) in LA, and during June 1984 in Contra Costa.
» Table 46(p. 97) provides median concentrations for indoor air in New Jersey (three diffefent
sampling periods) and California (also three different sampling periods).
» Table 47(p. 98) provides median concentrations for outdoor air in New Jersey (the samg¢ three
sampling periods for NJ in Table 46) and California (the same three sampling periods for [CA in
Table 46).
o However, the number of outdoor measurements are always less than the number of infloor
measurements.
From Table 29
LA(1/84) LA(5/84) Contra(6/84) Avg.
PEN (medians) 2.5 25.0 0.7 9.4
10-13 Chloroform Mz 22
Author: Wallace, L.A., Pellizzari, E.D., Hartwell, T.D., et al.
Summary of TEAM study in NJ (Fall, 1981).
Samples collected fopersonal air- two consecutive 12-hr samples taken from appr. 350
people,
outdoor air- two consecutive 12-hr samples taken from appr. 90 pegple,
also drinking water and breath.
Table 9reports a summary of median, max. concs., and ratios (from both the median and|max.
conc. data) for 85 matchedernight personal air and overnight outdoor air samples. (Itis qur
conclusion that this data provides the best available 1/O ratiosdiolencesrom this study.)
PEN = 3.9(median value)
10-13 Chloroform TLO3

Source #TL0O3neasured simultaneous indoor and outdoor chloroform concentrations for 44

residences in Toronto in the winter and spring of 1996. The authors reported average inqoor

and outdoor concentrations (Table 1), from which the I/O average ratio can be computed

Stove/garage sources in the residences were not identified. Therefore, the information wis

assigned to ME # 13.

The I/O average ratio calculated by TRJ researcherd ®asdicating the presence of

significant indoor sources. Therefore, the difference between the average indoor and outdoor
concentrations can be used to estimate a lower bound for the ADD factor. This differenc¢ was

0.67pg/m?.

ADD = 0.67pug/m® (Quality Code = 2)
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Ref. No.

Supporting Information

Sources

10-13

Chloroform

Author: Wallace, L.A., Pellizzari, E.D., Hartwell, T.D., Sparacino, C., et al.

» Results of the TEAM study that report measurements of personal and outdoor air samp
addition, breath and drinking water samples were measured.

MZ 30

ing; in

o The personal and outdoor air measurements were 12-hr integrated samples. These rqughly

correspond to daytime (6am-6pm) and nighttime (6pm-6am). Unfortunately, the persona
outdoor results for NJ (Table 2) are combined into 24-hr averages.

» Fig. 2 (p. 297) has a bar graph of the nighttime (6pm-6am) personal (might be used as h

surrogate for indoor residence) and outdoor concentrations. NOTE: these are geometric

with more than four times the number of personal (347) compared to outdoor samples (84).

o Also, all /O ratios are greater than 1.5.
» Table 3 also has 24-hr averaged results of personal air and outdoor air sampling for
Greensboro, NC and Devils Lake, ND.

and

jneans

10-13

Chloroform

Author: De Bortoli, M., Knoppel, H., Pecchio, E., Peil, A., et al.

» Simultaneous indoor and outdoor measurements takesigdenceq5 apartments and 9
single family homes) and one office building. NOTE, however, that the data were not rep
separately for the office, nor were the data separated according to the type of residence
apartment or house).

» Table 1has the minima, maxima, and means of the indoor and outdoor concentrations.
» Table 2(p. 347) has the minima, maxima, means, and medians of the 1/O ratios.

I/O ratio (mean) = M

I/O ratio (median) = > 2

Mz 27

Drted
e,

10-17

Chloroform
Author: Brickus, L.; Cardoso, J.; de Aquino Neto, F.

MZ 10

Reports concurrent measurements of aldehyde and VOC concentrations on four differentjfloors

of anoffice building for several different days.
I/O ratios provided — see tables 1,2, & 3.

Mean PEN (building wide; ie., two floors) = 3.3Range: 2.4 — 4.1)

11-1

Chromium
Author: Liu, C.S., Shikiya, D., Kahn, M.l., and Juarros, J.
» Paper reports results of concurrgntehicle and_ambien(fixed site) monitoring study.
» Figure 1(p. 250) summarizes the data with a bar graph.
o Since measurements were reported for in-vehicle and fixed site monitors -- the only M
factor that can be estimated from this work is_the Madtor.

From Fig. 1
MULT = 0.6

MZ 33

also
reported
Fin MZ 37)

11-1

Chromium
Source #TL17easured chromium concentrations in commuting vehicles and at ambient

TL17

monitoring sites in the Los Angeles area during the summer and winter of 1987. Measurgments

were made during the same time period, but were not necessarily concurrent. The autho
reported mean in-vehicle and ambient concentrations (Table 3-3), from which an 1/O ratig
be computed (I/O = 0.52). This ratio can be used as an estimate of the MULT factor.

MULT =0.52 (Quality Code = 2)

[S
can
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Ref. No. Supporting Information Sources

11-13 Chromium RA 29
Author: Mukherjee, S.; Ellenson, WD.; Lewis, RG.; Stevens, RK.

See RA11

Median concentrations of indoor and outdoor provided for spring and summer.
Median I/O ratios by season supplied — tables 2, 8 and 9.

Chromium: no I/O ratio provided.

11-13 Chromium TLO9
Source #TL09measured simultaneous indoor and outdoor hexavalent chromium concentrptions
for approximately 30 - 50 residences in Hamilton, Ontario during the summer of 1993. THe
authors reported average indoor and outdoor concentrations from which the I/O average [atio
can be computed.

Stove/garage sources in the residences were not identified. Therefore, the information wis
assigned to ME # 13.

The I/O average ratio calculated by TRJ researchers was 0.35. This value can be used gds an
estimate of the PEN factor for these residences.

PEN = 0.35 (Quality Code = 2)

11-20 Chromium TL11
Source #TL1Imeasured simultaneous indoor and outdoor hexavalent and total chromium
concentrations at 21 industrial sites in Hudson County, New Jersey during 1989 and 199¢. The
sites were chosen because they are known to have soils containing chromite ore procesging
residue, which was used as a fill material in the area for several decades. The authors rgported
average indoor and outdoor concentrations from which the 1/0 average ratio can be compguted.
The I/O average ratios calculated by TRJ researchers were 0.31 for hexavalent chromiunp and
0.62 for total chromium. These values can be used as an estimate of the PEN factors forjthese
facilities. However, it should be noted that these factors were developed for facilities knojvn to
have chromium contamination.

PEN = 0.31 for hexavalent C{Quality Code = 2)PEN = 0.62 for total Cr (Quality Code =
2)

13-1 Ethylene dichloridél,2-dichloroethane) MZ 33
Author: Liu, C.S., Shikiya, D., Kahn, M.l., and Juarros, J. (Resu
» Paper reports results of concurrgntehicle and_ambienffixed site) monitoring study. also
» Figure 1(p. 250) summarizes the data with a bar graph. reported

o Since measurements were reported for in-vehicle and fixed site monitors -- the only MEin MZ 37)

factor that can be estimated from this work is_the MBdtor.

From Fig. 1
MULT = 3.0
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Ref. No. Supporting Information Sources
13-1 Ethylene dichloride TL17
Source #TL17easured 1,2-dichloroethane concentrations in commuting vehicles and at
ambient monitoring sites in the Los Angeles area during the summer and winter of 1987.
Measurements were made during the same time period, but were not necessarily concurgent.
The authors reported mean in-vehicle and ambient concentrations (Table 3-3), from which an
I/O ratio can be computed.
The I/O average ratio calculated by TRJ researcher88asdicating the presence of sourcep
near the vehicle. However, the mean in-vehicle concentration was less than the standard
deviation. This result should be interpreted with caution, particularly since 1,2-dichloroetijane
is not a typical automotive pollutant.
The difference between the average in-vehicle and ambient concentrations can be used o
estimate a lower bound for the ADD factor. This difference was 0.023 ppb (1y083.
ADD = 0.093pug/m® (Quality Code = 2)
13-13 Ethylene dichlorid€l,2-dichloroethane) MZ 38
Author: Wallace, L. (EPA/600/6-87/002a) “Blue book”
» Bound volume of results from the TEAM studies. Indoor MEegdence
» Table 29(pp. 61-62) provide indoor/outdoor comparisons (and ratios) for masatmeples.
o These concentrations are median values for the 12-hr nighttime samples collected for jwo
seasons (Jan. 1984 and May 1984) in LA, and during June 1984 in Contra Costa.
» Table 46(p. 97) provides median concentrations for indoor air in New Jersey (three diffefent
sampling periods) and California (also three different sampling periods).
» Table 47(p. 98) provides median concentrations for outdoor air in New Jersey (the samg¢ three
sampling periods for NJ in Table 46) and California (the same three sampling periods for [CA in
Table 46).
o However, the number of outdoor measurements are always less than the number of infloor
measurements.
From Table 29
LA(1/84) LA(5/84) Contra(6/84) Avg.
PEN (medians) 1.0 1.1 4.7 2.3
13-13 1,2 Dichloroethane (ethylene dichloride) RA 14

Author: Bouhamra, W.S.

Table 2 (p.199) -- Indoor VOCs concentrations. Table 3 (p.200) -- Ambient air VOCs
concentrations. Min, max., mean, median, std. deviation provided. Table 4 (p.202) -- I/O
ratios. Sampled during Dec 94-Jan 95. CONCURRENT MEASUREMENTS.

This compound had non detect results and thus I/O ratio was not provided.
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Ref. No. Supporting Information Sources
14-13 1,3-dichloropropene TLO3
Source #TL03neasured simultaneous indoor and outdoor 1,3-dichloropropene concentralions
for 44 residences in Toronto in the winter and spring of 1996. The authors reported averjge
indoor and outdoor concentrations (Table 1), from which the 1/O average ratio can be
computed.
Stove/garage sources in the residences were not identified. Therefore, the information wis
assigned to ME # 13.
The 1/O average ratio calculated by TRJ researchers was 0.81. This value can be used gs an
estimate of the PEN factor for these residences.
PEN = 0.81 (Quality Code = 2)
15-1 Ethylene dibromide Mz 33
Author: Liu, C.S., Shikiya, D., Kahn, M.l., and Juarros, J. (Resu
» Paper reports results of concurrgntehicle and_ambien(fixed site) monitoring study. also
» Figure 1(p. 250) summarizes the data with a bar graph. reported
o Since measurements were reported for in-vehicle and fixed site monitors -- the only MEin MZ 37)
factor that can be estimated from this work is_the Madtor.
From Fig. 1
MULT = 0.86
15-1 Ethylene dibromide TL17
Source #TL17Measured ethylene dibromide concentrations in commuting vehicles and at
ambient monitoring sites in the Los Angeles area during the summer and winter of 1987.
Measurements were made during the same time period, but were not necessarily concurgent.
The authors reported mean in-vehicle and ambient concentrations (Table 3-3), from which an
I/O ratio can be computed (I/O = 0.88). This ratio can be used as an estimate of the MUJT
factor.
MULT =0.88 (Quality Code = 2)
17-1 Formaldehyde MZ 34
Author: Chan, C-C., Spengler, J.D., Ozkaynak, H., and Lefkopoulou, M.
» Results of sampling field study where measurements of VOC concs. were taken while qubjects
commuted bycar, subway bicycling (othe), and walking. -- See Table(p. 1596).
o NOTE: No ambient monitoring data were reported so values taken for those subjects vjhile
walking would have to be used as a surrogate for ambiEmerefore, only calculation of a
MULT factor is possible.
» In addition, VOC concs. were also measured in subjects’ residandes offices- See
Table Ill, (p. 1597).
o Measurements taken on a sidewalk next to a busy street are used as a surrogate for ajnbient
monitoring.
» Note that while the these samples may have overlapped, it is not specified which sets of
measurements (if any) were paired samples.
o Nor is it specified where the sidewalk (i.e., the surrogate for ambient, outdoors)
concentrations were taken in relation to the other MEs, or with respect to time.
» Tables | and Il provide median, mean, and max. concs. for the different VOCs and varipus

MEs.

MULT (median) = 0.9
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Ref. No. Supporting Information Sources
17-1 Formaldehyel TL17
Source #TL17Measured formaldehyde concentrations in commuting vehicles and at ambignt
monitoring sites in the Los Angeles area during the summer and winter of 1987. Measur¢ments
were made during the same time period, but were not necessarily concurrent. The authofs
reported mean in-vehicle and ambient concentrations (Table 3-3), from which an 1/O ratigcan
be computed.
The I/O average ratio calculated by TRJ researcherd Wasdicating the presence of in-
vehicle sources. Therefore, the difference between the average in-vehicle and ambient
concentrations can be used to estimate a lower bound for the ADD factor. This differenc¢ was
5.7 ppb (7ug/m?).
ADD = 7 ug/m® (Quality Code = 2)
17-1 Formaldehyde Mz 33
Author: Liu, C.S., Shikiya, D., Kahn, M.l., and Juarros, J. (Resu
» Paper reports results of concurrgntehicle and_ambien(fixed site) monitoring study. also
» Figure 1(p. 250) summarizes the data with a bar graph. reported
o Since measurements were reported for in-vehicle and fixed site monitors -- the only MEin MZ 37)
factor that can be estimated from this work is_the Madtor.
From Fig. 1
MULT =1.8
17-4 Formaldehyde Mz 34
Author: Chan, C-C., Spengler, J.D., Ozkaynak, H., and Lefkopoulou, M.
» Results of sampling field study where measurements of VOC concs. were taken while qubjects
commuted by caisubway bicycling (other), and walking. -- See Table(p. 1596).
o NOTE: No ambient monitoring data were reported so values taken for those subjects vfhile
walking would have to be used as a surrogate for ambiEmerefore, only calculation of a
MULT factor is possible.
» In addition, VOC concs. were also measured in subjects’ residendés offices- See
Table lll, (p. 1597).
o Measurements taken on a sidewalk next to a busy street are used as a surrogate for ambient
monitoring.
» Note that while the these samples may have overlapped, it is not specified which sets of
measurements (if any) were paired samples.
o Nor is it specified where the sidewalk (i.e., the surrogate for ambient, outdoors)
concentrations were taken in relation to the other MEs, or with respect to time.
» Tables | and Il provide median, mean, and max. concs. for the different VOCs and varipus
MEs.
MULT (median) = 0.9
17-13 Formaldehyde Mz 15
Author: Peters, J.M.
Concurrent indoor and outdoor monitoring in residences — Table 3-20a (p. 3-92), Table 3{20b

(p- 3-93). This study primarily looked atO and PM.
From Table 3-20b

PEN (median) = 3.75range: 0.01 — 40.0)
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Ref. No. Supporting Information Sources
17-13 Formaldehyde MZ 4
Author: Drahonovska, H.
Indoor & outdoor measurements of 140 residences (both kitchen and bedroom measurerpents)
taken for listed HAPs. Energy use for heating is broken down by electric, gas, and coal spurces.
Average /O ratios provided (Table 5) for formaldehyde.
I/0=4.8 for house heated
I/0=3.2 for non-heated house
17-13 Formaldehyde MZ 3
Author: Gonzalez-Flesca, N.
Has indoor & outdoor measurements for each of the ten residences measured. Indoor sgmples
taken in bedroom of residences. Outdoor measurements taken at various locations. In addition,
a fixed, central-site monitor was used and may provide input to a proximately factor.
From Tables 1 & 2
PEN PROX MULT ADD
89 0.72 6.4
17-13 Formaldehyde MZ 2
Author: Crump, D.R.
Indoor & outdoor measurements of HAPs over 2 years with data reported for a summer spason
only and a winter season only. Measurements are for four newly constructed unoccupied test
houses. Although the methods state that measurements were taken in the living room, kchen,
bedrooms, and bathroom; only the average for the whole house was reported.
The mean, max, and minimum data provided for each house and for each contaminant measured

in each house for two consecutive years.

House T1 PEN* Mean

Yr.1 Yr.2 Summer Winter (S and W only)
formaldehyde 19.7 21.0 21.0 18.5 19.8
House T2 PEN* Mean

Yr.1 Yr.2 Summer Winter (S and W only)
formaldehyde 17.0 18.5 17.3 14.0 16.2
House M3 PEN* Mean

Yr.1 Yr.2 Summer Winter (S and W only)
formaldehyde 13.7 20.0 17.7 15.0 16.4
House M4 PEN* Mean

Yr.1 Yr.2 Summer Winter (S and W only)
formaldehyde 14.3 22.5 19.7 175 18.6

*Mean values

HCHO
Overall Mean: 17.8
(all houses, S and W only)
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Ref. No. Supporting Information Sources
17-13 Formaldehyde Mz 27
Author: De Bortoli, M., Knoppel, H., Pecchio, E., Peil, A., et al.
» Simultaneous indoor and outdoor measurements takesigdenceq5 apartments and 9
single family homes) and one office building. NOTE, however, that the data were not repprted
separately for the office, nor were the data separated according to the type of residence (.e.,
apartment or house).
» Table 1has the minima, maxima, and means of the indoor and outdoor concentrations.
» Table 2(p. 347) has the minima, maxima, means, and medians of the 1/O ratios.
I/O ratio (mean) = 5.3
I/O ratio (median) = 3.2
17-13 Formaldehyde MZ 36
Author: Barguil, S., Le Moullec, Y., Person, A., Laurent, A-M, and Festy, B.
» Study which reports concurrent indoor and outdoor measurements taksid@anceq5
detached houses and 4 apartments).
o The paper reports the average /0 measurements (Fig 2. - bar chart) of samples takenjover
the entire length of the study (Sept. 1987 - Aug. 1988).
I/O ratios (average of 75 samples)
PEN=1.8
17-13 Formaldehyde MZ 34
Author: Chan, C-C., Spengler, J.D., Ozkaynak, H., and Lefkopoulou, M.
» Results of sampling field study where measurements of VOC concs. were taken while qubjects
commuted by carsubway bicycling (othe), and walking. -- See Table(p. 1596).
o NOTE: No ambient monitoring data were reported so values taken for those subjects vfhile
walking would have to be used as a surrogate.
» In addition, VOC concs. were also measured in subjezdglencesand in offices- See
Table Ill, (p. 1597).
o Measurements taken on a sidewalk next to a busy street are used as a surrogate for ajnbient
monitoring.
» Note that while the these samples may have overlapped, it is not specified which sets of
measurements (if any) were paired samples.
o Nor is it specified where the sidewalk (i.e., the surrogate for ambient, outdoors)
concentrations were taken in relation to the other MEs, or with respect to time.
» Tables | and Il provide median, mean, and max. concs. for the different VOCs and varipus
MEs.
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Ref. No.

Supporting Information

Sources

17-13

Formaldehyel

TLO2,

Source #TL02neasured simultaneous indoor and outdoor formaldehyde concentrations fqr 10
residences in Roanoke, VA during the period November 1988 - February 1989. The authHors

reported the data as results from a source model (Table Il), from which original measured

concentrations can be back-calculated. The presence of indoor sources was not indeperfdently

determined.

The residences were heated by either gas or electricity, with no information provided reggrding

cooking or garage status. Therefore, the information was assigned to ME # 13.

TRJ researchers calculated concurrent I/O ratios from the original concentration data and

averaged the ratios. In the absence of indoor sources, this method should yield an estimpte of

the PEN factor. However, the average 1/O ratio was calculatedA®,bedicating that
significant indoor sources were present.

The authors estimated the indoor source contribution for each of the residences by subtrgcting
the measured outdoor concentration from the measured indoor concentration. The avergge

indoor source contribution was$.8ug/m® This represents a lower bound on the ADD factgr.

Source #TL14measured simultaneous week-long indoor and neighborhood ambient
formaldehyde concentrations at approximately 40 residences near Houston, TX during th
period June-October 1981. The ratio of mean concentrations wag hedicating that
significant indoor sources were present.

Source #TL15neasured simultaneous week-long indoor and neighborhood ambient
formaldehyde concentrations at approximately 80 residences near Houston, TX during th
summer of 1980. The ratio of mean concentrations was/ngaticating that significant indoo
sources were present.

ADD = 13.8ug/m® (Quality Code = 1)

3y

Y

TURA,
T|E15

17-17

Formaldehyde
Author: Chan, C-C., Spengler, J.D., Ozkaynak, H., and Lefkopoulou, M.

MZ 34

» Results of sampling field study where measurements of VOC concs. were taken while qubjects

commuted by carsubway bicycling (othe), and walking. -- See Table(p. 1596).

o NOTE: No ambient monitoring data were reported so values taken for those subjects vjhile

walking would have to be used as a surrogate.
» In addition, VOC concs. were also measured in subjects’ residendesoffices-- See
Table lll, (p. 1597).

o Measurements taken on a sidewalk next to a busy street are used as a surrogate for a
monitoring.

» Note that while the these samples may have overlapped, it is not specified which sets of

measurements (if any) were paired samples.

o Nor is it specified where the sidewalk (i.e., the surrogate for ambient, outdoors)
concentrations were taken in relation to the other MEs, or with respect to time.
» Tables | and Il provide median, mean, and max. concs. for the different VOCs and vari
MEs.

mbient

pUS
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Ref. No.

Supporting Information

Sources

17-17

Formaldehyde
Author: Brickus, L.; Cardoso, J.; de Aquino Neto, F.

MZ 10

Reports concurrent measurements of aldehyde and VOC concentrations on four differentjfloors

of anoffice building for several different days.
I/O ratios provided — see tables 1, 2, & 3.

Mean PEN (building wide) = 2.6(Range: 1.1 — 4.7)

17-26

Formaldehyde
Author: Fantuzzi, G.; Aggazzotti, G.; Righi, E.; Cavazzutti, L.; Predieri, G.

Table 2 (p.53) — INDOOR and OUTDOOR ambient concentrations provided for universityf
libraries in Italian city (inner city and suburb locations) — median, min. and max. NOT SU
IF CONCURRENT MEASUREMENTS.

INNER CITY

Indoor median conc = 22.9ugim

Outdoor median ambient conc = 22ug/m

MULT = (indoor conc)/(ambient conc) = 22.9/22 = 1.04

SUBURBS

Indoor median conc = 10.5ugim

Outdoor median ambient conc = 9.2ug/m

MULT = (indoor conc)/(ambient conc) =10.5/9.2 = 1.14

RA 23

RE

17-30

Formaldehyde
Author: Crump, D.R.

Indoor & outdoor measurements of HAPs over 2 years with data reported for a summer g
only and a winter season only. Measurements are for four newly constructed unoccupied
houses. Although the methods state that measurements were taken in the living room, k
bedrooms, and bathroom; only the average for the whole house was reported.

The mean, max, and minimum data provided for each house and for each contaminant
in each house for two consecutive years

MZ 2
bason
test
tchen,

easured

17-34

Formaldehyde
Author: Gonzalez-Flesca, N.

Has indoor & outdoor measurements for each of the ten residences measured. Indoor sa
taken in bedroom of residences. Outdoor measurements taken at various locations. In &
a fixed, central-site monitor was used and may provide input to a proximately factor.
From Table 1

PROX

MZ 3

mples
pdition,

0.72(note: this is the same value as shown for PROX above)

B-34




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Ref. No. Supporting Information Sources
17-36 Formaldehyde MZ 34
Author: Chan, C-C., Spengler, J.D., Ozkaynak, H., and Lefkopoulou, M.
» Results of sampling field study where measurements of VOC concs. were taken while qubjects
commuted by casubway, bicycling (othe), and walking. -- See Table(p. 1596).
o NOTE: No ambient monitoring data were reported so values taken for those subjects vfhile
walking would have to be used as a surrogate for ambiEmerefore, only calculation of a
MULT factor is possible.
» In addition, VOC concs. were also measured in subjects’ residandes offices- See
Table Ill, (p. 1597).
o Measurements taken on a sidewalk next to a busy street are used as a surrogate for ajnbient
monitoring.
» Note that while the these samples may have overlapped, it is not specified which sets of
measurements (if any) were paired samples.
o Nor is it specified where the sidewalk (i.e., the surrogate for ambient, outdoors)
concentrations were taken in relation to the other MEs, or with respect to time.
» Tables | and Il provide median, mean, and max. concs. for the different VOCs and varipus
MEs.
MULT (median) = 0.8
18-13 Hexachlorobenzene TLO3
Source #TLO3neasured simultaneous indoor and outdoor hexachlorobenzene concentraions
for 44 residences in Toronto in the winter and spring of 1996. The authors reported averjge
indoor and outdoor concentrations (Table 1), from which the 1/O average ratio can be
computed.
Stove/garage sources in the residences were not identified. Therefore, the information wis
assigned to ME # 13.
The 1/O average ratio calculated by TRJ researchers was 0.82. This value can be used gs an
estimate of the PEN factor for these residences.
PEN = 0.82 (Quality Code = 2)
20/21-1 Lead TL17
Source #TL1Measured lead concentrations in commuting vehicles and at ambient moniforing
sites in the Los Angeles area during the summer and winter of 1987. Measurements were made
during the same time period, but were not necessarily concurrent. The authors reported fnean
in-vehicle and ambient concentrations (Table 3-3), from which an 1/O ratio can be compuged
(I/O =1.05). This ratio can be used as an estimate of the MULT factor.
MULT = 1.05 (Quality Code = 2)
20/21-1 Lead MZ 33
Author: Liu, C.S., Shikiya, D., Kahn, M.l., and Juarros, J. (Resu
» Paper reports results of concurrgntehicle and_ambien(fixed site) monitoring study. also
» Figure 1(p. 250) summarizes the data with a bar graph. reported
o Since measurements were reported for in-vehicle and fixed site monitors -- the only MEin MZ 37)
factor that can be estimated from this work is_the MUadtor.
From Fig. 1
MULT = 1.0
20/21-7 Lead TL16

Source #TL1&omputed the MULT factor for outdoor locations near roadways based on

outdoor/ambient mean concentrations from two data Bei$ T =1.5; Quality Code = 2).
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Ref. No. Supporting Information Sources

20/21-13 Lead TL12,
Source #TL12neasured simultaneous indoor and outdoor lead concentrations at two apaftment T
buildings in New York City prior to July 1978. The author calculated the I/O ratio for eacH pair
of measurements and reported the mean 1/O ratio for each building (Site A = 0.82; Site D}~
0.87). Statistical analyses performed by the author showed that the ratios were not signifjcantly
different. The average of these two values can be used as an estimate of the PEN factorffor
these apartment buildingREN = 0.85 Quality Code = 1).
Source #TL16omputed the MULT factor for residences based on indoor/outdoor mean
concentrations from several data sét&J( T = 0.70; Quality Code = 2).

20/21-13 | Lead RA 29
Author: Mukherjee, S.; Ellenson, WD.; Lewis, RG.; Stevens, RK.
See RA11
Median concentrations of indoor and outdoor provided for spring and summer.
Median I/O ratios by season supplied — tables 2, 8 and 9.
I/O = PEN = 0.96 (spring); none supplied for summer

20/21-17 | Lead TLO8
Source #TL08neasured simultaneous indoor and outdoor lead concentrations at a univerpity
office in Bradford, England during July 1990. Lead concentrations were measured using jactive
samplers mounted on either side of an open window. The authors calculated the ratio of fhe
mean indoor and outdoor concentrations (Table 1) to be 0.86. This value can be used agan
estimate of the PEN factor for this office. However, the reported value may be an upper pound
on the PEN factor since high air exchange rates would be expected through the open wirjJdow.
PEN = 0.86 (Quality Code = 2)

20/21-26 | Lead TL12
Source #TL12neasured simultaneous indoor and outdoor lead concentrations at a museym in
New York City prior to July 1978. The author calculated the I/O ratio for each pair of
measurements and reported the mean /O ratio (0.63).This value can be used as an estirpate of
the PEN factor for this public building.
PEN = 0.63 (Quality Code =1)

20/21-27 | Lead TL16
Source #TL16omputed the MULT factor for other indoor locations based on indoor/outdgor
mean concentrations from several data 34t$L(T = 0.55; Quality Code = 2).

22-13 _Manganese MZ 6
Author: Wallace, L. and Slonecker, T.
Paper reports PTEAM results of concurrent indoor and outdoor sampling of a residence fpr both

PM, . Mn and PM, Mn for both daytime and nighttime (one sampling day) (See Table 4,
pg.64).
Arithmetic means provided with percentiles.
Median values for Mn PM10 and PM2.5
PEN (day) PEN (night)
PM10: 0.66 0.55

PM2.5: 0.73 0.75
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Ref. No.

Supporting Information

Sources

22-13

Manganese
Author: Mukherjee, S.; Ellenson, WD.; Lewis, RG.; Stevens, RK.

See RA11
Median concentrations of indoor and outdoor provided for spring and summer.
Median I/O ratios by season supplied — tables 2, 8 and 9.

I/O =PEN = 1.53 (spring); 0.97 (summer)

RA 29

22-13

ManganesgAlso, PM2.5 and PM10)
Author: Pellizzari, E.D., Clayton, C.A., Rodes, C.E., Mason, R.E., et al.
» Results of an exposure study to fine and PM10 Mn.
» Table 9 (p. 73Psummarizes Mn concs. in PM for matched 3-day monitoring periods.
o The reporting of indoor, outdoor, and two fixed-site locations enables calculation of a
penetration facterand two_proximity factoréalso resulting in two MULT factoys
PEN = 0.46 PEN = 0.46 (same as before)
PROX (fixed site 2) = 6.23 PROX (roof site) = 0.81
MULT (fixed site 2) = 2.77 MULT (roof site) = 0.35

MZ 7

22-30

ManganesgAlso, PM2.5 and PM10)
Author: Pellizzari, E.D., Clayton, C.A., Rodes, C.E., Mason, R.E., et al.
» Results of an exposure study to fine and PM10 Mn.
» Table 9 (p. 73Psummarizes Mn concs. in PM for matched 3-day monitoring periods.
o The reporting of indoor, outdoor, and two fixed-site locations enables calculation of a
penetration factgrand two_proximity factoréalso resulting in two MULT factoys
PEN = 0.46 PEN = 0.46 (same as before)
PROX (fixed site 2) = 6.23 PROX (roof site) = 0.81
MULT (fixed site 2) = 2.77 MULT (roof site) = 0.35

MZ 7

24-17

Methylene chloride

TL1O0

Source #TL10measured simultaneous indoor and outdoor methylene chloride concentratipns

for 12 office buildings in the San Francisco Bay Area during the period June - September
The authors calculated the 1/O ratio for each building, but they reported only the range of
ratios for all buildings (Range = 1.0 - 45, Table 2).

The lower end of the range can be considered an estimate of the PEN factor since indoo
sources are likely to be minimal. The upper portion of the range likely indicates the presq
indoor sources.

PEN = 1.0(Quality Code = 1)

1990.
/0

nce of

24-17

Methylene chloridédichloromethane)

Author: Daisey, J.M., Hodgson, A.T., Fisk, W.J., et al.

» Indoor/outdoor measurements fordffice buildings.

» Table 2(p. 3559) reports the range of 1/O ratios measured for eleven of the twelve officg
buildings.

From Table 2

MZ 39

PEN (range): 1.0-45.0
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Ref. No. Supporting Information Sources

25-1 Nickel Mz 37
Author: South Coast Air Quality Management District (subsse
» Report gives results of concurrémvehicle and_ambien(fixed site) monitoring study. this data
» Table 3-3(p. 37) presents a comparison of in-vehicle and background mean concentratipmsported

o Since measurements were reported only for in-vehicle and fixed site monitors -- the orfyirM&Z 33)

factor that can be estimated from this work is_the Madtor.
From Table 3-3
MULT = 0.5

25-1 Nickel TL17
Source #TL17#neasured nickel concentrations in commuting vehicles and at ambient
monitoring sites in the Los Angeles area during the summer and winter of 1987. Measur¢ments
were made during the same time period, but were not necessarily concurrent. The authofs
reported mean in-vehicle and ambient concentrations (Table 3-3), from which an 1/O ratigcan
be computed (I/O = 0.47). This ratio can be used as an estimate of the MULT factor.
MULT =0.47 (Quality Code = 2)

26-13 PAHs RA 29
Author: Mukherjee, S.; Ellenson, WD.; Lewis, RG.; Stevens, RK.
See RA11
Median concentrations of indoor and outdoor provided for spring and summer.
Median I/O ratios by season supplied — tables 2, 8 and 9.
Use B(a)P as indicator species for PAHs
I/O =PEN = 1.1 (spring); nothing provided for summer

26-13 _PAH [B(a)P] MZ 17
Author: Ando, M., Katagiri, K., Tamura, K., Yamamoto, S.
Study reports indoor and outdoor concentrations of B(a)P in residences in both Tokyo angl
Beijing. Although the authors never specifically call the I/O samples concurrent, the
presumption is that they are for each city (Fig. 8 & 10, resp.). They also report the 1/O
concentrations (Fig. 12) for residences using 3 different fuel types (coal, coal gas, and N¢).
PEN
0.7 (median and mean of two values calculated from regression lines)

26-17 PAHSs [B(a)P, B(k)F, and B(ghi)P] Mz 21
Author: Ando, M., Tamura, K., and Katagiri, K.
Concurrent indoor and outdoor measurements for PAHs (see Fig. 6a-c, p. 300) presented in
scatter plots with regression lines. [NOTE: Indoor ME never specified in paper -- using pi¢ture

provided and judgement, it was decided that the ME &ffare. ]

From Fig. 6a (B(a)P)

PEN = 1.2(estimated from regression line on scatter plot)
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Ref. No. Supporting Information Sources
26-20 PAHs [acenaphtene, chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyyde,22
dibenz(ah)anthracene, benzo(ghi)perylene, indeno(123-cd)pyrene]
Author: Branisteanu, R.; Aiking, H.
Sampling inside coal-fired power plant (six different locations) and sampling /urban
measurements in 5 different locations covering the whole town area (p. 534). Table 1 arld
Table 2 — indoor and outdoor concentrations of PAHs provided. NOT SURE IF
CONCURRENT MEASUREMENTS.
Used B(a)P as indicator species for PAHs
Range of B(a)P conc indoors: 0.057 - 0.4 ng/m
Mean indoors conc (calc from 6 locations in plant) = 0.12 Ag/m
Range of B(a)P conc in ambient outdoors: 80 - 1250 fig/m
Mean ambient conc (calc from 5 locations in city) = 716 fg/m
MULT = (mean indoor conc)/(mean ambient conc) = 0.12/716 = 1.7E-4
26-20 (see Tables 2&3 of article for list of individual PAHS) RA 15
PAHs
Author: Petry, T.; Schmid, P.; Schlatter, C.
Air sampling at 5 different workplaces. Environmental/ambient monitoring done in March]&
July, 1992 at sampling site in town center — stationary fixed-site monitoring. Table 2 (p.642)
provides geometric mean concentrations of PAHs at different locations.
27-13 PCB MZ 9
Author: Currado, G.M. and Harrad, S.
Concurrent indoor and outdoor (ambient monitoring) samples taken for PCB conogeners
Sum PCB concentrations reported for two office buildings and two different residences
(presented in Figure 1, p. 3046).
YPCB: PEN PROX MULT
House 1: 1.86 7.0 13.0
House 2: 1.83 3.0 5.5
27-17 PCB MZ 9
Author: Currado, G.M. and Harrad, S.
Concurrent indoor and outdoor (ambient monitoring) samples taken for PCB conogeners
Sum PCB concentrations reported for two office buildings and two different residences
(presented in Figure 1, p. 3046).
YPCB: PEN PROX MULT
Office 1: 180. 0.5 90.0
Office 2: 8.0 1.0 8.0
27-30 PCB MZ 9

Author: Currado, G.M. and Harrad, S.

Concurrent indoor and outdoor (ambient monitoring) samples taken for PCB conogeners
Sum PCB concentrations reported for two office buildings and two different residences
(presented in Figure 1, p. 3046).

2PCB: PROX
House 1. 7.0
House 2: 3.0
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Ref. No.

Supporting Information

Sources

30-13

Styrene
Author: Drahonovska, H.

Indoor & outdoor measurements of 140 residences (both kitchen and bedroom measurerpents)
taken for listed HAPs. Energy use for heating is broken down by electric, gas, and coal spurces.

Average 1/O ratios provided (Table 4) for styrene
I/0 = 0.2-0.9 for bedroom and kitchen, respectively.

MZ 4

30-13

Styrene
Source #TL03neasured simultaneous indoor and outdoor styrene concentrations for 44

residences in Toronto in the winter and spring of 1996. The authors reported average inqoor

and outdoor concentrations (Table 1), from which the I/O average ratio can be computed

Stove/garage sources in the residences were not identified. Therefore, the information wis

assigned to ME # 13.

The I/O average ratio calculated by TRJ researcherd8asdicating the presence of

significant indoor sources. Therefore, the difference between the average indoor and outdoor

concentrations can be used to estimate a lower bound for the ADD #&bDr< 0.13ug/m?;
Quality Code = 2).

Source #TLO#eported the indoor/outdoor styrene concentration ratio measured in June, 3990

for residences in Woodland, CA (Table 2-5). No information was given on stove/garage
sources in the residences. The geometric mean ratiB.g/asdicating the presence of

significant indoor sources. Therefore, the difference between the median indoor and outqoor

concentrations can be used to estimate a lower bound for the ADD falor={0.77ug/m?;
Quality Code = 2).

TLO3,
TU

30-13

Styrene
Author: Wallace, L. (EPA/600/6-87/002a) “Blue book”

» Bound volume of results from the TEAM studies. Indoor MEegdence
» Table 29(pp. 61-62) provide indoor/outdoor comparisons (and ratios) for masemeples.

o These concentrations are median values for the 12-hr nighttime samples collected for
seasons (Jan. 1984 and May 1984) in LA, and during June 1984 in Contra Costa.

» Table 46(p. 97) provides median concentrations for indoor air in New Jersey (three diffefent

sampling periods) and California (also three different sampling periods).

» Table 47(p. 98) provides median concentrations for outdoor air in New Jersey (the sam¢ three

sampling periods for NJ in Table 46) and California (the same three sampling periods for
Table 46).

o However, the number of outdoor measurements are always less than the number of infloor

measurements.
From Table 29

LA(1/84) LA(5/84) Contra(6/84) Avg.
PEN (medians) 0.9 1.0 15 11

MZ 38

WO

CA in

30-13

Styrene
Author: Baek, S.0O.; Kim, Y.S.; Perry, R.; Spencer, R.D.; Green, M.A_; Biggs, P.

SIMULTANEOUS indoor/outdoor sampling at six residences, six offices, six restaurants i
cities in Korea.

Median, mean, standard deviation, range of concentrations, median I/O ratios provided fqr each

mE — Tables 3,4&5.

I/O ratio provided from median conc = PEN = 1.1

RA 35

h two
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Ref. No. Supporting Information Sources

30-13 Styrene RA 29
Author: Mukherjee, S.; Ellenson, WD.; Lewis, RG.; Stevens, RK.

See RA1l

Median concentrations of indoor and outdoor provided for spring and summer.
Median I/O ratios by season supplied — tables 2, 8 and 9.

I/O =PEN = 0.88 (spring); 2.00 (summer)

30-13 Styrene MZ 30
Author: Wallace, L.A., Pellizzari, E.D., Hartwell, T.D., Sparacino, C., et al.
» Results of the TEAM study that report measurements of personal and outdoor air sampling; in
addition, breath and drinking water samples were measured.
o The personal and outdoor air measurements were 12-hr integrated samples. These rqughly
correspond to daytime (6am-6pm) and nighttime (6pm-6am). Unfortunately, the personaland
outdoor results for NJ (Table 2) are combined into 24-hr averages.
» Fig. 2 (p. 297) has a bar graph of the nighttime (6pm-6am) personal (might be used as
surrogate for indoor residence) and outdoor concentrations. NOTE: these are geometric jneans
with more than four times the number of personal (347) compared to outdoor samples (84).
o Also, all /O ratios are greater than 1.5.
» Table 3 also has 24-hr averaged results of personal air and outdoor air sampling for
Greensboro, NC and Devils Lake, ND.

30-13 Styrene MZ 22
Author: Wallace, L.A., Pellizzari, E.D., Hartwell, T.D., et al.
Summary of TEAM study in NJ (Fall, 1981).
Samples collected fopersonal air- two consecutive 12-hr samples taken from appr. 350
people,
outdoor air- two consecutive 12-hr samples taken from appr. 90 peqple,
also drinking water and breath.
Table 9reports a summary of median, max. concs., and ratios (from both the median and|max.
conc. data) for 85 matched overnight personal air and overnight outdoor air samples. (It fs our
conclusion that this data provides the best concurrent I/O ratiossidencesrom this study.)

PEN = 2.7(median value)

30-13 Styrene. RA 14
Author: Bouhamra, W.S.

Table 2 (p.199) -- Indoor VOCs concentrations. Table 3 (p.200) -- Ambient air VOCs
concentrations. Min, max., mean, median, std. deviation provided. Table 4 (p.202) -- I/Q
ratios. Sampled during Dec 94-Jan 95. CONCURRENT MEASUREMENTS.

I/O ratio provided: 1.08 =PEN

Ambient air conc. provided: 747ugim (mean), 403dg/m (median)

Indoor air conc provided: 805ug?m (mean), 532ug/m (median)

MULT = (indoor conc)/(ambient conc) = 532/403 = 1.32 (from median conc)

Since PEN>1 ==> calculate ADD:
Indoor conc (median) = 532ugim ; PEN = I/O = 1.08; Outdoor conc (calculated) = 532/1.48 =
492ug/ni

___ug/m<ADD<___ ug/m

PROX (calculated from medians) =(outdoor conc)/(ambient conc) =492/403 = 1.22
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Ref. No. Supporting Information Sources

30-17 Styrene RA 35
Author: Baek, S.0.; Kim, Y.S.; Perry, R.; Spencer, R.D.; Green, M.A.; Biggs, P.
SIMULTANEOUS indoor/outdoor sampling at six residences, six offices, six restaurants if two
cities in Korea.
Median, mean, standard deviation, range of concentrations, median I/O ratios provided fqr each
mE — Tables 3,4&5.
I/O ratio provided from median conc = PEN = 1.3

30-17 Styrene TL10
Source #TL10measured simultaneous indoor and outdoor styrene concentrations for 12 office (s@me as
buildings in the San Francisco Bay Area during the period June - September 1990. The quthors Z 39)
calculated the I/O ratio for each building, but they reported only the range of I/O ratios forjall
buildings (Range = 0.69 - 13, Table 2).
The lower end of the range can be considered an estimate of the PEN factor since indoo
sources are likely to be minimal. The upper portion of the range likely indicates the presgnce of
indoor sources.
PEN = 0.69(Quality Code =1)

30-17 Styrene MZ 11
Author: Shields, H.C., Fleischer, D.M., and Weschler, C.J.
» Indoor and outdoor concentration s for 3-typesfti€es (Telecommunications (n=50); data
centers (n=9); and administrative offices (n=11)). Geometric means are provided for each
office type (see Table 3).
» 1/O ratiosby HAP and office type are provided for each office type using geometric meafs
(see Table 4).
I/O’s for Styrene :
Telco:2.0(2.7) Values are GM (GSD)
Data Ctrs3.5(1.7)
Admin. Offices:2.1(1.7)

30-17 _Styrene MZ 39
Author: Daisey, J.M., Hodgson, A.T., Fisk, W.J., et al. (same||as
» Indoor/outdoor measurements fordffice buildings. TL 10)
» Table 2(p. 3559) reports the range of 1/O ratios measured for eleven of the twelve officg
buildings.
From Table 2
PEN (range): 0.69-13.0

30-19 Styrene RA 35

Author: Baek, S.0O.; Kim, Y.S.; Perry, R.; Spencer, R.D.; Green, M.A_; Biggs, P.

SIMULTANEOUS indoor/outdoor sampling at six residences, six offices, six restaurants if two

cities in Korea.

Median, mean, standard deviation, range of concentrations, median I/O ratios provided fqr each

mE — Tables 3,4&5.

I/O ratio provided from median conc = PEN = 1.2
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30-27 Styrene MZ 29
Author: Shields, H.C. and Weschler, C.J.
» Paper reports matched indoor/outdoor measurements at a telephone switching center (jnight be
classified as an office (ME #17) other indoor location (ME #27)
o Table II- Indoor (2 locations) & outdoor concs. during the March 87 and May 87 sampl|ng.
o Table Ill - Indoor (2 locations) & outdoor concs. during the Dec. 87 and Feb. 88 samplifg.
o Table IV- Indoor (2 locations) & outdoor concs. during the April 88 sampling.
» NO outdoor measurements for styrene were reported.

32-13 1,1,2,2 Tetrachloroethane. RA 14
Author: Bouhamra, W.S.

Table 2 (p.199) -- Indoor VOCs concentrations. Table 3 (p.200) -- Ambient air VOCs
concentrations. Min, max., mean, median, std. deviation provided. Table 4 (p.202) -- I/Q
ratios. Sampled during Dec 94-Jan 95. CONCURRENT MEASUREMENTS.

I/O ratio provided: 2.62=PEN

Ambient air conc. provided: 1188ug/m (mean), Oug/m (median), Gug/m (min),
17604ug/m (max), 4111ug’m (std. dev)

Indoor air conc provided: 3458ugim (mean), 965dg/m (median), Gug/m (min),
26521ug/m (max), 6193ugm (std. dev)

MULT = (indoor conc)/(ambient conc) = 3458/1188 = 2.91 (from mean conc)

Since PEN>1 ==> calculate ADD:

Indoor conc (mean) = 3458ugim ; PEN = I/O = 2.62; Outdoor conc (calculated) = 3458/2.
1319ug/m

?ug/m® <ADD< ?ug/nt

=7
N
1

PROX (calculated from means) =1319/1188 =1.11

32-17 1,1,2,2-tetrachloroethane Mz 39
Author: Daisey, J.M., Hodgson, A.T., Fisk, W.J., et al.
» Indoor/outdoor measurements fordffice buildings.

» Table 2(p. 3559) reports the range of 1/O ratios measured for eleven of the twelve officg
buildings.

From Table 2

PEN (range): 0.73-2.8

32-17 1,1,2,2-tetrachloroethane TL10
Source #TL10neasured simultaneous indoor and outdoor tetrachloroethane concentratiofis for
12 office buildings in the San Francisco Bay Area during the period June - September 1990.
The authors calculated the 1/O ratio for each building, but they reported only the range of }/O
ratios for all buildings (Range = 0.73 - 2.8, Table 2).

The lower end of the range can be considered an estimate of the PEN factor since indoo
sources are likely to be minimal. The upper portion of the range likely indicates the presgnce of
indoor sources.

PEN = 0.73 (Quality Code = 1)
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Ref. No.

Supporting Information

Sources

33-1

Tetrachloroethylene (perchloroethylene)

Author: South Coast Air Quality Management District

» Report gives results of concurrémvehicle and_ambien(fixed site) monitoring study.

» Table 3-3(p. 37) presents a comparison of in-vehicle and background mean concentrati
o Since measurements were reported only for in-vehicle and fixed site monitors -- the on

factor that can be estimated from this work is_the Madtor.

From Table 3-3

MULT = 0.96

Mz 37
(subsse
this data
bmeported
\irMEZ 33)

33-1

Tetrachloroethylene (perchloroethylene)
Source #TL17easured tetrachloroethylene concentrations in commuting vehicles and at
ambient monitoring sites in the Los Angeles area during the summer and winter of 1987.

TL17

Measurements were made during the same time period, but were not necessarily concurgent.

The authors reported mean in-vehicle and ambient concentrations (Table 3-3), from whic
I/O ratio can be computed (I/O = 0.96). This ratio can be used as an estimate of the MUL
factor.

MULT =0.96 (Quality Code = 2)

l an
T

33-13

Tetrachloroethylene
Author: Begerow, J., et al.
Time integrated data, first three sampling periods provide concurrent indoor/outdoor
measurements for residences (see Table 2, p. 402; and in bar chart form, Figs. 3 & 4).
Geometric mean, geometric standard deviation and range are reported.
Geom. Mean PEN values
Essen Borken
winter: 1.7 1.3
spring: 3.0 2.8
summer: 3.6 2.6

MZ 5

33-13

Tetrochloroethylen@lso, Total VHH (see explanation below)]
Author: Gilli, G., Bono, R., and Scursatone, E.
» Paper reports results of concurrent indoor and outdoor air sampliegjdences
(apartments) in Turin.
o Measured concentrations are 6-hr integrated samples.

» Table 6 (p. 105) gives the median and ranges of the 1/O ratios during both wintertime arfjd

summertime sampling.

MZ 31

o Unfortunately, only I/O ratios are reported for tetrachloroethylene singularly. The 1/O rgtios

for the other HAPs are grouped together and reported as Total Volatile Halogenated
Hydrocarbons (VHH). These include: chloroforoarbon tetrachlorideand_trichloroethylene

I/0O Ratios: Wintertime Summertime

Median Range Median Range
Tetrachloroethylene 2.15 0.59 -30.91 1.38 1.03-4.22
Total VHH 2.69 1.85-29.45 1.33 0.79-2.75

B-44

of



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Ref. No. Supporting Information Sources
33-13 Tetrachloroethene / tetrachloroethylene RA 14
Author: Bouhamra, W.S.
Table 2 (p.199) -- Indoor VOCs concentrations. Table 3 (p.200) -- Ambient air VOCs
concentrations. Min, max., mean, median, std. deviation provided. Table 4 (p.202) -- I/O
ratios. Sampled during Dec 94-Jan 95. CONCURRENT MEASUREMENTS.
I/O ratio provided: 2.96 =PEN
Ambient air conc. provided: 245ugim (mean), 241dg/m (median)
Indoor air conc provided: 727ugim (mean), 472ifg/m (median)
MULT = (indoor conc)/(ambient conc) = 472/241 = 1.96 (from median conc)
Since PEN>1 ==> calculate ADD:
Indoor conc (median) = 472ug?m ; PEN = I/O = 2.96; Outdoor conc (calculated) = 472/2.96 =
159ug/ni
___ug/m<ADD<___ ug/ri
PROX (calculated from medians) =(outdoor conc)/(ambient conc) =159/241 = 0.66
33-13 Tetrachloroethylene / tetrachloroethene RA 29
Author: Mukherjee, S.; Ellenson, WD.; Lewis, RG.; Stevens, RK.
See RA11
Median concentrations of indoor and outdoor provided for spring and summer.
Median I/O ratios by season supplied — tables 2, 8 and 9.
I/O =PEN = 1.17 (spring); none supplied for summer
33-13 Tetrachloroethylene (perchloroethylene) TLO3,
Source #TL03neasured simultaneous indoor and outdoor tetrachloroethylene concentratifns TUo7
for 44 residences in Toronto in the winter and spring of 1996. The authors reported averqge
indoor and outdoor concentrations (Table 1), from which the 1/O average ratio can be
computed.
Stove/garage sources in the residences were not identified. Therefore, the information wis
assigned to ME # 13.
The I/O average ratio calculated by TRJ researcher28asdicating the presence of
significant indoor sources. Therefore, the difference between the average indoor and outdoor
concentrations can be used to estimate a lower bound for the ADD faior={0.91ug/m?;
Quality Code = 2).
Source #TLO#eported the indoor/outdoor tetrachloroethylene concentration ratio measurgd in
June, 1990 for residences in Woodland, CA (Table 2-5). No information was given on
stove/garage sources in the residences. The geometric mean réti8, waicating the
presence of indoor sources. The ADD factor cannot be reliably estimated from this studyjsince
the median outdoor concentration was not quantifiable.
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Ref. No. Supporting Information Sources
33-13 Tetrachlorethylene MZ 30
Author: Wallace, L.A., Pellizzari, E.D., Hartwell, T.D., Sparacino, C., et al.
» Results of the TEAM study that report measurements of personal and outdoor air sampling; in
addition, breath and drinking water samples were measured.

o The personal and outdoor air measurements were 12-hr integrated samples. These rqughly
correspond to daytime (6am-6pm) and nighttime (6pm-6am). Unfortunately, the personafand
outdoor results for NJ (Table 2) are combined into 24-hr averages.

» Fig. 2 (p. 297) has a bar graph of the nighttime (6pm-6am) personal (might be used as h
surrogate for indoor residence) and outdoor concentrations. NOTE: these are geometric jneans
with more than four times the number of personal (347) compared to outdoor samples (84).

o Also, all /O ratios are greater than 1.5.

» Table 3 also has 24-hr averaged results of personal air and outdoor air sampling for
Greensboro, NC and Devils Lake, ND.

33-13 Tetrachloroethylene Mz 27
Author: De Bortoli, M., Knoppel, H., Pecchio, E., Peil, A., et al.
» Simultaneous indoor and outdoor measurements takesigdenceq5 apartments and 9
single family homes) and one office building. NOTE, however, that the data were not repprted
separately for the office, nor were the data separated according to the type of residence (.e.,
apartment or house).
» Table 1has the minima, maxima, and means of the indoor and outdoor concentrations.
» Table 2(p. 347) has the minima, maxima, means, and medians of the 1/O ratios.
I/O ratio (mean) = 2.2
I/O ratio (median) = 1.8

33-13 Tetrachloroethylene MZ 4
Author: Drahonovska, H.
Indoor & outdoor measurements of 140 residences (both kitchen and bedroom measurerpents)
taken for listed HAPs. Energy use for heating is broken down by electric, gas, and coal spurces.
Unfortunately, namutdoor measurements were reported.

33-13 Tetrachloroethylene (perchloroethylene) MZ 19
Author: Chao, C.Y.H., Tung, T.C.W,, Niu, J.L., Pang, S.\W., Lee, R.Y.M.
» Indoor values reported for bedrooms of 3 different residences. Indoor samples were afl 7-day
integrated samples.
» Two 24-h ambient (outdoor) measurements were taken for each residence, but these qamples
did notcoincide with the indoor sampling. See Tables 2-4.

33-13 Tetrachloroethylene Mz 22

Author: Wallace, L.A., Pellizzari, E.D., Hartwell, T.D., et al.

Summary of TEAM study in NJ (Fall, 1981).

Samples collected fopersonal air- two consecutive 12-hr samples taken from appr. 350
people,

outdoor air- two consecutive 12-hr samples taken from appr. 90 peqple,

also drinking water and breath.

Table 9reports a summary of median, max. concs., and ratios (from both the median and|max.
conc. data) for 85 matched overnight personal air and overnight outdoor air samples. (It fs our

conclusion that this data provides the best concurrent I/O ratiossidencesrom this study.)

PEN = 2.2(median value)
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Ref. No. Supporting Information Sources
33-13 Tetrachloroethylene MZ 38
Author: Wallace, L. (EPA/600/6-87/002a) “Blue book”
» Bound volume of results from the TEAM studies. Indoor MEeggdence
» Table 29(pp. 61-62) provide indoor/outdoor comparisons (and ratios) for masetmeples.
o These concentrations are median values for the 12-hr nighttime samples collected for jwo
seasons (Jan. 1984 and May 1984) in LA, and during June 1984 in Contra Costa.
» Table 46(p. 97) provides median concentrations for indoor air in New Jersey (three diffefent
sampling periods) and California (also three different sampling periods).
» Table 47(p. 98) provides median concentrations for outdoor air in New Jersey (the sam¢ three
sampling periods for NJ in Table 46) and California (the same three sampling periods for [CA in
Table 46).
o However, the number of outdoor measurements are always less than the number of infloor
measurements.
From Table 29
LA(1/84) LA(5/84) Contra(6/84) Avg.
PEN (medians) 1.2 1.3 8.4 3.6
33-17 Tetrachloroethylene MZ 11
Author: Shields, H.C., Fleischer, D.M., and Weschler, C.J.
» Indoor and outdoor concentration s for 3-typesfti€es (Telecommunications (n=50); data
centers (n=9); and administrative offices (n=11)). Geometric means are provided for each
office type (see Table 3).
» 1/O ratiosby HAP and office type are provided for each office type using geometric meafs
(see Table 4).
I/O’s for Tetrachloroethylene :
Telco: 2.1(4.6) Values are GM (GSD)
Data Ctrs: 2.7(2.1)
Admin. Offices: 3.5(3.7)
33-20 tetrachloroethylene (perchloroethylene)/tetrachlroethene RA 37

Table 1: Indoor and outdoor air concentrations. NOT SURE IF CONCURRENT
MEASUREMENTS.

Indoors conc = 2.8 ppb (one sample measurement)
Outdoors conc = 1.8 ppb (one sample measurement)
I/O ratio = PEN = 2.8/1.8 = 1.56
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Ref. No. Supporting Information Sources
33-21 Tetrachloroethylene (PCE) MZ 1
33-31 Author: Underwood, M.C.
Concurrent indoor & outdoor samples reported for two different scljooéstest school and
one control school). Tablepgkovides monitoring data, both AM and PM, for two different
sampling dates. Figurecdntains a graphical representation of 1/O ratios from Table 1.
In addition, concurrent fixed-site monitoring data for local air district provid&uohuld enable
calculation of both penetration and proximity factors.
From Table 1:
PEN PROX MULT
Test sch., Rm. B3, 8/11/92: 1.1 0.11 0.12
Test sch., Rm. B4, 8/11/92: 1.9 0.11 0.21
Test sch., Rm. B3, 11/9/92: 6.0 0.04 0.26
Test sch., Rm. B4, 11/9/92: 6.3 0.04 0.27
Control school, 8/11/92: 0.3 0.86 0.24
Control school, 11/9/92: 0.5 0.63 0.29
MEDIAN: 3.3 045 0.21
h From Table 2:
z PEN PROX MULT
Test sch., Rm. B3, cond. (b): 1.0 0.2 0.20
m Test sch., Rm. B4, cond. (b): 0.8 0.2 0.15
Control school, cond. (b): 0.8 0.13 0.11
E MEDIAN: 0. 0.17 0.16
: 33-27 Perchloroethylene (Tetrachloroethylene) MZ 29
Author: Shields, H.C. and Weschler, C.J.
U » Paper reports matched indoor/outdoor measurements at a telephone switching center (night be
o classified as an office (ME #17) or othiedoor location (ME #27).
o Table II- Indoor (2 locations) & outdoor concs. during the March 87 and May 87 sampl|ng.
n o Table Ill - Indoor (2 locations) & outdoor concs. during the Dec. 87 and Feb. 88 samplifg.
o Table IV- Indoor (2 locations) & outdoor concs. during the April 88 sampling.
m o Table VI- Indoor (3 locations) & outdoor concs. during the Nov. 88 sampling.
> Samples collected during:
PEN
- 03/87 & 05/87: 4.4  Range: 0.7 —8.5
: 12/87 & 02/88: 2.2 Range: 1.4 - 3.0
11/88: 16 Range: 1.5-1.7
u' Overall avg.: 2.7
u 33-27 Tetrachloroethylene MZ 32
Author: Hisham, M. and Grosjean, D.
q » Paper presents results of concurrent indoor and outdoor sampling in nine different musg¢ums in
the LA area.
ﬁ o Hourly samples were collected over the course of 1-2 weeks at each museum. Hourly|
samples were collected around the clock.
n » Table | (p. 859) shows the maximum and range of pollutant concs. for both indoors and]
m outdoors at each museum.
» Table Il (p. 861) shows the average 1/O ratios calculated from all paired measurements ffor
m each museum.
: Average /O ratio range (all museums but one) (see Table Il) = 0.33 to 1.58
Average /O ratio for above museums (not incl. Olivas or Southwest) = 0.91
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Ref. No. Supporting Information Sources
33-30 Tetrachloroethylene MZ 5
Author: Begerow, J.
Time integrated data, first three sampling periods provide concurrent indoor/outdoor
measurements for residences (see Table 2, pg.402; and in bar chart form, Figs. 3&4).
Geometric mean, geometric standard deviation and range are provided.
34-13 Trichloroethylene (TCE) MZ 38
Author: Wallace, L. (EPA/600/6-87/002a) “Blue book”
» Bound volume of results from the TEAM studies. Indoor MEeggdence
» Table 29(pp. 61-62) provide indoor/outdoor comparisons (and ratios) for masemeples.

o These concentrations are median values for the 12-hr nighttime samples collected for jwo
seasons (Jan. 1984 and May 1984) in LA, and during June 1984 in Contra Costa.

» Table 46(p. 97) provides median concentrations for indoor air in New Jersey (three diffefent
sampling periods) and California (also three different sampling periods).

» Table 47(p. 98) provides median concentrations for outdoor air in New Jersey (the sam¢ three
sampling periods for NJ in Table 46) and California (the same three sampling periods for [CA in
Table 46).

o However, the number of outdoor measurements are always less than the number of infloor

measurements.
From Table 29
LA(1/84) LA(5/84) Contra(6/84) Avg.
PEN (medians) 1.8 4.8 3.2 3.3
34-13 Trichloroethylene / trichloroethene RA 29
Author: Mukherjee, S.; Ellenson, WD.; Lewis, RG.; Stevens, RK.
See RA11
Median concentrations of indoor and outdoor provided for spring and summer.
Median I/O ratios by season supplied — tables 2, 8 and 9.
I/O =PEN = 1.35 (spring); none supplied for summer
34-13 Trichloroethylene MZ 30
Author: Wallace, L.A., Pellizzari, E.D., Hartwell, T.D., Sparacino, C., et al.
» Results of the TEAM study that report measurements of personal and outdoor air sampling; in
addition, breath and drinking water samples were measured.

o The personal and outdoor air measurements were 12-hr integrated samples. These rqughly
correspond to daytime (6am-6pm) and nighttime (6pm-6am). Unfortunately, the personafand
outdoor results for NJ (Table 2) are combined into 24-hr averages.

» Fig. 2 (p. 297) has a bar graph of the nighttime (6pm-6am) personal (might be used as h
surrogate for indoor residence) and outdoor concentrations. NOTE: these are geometric jneans
with more than four times the number of personal (347) compared to outdoor samples (84).

o Also, all /O ratios are greater than 1.5.

» Table 3 also has 24-hr averaged results of personal air and outdoor air sampling for
Greensboro, NC and Devils Lake, ND.
34-13 Trichloroethylene Mz 27

Author: De Bortoli, M., Knoppel, H., Pecchio, E., Peil, A., et al.
» Simultaneous indoor and outdoor measurements takesigdenceq5 apartments and 9

single family homes) and one office building. NOTE, however, that the data were not repprted
separately for the office, nor were the data separated according to the type of residence {§.e.,

apartment or house).

» Table 1has the minima, maxima, and means of the indoor and outdoor concentrations.
» Table 2(p. 347) has the minima, maxima, means, and medians of the 1/O ratios.

I/O ratio (mean) = 3.4

I/O ratio (median) = 1.8
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Ref. No.

Supporting Information

Sources

34-13

Trichloroethylene (TCE)

Author: Wallace, L.A., Pellizzari, E.D., Hartwell, T.D., et al.

Summary of TEAM study in NJ (Fall, 1981).

Samples collected fopersonal air- two consecutive 12-hr samples taken from appr. 350
people,

outdoor air- two consecutive 12-hr samples taken from appr. 90 peq
also drinking water and breath.
Table 9reports a summary of median, max. concs., and ratios (from both the median and
conc. data) for 85 matched overnight personal air and overnight outdoor air samples. (It
conclusion that this data provides the best concurrent I/O ratiossidencesrom this study.)

PEN = 1.5(median value)

MZ 22

ple,

max.
S our

34-21
34-31

Trichloroethylene (TCE)
Author: Underwood, M.C.

MZ 1

Concurrent indoor & outdoor samples reported for two different schools (one test school gnd

one control school). Table 1. provides monitoring data, both AM and PM, for two differen
sampling dates. Figure 2. contains a graphical representation of 1/O ratios from Table 1.
In addition, concurrent fixed-site monitoring data for local air district provided. Will enable
calculation of both penetration and proximity factors.
From Table 1:

PEN PROX MULT
Test sch., Rm. B3, 8/11/92: >4.1 NA NA=Not available
Test sch., Rm. B4, 8/11/92:  >33.9 NA NA
Test sch., Rm. B3, 11/9/92: >5.6 NA NA
Test sch., Rm. B4, 11/9/92:  >29.5 NA NA

From Table 2:
PEN PROX MULT
Test sch., Rm. B4, cond. (b): >1.25 NA NA

MEDIAN (incl. Table 1): 17.6

TBDL-1

Ethylbenzene
Author: Jo, W.K.; Park, K.H.

In-vehicle and ambient concentrations of VOCs measured prior to and during idling presq
GRAPHICALLY. - p. 220. Fig. 1

RA 19
MZ 12
nted

See RA21, MZ12.

Bar graphs of concentrations measured in-car and ambient are presented for both idling Tnd

driving conditions.
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Ref. No. Supporting Information Sources
TBDL-1 Ethylbenzene MZ 34
Author: Chan, C-C., Spengler, J.D., Ozkaynak, H., and Lefkopoulou, M.
» Results of sampling field study where measurements of VOC concs. were taken while qubjects
commuted byar, subway bicycling (othe), and walking. -- See Table(p. 1596).
o NOTE: No ambient monitoring data were reported so values taken for those subjects vjhile
walking would have to be used as a surrogate for ambiEmerefore, only calculation of a
MULT factor is possible.
» In addition, VOC concs. were also measured in subjects’ residendés offices- See
Table Ill, (p. 1597).
o Measurements taken on a sidewalk next to a busy street are used as a surrogate for ajnbient
monitoring.
» Note that while the these samples may have overlapped, it is not specified which sets of
measurements (if any) were paired samples.
o Nor is it specified where the sidewalk (i.e., the surrogate for ambient, outdoors)
concentrations were taken in relation to the other MEs, or with respect to time.
» Tables | and Il provide median, mean, and max. concs. for the different VOCs and varipus
MEs.
MULT (median) = 2.0
TBDL-1 Ethylbenzene MZ 28
Author: Chan, C-C, Ozkaynak, H., Spengler, J.D., and Sheldon, L.
» Paper reports measurement results and parameters (i.e., min, 25%, median, 75%, max], mean,
and SD) forin-vehicle (ME #1) car exterior, fixed-site, and sidewalk (i.e., near road) (ME #7
Measurements are simultaneous.
» Table Il (p. 966) — Concs. for each of the above locations.
» Table Il (p. 968) — Median concs. measured inside vehicles and at a fixed site for threg
different driving routes (urban, interstate, and rural).
» Table V (p. 970) — /O ratios for in-vehicle/car exterior.
» Fig. 1 (p. 969) — Ratios of median concs. between in-vehicle and fixed site.
From Table li(median values):
PROX PEN MULT PEN Range(from Table V) 0.70 — 1.63
7.0 0.8 5.9
TBDL-1 Ethylbenzene RA 19
Author: Jo, W.K.; Park, K.H. RA21
In-vehicle and ambient concentrations of VOCs measured prior to and during idling presgnted Mk 12
GRAPHICALLY. - p. 220. Fig. 1
See RA21 (data presented in table format), MZ12.
Bar graphs of concentrations measured in-car and ambient are presented for both idling and
driving conditions. Mean ambient roadway air samples and invehicle concentrations with
standard deviation for 115 commutes in Korean urban route for two types of cars (old
model=Elantra; new model =Sonata ).
NEW MODEL:
Mean indoor conc reported: 9.4ug/m
Mean outdoor conc reported: 9.0ug/m
PEN=1/0 =9.4/9 =1.04
OLD MODEL:
Mean indoor conc reported: 13.8ug/m
Mean outdoor conc reported: 14.1ud/m
PEN=1/0 =13.8/14.1 = 0.98
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Ref. No.

Supporting Information

Sources

TBDL-4

Ethylbenzene
Author: Chan, C-C., Spengler, J.D., Ozkaynak, H., and Lefkopoulou, M.

» Results of sampling field study where measurements of VOC concs. were taken while g
commuted by carsubway bicycling (other), and walking. -- See Table(p. 1596).

o NOTE: No ambient monitoring data were reported so values taken for those subjects \
walking would have to be used as a surrogate for ambiEmerefore, only calculation of a
MULT factor is possible.
» In addition, VOC concs. were also measured in subjects’ residendés offices- See
Table Ill, (p. 1597).

o Measurements taken on a sidewalk next to a busy street are used as a surrogate for a
monitoring.
» Note that while the these samples may have overlapped, it is not specified which sets g
measurements (if any) were paired samples.

o Nor is it specified where the sidewalk (i.e., the surrogate for ambient, outdoors)
concentrations were taken in relation to the other MEs, or with respect to time.
» Tables | and Il provide median, mean, and max. concs. for the different VOCs and vari
MEs.

MULT (median) = 1.1

MZ 34
ubjects

hile

mbient

f

pus

TBDL-5

Ethylbenzene
Author: Schwar, M.; Booker, J.; Tait, L.

Comparison of concentratioisthe car park vs.at the exit of the car park
Max. concentrations averaged over specified time periods. Table 7.

WEEKDAYS (11 GARAGES)

Mean of averaged 1-hr inside car park conc: 0.18mg/m
Mean of averaged 1-hr exit of car park conc: 0.2mig/m
PEN=1/0 =0.18/0.2=0.9

WEEKENDS (5 GARAGES)

Mean of averaged 1-hr inside car park conc: 0.2mg/m
Mean of averaged 1-hr exit of car park conc: 0.3rmig/m
PEN=1/0 =0.2/0.3 = 0.67

RA 24

TBDL-7

Ethylbenzene
Author: Chan, C-C, Ozkaynak, H., Spengler, J.D., and Sheldon, L.

» Paper reports measurement results and parameters (i.e., min, 25%, median, 75%, max
and SD) for_in-vehicle (ME #1yar exterior, fixed-site, and sidewalk (imear road) (ME

#7). Measurements are simultaneous.

» Table Il (p. 966) — Concs. for each of the above locations.

» Table Il (p. 968) — Median concs. measured inside vehicles and at a fixed site for thre
different driving routes (urban, interstate, and rural).

» Table V (p. 970) — /O ratios for in-vehicle/car exterior.

» Fig. 1 (p. 969) — Ratios of median concs. between in-vehicle and fixed site.

From Table i
PROX
4.0 Median value

MZ 28

, mean,

W
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Ref. No.

Supporting Information

Sources

TBDL-13

Ethylbenzene

Author: Schneider, P.; Lorinci, G.; Gebefugi, IL.; Heinrich, J.; Kettrup, A.

Simultaneous I/O sampling (p.284)

Concentration profiles provided by height at which sampling took place.

Table 5: median I/O ratios supplied for bedroom, living room, kitchen.

Table 6: median /O ratios (for bedroom, living room, kitchen) presented by apartment ag
group (old vs. new)

I/O =PEN = 3.5 (kitchen); 3.2 (living room); 2.0 (bedroom)
Mean 1/0 =2.9

A1

RA 30

TBDL-13

Ethylbenzene
Author: Bouhamra, W.S.

Table 2 (p.199) -- Indoor VOCs concentrations. Table 3 (p.200) -- Ambient air VOCs
concentrations. Min, max., mean, median, std. deviation provided. Table 4 (p.202) -- I/O
ratios. Sampled during Dec 94-Jan 95. CONCURRENT MEASUREMENTS.

I/O ratio provided: 1.05=PEN

Ambient air conc. provided: 267 ugim (mean), 234 dg/m (median), Gug/m (min), 966
ug/m? (max), 301 ug/fn (std. dev)

Indoor air conc provided: 280 ugim (mean), 286 dg/m (median), C*ug/m (min), 674
ug/m? (max), 240 ug/fn (std. dev)

MULT = (indoor conc)/(ambient conc) = 286/234 =1.22 (from median conc)

Since PEN>1 ==> calculate ADD:

RA 14

Indoor conc (median) = 286 ugim ; PEN = I/O = 1.05; Outdoor conc (calculated) = 286/1.95 =

272.38 ug/m
13.63ug/nt <ADD<286 ug/m

PROX (calculated from medians) = 272.38/234 = 1.16

TBDL-13

Ethylbenzene
Author: Baek, S.0.; Kim, Y.S.; Perry, R.; Spencer, R.D.; Green, M.A.; Biggs, P.

RA 35

SIMULTANEOUS indoor/outdoor sampling at six residences, six offices, six restaurants if two

cities in Korea.

Median, mean, standard deviation, range of concentrations, median I/O ratios provided fqr each

mE — Tables 3,4&5.

I/O ratio provided from median conc = PEN = 1.0

TBDL-13

Ethylbenzene
Author: Mukherjee, S.; Ellenson, WD.; Lewis, RG.; Stevens, RK.

See RA11
Median concentrations of indoor and outdoor provided for spring and summer.
Median I/O ratios by season supplied — tables 2, 8 and 9.

I/O =PEN = 1.44 (spring); 3.50 (summer)

RA 29
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Ref. No. Supporting Information Sources

TBDL-13 | Ethylbenzene MZ 22
Author: Wallace, L.A., Pellizzari, E.D., Hartwell, T.D., et al.
Summary of TEAM study in NJ (Fall, 1981).
Samples collected fopersonal air- two consecutive 12-hr samples taken from appr. 350
people,

outdoor air- two consecutive 12-hr samples taken from appr. 90 pegple,
also drinking water and breath.

Table 9reports a summary of median, max. concs., and ratios (from both the median and|max.
conc. data) for 85 matched overnight personal air and overnight outdoor air samples. (It fs our
conclusion that this data provides the best concurrent I/O ratiossidencesrom this study.)
PEN = 1.9(median value)

TBDL-13 | Ethylbenzene Mz 27
Author: De Bortoli, M., Knoppel, H., Pecchio, E., Peil, A., et al.
» Simultaneous indoor and outdoor measurements takesigdenceq5 apartments and 9
single family homes) and one office building. NOTE, however, that the data were not repprted
separately for the office, nor were the data separated according to the type of residence (.e.,
apartment or house).
» Table 1has the minima, maxima, and means of the indoor and outdoor concentrations.
» Table 2(p. 347) has the minima, maxima, means, and medians of the 1/O ratios.
I/O ratio (mean) = 6.8
I/O ratio (median) = > 2

TBDL-13 | Ethylbenzene MZ 30
Author: Wallace, L.A., Pellizzari, E.D., Hartwell, T.D., Sparacino, C., et al.
» Results of the TEAM study that report measurements of personal and outdoor air sampling; in
addition, breath and drinking water samples were measured.

o The personal and outdoor air measurements were 12-hr integrated samples. These rqughly
correspond to daytime (6am-6pm) and nighttime (6pm-6am). Unfortunately, the personaland
outdoor results for NJ (Table 2) are combined into 24-hr averages.

» Fig. 2 (p. 297) has a bar graph of the nighttime (6pm-6am) personal (might be used as
surrogate for indoor residence) and outdoor concentrations. NOTE: these are geometric jneans
with more than four times the number of personal (347) compared to outdoor samples (84).

o Also, all /O ratios are greater than 1.5.

» Table 3 also has 24-hr averaged results of personal air and outdoor air sampling for
Greensboro, NC and Devils Lake, ND.

TBDL-13 | Ethylbenzene MZ 26
Author: Lebret, E., van de Wiel, H.J., Bos, H.P., Noij, D., and Boleij, J.S.M.
» Table 2(p. 326) reports median and maximum HAP concentratioresidenceqa total of
approx. 300) of three different age groups; the median and maximum outdoor concs.; ang the

overall median /O ratio for all homes.

o These concentrations were weekly averages.
Median, overall 1/O ratios:
ethylbenzene =5
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Ref. No. Supporting Information Sources

TBDL-13 | Ethylbenzene MZ 38
Author: Wallace, L. (EPA/600/6-87/002a) “Blue book”

» Bound volume of results from the TEAM studies. Indoor MEeggdence
» Table 29(pp. 61-62) provide indoor/outdoor comparisons (and ratios) for masetmeples.

o These concentrations are median values for the 12-hr nighttime samples collected for jwo
seasons (Jan. 1984 and May 1984) in LA, and during June 1984 in Contra Costa.
» Table 46(p. 97) provides median concentrations for indoor air in New Jersey (three diffefent
sampling periods) and California (also three different sampling periods).
» Table 47(p. 98) provides median concentrations for outdoor air in New Jersey (the sam¢ three
sampling periods for NJ in Table 46) and California (the same three sampling periods for [CA in
Table 46).

o However, the number of outdoor measurements are always less than the number of infloor
measurements.
From Table 29

LA(1/84) LA(5/84) Contra(6/84) Avg.

PEN (medians) 0.9 11 2.8 1.6

TBDL-13 | Ethylbenzene Mz 34
Author: Chan, C-C., Spengler, J.D., Ozkaynak, H., and Lefkopoulou, M.

» Results of sampling field study where measurements of VOC concs. were taken while qubjects
commuted by carsubway bicycling (othe), and walking. -- See Table(p. 1596).

o NOTE: No ambient monitoring data were reported so values taken for those subjects vjhile
walking would have to be used as a surrogate.
» In addition, VOC concs. were also measured in subjeetglencesand in_offices- See
Table lll, (p. 1597).

o Measurements taken on a sidewalk next to a busy street are used as a surrogate for ambient
monitoring.
» Note that while the these samples may have overlapped, it is not specified which sets of
measurements (if any) were paired samples.

o Nor is it specified where the sidewalk (i.e., the surrogate for ambient, outdoors)
concentrations were taken in relation to the other MEs, or with respect to time.
» Tables | and Il provide median, mean, and max. concs. for the different VOCs and varipus
MEs.

TBDL-17 | Ethylbenzene RA 35
Author: Baek, S.O.; Kim, Y.S.; Perry, R.; Spencer, R.D.; Green, M.A.; Biggs, P.
SIMULTANEOUS indoor/outdoor sampling at six residences, six offices, six restaurants if two
cities in Korea.
Median, mean, standard deviation, range of concentrations, median I/O ratios provided fqr each
mE — Tables 3,4&5.
I/O ratio provided from median conc = PEN = 1.7

TBDL-17 | Ethylbenzene MZ 10

Author: Brickus, L.; Cardoso, J.; de Aquino Neto, F.

Reports concurrent measurements of aldehyde and VOC concentrations on four differentjfloors

of anoffice building for several different days.
I/O ratios provided — see tables 1, 2, & 3.

Mean PEN (building wide; ie., four floors) = 2.5(Range: 1.8 — 3.0)
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Ref. No. Supporting Information Sources
TBDL-17 | Ethylbenzene 30-13
Author: Shields, H.C.
Indoor and outdoor concentration s for 3-types of offices (Telecommunications (n=50); dgta
centers (n=9); and administrative offices (n=11), geometric means are provided for each pffice
type See Table 3
I/O ratios by HAP and office type are provided for each office type using geometric meang, (see
Table 4)
I/O’s for Ethylbenzene are Telco: 1.6, Data Cntrs.2.7; Admin. Office:1.9
TBDL-17 | Ethylbenzene Mz 39
Author: Daisey, J.M., Hodgson, A.T., Fisk, W.J., et al.
» Indoor/outdoor measurements fordffice buildings.
» Table 2(p. 3559) reports the range of 1/O ratios measured for eleven of the twelve officg
buildings.
From Table 2
PEN (range): 0.48-2.5
TBDL-17 | Ethylbenzene MZ 11
Author: Shields, H.C., Fleischer, D.M., and Weschler, C.J.
» Indoor and outdoor concentration s for 3-typesfti€es (Telecommunications (n=50); data
centers (n=9); and administrative offices (n=11)). Geometric means are provided for each
office type (see Table 3).
» 1/O ratiosby HAP and office type are provided for each office type using geometric meafs
(see Table 4).
I/O’s for Ethylbenzene:
Telco:1.6(2.3) Values are GM (GSD)
Data Ctrs2.7(1.6)
Admin. Offices:1.9(1.8)
TBDL-17 | Ethylbenzene MZ 34
Author: Chan, C-C., Spengler, J.D., Ozkaynak, H., and Lefkopoulou, M.
» Results of sampling field study where measurements of VOC concs. were taken while qubjects
commuted by carsubway bicycling (othe), and walking. -- See Table(p. 1596).
o NOTE: No ambient monitoring data were reported so values taken for those subjects vfhile
walking would have to be used as a surrogate.
» In addition, VOC concs. were also measured in subjects’ residendesoffices-- See
Table lll, (p. 1597).
o Measurements taken on a sidewalk next to a busy street are used as a surrogate for ajnbient
monitoring.
» Note that while the these samples may have overlapped, it is not specified which sets of
measurements (if any) were paired samples.
o Nor is it specified where the sidewalk (i.e., the surrogate for ambient, outdoors)
concentrations were taken in relation to the other MEs, or with respect to time.
» Tables | and Il provide median, mean, and max. concs. for the different VOCs and varipus
MEs.
TBDL-19 | Ethylbenzene RA 35

Author: Baek, S.0O.; Kim, Y.S.; Perry, R.; Spencer, R.D.; Green, M.A_; Biggs, P.

SIMULTANEOUS indoor/outdoor sampling at six residences, six offices, six restaurants if two

cities in Korea.

Median, mean, standard deviation, range of concentrations, median I/O ratios provided fqr each

mE — Tables 3,4&5.

I/O ratio provided from median conc = PEN = 1.5
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Ref. No. Supporting Information Sources

TBDL-27 | Ethylbenzene MZ 29
Author: Shields, H.C. and Weschler, C.J.
» Paper reports matched indoor/outdoor measurements at a telephone switching center (jnight be
classified as an office (ME #17) other indoor location (ME #27)
o Table II- Indoor (2 locations) & outdoor concs. during the March 87 and May 87 sampl|ng.
o Table Ill - Indoor (2 locations) & outdoor concs. during the Dec. 87 and Feb. 88 samplifg.
o Table IV- Indoor (2 locations) & outdoor concs. during the April 88 sampling.
o Table V- Indoor (3 locations) & outdoor concs. during the May 88 and July 88 sampling.
o Table VI- Indoor (3 locations) & outdoor concs. during the Nov. 88 sampling.

Samples collected during:

PEN
03/87 & 05/87: 1.6 Range: 1.2 - 2.0
12/87 & 02/88: 2.1 Range: 1.9 - 2.6

04/88: 15 Range: 1.5-1.5
05/88 & 07/88: 4.9 Range: 4.6 — 5.3
11/88: 2.2 Range: 2.0 -2.3

Overallavg.: 2.5

TBDL-36 | Ethylbenzene MZ 34
Author: Chan, C-C., Spengler, J.D., Ozkaynak, H., and Lefkopoulou, M.
» Results of sampling field study where measurements of VOC concs. were taken while qubjects
commuted by casubway, bicycling (othe), and walking. -- See Table(p. 1596).

o NOTE: No ambient monitoring data were reported so values taken for those subjects vjhile
walking would have to be used as a surrogate for ambiEmerefore, only calculation of a
MULT factor is possible.

» In addition, VOC concs. were also measured in subjects’ residendés offices- See
Table Ill, (p. 1597).

o Measurements taken on a sidewalk next to a busy street are used as a surrogate for ajnbient
monitoring.
» Note that while the these samples may have overlapped, it is not specified which sets of
measurements (if any) were paired samples.

o Nor is it specified where the sidewalk (i.e., the surrogate for ambient, outdoors)
concentrations were taken in relation to the other MEs, or with respect to time.

» Tables | and Il provide median, mean, and max. concs. for the different VOCs and varipus
MEs.

MULT (median) = 1.0

TBDL-1 Hexane MZ 28
Author: Chan, C-C, Ozkaynak, H., Spengler, J.D., and Sheldon, L.
» Paper reports measurement results and parameters (i.e., min, 25%, median, 75%, max], mean,
and SD) forin-vehicle (ME #1) car exterior, fixed-site, and sidewalk (i.e., near road) (ME #7
Measurements are simultaneous.

» Table Il (p. 966) — Concs. for each of the above locations.

» Table Il (p. 968) — Median concs. measured inside vehicles and at a fixed site for thre
different driving routes (urban, interstate, and rural).

» Table V (p. 970) — /O ratios for in-vehicle/car exterior.

» Fig. 1 (p. 969) — Ratios of median concs. between in-vehicle and fixed site.

W

From Table li(Median values)
PROX PEN MULT PEN Range: 0.85-1.3
5.3 11 58
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Ref. No.

Supporting Information

Sources

TBDL-7

Hexane

Author: Chan, C-C, Ozkaynak, H., Spengler, J.D., and Sheldon, L.

» Paper reports measurement results and parameters (i.e., min, 25%, median, 75%, max
and SD) for_in-vehicle (ME #]1xar exterior, fixed-site, and sidewalk (iigear road) (ME

#7). Measurements are simultaneous.

» Table Il (p. 966) — Concs. for each of the above locations.

» Table Il (p. 968) — Median concs. measured inside vehicles and at a fixed site for thre
different driving routes (urban, interstate, and rural).

» Table V (p. 970) — /O ratios for in-vehicle/car exterior.

» Fig. 1 (p. 969) — Ratios of median concs. between in-vehicle and fixed site.

From Table Ii
PROX
4.2 Median value

MZ 28

, mean,

A1

TBDL-13

n-Hexane

Author: De Bortoli, M., Knoppel, H., Pecchio, E., Peil, A., et al.

» Simultaneous indoor and outdoor measurements takesigdenceq5 apartments and 9
single family homes) and one office building. NOTE, however, that the data were not rep

Mz 27

Drted

separately for the office, nor were the data separated according to the type of residence (.e.,

apartment or house).

» Table 1has the minima, maxima, and means of the indoor and outdoor concentrations.
» Table 2(p. 347) has the minima, maxima, means, and medians of the 1/O ratios.

I/O ratio (mean) = 8.7

I/O ratio (median) = 1.8

TBDL-13

n-Hexane
Author: Lebret, E., van de Wiel, H.J., Bos, H.P., Noij, D., and Boleij, J.S.M.
» Table 2(p. 326) reports median and maximum HAP concentratioresidenceqa total of
approx. 300) of three different age groups; the median and maximum outdoor concs.; an(
overall median /O ratio for all homes.

o These concentrations were weekly averages.
Median, overall 1/O ratios:
n-hexane = 2

MZ 26

the

TBDL-17

Hexane
Author: Brickus, L.; Cardoso, J.; de Aquino Neto, F.

MZ 10

Reports concurrent measurements of aldehyde and VOC concentrations on four differentjfloors

of anoffice building for several different days.
I/O ratios provided — see tables 1, 2, & 3.

Mean PEN (building wide; ie., four floors) = 4.8(Range: 1.5 - 11.7)

TBDL-1

MTBE

Author: Lioy, Weisel, Jo, Pellizzari, Raymer

Two microenvironmental combinations of MTBE were reported, including: concumreabin
andoutside during refueling (Fig. 2 — bar chart), and concuriesabin androadway (hood
of car) (Fig. 3- scatter plot).

MZ 20
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Ref. No. Supporting Information Sources
TBDL-1 MTBE MZ 14
Author: Wan-Kuen Jo and Kun-Ho Park
Table 1 has data on concentrationsifieauto, in-bus, and ambient air. Also, just below this
table, the authors provide ratios for in-auto/in-bus/fixed-site. Finally, a possible proximity
factor is suggested (also just below Table 1
No measurements for outside the vehicle were reported.
PEN PROX MULT [Ratio calculated using median measurement values]
N/A  N/A 13.9
TBDL-1 MTBE MZ 13
Author: Shahnaz Alimokhtari Vayghani and Clifford Weisel
Data presented for paired measurements of in-car and "at the pump" concerdratians
refueling(Table 1).
I/O* ratio (median) = 4.3
* |=in-cabin, O=at the pump.
TBDL-2 MTBE MZ 14
Author: Wan-Kuen Jo and Kun-Ho Park
Table 1 has data on concentrations for in-antbus, and ambient air. Also, just below this
table, the authors provide ratios for in-auto/in-bus/fixed-site.
Finally, a possible proximity factor is suggested (also just below Table 1
Assumed that in-bus and roadway concentrations were the same.
PEN PROX MULT [All ratios calculated using medianeasurement values.]
1.0 44 4.4
TBDL-1 Toluene Mz 34
Author: Chan, C-C., Spengler, J.D., Ozkaynak, H., and Lefkopoulou, M.
» Results of sampling field study where measurements of VOC concs. were taken while qubjects
commuted byar, subway bicycling (othe), and walking. -- See Table(p. 1596).
o NOTE: No ambient monitoring data were reported so values taken for those subjects vfhile
walking would have to be used as a surrogate for ambiEmerefore, only calculation of a
MULT factor is possible.
» In addition, VOC concs. were also measured in subjects’ residendes offices- See
Table lll, (p. 1597).
o Measurements taken on a sidewalk next to a busy street are used as a surrogate for ambient
monitoring.
» Note that while the these samples may have overlapped, it is not specified which sets of
measurements (if any) were paired samples.
o Nor is it specified where the sidewalk (i.e., the surrogate for ambient, outdoors)
concentrations were taken in relation to the other MEs, or with respect to time.
» Tables | and Il provide median, mean, and max. concs. for the different VOCs and varipus

MEs.

MULT (median) = 1.5
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Ref. No.

Supporting Information

Sources

TBDL-1

Toluene

Author: South Coast Air Quality Management District

» Report gives results of concurrémvehicle and_ambien(fixed site) monitoring study.

» Table 3-3(p. 37) presents a comparison of in-vehicle and background mean concentrati
o Since measurements were reported only for in-vehicle and fixed site monitors -- the on

factor that can be estimated from this work is_the Madtor.

From Table 3-3

MULT = 2.5

Mz 37
(subsse
this data
bmeported
\irMEZ 33)

TBDL-1

Toluene

Author: Shahnaz Alimokhtari Vayghani and Clifford Weisel

Data presented for paired measurements of in-car and "at the pump" concerdeatians
refueling(Table 1).

I/O* ratio (median) = 2.8
* |=in-cabin, O=at the pump.

MZ 13

TBDL-1

Toluene

Author: Chan, C-C, Ozkaynak, H., Spengler, J.D., and Sheldon, L.

» Paper reports measurement results and parameters (i.e., min, 25%, median, 75%, max
and SD) forcar (ME #1), car exterior, fixed-site, and sidewalk (i.e., near road) (ME #7
Measurements are simultaneous.

» Table Il (p. 966) — Concs. for each of the above locations.

» Table Il (p. 968) — Median concs. measured inside vehicles and at a fixed site for thre
different driving routes (urban, interstate, and rural).

» Table V (p. 970) — /O ratios for in-vehicle/car exterior.

» Fig. 1 (p. 969) — Ratios of median concs. between in-vehicle and fixed site.

From Table Ii(Median values
PROX PEN MULT
7.1 0.88 6.2

PEN Range(from Table V) 0.73 — 1.66

MZ 28

, mean,

A1

TBDL-1

Toluene

Author: Leung, PL.; Harrison, RM.

In-vehicle, immediately outside the vehicle (out-vehicle), and roadside SIMULTANEOUS
sampling on six different roads.

Roadside (static/fixed-site) sampling sites at different distances from road and measured
different heights

Ambient air concentrations — continuous measurements at a background location — meag
data each hour throughout the year. Ambient data presented as mean over the sampling
(p. 194)

Table 3: DAILY means and standard deviations of concentrations in-vehicle, out-vehicle,
roadside, and ambient.

Table 5: Mean /O ratios/PEN, PROX, MULT for Toluene on six different roads
Comparison of in-vehicle vs. out-vehicle concentrations during rush hours and non-rush
tables 6&7.

Comparison of in-vehicle vs. out-vehicle concentrations for different types of cars — table
8&9.

PEN =111
MULT = 20.94
PROX =17.73

RA 32

At

ured
period

hours —

v
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Ref. No. Supporting Information Sources
TBDL-1 Toluene RA 19
Author: Jo, W.K.; Park, K.H. RA21
In-vehicle and ambient concentrations of VOCs measured prior to and during idling presgnted Mg 12
GRAPHICALLY. - p. 220. Fig. 1
See RA21 (data presented in table format), MZ12.
Bar graphs of concentrations measured in-car and ambient are presented for both idling gnd
driving conditions. Mean ambient roadway air samples and invehicle concentrations with
standard deviation for 115 commutes in Korean urban route for two types of cars (old
model=Elantra; new model =Sonata II).
NEW MODEL:
Mean indoor conc reported: 100ug/m
Mean outdoor conc reported: 81.1ud/m
PEN=1/0 =100/81.1 =1.23
OLD MODEL:
Mean indoor conc reported: 129udg/m
Mean outdoor conc reported: 105ud/m
PEN=1/0 = 129/105 = 1.23
TBDL-1 Toluene RA 19
Author: Jo, W.K.; Park, K.H. MZ 12
In-vehicle and ambient concentrations of VOCs measured prior to and during idling presgnted
GRAPHICALLY. - p. 220. Fig. 1
See RA21, MZ12.
Bar graphs of concentrations measured in-car and ambient are presented for both idling gnd
driving conditions.
TBDL-4 Toluene MZ 34
Author: Chan, C-C., Spengler, J.D., Ozkaynak, H., and Lefkopoulou, M.
» Results of sampling field study where measurements of VOC concs. were taken while qubjects
commuted by carsubway bicycling (other), and walking. -- See Table(p. 1596).
o NOTE: No ambient monitoring data were reported so values taken for those subjects vjhile
walking would have to be used as a surrogate for ambiEmerefore, only calculation of a
MULT factor is possible.
» In addition, VOC concs. were also measured in subjects’ residandes offices- See
Table Ill, (p. 1597).
o Measurements taken on a sidewalk next to a busy street are used as a surrogate for ajnbient
monitoring.
» Note that while the these samples may have overlapped, it is not specified which sets of
measurements (if any) were paired samples.
o Nor is it specified where the sidewalk (i.e., the surrogate for ambient, outdoors)
concentrations were taken in relation to the other MEs, or with respect to time.
» Tables | and Il provide median, mean, and max. concs. for the different VOCs and varipus

MEs.

MULT (median) = 0.7
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Ref. No.

Supporting Information

Sources

TBDL-5

Toluene

Author: Schwar, M.; Booker, J.; Tait, L.

Comparison of concentratioisthe car park vs.at the exit of the car park
Max. concentrations averaged over specified time periods. Table 7.

WEEKDAYS (11 GARAGES)

Mean of averaged 1-hr inside car park conc: 0.76rmg/m
Mean of averaged 1-hr exit of car park conc: 1.09mg/m
PEN=1/0 =0.76/1.09 = 0.7

WEEKENDS (5 GARAGES)

Mean of averaged 1-hr inside car park conc: 1.4mig/m
Mean of averaged 1-hr exit of car park conc: 1.6mig/m
PEN=1/0=1.4/1.6 =0.88

RA 24

TBDL-7

Toluene

Author: Chan, C-C, Ozkaynak, H., Spengler, J.D., and Sheldon, L.

» Paper reports measurement results and parameters (i.e., min, 25%, median, 75%, max
and SD) for_car (ME #1)ar exterior, fixed-site, and sidewalk (igear road) (ME #7).
Measurements are simultaneous.

» Table Il (p. 966) — Concs. for each of the above locations.

» Table Il (p. 968) — Median concs. measured inside vehicles and at a fixed site for thre
different driving routes (urban, interstate, and rural).

» Table V (p. 970) — /O ratios for in-vehicle/car exterior.

» Fig. 1 (p. 969) — Ratios of median concs. between in-vehicle and fixed site.

From Table Ii
PROX
4.1 Median values

MZ 28

, mean,

A1

TBDL-13

Toluene

Author: De Bortoli, M., Knoppel, H., Pecchio, E., Peil, A., et al.

» Simultaneous indoor and outdoor measurements takesigdenceq5 apartments and 9
single family homes) and one office building. NOTE, however, that the data were not rep
separately for the office, nor were the data separated according to the type of residence
apartment or house).

» Table 1has the minima, maxima, and means of the indoor and outdoor concentrations.
» Table 2(p. 347) has the minima, maxima, means, and medians of the 1/O ratios.

I/O ratio (mean) = 6.1

I/O ratio (median) = 2.6

Mz 27

Drted
e,
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Ref. No. Supporting Information Sources
TBDL-13 | Toluene MZ 34
Author: Chan, C-C., Spengler, J.D., Ozkaynak, H., and Lefkopoulou, M.
» Results of sampling field study where measurements of VOC concs. were taken while qubjects
commuted by carsubway bicycling (othe), and walking. -- See Table(p. 1596).
o NOTE: No ambient monitoring data were reported so values taken for those subjects vfhile
walking would have to be used as a surrogate.
» In addition, VOC concs. were also measured in subjezdglencesand in offices- See
Table Ill, (p. 1597).
o Measurements taken on a sidewalk next to a busy street are used as a surrogate for ajnbient
monitoring.
» Note that while the these samples may have overlapped, it is not specified which sets of
measurements (if any) were paired samples.
o Nor is it specified where the sidewalk (i.e., the surrogate for ambient, outdoors)
concentrations were taken in relation to the other MEs, or with respect to time.
» Tables | and Il provide median, mean, and max. concs. for the different VOCs and varipus
MEs.
TBDL-13 | Toluene MZ 2
Author: Crump, D.R.
Indoor & outdoor measurements of HAPs over 2 years with data reported for a summer spason
only and a winter season only. Measurements are for four newly constructed unoccupied test
houses. Although the methods state that measurements were taken in the living room, kchen,
bedrooms, and bathroom; only the average for the whole house was reported.
The mean, max, and minimum data provided for each house and for each contaminant measured
in each house for two consecutive years.
House T1 PEN* Mean
Yr.1 Yr.2 Summer Winter (S and W only)
toluene 2.1 1.0 1.0 1.0 1.0
House T2 PEN* Mean
Yr.1 Yr.2 Summer Winter (S and W only)
toluene 1.3 1.0 1.0 1.0 1.0
House M3 PEN* Mean
Yr.1 Yr.2 Summer Winter (S and W only)
toluene 11 6.0 0.67 1.0 0.8
House M4 PEN* Mean
Yr.1 Yr.2 Summer Winter (S and W only)
toluene 1.3 1.2 15 1.2 1.35
*Mean values
toluene
Overall Mean: 1.0
(all houses, S and W only)
TBDL-13 | Toluene MZ 4

Author: Drahonovska, H.

Indoor & outdoor measurements of 140 residences (both kitchen and bedroom measurerpents)

taken for listed HAPs. Energy use for heating is broken down by electric, gas, and coal s
Average /O ratios provided (Table 5) for toluene.

I/0=7.8 for house heated

I/0=3.2 for non-heated house

purces.
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Ref. No. Supporting Information Sources
TBDL-13 | Toluene MZ 25
Author: Gilli, G., Scursatone, E., and Bono, R.
» Indoor and outdoor simultaneous measurements takemndsideence(apartment).
o Samples were collected by 10 non-smoking university students who each collected sagnples
for 10 consecutive days [2 integrated samples per day: 1) 8:00 - 20:00 (12-hrs), and 2) 0:p0 -
8:00 (8-hrs)] in December 1991.
» Table 3(p. 53) shows the mean /O ratios for both day (i.e., 8:00 - 20:00) and night (ie, ¢:00 -
8:00). Data is the average form all students.
» Table 4(p. 54) shows indoor and outdoor pollutant concentrations for both day and nigh}.
NOTE: It is not clear how this data relates to the ratios reported in Table 3. It might be dgta for
only a single student.
Average 1/0O data for all students (Table 3)
toluene (day) =1.11
toluene (night) = 2.86
TBDL-13 | Toluene MZ 26
Author: Lebret, E., van de Wiel, H.J., Bos, H.P., Noij, D., and Boleij, J.S.M.
» Table 2(p. 326) reports median and maximum HAP concentratioresidenceqa total of
approx. 300) of three different age groups; the median and maximum outdoor concs.; ang the
overall median I/O ratio for all homes.
o These concentrations were weekly averages.
Median, overall I/O ratios:
toluene = 8
TBDL-13 | Toluene RA 29
Author: Mukherjee, S.; Ellenson, WD.; Lewis, RG.; Stevens, RK.
See RA11
Median concentrations of indoor and outdoor provided for spring and summer.
Median I/O ratios by season supplied — tables 2, 8 and 9.
I/O =PEN = 1.42 (spring); 4.72 (summer)
TBDL-13 | Toluene MZ 36
Author: Barguil, S., Le Moullec, Y., Person, A., Laurent, A-M, and Festy, B.
» Study which reports concurrent indoor and outdoor measurements taksitdéncey5
detached houses and 4 apartments).
o The paper reports the average 1/0 measurements (Fig 2. - bar chart) of samples taken]over

the entire length of the study (Sept. 1987 - Aug. 1988).
I/O ratios (average of 75 samples)
PEN = 3.6
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Ref. No. Supporting Information Sources
TBDL-13 | Toluene MZ 35
Author: Brown, V. and Crump, D.
» Measurement study egsidencesusing passive samplers.
o Samplers were exposed for 1-month periods.
o Far more indoor measurements (173) were taken than outdoor measurements (13).
o Matched samples ne¢ported.
» Table 1(p. 386) reports the min, max, median, and mean for inside 173 homes; and als¢
reports the mean for outdoors for 13 homes.
Indoors* Outdoors*
median mean min max mean mean /O
toluene 25 40 8 1004 12 33
* All values inug/m®.
» Fig. 1(p. 391) shows the mean concentrations of benzene and toluene by month for both
indoors and outdoors.
o Not specified how many indoor (or outdoor) measurements were included in each morghly
mean reported in Fig. 1's graphs.
Estimated ratios (I/O) (from Fig. 1)
min max
toluene 3.2 55
TBDL-13 | Toluene RA 35
Author: Baek, S.O.; Kim, Y.S.; Perry, R.; Spencer, R.D.; Green, M.A.; Biggs, P.
SIMULTANEOUS indoor/outdoor sampling at six residences, six offices, six restaurants if two
cities in Korea.
Median, mean, standard deviation, range of concentrations, median I/O ratios provided fqr each
mE — Tables 3,4&5.
I/O ratio provided from median conc = PEN = 1.1
TBDL-13 | Toluene RA 30
Author: Schneider, P.; Lorinci, G.; Gebefugi, IL.; Heinrich, J.; Kettrup, A.
Simultaneous I/O sampling (p.284)
Concentration profiles provided by height at which sampling took place.
Table 5: median 1/O ratios supplied for bedroom, living room, kitchen.
Table 6: median I/O ratios (for bedroom, living room, kitchen) presented by apartment agg
group (old vs. new)
I/0 =PEN = 6.1 (kitchen); 7.5 (living room); 2.6 (bedroom)
Mean I/O =5.4
TBDL-17 | Toluene MZ 39

Author: Daisey, J.M., Hodgson, A.T., Fisk, W.J., et al.

» Indoor/outdoor measurements fordffice buildings.

» Table 2(p. 3559) reports the range of 1/O ratios measured for eleven of the twelve officg
buildings.

From Table 2

PEN (range): 0.63-5.2
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Ref. No. Supporting Information Sources
TBDL-17 | Toluene RA 35
Author: Baek, S.O.; Kim, Y.S.; Perry, R.; Spencer, R.D.; Green, M.A.; Biggs, P.
SIMULTANEOUS indoor/outdoor sampling at six residences, six offices, six restaurants if two
cities in Korea.
Median, mean, standard deviation, range of concentrations, median I/O ratios provided fqr each
mE — Tables 3,4&5.
I/O ratio provided from median conc = PEN = 2.4
TBDL-17 | Toluene MZ 11
Author: Shields, H.C., Fleischer, D.M., and Weschler, C.J.
» Indoor and outdoor concentration s for 3-typesfti€es (Telecommunications (n=50); data
centers (n=9); and administrative offices (n=11)). Geometric means are provided for each
office type (see Table 3).
» 1/O ratiosby HAP and office type are provided for each office type using geometric meafs
(see Table 4).
I/O’s for Toluene :
Telco:1.8(2.6) Values are GM (GSD)
Data Ctrs4.9(2.5)
Admin. Offices:2.2(2.0)
TBDL-17 | Toluene MZ 10
Author: Brickus, L.; Cardoso, J.; de Aquino Neto, F.
Reports concurrent measurements of aldehyde and VOC concentrations on four differentjfloors
of anoffice building for several different days.
I/O ratios provided — see tables 1, 2, & 3.
Mean PEN (building wide; ie., four floors) = 7.1(Range: 2.2 — 11.5)
TBDL-17 | Toluene MZ 34
Author: Chan, C-C., Spengler, J.D., Ozkaynak, H., and Lefkopoulou, M.
» Results of sampling field study where measurements of VOC concs. were taken while qubjects
commuted by carsubway bicycling (othe), and walking. -- See Table(p. 1596).
o NOTE: No ambient monitoring data were reported so values taken for those subjects vfhile
walking would have to be used as a surrogate.
» In addition, VOC concs. were also measured in subjects’ residendesoffices-- See
Table lll, (p. 1597).
o Measurements taken on a sidewalk next to a busy street are used as a surrogate for ajnbient
monitoring.
» Note that while the these samples may have overlapped, it is not specified which sets of
measurements (if any) were paired samples.
o Nor is it specified where the sidewalk (i.e., the surrogate for ambient, outdoors)
concentrations were taken in relation to the other MEs, or with respect to time.
» Tables | and Il provide median, mean, and max. concs. for the different VOCs and varipus
MEs.
TBDL-19 | Toluene RA 35

Author: Baek, S.0O.; Kim, Y.S.; Perry, R.; Spencer, R.D.; Green, M.A_; Biggs, P.

SIMULTANEOUS indoor/outdoor sampling at six residences, six offices, six restaurants if two

cities in Korea.

Median, mean, standard deviation, range of concentrations, median I/O ratios provided fqr each

mE — Tables 3,4&5.

I/O ratio provided from median conc = PEN = 1.4
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Ref. No. Supporting Information Sources

TBDL-26 | Toluene RA 23
Author: Fantuzzi, G.; Aggazzotti, G.; Righi, E.; Cavazzutti, L.; Predieri, G.

Table 2 (p.53) — INDOOR and OUTDOOR concentrations provided for university libraries]in
Italian city (inner city and suburb locations) — median, min. and max. NOT SURE IF
CONCURRENT MEASUREMENTS.
INNER CITY
Indoor median conc = 22ugfm
Outdoor median ambient conc = 32.5u§/m
MULT = (indoor conc)/(ambient conc) = 22/32.5 = 0.68
SUBURBS
Indoor median conc = 24.5ugim
Outdoor median ambient conc = 16ud/m
MULT = (indoor conc)/(ambient conc) = 24.5/16 = 1.53
TBDL-27 | Toluene Mz 29

Author: Shields, H.C. and Weschler, C.J.
» Paper reports matched indoor/outdoor measurements at a telephone switching center (jnight be
classified as an office (ME #17) other indoor location (ME #27).
o Table II- Indoor (2 locations) & outdoor concs. during the March 87 and May 87 sampling.
o Table Ill - Indoor (2 locations) & outdoor concs. during the Dec. 87 and Feb. 88 samplifg.
o Table IV- Indoor (2 locations) & outdoor concs. during the April 88 sampling.
o Table V- Indoor (3 locations) & outdoor concs. during the May 88 and July 88 sampling.
o Table VI- Indoor (3 locations) & outdoor concs. during the Nov. 88 sampling.

Samples collected during:

PEN
03/87 & 05/87: 1.4 Range: 1.1 -1.6
12/87 & 02/88: 5.0 Range: 1.2 - 13.4

04/88: 15 Range: 1.5-1.5
05/88 & 07/88: 3.1 Range: 2.3-5.0
11/88: 1.8 Range: 1.6 — 2.0

Overall avg.: 2.6

TBDL-36 | Toluene Mz 34
Author: Chan, C-C., Spengler, J.D., Ozkaynak, H., and Lefkopoulou, M.
» Results of sampling field study where measurements of VOC concs. were taken while qubjects
commuted by casubway, bicycling (othe), and walking. -- See Table(p. 1596).

o NOTE: No ambient monitoring data were reported so values taken for those subjects vfhile
walking would have to be used as a surrogate for ambiEmerefore, only calculation of a
MULT factor is possible.

» In addition, VOC concs. were also measured in subjects’ residendés offices- See
Table lll, (p. 1597).

o Measurements taken on a sidewalk next to a busy street are used as a surrogate for ambient
monitoring.
» Note that while the these samples may have overlapped, it is not specified which sets of
measurements (if any) were paired samples.

o Nor is it specified where the sidewalk (i.e., the surrogate for ambient, outdoors)
concentrations were taken in relation to the other MEs, or with respect to time.

» Tables | and Il provide median, mean, and max. concs. for the different VOCs and varipus
MEs.
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MULT (median) = 1.1
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Ref. No.

Supporting Information

Sources

TBDL-1

0-, m-, p-Xylenes
Author: Jo, W.K.; Park, K.H.

In-vehicle and ambient concentrations of VOCs measured prior to and during idling presq
GRAPHICALLY. - p. 220. Fig. 1
See RA21 (data presented in table format), MZ12.

Bar graphs of concentrations measured in-car and ambient are presented for both idling gnd

driving conditions. Mean ambient roadway air samples and invehicle concentrations with
standard deviation for 115 commutes in Korean urban route for two types of cars (old
model=Elantra; new model =Sonata ).

NEW MODEL.:

Mean indoor conc reported: 6.7 (p-), 14.1 (m-), 8.6 (o-)dg/m
Mean outdoor conc reported: 7.3 (p-), 14 (m-), 10.3 (o-)dg/m
PEN=1/O = 0.9(p-), 1.0(m-), 0.8(0-) ==>choose 0.9

OLD MODEL:

Mean indoor conc reported: 13.3 (p-), 26.3 (m-), 17.4 (0-)&g/m
Mean outdoor conc reported: 14.5 (p-), 27.9 (m-), 20.8 (o-)tig/m
PEN=I/O = 0.9(p-), 0.9(m-), 0.8(0-) ==>choose 0.9

RA 19
RA21
nted ME 12

TBDL-1

Xylenes
Author: Chan, C-C., Spengler, J.D., Ozkaynak, H., and Lefkopoulou, M.

» Results of sampling field study where measurements of VOC concs. were taken while g
commuted bycar, subway bicycling (othe), and walking. -- See Table(p. 1596).

o NOTE: No ambient monitoring data were reported so values taken for those subjects W
walking would have to be used as a surrogate for ambiEmerefore, only calculation of a
MULT factor is possible.
» In addition, VOC concs. were also measured in subjects’ residendés offices- See
Table Ill, (p. 1597).

o Measurements taken on a sidewalk next to a busy street are used as a surrogate for a
monitoring.
» Note that while the these samples may have overlapped, it is not specified which sets g
measurements (if any) were paired samples.

o Nor is it specified where the sidewalk (i.e., the surrogate for ambient, outdoors)
concentrations were taken in relation to the other MEs, or with respect to time.
» Tables | and Il provide median, mean, and max. concs. for the different VOCs and vari
MEs.

MZ 34
ubjects

hile

mbient

f

pus

MULT (median) = 1.7 (avg. of MULT for m,p- = 1.6, and o-xylene = 1.8)
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Ref. No.

Supporting Information

Sources

TBDL-1

Xylenes
Author: Weisel, C.P., Nicholas, N.J., and Lioy, P.J.

» Numerous HAPs/VOCs were measured in automobile interiors. Ambient outdoor HAPS

measured at the start of a commute and at the end of a commute for benzene and xylene
o Table 7- provides mean automobile cabin and suburban outdoor concentrations for be

and xylenes from this study.

» No measurements from the exterior of the vehicle were reported. Therefore, only calcu

of a MULT factor is feasible.

» This study also summarizes indoor and outdoor measurements from other studies (TEA

SCAQMD). The average values reported do not appear to be concurrent.

From Table 7
MULT (mean value), (m&p) = 12.0
MULT (mean value), (0) = 14.8

MZ 16

S.

hzene

ation

M and

TBDL-1

Xylenes
Author: South Coast Air Quality Management District

» Report gives results of concurrémvehicle and_ambien(fixed site) monitoring study.

» Table 3-3(p. 37) presents a comparison of in-vehicle and background mean concentrati
o Since measurements were reported only for in-vehicle and fixed site monitors -- the on

factor that can be estimated from this work is_the Madtor.

From Table 3-3

MULT =2.2

Mz 37
(subssg
this data
bneported
\irMVEZ 33)

TBDL-1

Xylenes
Author: Chan, C-C, Ozkaynak, H., Spengler, J.D., and Sheldon, L.

» Paper reports measurement results and parameters (i.e., min, 25%, median, 75%, max
and SD) forcar (ME #1), car exterior, fixed-site, and sidewalk (i.e., near road) (ME #7
Measurements are simultaneous.

» Table Il (p. 966) — Concs. for each of the above locations.

» Table Il (p. 968) — Median concs. measured inside vehicles and at a fixed site for thre
different driving routes (urban, interstate, and rural).

» Table V (p. 970) — /O ratios for in-vehicle/car exterior.

» Fig. 1 (p. 969) — Ratios of median concs. between in-vehicle and fixed site.

From Table li(median values):
PROX PEN MULT
7.6/6.9* 0.88* 6.7/6.1

* First value is for m,p-xylene, second value is for o-xylene.

PEN Range(from Table V) 0.66/0.64* — 1.60/1.55*

MZ 28

, mean,

W

** Same PEN factor for m,p-xylene and o-xylene.
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Ref. No.

Supporting Information

Sources

TBDL-4

Xylenes
Author: Chan, C-C., Spengler, J.D., Ozkaynak, H., and Lefkopoulou, M.

» Results of sampling field study where measurements of VOC concs. were taken while g

commuted by carsubway bicycling (other), and walking. -- See Table(p. 1596).
o NOTE: No ambient monitoring data were reported so values taken for those subjects \

walking would have to be used as a surrogate for ambiEmerefore, only calculation of a

MULT factor is possible.

» In addition, VOC concs. were also measured in subjects’ residendés offices- See

Table Ill, (p. 1597).

o Measurements taken on a sidewalk next to a busy street are used as a surrogate for a
monitoring.
» Note that while the these samples may have overlapped, it is not specified which sets g
measurements (if any) were paired samples.

o Nor is it specified where the sidewalk (i.e., the surrogate for ambient, outdoors)
concentrations were taken in relation to the other MEs, or with respect to time.

» Tables | and Il provide median, mean, and max. concs. for the different VOCs and vari
MEs.

MULT (median) = 0.9 (avg. of MULT for m,p- = 0.8, and o-xylene = 0.9)

MZ 34
ubjects

hile

mbient

f

pus

TBDL-5

0-, m-, p-Xylenes
Author: Schwar, M.; Booker, J.; Tait, L.

Comparison of concentratioisthe car park vs.at the exit of the car park
Max. concentrations averaged over specified time periods. Table 7.

WEEKDAYS (11 GARAGES)

Mean of averaged 1-hr inside car park conc: 1.34mg/m
Mean of averaged 1-hr exit of car park conc: 0.22mg/m
PEN=1/0 =1.34/0.22 = 6.09

WEEKENDS (5 GARAGES)

Mean of averaged 1-hr inside car park conc: 0.3mg/m
Mean of averaged 1-hr exit of car park conc: 0.34mig/m
PEN=1/0 =0.3/0.34 = 0.88

RA 24

TBDL-7

Xylenes
Author: Chan, C-C, Ozkaynak, H., Spengler, J.D., and Sheldon, L.

» Paper reports measurement results and parameters (i.e., min, 25%, median, 75%, max
and SD) for_car (ME #1)ar exterior, fixed-site, and sidewalk (igear road) (ME #7).
Measurements are simultaneous.

» Table Il (p. 966) — Concs. for each of the above locations.

» Table Il (p. 968) — Median concs. measured inside vehicles and at a fixed site for thre
different driving routes (urban, interstate, and rural).

» Table V (p. 970) — /O ratios for in-vehicle/car exterior.

» Fig. 1 (p. 969) — Ratios of median concs. between in-vehicle and fixed site.

From Table Ii
PROX
4.3/4.0 Median values

MZ 28

, mean,

A1

* First value is for m,p-xylene, second value is for o-xylene.
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Ref. No. Supporting Information Sources

TBDL-13 | o-, m-, p-Xylenes RA 30
Author: Schneider, P.; Lorinci, G.; Gebefugi, IL.; Heinrich, J.; Kettrup, A.

Simultaneous I/O sampling (p.284)

Concentration profiles provided by height at which sampling took place.

Table 5: median I/O ratios supplied for bedroom, living room, kitchen.

Table 6: median /O ratios (for bedroom, living room, kitchen) presented by apartment ag
group (old vs. new)

A1

m-, p-xylenes:l/O =PEN = 2.8 (kitchen); 2.4 (living room); 1.7 (bedroom)
o-xylenes: I/O =PEN = 2.3 (kitchen); 2.2 (living room); 1.5 (bedroom)
Mean I/O = 2.15

TBDL-13 | o-, m-, p-Xylenes RA 29
Author: Mukherjee, S.; Ellenson, WD.; Lewis, RG.; Stevens, RK.

See RA11

Median concentrations of indoor and outdoor provided for spring and summer.
Median I/O ratios by season supplied — tables 2, 8 and 9.

m-, p-Xylene: /0 =PEN = 1.42 (spring); 3.72 (summer)
o-Xylene: /O =PEN = 1.38 (spring); 3.92 (summer)
Mean 1/O for spring: 1.4

Mean 1/O for summer: 3.82

TBDL-13 | Xylenes Mz 27
Author: De Bortoli, M., Knoppel, H., Pecchio, E., Peil, A., et al.

» Simultaneous indoor and outdoor measurements takesidenceg5 apartments and 9
single family homes) and one office building. NOTE, however, that the data were not repprted
separately for the office, nor were the data separated according to the type of residence {.e.,
apartment or house).

» Table 1has the minima, maxima, and means of the indoor and outdoor concentrations.
» Table 2(p. 347) has the minima, maxima, means, and medians of the 1/O ratios.
1,3-xylene & 1,4-xylene  1,2-xylene

I/O ratio (mean) = 7.8 I/O ratio (mean) = 8.0

I/O ratio (median) = 2.3 I/O ratio (median) = 3.0

TBDL-13 | Xylenes MZ 30
Author: Wallace, L.A., Pellizzari, E.D., Hartwell, T.D., Sparacino, C., et al.
» Results of the TEAM study that report measurements of personal and outdoor air sampling; in
addition, breath and drinking water samples were measured.
o The personal and outdoor air measurements were 12-hr integrated samples. These rqughly
correspond to daytime (6am-6pm) and nighttime (6pm-6am). Unfortunately, the personaland
outdoor results for NJ (Table 2) are combined into 24-hr averages.
» Fig. 2 (p. 297) has a bar graph of the nighttime (6pm-6am) personal (might be used as
surrogate for indoor residence) and outdoor concentrations. NOTE: these are geometric jneans
with more than four times the number of personal (347) compared to outdoor samples (84).
o Also, all /O ratios are greater than 1.5.
» Table 3 also has 24-hr averaged results of personal air and outdoor air sampling for
Greensboro, NC and Devils Lake, ND.
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Ref. No. Supporting Information Sources
TBDL-13 | Xylenes MZ 2
Author: Crump, D.R.
Indoor & outdoor measurements of HAPs over 2 years with data reported for a summer spason
only and a winter season only. Measurements are for four newly constructed unoccupied test
houses. Although the methods state that measurements were taken in the living room, kigchen,
bedrooms, and bathroom; only the average for the whole house was reported.
The mean, max, and minimum data provided for each house and for each contaminant njeasured
in each house for two consecutive years.
House T1 PEN* Mean
Yr.1 Yr.2 Summer Winter (S and W only)
xylenes 116 6.3 10.5 3.2 6.9
House T2 PEN* Mean
Yr.1 Yr.2 Summer Winter (S and W only)
xylenes 9.1 5.3 9.0 3.0 6.0
House M3 PEN* Mean
Yr.1 Yr.2 Summer Winter (S and W only)
xylenes 4.3 5.0 4.8 1.6 3.2
House M4 PEN* Mean
Yr.1 Yr.2 Summer Winter (S and W only)
xylenes 4.7 11.3 6.25 5.2 5.7
*Mean values
xylenes
Overall Mean: 5.4
(all houses, S and W only)
TBDL-13 | Xylenes MZ 38
Author: Wallace, L. (EPA/600/6-87/002a) “Blue book”
» Bound volume of results from the TEAM studies. Indoor MEegdence
» Table 29(pp. 61-62) provide indoor/outdoor comparisons (and ratios) for masameples.
o These concentrations are median values for the 12-hr nighttime samples collected for jwo
seasons (Jan. 1984 and May 1984) in LA, and during June 1984 in Contra Costa.
» Table 46(p. 97) provides median concentrations for indoor air in New Jersey (three diffefent
sampling periods) and California (also three different sampling periods).
» Table 47(p. 98) provides median concentrations for outdoor air in New Jersey (the samg¢ three
sampling periods for NJ in Table 46) and California (the same three sampling periods for [CA in
Table 46).
o However, the number of outdoor measurements are always less than the number of infloor
measurements.
From Table 29
PEN (medians) LA(1/84) LA(5/84) Contra(6/84) Avg.
m,p xylene: 0.9 1.1 4.3 2.1
o-xylene 1.0 1.2 4.7 2.3
TBDL-13 | Xylenes MZ 4

Author: Drahonovska, H.

Indoor & outdoor measurements of 140 residences (both kitchen and bedroom measurerpents)

taken for listed HAPs. Energy use for heating is broken down by electric, gas, and coal s
Average /O ratios provided (Table 5) for xylenes.
I/0=4.2 for house heated

purces.

1/0=3.2 for non-heated house
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Ref. No. Supporting Information Sources
TBDL-13 | Xylenes MZ 34
Author: Chan, C-C., Spengler, J.D., Ozkaynak, H., and Lefkopoulou, M.
» Results of sampling field study where measurements of VOC concs. were taken while qubjects
commuted by carsubway bicycling (othe), and walking. -- See Table(p. 1596).
o NOTE: No ambient monitoring data were reported so values taken for those subjects vfhile
walking would have to be used as a surrogate.
» In addition, VOC concs. were also measured in subjezdglencesand in offices- See
Table Ill, (p. 1597).
o Measurements taken on a sidewalk next to a busy street are used as a surrogate for ajnbient
monitoring.
» Note that while the these samples may have overlapped, it is not specified which sets of
measurements (if any) were paired samples.
o Nor is it specified where the sidewalk (i.e., the surrogate for ambient, outdoors)
concentrations were taken in relation to the other MEs, or with respect to time.
» Tables | and Il provide median, mean, and max. concs. for the different VOCs and varipus
MEs.
TBDL-13 | Xylenes MZ 26
Author: Lebret, E., van de Wiel, H.J., Bos, H.P., Noij, D., and Boleij, J.S.M.
» Table 2(p. 326) reports median and maximum HAP concentratioresidenceqa total of
approx. 300) of three different age groups; the median and maximum outdoor concs.; ang the
overall median I/O ratio for all homes.
o These concentrations were weekly averages.
Median, overall I/O ratios:
xylenes = 3
TBDL-13 | 0-,m-,p-Xylenes RA 35
Author: Baek, S.O.; Kim, Y.S.; Perry, R.; Spencer, R.D.; Green, M.A.; Biggs, P.
SIMULTANEOUS indoor/outdoor sampling at six residences, six offices, six restaurants if two
cities in Korea.
Median, mean, standard deviation, range of concentrations, median I/O ratios provided fqr each
mE — Tables 3,4&5.
m-, p-xylenes: 1/O ratio provided from median conc = PEN =1.1
o-xylenes: I/O ratio provided from median conc = PEN = 1.3
Mean I/O =1.2
TBDL-13 | Xylenes(based on p-Xylene results) RA 14

ug/ni <ADD<____ug/rh

Author: Bouhamra, W.S.

Table 2 (p.199) -- Indoor VOCs concentrations. Table 3 (p.200) -- Ambient air VOCs
concentrations. Min, max., mean, median, std. deviation provided. Table 4 (p.202) -- I/Q
ratios. Sampled during Dec 94-Jan 95. CONCURRENT MEASUREMENTS.

I/O ratio provided: 1.06=PEN

Ambient air conc. provided: 1152 ugfm (mean), 1071 &g/m (median)

Indoor air conc provided: 1222 ugim (mean), 998 tig/m (median)

MULT = (indoor conc)/(ambient conc) = 998/1071 = 0.93 (from median conc)

Since PEN>1 ==> calculate ADD:

Indoor conc (median) = 998 ugim ; PEN = I/O = 1.06; Outdoor conc (calculated) = 998/1.96 =

941 ug/m

PROX (calc from medians) = (outdoor conc)/(ambient conc) = 941/1071 = 0.88
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Ref. No. Supporting Information Sources
TBDL-13 | Xylenes MZ 36
Author: Barguil, S., Le Moullec, Y., Person, A., Laurent, A-M, and Festy, B.
» Study which reports concurrent indoor and outdoor measurements taksitdénceg5
detached houses and 4 apartments).
o The paper reports the average 1/0 measurements (Fig 2. - bar chart) of samples taken]over
the entire length of the study (Sept. 1987 - Aug. 1988).
I/O ratios (average of 75 samples)
PEN=2.4
TBDL-13 | m-xylene; p-xylene; o-xylene Mz 22
Author: Wallace, L.A., Pellizzari, E.D., Hartwell, T.D., et al.
Summary of TEAM study in NJ (Fall, 1981).
Samples collected fopersonal air- two consecutive 12-hr samples taken from appr. 350
people,
outdoor air- two consecutive 12-hr samples taken from appr. 90 peqple,
also drinking water and breath.
Table 9reports a summary of median, max. concs., and ratios (from both the median and|max.
conc. data) for 85 matched overnight personal air and overnight outdoor air samples. (It fs our
conclusion that this data provides the best concurrent I/O ratiossidencedrom this study.)
PEN = 1.7(median value) — o-xylene
PEN = 1.6(median value) — m,p-xylene
TBDL-13 | Xylenes MZ 25
Author: Gilli, G., Scursatone, E., and Bono, R.
» Indoor and outdoor simultaneous measurements taken for a residpacenent).
o Samples were collected by 10 non-smoking university students who each collected sagnples
for 10 consecutive days [2 integrated samples per day: 1) 8:00 - 20:00 (12-hrs), and 2) 0:p0 -
8:00 (8-hrs)] in December 1991.
» Table 3(p. 53) shows the mean I/O ratios for both day (i.e., 8:00 - 20:00) and night (ie, ¢:00 -
8:00). Data is the average form all students.
» Table 4(p. 54) shows indoor and outdoor pollutant concentrations for both day and nigh}.
NOTE: It is not clear how this data relates to the ratios reproted in Table 3. It might be dgta for
only a single student.
Average /O data for all students (Table 3)
xylene (day) = 1.02
xylene (night) = 2.58
TBDL-17 | Xylenes MZ 34

Author: Chan, C-C., Spengler, J.D., Ozkaynak, H., and Lefkopoulou, M.

» Results of sampling field study where measurements of VOC concs. were taken while qubjects

commuted by carsubway bicycling (othe), and walking. -- See Table(p. 1596).

o NOTE: No ambient monitoring data were reported so values taken for those subjects vjhile

walking would have to be used as a surrogate.
» In addition, VOC concs. were also measured in subjects’ residengdesoffices-- See
Table lll, (p. 1597).

o Measurements taken on a sidewalk next to a busy street are used as a surrogate for ambient

monitoring.
» Note that while the these samples may have overlapped, it is not specified which sets of
measurements (if any) were paired samples.

o Nor is it specified where the sidewalk (i.e., the surrogate for ambient, outdoors)
concentrations were taken in relation to the other MEs, or with respect to time.

» Tables | and Il provide median, mean, and max. concs. for the different VOCs and varipus

MEs.
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Ref. No. Supporting Information Sources

TBDL-17 | Xylenes MZ 10
Author: Brickus, L.; Cardoso, J.; de Aquino Neto, F.

Reports concurrent measurements of aldehyde and VOC concentrations on four differentjfloors
of anoffice building for several different days.

I/O ratios provided — see tables 1, 2, & 3.

Mean PEN (building wide; ie., four floors) = 3.5(Range: 2.0 — 6.6)

TBDL-17 | Xylenes MZ 11
Author: Shields, H.C., Fleischer, D.M., and Weschler, C.J.

» Indoor and outdoor concentration s for 3-typesfti€es (Telecommunications (n=50); data
centers (n=9); and administrative offices (n=11)). Geometric means are provided for each
office type (see Table 3).
» I/O ratiosby HAP and office type are provided for each office type using geometric meafs
(see Table 4).
I/O’s for xylene : Values are GM (GSD)

Telco Data Cnt. Admin. office
xylene (m&p) 1.62.6) 2.7(1.7) 1.51.9)
xylene (0) 2.92.7) 3.51.7) 2.1(1.7)

TBDL-17 | o-,m-,p-Xylenes RA 35
Author: Baek, S.O.; Kim, Y.S.; Perry, R.; Spencer, R.D.; Green, M.A_; Biggs, P.
SIMULTANEOUS indoor/outdoor sampling at six residences, six offices, six restaurants if two
cities in Korea.

Median, mean, standard deviation, range of concentrations, median I/O ratios provided fqr each
mE — Tables 3,4&5.

m-, p-xylenes: I/O ratio provided from median conc = PEN = 1.7

o-xylenes: I/O ratio provided from median conc = PEN = 1.7

Mean /O =17

TBDL-17 | Xylenes MZ 39

Author: Daisey, J.M., Hodgson, A.T., Fisk, W.J., et al.
» Indoor/outdoor measurements fordffice buildings.
» Table 2(p. 3559) reports the range of 1/O ratios measured for eleven of the twelve officg
buildings.
From Table 2
PEN (range), m,p-xylene: 0.47 — 3.7
PEN (range), o-xylene: 0.51 — 3.3
TBDL-19 | o-,m-,p-Xylenes RA 35

Author: Baek, S.0O.; Kim, Y.S.; Perry, R.; Spencer, R.D.; Green, M.A_; Biggs, P.

SIMULTANEOUS indoor/outdoor sampling at six residences, six offices, six restaurants if two

cities in Korea.

Median, mean, standard deviation, range of concentrations, median I/O ratios provided fqr each

mE — Tables 3,4&5.

m-, p-xylenes: 1/O ratio provided from median conc = PEN =1.4
o-xylenes: I/O ratio provided from median conc = PEN = 1.4
Mean I/O =1.4
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Ref. No. Supporting Information Sources

TBDL-26 | Xylenes RA 23
Author: Fantuzzi, G.; Aggazzotti, G.; Righi, E.; Cavazzutti, L.; Predieri, G.

Table 2 (p.53) — INDOOR and OUTDOOR concentrations provided for university libraries]in
Italian city (inner city and suburb locations) — median, min. and max. NOT SURE IF
CONCURRENT MEASUREMENTS.
INNER CITY
Indoor median conc = 38ugfm
Outdoor median ambient conc = 59ud/m
MULT = (indoor conc)/(ambient conc) = 38/59 = 0.64
SUBURBS
Indoor median conc = 25.5ugim
Outdoor median ambient conc = 24ud/m
MULT = (indoor conc)/(ambient conc) = 25.5/24 = 1.06
TBDL-27 | Xylenes MZ 29

Author: Shields, H.C. and Weschler, C.J.
» Paper reports matched indoor/outdoor measurements at a telephone switching center (jnight be
classified as an office (ME #17) or othedoor location (ME #27).
o Table II- Indoor (2 locations) & outdoor concs. during the March 87 and May 87 sampl|ng.
o Table Ill - Indoor (2 locations) & outdoor concs. during the Dec. 87 and Feb. 88 samplifg.
o Table IV- Indoor (2 locations) & outdoor concs. during the April 88 sampling.
o Table V- Indoor (3 locations) & outdoor concs. during the May 88 and July 88 sampling.
o Table VI- Indoor (3 locations) & outdoor concs. during the Nov. 88 sampling.

Samples collected during:

PEN
03/87 & 05/87: 1.7 Range: 1.0 -2.1
12/87 & 02/88: 2.0 Range: 1.5-2.7

04/88: 1.4 Range: 1.3-1.4
05/88 & 07/88: 7.9 Range: 3.7 -17.9
11/88: 2.2 Range: 1.9-2.5

Overall avg.: 3.0

TBDL-36 | Xylenes MZ 34
Author: Chan, C-C., Spengler, J.D., Ozkaynak, H., and Lefkopoulou, M.
» Results of sampling field study where measurements of VOC concs. were taken while qubjects
commuted by casubway, bicycling (othe), and walking. -- See Table(p. 1596).

o NOTE: No ambient monitoring data were reported so values taken for those subjects vjhile
walking would have to be used as a surrogate for ambiEmerefore, only calculation of a
MULT factor is possible.

» In addition, VOC concs. were also measured in subjects’ residendés offices- See
Table Ill, (p. 1597).

o Measurements taken on a sidewalk next to a busy street are used as a surrogate for ajnbient
monitoring.
» Note that while the these samples may have overlapped, it is not specified which sets of
measurements (if any) were paired samples.

o Nor is it specified where the sidewalk (i.e., the surrogate for ambient, outdoors)
concentrations were taken in relation to the other MEs, or with respect to time.

» Tables | and Il provide median, mean, and max. concs. for the different VOCs and varipus
MEs.
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MULT (median) = 0.9 (m,p-xylene = 0.9, and o-xylene = 0.9)
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Ref. No. Supporting Information Sources
To be 320 VOCs, with 261 VOCs measured in the outdoor air and 66 measured indoors. M 18
assigned Author: Shah, J., Singh, H.
Distribution of multiple VOCs in indoor and outdoor air — NATIONAL VOC DATABASE.
Outdoor data measured in urban, rural, suburban, remote, or near source. Indoor data measured
in residential and workplace/commercial locations. UNABLE TO DETERMINE WHETHER
CONCURRENT MEASUREMENTS WITHOUT ACCESS TO THE DATABASE.
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APPENDIX C

ME FACTOR RESULTS

(In file: App_C.wpd)
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Microenvironmental Factors by Pollutant, Microenvironment, and Source Category for Specified HAPs

Pollutant: Acetaldehyde (#1)
HAPEM ME / Number

PROX [Data Code]?

MULT = PROX x PEN

ADD Major, PEN [Data Major, Reference
(ug/m®) | Onroad® area, and Code]? Onroad* area, and Sources
nonroad ° nonroad®
Car - In vehicle/ 1 3.5[2] 1.0[3] 0.90 [2] 3.15 0.9
Bus - In vehicle/ 2 3.5[2] 1.0[3] 0.90 [2] 3.15 0.9
Truck - In vehicle/ 3 3.5[2] 1.0 [3] 0.90 [2] 3.15 0.9
Other - In vehicle/ 4 3.5[2] 1.0[3] 0.90 [2] 3.15 0.9
Public garage - Indoors 5 1.0[3] 1.0 [3] 0.80 [2] 0.8 0.8
Parking lot/garage - Outdoorsé 2.7 2] 1.0 [3] 1.0 [3] 2.7 1
Near road - Outdoorg 7 2.7 2] 1.0 [3] 1.0[3] 2.7 1
Motorcycle - Outdoorg’ 8 2.7 2] 1.0 [3] 1.0 [3] 2.7 1
Service station - Indoors 9 1.0[3] 1.0 [3] 0.80 [2] 0.8 0.8
Service station - Outdooy510 2.7 2] 1.0 [3] 1.0 [3] 2.7 1
Residential garage - Indoorsl1 1.0[3] 1.0 [3] 0.81[2] 0.81 0.81
Other repair shop - Indooys12 1.0[3] 1.0 [3] 0.80 [2] 0.8 0.8
Residence (no CO source) - Indodi8 1.0[3] 1.0 [3] 0.75[1] 0.75 0.75 Mz 27
Residence (gas stove) - Indogrd4 1.0[3] 1.0 [3] 0.81[2] 0.81 0.81
Residence (attached garage) - Indgtts 1.0[3] 1.0 [3] 0.81[2] 0.81 0.81
Residence (stove and garage)- Indga6s 1.0[3] 1.0 [3] 0.81[2] 0.81 0.81
Office - Indoors/ 17 1.0[3] 1.0 [3] 0.55[1] 0.55 0.55 MZ 10
Store - Indoorg’ 18 1.0[3] 1.0 [3] 0.80 [2] 0.8 0.8
Restaurant - Indoors 19 1.0 [3] 1.0 [3] 0.80[2] 0.8 0.8
Manufacturing facility - Indoorg’ 20 1.0 [3] 1.0 [3] 0.80[2] 0.8 0.8
School - Indoorg’ 21 1.0[3] 1.0 [3] 0.80 [2] 0.8 0.8
Church- Indoorg’ 22 1.0[3] 1.0 [3] 0.80 [2] 0.8 0.8
Shopping mall - Indoorg 23 1.0 [3] 1.0 [3] 0.80 [2] 0.8 0.8
Auditorium - Indoors/ 24 1.0 [3] 1.0 [3] 0.80[2] 0.8 0.8
Health care facility - Indoorg 25 1.0 [3] 1.0 [3] 0.80[2] 0.8 0.8
Other public building - Indoorg 26 1.0 [3] 1.0 [3] 0.80 [2] 0.8 0.8
Other location - Indoorg 27 1.0 [3] 1.0 [3] 0.80[2] 0.8 0.8
Not specified - Indoorg 28 1.0 [3] 1.0 [3] 0.80[2] 0.8 0.8
Construction site - Outdooys29 1.0 [3] 1.0 [3] 1.0[3] 1 1
Residential grounds - Outdoors30 1.0 [3] 1.0 [3] 1.0[3] 1 1
School grounds - Outdooys31 1.0 [3] 1.0 [3] 1.0[3] 1 1
Sports arena - Outdoors32 1.0 [3] 1.0 [3] 1.0[3] 1 1
Park/golf course - Outdooys33 1.0 [3] 1.0 [3] 1.0[3] 1 1
Other location - Outdoors 34 1.0 [3] 1.0 [3] 1.0[3] 1 1
Not specified - Outdoorg 35 1.0 [3] 1.0 [3] 1.0[3] 1 1
Train/subway - In vehiclg 36 3.5[2] 1.0 [3] 0.90 [2] 3.15 0.9
Airplane - In vehicle/ 37 0.0 [3] 0.0 [3] 0.90 [2] 0 0

@ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
® Onroad vehicle source category (see text).
¢ Major, area, and nonroad-mobile source categories (see text).

4 The MULT factor is the product of the PROX factor and the PEN factor for the onroad vehicle source category and for the

major, area, and nonroad-mobile source categories for this pollutant.

Formula Microenvironmental concentration, pgfm = ADD + (PROX)(PEN)(monitor concentration?pg/m ).
Abbreviations ADD = additive factor; PROX = proximity factor; PEN = penetration factor; MULT = PROX x PEN.

C-1




Pollutant: Acrolein (#2) PROX [Data Code]? MULT = PROX x PEN
HAPEM ME / Number ADD . PEN [Data . Reference
(ug/m?) b Major, Code]? g Major, Sources
Onroad area, and Onroad area, and
nonroad © nonroad ¢
Car - In vehicle/ 1 3.5[2] 1.0 [3] 0.90 [2] 3.15 0.9
Bus - In vehicle/ 2 3.5[2] 1.0 [3] 0.90 [2] 3.15 0.9
Truck - In vehicle/ 3 3.5[2] 1.0 [3] 0.90 [2] 3.15 0.9
Other - In vehicle/ 4 3.5[2] 1.0 [3] 0.90 [2] 3.15 0.9
Public garage - Indoorss 1.0 [3] 1.0 [3] 0.80 [2] 0.8 0.8
Parking lot/garage - Outdoors6 2.7 2] 1.0 [3] 1.0[3] 2.7 1
Near road - Outdoors 7 2.7 2] 1.0 [3] 1.0[3] 2.7 1
Motorcycle - Outdoorg’ 8 2.7 2] 1.0 [3] 1.0[3] 2.7 1
Service station - Indoors 9 1.0 [3] 1.0 [3] 0.80 [2] 0.8 0.8
Service station - Outdooys10 2.712] 1.0 [3] 1.0[3] 2.7 1
Residential garage - Indoorsl1 1.0 3] 1.0 [3] 0.81 [2] 0.81 0.81
Other repair shop - Indooys12 1.0[3] 1.0 [3] 0.80 [2] 0.8 0.8
Residence (no CO source) - Indodt8 1.0 [3] 1.0 [3] 0.81[2] 0.81 0.81
h Residence (gas stove) - Indogrd 4 1.0[3] 1.0 [3] 0.81[2] 0.81 0.81
z Residence (attached garage) - Indgtgs 1.0[3] 1.0 [3] 0.81[2] 0.81 0.81
Residence (stove and garage)- Indga6s 1.0[3] 1.0 [3] 0.81[2] 0.81 0.81
Ll Office - Indoors/ 17 103 [ L0 [3 08012] | 0.8 0.8
Store - Indoorg’ 18 1.0[3] 1.0 [3] 0.80 [2] 0.8 0.8
z Restaurant - Indoors 19 1.0[3] 1.0 [3] 0.80 [2] 0.8 0.8
: Manufacturing facility - Indoorg 20 1.0[3] 1.0 [3] 0.80 2] 0.8 0.8
School - Indoorg’ 21 1.0[3] 1.0 [3] 0.80 [2] 0.8 0.8
u Church- Indoors’ 22 103 [ L0 08012] | 08 0.8
Shopping mall - Indoorg 23 1.0[3] 1.0 [3] 0.80 [2] 0.8 0.8
o Auditorium - Indoors/ 24 1.0[3] 1.0 [3] 0.80 2] 0.8 0.8
a Health care facility - Indoorg 25 1.0[3] 1.0 [3] 0.80[2] 0.8 0.8
Other public building - Indoorg 26 1.0 3] 1.0 [3] 0.80 [2] 0.8 0.8
Other location - Indoorg 27 1.0 [3] 1.0 [3] 0.80 [2] 0.8 0.8
m Not specified - Indoorg 28 1.0[3] 1.0 [3] 0.80 [2] 0.8 0.8
> Construction site - Outdooys29 1.0 3] 1.0 [3] 1.0 [3] 1 1
Residential grounds - Outdoors30 1.0 [3] 1.0 [3] 1.0 [3] 1 1
H School grounds - Outdooys31 1.0[3] 1.0 [3] 1.0[3] 1 1
: Sports arena - Outdoors32 1.0 [3] 1.0 [3] 1.0[3] 1 1
Park/golf course - Outdooys33 1.0 [3] 1.0 [3] 1.0[3] 1 1
U Other location - Outdoorg 34 1.0 [3] 1.0 [3] 1.0 [3] 1 1
“ Not specified - Outdoors 35 1.0[3] 1.0 [3] 1.0[3] 1 1
Train/subway - In vehiclg 36 3.5[2] 1.0 [3] 0.90 [2] 3.15 0.9
< Airplane - In vehicle/ 37 0.0 [3] 0.0 [3] 0.90 [2] 0 0
@ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
{ ® Onroad vehicle source category (see text).
n ¢ Major, area, and nonroad-mobile source categories (see text).
4 The MULT factor is the product of the PROX factor and the PEN factor for the onroad vehicle source category and for the
I.I.l major, area, and nonroad-mobile source categories for this pollutant.
m Formula Microenvironmental concentration, pgfm = ADD + (PROX)(PEN)(monitor concentration?pug/m ).
: Abbreviations ADD = additive factor; PROX = proximity factor; PEN = penetration factor; MULT = PROX x PEN.




PO"“ta”tHAA%% /(ﬁl?mber ADD | PROX [Data | PEN [Data | ., ¢ Reference
(ug/m?) Code]*® Code]? Sources
Car - In vehicle/ 1 1.0 [3] 0.88 [2] 0.88
Bus - In vehicle/ 2 1.0[3] 0.88 [2] 0.88
Truck - In vehicle/ 3 1.0 [3] 0.88 [2] 0.88
Other - In vehicle/ 4 1.0 [3] 0.88 [2] 0.88
Public garage - Indoorss 1.0 [3] 0.81[2] 0.81
Parking lot/garage - Outdoors6 1.0[3] 1.0 [3] 1
Near road - Outdoors 7 1.0 [3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0[3] 1.0 [3] 1
Service station - Indoors 9 1.0[3] 0.81[2] 0.81
Service station - Outdoop510 1.0[3] 1.0 [3] 1
Residential garage - Indoorsl1 1.0[3] 0.72 [2] 0.72
Other repair shop - Indooys12 1.0[3] 0.81[2] 0.81
h Residence (no CO source) - Indodt8 1.0[3] 0.72 [2] 0.72
Residence (gas stove) - Indogrd4 1.0[3] 0.72 [2] 0.72
z Residence (attached garage) - Indgats 1.0[3] 0.72 2] 0.72
m Residence (stove and garage)- Indga6s 1.0[3] 0.72 [2] 0.72
Office - Indoors/ 17 1.0[3] 0.81[2] 0.81
z Store - Indoorg’ 18 1.0[3] 0.81[2] 0.81
: Restaurant - Indoors 19 1.0[3] 0.81[2] 0.81
Manufacturing facility - Indoorg 20 1.0[3] 0.81[2] 0.81
(@) School - Indoors’ 21 10 3] 081 2] 081
Church- Indoorg’ 22 1.0[3] 0.81[2] 0.81
o Shopping mall - Indoorg 23 1.0[3] 0.81[2] 0.81
n Auditorium - Indoors/ 24 1.0[3] 0.81[2] 0.81
Health care facility - Indoorg 25 1.0[3] 0.81[2] 0.81
m Other public building - Indoors 26 1.0[3] 0.81[2] 0.81
Other location - Indoorg 27 1.0[3] 0.81[2] 0.81
> Not specified - Indoorg 28 1.0[3] 0.81[2] 0.81
- Construction site - Outdooys29 1.0[3] 1.0 [3] 1
: Residential grounds - Outdoogrs30 1.0[3] 1.0 3] 1
U School grounds - Outdooys31 1.0[3] 1.0 [3] 1
Sports arena - Outdoors32 1.0[3] 1.0 [3] 1
m Park/golf course - Outdooys33 1.0[3] 1.0 [3] 1
< Other location - Outdoors 34 1.0 [3] 1.0[3] 1
Not specified - Outdoorg 35 1.0[3] 1.0 3] 1
Train/subway - In vehiclg' 36 1.0[3] 0.88 [2] 0.88
{ Airplane - In vehicle/ 37 0.0[3] 0.88 [2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
m ® The PROX factor is assumed to be the same for each source category for this pollutant.
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Pollutant: HA;SF?EI'& Kj’g‘“}”ﬂi%)ﬂ ADD | PROX [Data | PEN[Data | . - Reference
(ug/m?) Code]*® Code]? Sources

Car - In vehicle/ 1 1.0 [3] 0.88 [2] 0.88

Bus - In vehicle/ 2 1.0 [3] 0.88 [2] 0.88

Truck - In vehicle/ 3 1.0 [3] 0.88 [2] 0.88

Other - In vehicle/ 4 1.0 [3] 0.88 [2] 0.88

Public garage - Indoorss 1.0 [3] 0.78 [2] 0.78
Parking lot/garage - Outdooyrs6 1.0 [3] 1.0[3] 1
Near road - Outdoors 7 1.0 [3] 1.0[3] 1
Motorcycle - Outdoorg’ 8 1.0 [3] 1.0[3] 1

Service station - Indoors 9 1.0[3] 0.78 [2] 0.78
Service station - Outdooys10 1.0 [3] 1.0 [3] 1

Residential garage - Indoorsl1 1.0 [3] 0.77 [2] 0.77

Other repair shop - Indoops12 1.0 [3] 0.78 [2] 0.78

Residence (no CO source) - Indoat8 1.0[3] 0.77 [2] 0.77

Residence (gas stove) - Indogrd4 1.0 [3] 0.77 [2] 0.77

Residence (attached garage) - Indgats 1.0 [3] 0.77 [2] 0.77

Residence (stove and garage)- Indga6s 1.0 3] 0.77 [2] 0.77

Office - Indoors/ 17 1.0 [3] 0.78 [2] 0.78

Store - Indoorg’ 18 1.0 [3] 0.78 [2] 0.78

Restaurant - Indoors 19 1.0 3] 0.78 [2] 0.78

Manufacturing facility - Indoorg 20 1.0 [3] 0.78 [2] 0.78

School - Indoorg’ 21 1.0 [3] 0.78 [2] 0.78

Church- Indoorg’ 22 1.0 [3] 0.78 [2] 0.78

Shopping mall - Indoorg 23 1.0 [3] 0.78 [2] 0.78

Auditorium - Indoors/ 24 1.0 [3] 0.78 [2] 0.78

Health care facility - Indoorg 25 1.0 [3] 0.78 [2] 0.78

Other public building - Indoorg 26 1.0 [3] 0.78 [2] 0.78

Other location - Indoorg 27 1.0 [3] 0.78 [2] 0.78

Not specified - Indoorg 28 1.0 [3] 0.78 [2] 0.78
Construction site - Outdooys29 1.0 [3] 1.0 [3] 1
Residential grounds - Outdoogrs30 1.0 [3] 1.0 [3] 1
School grounds - Outdooys31 1.0 [3] 1.0 [3] 1
Sports arena - Outdoors32 1.0 [3] 1.0 [3] 1
Park/golf course - Outdoops33 1.0 [3] 1.0 [3] 1
Other location - Outdoors 34 1.0 [3] 1.0 [3] 1
Not specified - Outdoorg 35 1.0 [3] 1.0 [3] 1

Train/subway - In vehiclg 36 1.0 [3] 0.88 [2] 0.88
Airplane - In vehicle/ 37 0.0[3] 0.88 [2] 0

2 Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
® The PROX factor is assumed to be the same for each source category for this pollutant.




Pollutant: Benzene(#5) PROX [Data Code]? MULT = PROX x PEN
HAPEM ME / Number (’:5% b Meior Plégd[g’]aata d edor Rsegiri:(;e
Onroad area, and Onroad area, and
nonroad ° nonroad*
Car - In vehicle/ 1 6.9[1] 1.0[3] 0.96 [1] 6.6 0.96 MZ 28
Bus - In vehicle/ 2 3.5[1] 1.0[3] 0.79[1] 2.8 0.79 MZ 14°, RA 7
Truck - In vehicle/ 3 5.2[2] 1.0 [3] 0.88 [2] 4.6 0.88
Other - In vehicle/ 4 5.2[2] 1.0[3] 0.88[2] 4.6 0.88
Public garage - Indoorss 1.0 [3] 1.0 [3] 0.86 [1] 0.9 0.86 RA 24
Parking lot/garage - Outdoors6 4.4 2] 1.0 [3] 1.0 [3] 4.4 1
Near road - Outdoorg 7 44(1] 1.0 [3] 1.0 [3] 4.4 1 Mz 28
Motorcycle - Outdoorg’ 8 4.4 (2] 1.0 [3] 1.0 [3] 4.4 1
Service station - Indoors 9 1.0 [3] 1.0 [3] 0.78 [2] 0.8 0.78
Service station - Outdooy510 4.4 (2] 1.0 [3] 1.0 [3] 4.4 1
Residential garage - Indoorsl1 1.0 [3] 1.0 [3] 0.77 [2] 0.8 0.77
Other repair shop - Indooys12 1.0 [3] 1.0 [3] 0.78 [2] 0.8 0.78
Residence (no CO source) - Indodt8 1.0 [3] 1.0 [3] 0.88 [1] 0.9 0.88 MZ 2
Residence (gas stove) - Indogrd4 1.0 [3] 1.0 [3] 0.77 [2] 0.8 0.77
h Residence (attached garage) - Indgtts 1.0 [3] 1.0 [3] 1.0 [1] 1.0 1 TL 18
Residence (stove and garage)- Indga6s 1.0 [3] 1.0 [3] 0.77 [2] 0.8 0.77
z Office - Indoors/ 17 1.0[3] 1.0[3] 0.63[1] 0.6 0.63 MZ 39
m Store - Indoors’ 18 1.0 [3] 1.0 [3] 0.78 [2] 0.8 0.78
Restaurant - Indoors 19 1.0 [3] 1.0 [3] 0.9[1] 0.9 0.9 RA 35
z Manufacturing facility - Indoorg’ 20 1.0 [3] 1.0 [3] 0.78 [2] 0.8 0.78
School - Indoors’ 21 1.0[3] 1.0 [3] 0.7[1] 0.7 0.7 MZ 1
: Church- Indoors’ 22 1.0[3] 1.0 [3] 0.78[2] 0.8 0.78
u Shopping mall - Indoorg 23 1.0 [3] 1.0 [3] 0.78 [2] 0.8 0.78
Auditorium - Indoors/ 24 1.0 [3] 1.0 [3] 0.78 [2] 0.8 0.78
o Health care facility - Indoorsg 25 1.0 [3] 1.0 [3] 0.78 [2] 0.8 0.78
Other public building - Indoorg 26 1.0 [3] 1.0 [3] 0.78 [2] 0.8 0.78
a Other location - Indoorg 27 1.0 [3] 1.0 [3] 0.78 [2] 0.8 0.78
Not specified - Indoorg 28 1.0[3] 1.0 [3] 0.78 [2] 0.8 0.78
[y Construction site - OUtdooy529 o3 | Lo 10 3] 10 1
Residential grounds - Outdoors30 1.0 [3] 1.0 [3] 1.0 [3] 1.0 1
> School grounds - Outdooys31 1.0 [3] 1.0 [3] 1.0 3] 1.0 1
= Sports arena - OUL00rS32 To@ | Lo 103 10 1
: Park/golf course - Outdooys33 1.0[3] 1.0[3] 1.0 [3] 1.0 1
Other location - Outdoorg 34 1.0 [3] 1.0 [3] 1.0 [3] 1.0 1
U’ Not specified - Outdoorg 35 1.0 [3] 1.0 [3] 1.0 [3] 1.0 1
“ Train/subway - In vehiclg 36 5.2 [2] 1.0 [3] 0.88 [2] 4.6 0.88
Airplane - In vehicle/ 37 0.0 [3] 0.0 [3] 0.88 [2] 0.0 0
< @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
® Onroad vehicle source category (see text).
{ ¢ Major, area, and nonroad-mobile source categories (see text).
4 The MULT factor is the product of the PROX factor and the PEN factor for the onroad vehicle source category and for the
n major, area, and nonroad-mobile source categories for this pollutant.
¢ Reference used to derive PROX factor
|.I-| " Reference used to derive PEN factor
m Formula Microenvironmental concentration, pgfm = ADD + (PROX)(PEN)(monitor concentration®pg/m ).
: Abbreviations ADD = additive factor; PROX = proximity factor; PEN = penetration factor; MULT = PROX x PEN.




Pollutant: Beryllium cmpds (#6) ADD PROX [D PEN ID Referen
HAPEM ME / Number (ng/md) Ccc))de[]ﬁ’ta CO([je?ata MULT ggu?cgse
Car - In vehicle/ 1 1.0[3] 0.88 [2] 0.88
Bus - In vehicle/ 2 1.0 [3] 0.88 [2] 0.88
Truck - In vehicle/ 3 1.0[3] 0.88 [2] 0.88
Other - In vehicle/ 4 1.0[3] 0.88 [2] 0.88
Public garage - Indoorss 1.0 [3] 0.78 [2] 0.78
Parking lot/garage - Outdoors6 1.0[3] 1.0[3] 1
Near road - Outdoors 7 1.0[3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0 [3] 1.0[3] 1
Service station - Indoors 9 1.0[3] 0.78 [2] 0.78
Service station - Outdooys10 1.0[3] 1.0 [3] 1
Residential garage - Indoorsll 1.0[3] 0.77 [2] 0.77
Other repair shop - Indooys12 1.0[3] 0.78 [2] 0.78
Residence (no CO source) - Indodi8 1.0 [3] 0.77 [2] 0.77
Residence (gas stove) - Indogrd4 1.0[3] 0.77 [2] 0.77
h Residence (attached garage) - Indgats 1.0 [3] 0.77 [2] 0.77
z Residence (stove and garage)- Indgt6s 1.0 [3] 0.77 [2] 0.77
m Office - Indoors/ 17 1.0[3] 0.78 [2] 0.78
Store - Indoorg’ 18 1.0[3] 0.78 [2] 0.78
z Restaurant - Indoors 19 1.0[3] 0.78 [2] 0.78
Manufacturing facility - Indoorg 20 1.0[3] 0.78 [2] 0.78
: School - Indoorg’ 21 1.0[3] 0.78 [2] 0.78
u Church- Indoors’ 22 1.0 [3] 0.78[2] 0.78
Shopping mall - Indoorg 23 1.0[3] 0.78 [2] 0.78
o Auditorium - Indoors/ 24 1.0[3] 0.78 [2] 0.78
a Health care facility - Indoorg 25 1.0[3] 0.78 [2] 0.78
Other public building - Indoorg 26 1.0[3] 0.78 [2] 0.78
m Other location - Indoorg 27 1.0[3] 0.7 [1] 0.7 MZ 24
Not specified - Indoorg 28 1.0 [3] 0.78 [2] 0.78
> Construction site - Outdooys29 1.0[3] 1.0 [3] 1
o | Residential grounds - Outdogrs30 1.0[3] 1.0 [3] 1
: School grounds - Outdooys31 1.0 [3] 1.0 [3] 1
Sports arena - Outdoors32 1.0[3] 1.0 [3] 1
U Park/golf course - Outdooys33 1.0 [3] 1.0 [3] 1
z Other location - Outdoors 34 1.0[3] 1.0 [3] 1
Not specified - Outdoorg 35 1.0[3] 1.0 [3] 1
< Train/subway - In vehiclg 36 1.0[3] 0.88 [2] 0.88
{ Airplane - In vehicle/ 37 0.0[3] 0.88 [2] 0
@ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
n ® The PROX factor is assumed to be the same for each source category for this pollutant.
m ¢ Indoor location is a laboratory
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Pollutant: 1,3-butadiene (#7) PROX [Data Codef MULT = PROX x PEN
HAPEM ME / Number ADD . PEN [Data . Reference
(ug/m®) b Major, Code]? " Major, Sources
Onroad area, and Onroad area, and
nonroad © nonroad*
Car - In vehicle/ 1 2.2[1] 1.0 [3] 1.0[1] 2.2 1 MZ 28
Bus - In vehicle/ 2 3.5[2] 1.0 [3] 0.9[1] 3.15 0.9 RA7
Truck - In vehicle/ 3 2.8[2] 1.0 [3] 0.90 [2] 2.52 0.9
Other - In vehicle/ 4 2.8[2] 1.0 [3] 0.90 [2] 2.52 0.9
Public garage - Indoors 5 1.0[3] 1.0 [3] 0.80 [2] 0.8 0.8
Parking lot/garage - Outdoors6 1.0[2] 1.0 [3] 1.0[3] 1 1
Near road - Outdoors 7 1.0[1] 1.0 [3] 1.0[3] 1 1 Mz 28
Motorcycle - Outdoorg’ 8 1.0[2] 1.0 [3] 1.0[3] 1 1
Service station - Indoor$ 9 1.0[3] 1.0 [3] 0.80 [2] 0.8 0.8
Service station - Outdooy510 1.0[2] 1.0 [3] 1.0[3] 1 1
Residential garage - Indoorsl1 1.0 [3] 1.0 [3] 0.81[2] 0.81 0.81
Other repair shop - Indooys12 1.0 [3] 1.0 [3] 0.80 [2] 0.8 0.8
Residence (no CO source) - Indgdt8 1.0 [3] 1.0 [3] 0.81[2] 0.81 0.81
Residence (gas stove) - Indogrd4 1.0[3] 1.0 [3] 0.81[2] 0.81 0.81
h Residence (attached garage) - Indgtes 1.0[3] 1.0 [3] 0.81[2] 0.81 0.81
Residence (stove and garage)- Indga6s 1.0[3] 1.0 [3] 0.81[2] 0.81 0.81
z Office - Indoors/ 17 1.0[3] 1.0 [3] 0.80 [2] 0.8 0.8
m Store - Indoorg’ 18 1.0[3] 1.0 [3] 0.80 [2] 0.8 0.8
Restaurant - Indoors 19 1.0 [3] 1.0 [3] 0.80 [2] 0.8 0.8
z Manufacturing facility - Indoorg 20 1.0 [3] 1.0 [3] 0.80 [2] 0.8 0.8
School - Indoorg’ 21 1.0[3] 1.0 [3] 0.80 [2] 0.8 0.8
: Church- Indoorg’ 22 1.0[3] 1.0 [3] 0.80 [2] 0.8 0.8
u Shopping mall - Indoorg 23 1.0[3] 1.0 [3] 0.80 [2] 0.8 0.8
Auditorium - Indoors/ 24 1.0[3] 1.0 [3] 0.80 [2] 0.8 0.8
o Health care facility - Indoors 25 1.0 [3] 1.0 [3] 0.80 [2] 0.8 0.8
Other public building - Indoorg 26 1.0[3] 1.0 [3] 0.80 [2] 0.8 0.8
a Other location - Indoorg 27 1.0 [3] 1.0 [3] 0.80 [2] 0.8 0.8
Not specified - Indoorg 28 1.0[3] 1.0 [3] 0.80 [2] 0.8 0.8
[y Construction site - OUtdoor529 103 | Lo 1.0 3] 1 1
Residential grounds - Outdoors30 1.0[3] 1.0 [3] 1.0 [3] 1 1
> School grounds - Outdooys31 1.0[3] 1.0 [3] 1.0 [3] 1 1
= Sports arena - OULJoOrs32 0@ | Lo 10 3] T 1
: Park/golf course - Outdooys33 1.0[3] 1.0 [3] 1.0 [3] 1 1
Other location - Outdoors 34 1.0[3] 1.0 [3] 1.0 [3] 1 1
U’ Not specified - Outdoors 35 1.0 [3] 1.0 [3] 1.0 [3] 1 1
“ Train/subway - In vehiclg 36 2.8 2] 1.0 [3] 0.90 [2] 2.52 0.9
Airplane - In vehicle/ 37 0.0 [3] 0.0 [3] 0.90 [2] 0 0
< @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
® Onroad vehicle source category (see text).
€ ¢ Major, area, and nonroad-mobile source categories (see text).
n 4 The MULT factor is the product of the PROX factor and the PEN factor for the onroad vehicle source category and for the
major, area, and nonroad-mobile source categories for this pollutant.
m Formula Microenvironmental concentration, pg/m = ADD + (PROX)(PEN)(monitor concentration? pug/m ).
g Abbreviations ADD = additive factor; PROX = proximity factor; PEN = penetration factor; MULT = PROX x PEN.




Pollutant: Cadmium compounds(#8) ADD PROX [D PEN ID Referen
HAPEM ME / Number (ng/m®) Ccc))de[]ﬁ’ta CO([je?ata MULT ggu?cgse
Car - In vehicle/ 1 1.0[3] 0.88 [2] 0.88
Bus - In vehicle/ 2 1.0[3] 0.88 [2] 0.88
Truck - In vehicle/ 3 1.0 [3] 0.88 [2] 0.88
Other - In vehicle/ 4 1.0[3] 0.88 [2] 0.88
Public garage - Indoors 5 1.0[3] 0.78 [2] 0.78
Parking lot/garage - Outdoors6 1.0[3] 1.0[3] 1
Near road - Outdoors 7 1.0 [3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0 [3] 1.0 [3] 1
Service station - Indoors 9 1.0[3] 0.78 [2] 0.78
Service station - Outdooys10 1.0[3] 1.0 [3] 1
Residential garage - Indoorsll 1.0[3] 0.77 [2] 0.77
Other repair shop - Indooys12 1.0[3] 0.78 [2] 0.78
Residence (no CO source) - Indodt8 1.0 [3] 0.77 [2] 0.77
Residence (gas stove) - Indogrd4 1.0[3] 0.77 [2] 0.77
h Residence (attached garage) - Indgats 1.0 [3] 0.77 [2] 0.77
z Residence (stove and garage)- Indga6s 1.0 [3] 0.77 [2] 0.77
m Office - Indoors/ 17 1.0[3] 0.78 [2] 0.78
Store - Indoorg’ 18 1.0[3] 0.78 [2] 0.78
z Restaurant - Indoors 19 1.0[3] 0.78 [2] 0.78
Manufacturing facility - Indoorg 20 1.0[3] 0.78 [2] 0.78
: School - Indoorg’ 21 1.0[3] 0.78 [2] 0.78
u Church- Indoors’ 22 1.0[3] 0.78[2] 0.78
Shopping mall - Indoorg 23 1.0[3] 0.78 [2] 0.78
o Auditorium - Indoors/ 24 1.0[3] 0.78 [2] 0.78
a Health care facility - Indoorg 25 1.0[3] 0.78 [2] 0.78
Other public building - Indoorg 26 1.0[3] 0.78 [2] 0.78
m Other location - Indoorg 27 1.0[3] 0.78 [2] 0.78
Not specified - Indoorg 28 1.0[3] 0.78 [2] 0.78
> Construction site - Outdooys29 1.0[3] 1.0 [3] 1
o | Residential grounds - Outdogrs30 1.0[3] 1.0 [3] 1
: School grounds - Outdooys31 1.0 [3] 1.0 [3] 1
Sports arena - Outdoors32 1.0[3] 1.0 [3] 1
U Park/golf course - Outdooys33 1.0 [3] 1.0 [3] 1
z Other location - Outdoors 34 1.0[3] 1.0 [3] 1
Not specified - Outdoorg 35 1.0[3] 1.0 [3] 1
< Train/subway - In vehiclg 36 1.0[3] 0.88 [2] 0.88
{ Airplane - In vehicle/ 37 0.0[3] 0.88 [2] 0
@ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
n ® The PROX factor is assumed to be the same for each source category for this pollutant.
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Pollutant: Carbon tetrachloride (#9) ADD PROX [D PEN ID Referen
HAPEM ME / Number (ng/md) CC())de[]a’at’ta CO([je?:a MULT esgu?cgs
Car - In vehicle/ 1 1.0 [3] 0.88 [2] 0.88
Bus - In vehicle/ 2 1.0 [3] 0.88 [2] 0.88
Truck - In vehicle/ 3 1.0 [3] 0.88 [2] 0.88
Other - In vehicle/ 4 1.0 [3] 0.88 [2] 0.88
Public garage - Indoors 5 1.0 [3] 0.78 [2] 0.78
Parking lot/garage - Outdoors6 1.0 [3] 1.0 [3] 1
Near road - Outdoors 7 1.0 [3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0 [3] 1.0 [3] 1
Service station - Indoors 9 1.0 [3] 0.78 [2] 0.78
Service station - Outdooys10 1.0[3] 1.0[3] 1
Residential garage - Indoorsl1 1.0[3] 0.77 [2] 0.77
Other repair shop - Indooys12 1.0[3] 0.78 [2] 0.78
Residence (no CO source) - Indo¢i8 1.0 [3] 0.55[1] 0.55 Mz 27
Residence (gas stove) - Indogrd4 1.0[3] 0.77 [2] 0.77
h Residence (attached garage) - Indgats 1.0[3] 0.77 [2] 0.77
z Residence (stove and garage)- Indga6s 1.0[3] 0.77 [2] 0.77
m Office - Indoors/ 17 1.0[3] 0.78 [2] 0.78
Store - Indoorg’ 18 1.0[3] 0.78 [2] 0.78
z Restaurant - Indoors 19 1.0[3] 0.78 [2] 0.78
Manufacturing facility - Indoorg 20 1.0[3] 0.78 [2] 0.78
: School - Indoorg’ 21 1.0[3] 0.78 [2] 0.78
u Church- Indoors’ 22 1.0 [3] 0.78 [2] 0.78
Shopping mall - Indoorg 23 1.0[3] 0.78 [2] 0.78
o Auditorium - Indoors/ 24 1.0[3] 0.78 [2] 0.78
a Health care facility - Indoorg 25 1.0[3] 0.78 [2] 0.78
Other public building - Indoorg 26 1.0[3] 0.78 [2] 0.78
m Other location - Indoorg 27 1.0 [3] 0.78 [2] 0.78
Not specified - Indoorg 28 1.0[3] 0.78 [2] 0.78
> Construction site - Outdooys29 1.0 [3] 1.0 [3] 1
o | Residential grounds - Outdogrs30 1.0[3] 1.0[3] 1
: School grounds - Outdooys31 1.0 [3] 1.0 [3] 1
Sports arena - Outdoors32 1.0[3] 1.0[3] 1
U Park/golf course - Outdooys33 1.0[3] 1.0[3] 1
z Other location - Outdoors 34 1.0[3] 1.0 [3] 1
Not specified - Outdoorg 35 1.0[3] 1.0[3] 1
< Train/subway - In vehiclg 36 1.0[3] 0.88 [2] 0.88
{ Airplane - In vehicle/ 37 0.0[3] 0.88 [2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
m ® The PROX factor is assumed to be the same for each source category for this pollutant.
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Pollutant: Chloroform (#10) ADD PROX [D PEN ID Referen
HAPEM ME / Number (ng/md) CC())de[]a’at’ta CO([je?‘:[a MULT esgu?cgs
Car - In vehicle/ 1 1.0 [3] 0.88 [2] 0.88
Bus - In vehicle/ 2 1.0 [3] 0.88 [2] 0.88
Truck - In vehicle/ 3 1.0 [3] 0.88 [2] 0.88
Other - In vehicle/ 4 1.0 [3] 0.88 [2] 0.88
Public garage - Indoors 5 1.0 [3] 0.78 [2] 0.78
Parking lot/garage - Outdoors6 1.0 [3] 1.0 [3] 1
Near road - Outdoors 7 1.0 [3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0 [3] 1.0 [3] 1
Service station - Indoors 9 1.0 [3] 0.78 [2] 0.78
Service station - Outdooys10 1.0[3] 1.0[3] 1
Residential garage - Indoorsl1 1.0[3] 0.77 [2] 0.77
Other repair shop - Indooys12 1.0[3] 0.78 [2] 0.78
Residence (no CO source) - Indo¢i8 1.0 [3] 0.85[1] 0.85 MZ 38
Residence (gas stove) - Indogrd4 1.0[3] 0.77 [2] 0.77
h Residence (attached garage) - Indgats 1.0[3] 0.77 [2] 0.77
z Residence (stove and garage)- Indga6s 1.0[3] 0.77 [2] 0.77
m Office - Indoors/ 17 1.0[3] 0.78 [2] 0.78
Store - Indoorg’ 18 1.0[3] 0.78 [2] 0.78
z Restaurant - Indoors 19 1.0[3] 0.78 [2] 0.78
Manufacturing facility - Indoorg 20 1.0[3] 0.78 [2] 0.78
: School - Indoorg’ 21 1.0[3] 0.78 [2] 0.78
u Church- Indoors’ 22 1.0 [3] 0.78 [2] 0.78
Shopping mall - Indoorg 23 1.0[3] 0.78 [2] 0.78
o Auditorium - Indoors/ 24 1.0[3] 0.78 [2] 0.78
a Health care facility - Indoorg 25 1.0[3] 0.78 [2] 0.78
Other public building - Indoorg 26 1.0[3] 0.78 [2] 0.78
m Other location - Indoorg 27 1.0 [3] 0.78 [2] 0.78
Not specified - Indoorg 28 1.0[3] 0.78 [2] 0.78
> Construction site - Outdooys29 1.0 [3] 1.0 [3] 1
o | Residential grounds - Outdogrs30 1.0[3] 1.0[3] 1
: School grounds - Outdooys31 1.0 [3] 1.0 [3] 1
Sports arena - Outdoors32 1.0[3] 1.0[3] 1
U Park/golf course - Outdooys33 1.0[3] 1.0[3] 1
z Other location - Outdoors 34 1.0[3] 1.0 [3] 1
Not specified - Outdoorg 35 1.0[3] 1.0[3] 1
< Train/subway - In vehiclg 36 1.0[3] 0.88 [2] 0.88
{ Airplane - In vehicle/ 37 0.0[3] 0.88 [2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
m ® The PROX factor is assumed to be the same for each source category for this pollutant.
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Pollutant: Chromium compounds (#11)

ADD PROX [D PEN [D Referen
HAPEM ME / Number (ng/md) CC())de[]a’at’ta CO([je?:a MULT esgu?cgs

Car - In vehicle/ 1 1.0 [3] 0.88 [2] 0.88

Bus - In vehicle/ 2 1.0 [3] 0.88 [2] 0.88

Truck - In vehicle/ 3 1.0 [3] 0.88 [2] 0.88

Other - In vehicle/ 4 1.0 [3] 0.88 [2] 0.88

Public garage - Indoors 5 1.0 [3] 0.78 [2] 0.78
Parking lot/garage - Outdoors6 1.0 [3] 1.0 [3] 1
Near road - Outdoors 7 1.0 [3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0 [3] 1.0 [3] 1

Service station - Indoors 9 1.0 [3] 0.78 [2] 0.78
Service station - Outdooys10 1.0[3] 1.0[3] 1

Residential garage - Indoorsl1 1.0[3] 0.77 [2] 0.77

Other repair shop - Indooys12 1.0[3] 0.78 [2] 0.78

Residence (no CO source) - Indo¢i8 1.0 [3] 0.35[1] 0.35 TL9

Residence (gas stove) - Indogrd4 1.0[3] 0.77 [2] 0.77

Residence (attached garage) - Indgats 1.0[3] 0.77 [2] 0.77

Residence (stove and garage)- Indga6s 1.0[3] 0.77 [2] 0.77

Office - Indoors/ 17 1.0[3] 0.78 [2] 0.78

Store - Indoorg’ 18 1.0[3] 0.78 [2] 0.78

Restaurant - Indoors 19 1.0[3] 0.78 [2] 0.78

1.0 [3] 0.31(Ct); | 0.31 TL 11
Manufacturing facility - Indoorg 20 0.62 Tot
(Cr) [1]

School - Indoorg’ 21 1.0[3] 0.78 [2] 0.78

Church- Indoors’ 22 1.0[3] 0.78 [2] 0.78

Shopping mall - Indoorg 23 1.0[3] 0.78 [2] 0.78

Auditorium - Indoors/ 24 1.0[3] 0.78 [2] 0.78

Health care facility - Indoorg 25 1.0 [3] 0.78 [2] 0.78

Other public building - Indoorg 26 1.0[3] 0.78 [2] 0.78

Other location - Indoorg 27 1.0[3] 0.78 [2] 0.78

Not specified - Indoorg 28 1.0[3] 0.78 [2] 0.78
Construction site - Outdooys29 1.0[3] 1.0[3] 1
Residential grounds - Outdogrs30 1.0[3] 1.0[3] 1
School grounds - Outdooys31 1.0[3] 1.0[3] 1
Sports arena - Outdoors32 1.0[3] 1.0[3] 1
Park/golf course - Outdoops33 1.0[3] 1.0[3] 1
Other location - Outdoors 34 1.0[3] 1.0 [3] 1
Not specified - Outdoorg 35 1.0[3] 1.0[3] 1

Train/subway - In vehiclg 36 1.0[3] 0.88 [2] 0.88
Airplane - In vehicle/ 37 0.0[3] 0.88 [2] 0

@ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.

® The PROX factor is assumed to be the same for each source category for this pollutant.
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Pollutant: Coke oven emission$#12)

ADD | PROX[D PEN [D Referen

HAPEM ME / Number (g CC()) de[]aﬁ,ta Coge‘]"‘ata MULT Sorence
Car - In vehicle/ 1 1.0 [3]
Bus - In vehicle/ 2 1.0 [3]
Truck - In vehicle/ 3 1.0 [3]
Other - In vehicle/ 4 1.0 [3]
Public garage - Indoors 5 1.0 [3]
Parking lot/garage - Outdoors6 1.0 [3]
Near road - Outdoors 7 1.0 [3]
Motorcycle - Outdoorg’ 8 1.0 [3]
Service station - Indoors 9 1.0 [3]
Service station - Outdooys10 1.0[3]
Residential garage - Indoorsl1 1.0[3]
Other repair shop - Indooys12 1.0[3]
Residence (no CO source) - Indo¢i8 1.0 [3]
Residence (gas stove) - Indogrd4 1.0[3]
Residence (attached garage) - Indgats 1.0[3]
Residence (stove and garage)- Indga6s 1.0[3]
Office - Indoors/ 17 1.0[3]
Store - Indoorg’ 18 1.0[3]
Restaurant - Indoors 19 1.0[3]
Manufacturing facility - Indoorg 20 1.0[3]
School - Indoorg’ 21 1.0[3]
Church- Indoors’ 22 1.0[3]
Shopping mall - Indoorg 23 1.0[3]
Auditorium - Indoors/ 24 1.0[3]
Health care facility - Indoorg 25 1.0[3]
Other public building - Indoorg 26 1.0[3]
Other location - Indoorg 27 1.0 [3]
Not specified - Indoorg 28 1.0[3]
Construction site - Outdooys29 1.0 [3]
Residential grounds - Outdogrs30 1.0[3]
School grounds - Outdooys31 1.0[3]
Sports arena - Outdoors32 1.0[3]
Park/golf course - Outdoops33 1.0[3]
Other location - Outdoors 34 1.0[3]
Not specified - Outdoorg 35 1.0[3]
Train/subway - In vehiclg 36 1.0[3]
Airplane - In vehicle/ 37 0.0[3]

@ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
® The PROX factor is assumed to be the same for each source category for this pollutant.
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Pollutant: 1,2-dichloroethane (ethylene
dichloride) (#13) ADD PROX [Data | PEN [Data MULT Reference
HAPEM ME / Number (ng/m?) Code]*® Code]? Sources
Car - In vehicle/ 1 1.0 [3] 0.88 [2] 0.88
Bus - In vehicle/ 2 1.0 [3] 0.88 [2] 0.88
Truck - In vehicle/ 3 1.0 [3] 0.88 [2] 0.88
Other - In vehicle/ 4 1.0 [3] 0.88 [2] 0.88
Public garage - Indoors 5 1.0 [3] 0.78 [2] 0.78
Parking lot/garage - Outdooyrs6 1.0 [3] 1.0 [3] 1
Near road - Outdoors 7 1.0 [3] 1.0 3] 1
Motorcycle - Outdoorg’ 8 1.0 [3] 1.0 3] 1
Service station - Indoors 9 1.0 3] 0.78 [2] 0.78
Service station - Outdooys10 1.0[3] 1.0[3] 1
Residential garage - Indoorsl1 1.0[3] 0.77 [2] 0.77
Other repair shop - Indooys12 1.0[3] 0.78 [2] 0.78
Residence (no CO source) - Indoat8 1.0 [3] 1.0 [1] 1 MZ 38
h Residence (gas stove) - Indogrd4 1.0[3] 0.77 [2] 0.77
z Residence (attached garage) - Indgats 1.0 [3] 0.77 [2] 0.77
Residence (stove and garage)- Indga6s 1.0 3] 0.77 [2] 0.77
m Office - Indoors/ 17 1.0[3] 0.78 [2] 0.78
z Store - Indoorg’ 18 1.0[3] 0.78 [2] 0.78
Restaurant - Indoors 19 1.0[3] 0.78 [2] 0.78
: Manufacturing facility - Indoorg 20 1.0[3] 0.78 [2] 0.78
u School - Indoorg’ 21 1.0[3] 0.78 [2] 0.78
Church- Indoorg’ 22 1.0[3] 0.78 [2] 0.78
O‘ Shopping mall - Indoorg 23 1.0[3] 0.78 [2] 0.78
a Auditorium - Indoors/ 24 1.0[3] 0.78 [2] 0.78
Health care facility - Indoorg 25 1.0[3] 0.78 [2] 0.78
m Other public building - Indoorg 26 1.0[3] 0.78 [2] 0.78
Other location - Indoorg 27 1.0 [3] 0.78 [2] 0.78
> Not specified - Indoorg 28 1.0[3] 0.78 [2] 0.78
= Construction site - Outdooys29 1.0[3] 1.0 [3] 1
: Residential grounds - Outdogrs30 1.0[3] 1.0[3] 1
School grounds - Outdooys31 1.0[3] 1.0 [3] 1
U’ Sports arena - Outdoors32 1.0 [3] 1.0 3] 1
“ Park/golf course - Outdoops33 1.0[3] 1.0[3] 1
Other location - Outdoors 34 1.0[3] 1.0[3] 1
< Not specified - Outdoorg 35 1.0[3] 1.0[3] 1
Train/subway - In vehiclg 36 1.0[3] 0.88 [2] 0.88
{ Airplane - In vehicle/ 37 0.0 (3] 0.88 [2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
m ® The PROX factor is assumed to be the same for each source category for this pollutant.
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Pollutant: 1,3-dichloropropene (#14) ADD PROX [D PEN ID Referen
HAPEM ME / Number (ng/md) CC())de[]a’at’ta CO([je?‘:[a MULT esgu?cgs
Car - In vehicle/ 1 1.0 [3] 0.90 [2] 0.9
Bus - In vehicle/ 2 1.0 [3] 0.90 [2] 0.9
Truck - In vehicle/ 3 1.0 [3] 0.90 [2] 0.9
Other - In vehicle/ 4 1.0 [3] 0.90 [2] 0.9
Public garage - Indoors 5 1.0 [3] 0.80[2] 0.8
Parking lot/garage - Outdoors6 1.0 [3] 1.0 [3] 1
Near road - Outdoors 7 1.0 [3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0 [3] 1.0 [3] 1
Service station - Indoors 9 1.0 [3] 0.80 [2] 0.8
Service station - Outdooys10 1.0[3] 1.0[3] 1
Residential garage - Indoorsl1 1.0[3] 0.81[2] 0.81
Other repair shop - Indooys12 1.0[3] 0.80[2] 0.8
Residence (no CO source) - Indo¢i8 1.0 [3] 0.81[1] 0.81 TL 3
Residence (gas stove) - Indogrd4 1.0[3] 0.81[2] 0.81
h Residence (attached garage) - Indgats 1.0[3] 0.81[2] 0.81
z Residence (stove and garage)- Indga6s 1.0[3] 0.81[2] 0.81
m Office - Indoors/ 17 1.0[3] 0.80[2] 0.8
Store - Indoorg’ 18 1.0[3] 0.80[2] 0.8
z Restaurant - Indoors 19 1.0[3] 0.80[2] 0.8
Manufacturing facility - Indoorg 20 1.0[3] 0.80[2] 0.8
: School - Indoorg’ 21 1.0[3] 0.80[2] 0.8
u Church- Indoors’ 22 1.0 [3] 0.80 [2] 0.8
Shopping mall - Indoorg 23 1.0[3] 0.80[2] 0.8
o Auditorium - Indoors/ 24 1.0[3] 0.80[2] 0.8
a Health care facility - Indoorg 25 1.0[3] 0.80[2] 0.8
Other public building - Indoorg 26 1.0[3] 0.80[2] 0.8
m Other location - Indoorg 27 1.0 [3] 0.80[2] 0.8
Not specified - Indoorg 28 1.0[3] 0.80[2] 0.8
> Construction site - Outdooys29 1.0 [3] 1.0 [3] 1
o | Residential grounds - Outdogrs30 1.0[3] 1.0[3] 1
: School grounds - Outdooys31 1.0 [3] 1.0 [3] 1
Sports arena - Outdoors32 1.0[3] 1.0[3] 1
U Park/golf course - Outdooys33 1.0[3] 1.0[3] 1
z Other location - Outdoors 34 1.0[3] 1.0 [3] 1
Not specified - Outdoorg 35 1.0[3] 1.0[3] 1
< Train/subway - In vehiclg 36 1.0[3] 0.90 [2] 0.9
{ Airplane - In vehicle/ 37 0.0[3] 0.90[2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
m ® The PROX factor is assumed to be the same for each source category for this pollutant.
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Pollutant: Ethylene dibromide
(dibromoethane) (#15) ADD PROX [Data | PEN [Data MULT Reference
HAPEM ME / Number (ng/m?) Code]*® Code]? Sources
Car - In vehicle/ 1 1.0 [3] 0.88 [2] 0.88
Bus - In vehicle/ 2 1.0 [3] 0.88 [2] 0.88
Truck - In vehicle/ 3 1.0 [3] 0.88 [2] 0.88
Other - In vehicle/ 4 1.0 [3] 0.88 [2] 0.88
Public garage - Indoors 5 1.0 [3] 0.78 [2] 0.78
Parking lot/garage - Outdooyrs6 1.0 [3] 1.0 [3] 1
Near road - Outdoors 7 1.0 [3] 1.0 3] 1
Motorcycle - Outdoorg’ 8 1.0 [3] 1.0 3] 1
Service station - Indoors 9 1.0 3] 0.78 [2] 0.78
Service station - Outdooys10 1.0[3] 1.0[3] 1
Residential garage - Indoorsl1 1.0[3] 0.77 [2] 0.77
Other repair shop - Indooys12 1.0[3] 0.78 [2] 0.78
Residence (no CO source) - Indoat8 1.0 [3] 0.77 [2] 0.77
h Residence (gas stove) - Indogrd4 1.0[3] 0.77 [2] 0.77
z Residence (attached garage) - Indgats 1.0 [3] 0.77 [2] 0.77
Residence (stove and garage)- Indga6s 1.0 3] 0.77 [2] 0.77
m Office - Indoors/ 17 1.0[3] 0.78 [2] 0.78
z Store - Indoorg’ 18 1.0[3] 0.78 [2] 0.78
Restaurant - Indoors 19 1.0[3] 0.78 [2] 0.78
: Manufacturing facility - Indoorg 20 1.0[3] 0.78 [2] 0.78
u School - Indoorg’ 21 1.0[3] 0.78 [2] 0.78
Church- Indoorg’ 22 1.0[3] 0.78 [2] 0.78
O‘ Shopping mall - Indoorg 23 1.0[3] 0.78 [2] 0.78
a Auditorium - Indoors/ 24 1.0[3] 0.78 [2] 0.78
Health care facility - Indoorg 25 1.0[3] 0.78 [2] 0.78
m Other public building - Indoorg 26 1.0[3] 0.78 [2] 0.78
Other location - Indoorg 27 1.0 [3] 0.78 [2] 0.78
> Not specified - Indoorg 28 1.0[3] 0.78 [2] 0.78
= Construction site - Outdooys29 1.0[3] 1.0 [3] 1
: Residential grounds - Outdogrs30 1.0[3] 1.0[3] 1
School grounds - Outdooys31 1.0[3] 1.0 [3] 1
U’ Sports arena - Outdoors32 1.0 [3] 1.0 3] 1
“ Park/golf course - Outdoops33 1.0[3] 1.0[3] 1
Other location - Outdoors 34 1.0[3] 1.0[3] 1
< Not specified - Outdoorg 35 1.0[3] 1.0[3] 1
Train/subway - In vehiclg 36 1.0[3] 0.88 [2] 0.88
{ Airplane - In vehicle/ 37 0.0 (3] 0.88 [2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
m ® The PROX factor is assumed to be the same for each source category for this pollutant.
2
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Pollutant: Ethylene oxide (#16) ADD PROX [D PEN ID Referen
HAPEM ME / Number (ng/md) CC())de[]a’at’ta CO([je?:a MULT esgu?cgs
Car - In vehicle/ 1 1.0 [3] 0.88 [2] 0.88
Bus - In vehicle/ 2 1.0 [3] 0.88 [2] 0.88
Truck - In vehicle/ 3 1.0 [3] 0.88 [2] 0.88
Other - In vehicle/ 4 1.0 [3] 0.88 [2] 0.88
Public garage - Indoors 5 1.0 [3] 0.78 [2] 0.78
Parking lot/garage - Outdoors6 1.0 [3] 1.0 [3] 1
Near road - Outdoors 7 1.0 [3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0 [3] 1.0 [3] 1
Service station - Indoors 9 1.0 [3] 0.78 [2] 0.78
Service station - Outdooys10 1.0[3] 1.0[3] 1
Residential garage - Indoorsl1 1.0[3] 0.77 [2] 0.77
Other repair shop - Indooys12 1.0[3] 0.78 [2] 0.78
Residence (no CO source) - Indo¢i8 1.0 [3] 0.77 [2] 0.77
Residence (gas stove) - Indogrd4 1.0[3] 0.77 [2] 0.77
h Residence (attached garage) - Indgats 1.0[3] 0.77 [2] 0.77
z Residence (stove and garage)- Indga6s 1.0[3] 0.77 [2] 0.77
m Office - Indoors/ 17 1.0[3] 0.78 [2] 0.78
Store - Indoorg’ 18 1.0[3] 0.78 [2] 0.78
z Restaurant - Indoors 19 1.0[3] 0.78 [2] 0.78
Manufacturing facility - Indoorg 20 1.0[3] 0.78 [2] 0.78
: School - Indoorg’ 21 1.0[3] 0.78 [2] 0.78
u Church- Indoors’ 22 1.0 [3] 0.78 [2] 0.78
Shopping mall - Indoorg 23 1.0[3] 0.78 [2] 0.78
o Auditorium - Indoors/ 24 1.0[3] 0.78 [2] 0.78
a Health care facility - Indoorg 25 1.0[3] 0.78 [2] 0.78
Other public building - Indoorg 26 1.0[3] 0.78 [2] 0.78
m Other location - Indoorg 27 1.0 [3] 0.78 [2] 0.78
Not specified - Indoorg 28 1.0[3] 0.78 [2] 0.78
> Construction site - Outdooys29 1.0 [3] 1.0 [3] 1
o | Residential grounds - Outdogrs30 1.0[3] 1.0[3] 1
: School grounds - Outdooys31 1.0 [3] 1.0 [3] 1
Sports arena - Outdoors32 1.0[3] 1.0[3] 1
U Park/golf course - Outdooys33 1.0[3] 1.0[3] 1
z Other location - Outdoors 34 1.0[3] 1.0 [3] 1
Not specified - Outdoorg 35 1.0[3] 1.0[3] 1
< Train/subway - In vehiclg 36 1.0[3] 0.88 [2] 0.88
{ Airplane - In vehicle/ 37 0.0[3] 0.88 [2] 0
@ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
n ® The PROX factor is assumed to be the same for each source category for this pollutant.
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Pollutant: Formaldehyde (#17)

PROX [Data Code}

MULT = PROX x PEN

HAPEM ME / Number ADD Mai PEN [Data . Reference
3 ajor, N Major,
9™ 1 onroad® area, and Code] Onroad® area, and Sources
nonroad © nonroad*
Car - In vehiclg’l 3.5[2] 1.0 [3] 0.88 [2] 3.08 0.88
Bus - In vehiclg'2 3.5[2] 1.0 [3] 0.88 [2] 3.08 0.88
Truck - In vehicle’3 3.5[2] 1.0 [3] 0.88 [2] 3.08 0.88
Other - In vehiclg4 3.5[2] 1.0 [3] 0.88 [2] 3.08 0.88
Public garage - Indoors 1.0 [3] 1.0 [3] 0.81 2] 0.81 0.81
Parking lot/garage - Outdoof$ 2.7 2] 1.0 [3] 1.0[3] 2.7 1
Near road - Outdoordy 2.7 2] 1.0 [3] 1.0[3] 2.7 1
Motorcycle - Outdoors 8 2.7 2] 1.0 [3] 1.0[3] 2.7 1
Service station - Indoor® 1.0 [3] 1.0 [3] 0.81[2] 0.81 0.81
Service station - Outdoor0 2.7 2] 1.0 [3] 1.0 [3] 2.7 1
Residential garage - Indoogtkl 1.0[3] 1.0 [3] 0.72 [2] 0.72 0.72
Other repair shop - Indoor$2 1.0[3] 1.0 [3] 0.81[2] 0.81 0.81
Residence (no CO source) - Indodt8 1.0 [3] 1.0 [3] 0.5[1] 0.5 0.5 MZ 15
Residence (gas stove) - Indootgd 1.0[3] 1.0 [3] 0.72 [2] 0.72 0.72
Residence (attached garage) - Indgtgs 1.0 [3] 1.0 [3] 0.72 [2] 0.72 0.72
Residence (stove and garage)- Indga6s 1.0[3] 1.0 [3] 0.72 [2] 0.72 0.72
Office - Indoors/ 17 1.0 [3] 1.0 [3] 0.81 [2] 0.81 0.81
Store - Indoorg’ 18 1.0 [3] 1.0 [3] 0.81 [2] 0.81 0.81
Restaurant - Indoors 19 1.0 [3] 1.0 [3] 0.81[2] 0.81 0.81
Manufacturing facility - Indoorg 20 1.0 [3] 1.0 [3] 0.81[2] 0.81 0.81
School - Indoory’ 21 1.0 [3] 1.0 [3] 0.81 [2] 0.81 0.81
Church- Indoorg22 1.0 [3] 1.0 [3] 0.81[2] 0.81 0.81
Shopping mall - Indooy223 1.0 [3] 1.0 [3] 0.81[2] 0.81 0.81
Auditorium - Indoors/ 24 1.0[3] 1.0 [3] 0.81[2] 0.81 0.81
Health care facility - Indooy®25 1.0[3] 1.0 [3] 0.81[2] 0.81 0.81
Other public building - Indooy226 1.0[3] 1.0 [3] 0.81[2] 0.81 0.81
Other location - Indooy®7 1.0[3] 1.0 [3] 0.81[2] 0.81 0.81
Not specified - Indoors28 1.0[3] 1.0 [3] 0.81[2] 0.81 0.81
Construction site - Outdoor&9 1.0[3] 1.0 [3] 1.0 [3] 1 1
Residential grounds - Outdogi30 1.0 [3] 1.0 [3] 1.0 [3] 1 1
School grounds - Outdoof81 1.0 [3] 1.0 [3] 1.0 [3] 1 1
Sports arena - Outdoof32 1.0[3] 1.0 [3] 1.0 [3] 1 1
Park/golf course - Outdoor83 1.0 [3] 1.0 [3] 1.0[3] 1 1
Other location - Outdoor84 1.0[3] 1.0 [3] 1.0[3] 1 1
Not specified - Outdooy$35 1.0[3] 1.0 [3] 1.0[3] 1 1
Train/subway - In vehiclé36 3.5[2] 1.0 [3] 0.88 [2] 3.08 0.88
Airplane - In vehiclg’37 0.0 [3] 0.0 [3] 0.88 [2] 0 0

2 Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
® Onroad vehicle source category (see text).
¢ Major, area, and nonroad-mobile source categories (see text).

4 The MULT factor is the product of the PROX factor and the PEN factor for the onroad vehicle source category and for the
major, area, and nonroad-mobile source categories for this pollutant.

Formula Microenvironmental concentration, pgfm = ADD + (PROX)(PEN)(monitor concentration?pg/m ).

Abbreviations ADD = additive factor; PROX = proximity factor; PEN = penetration factor; MULT = PROX x PEN.
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Pollutant ::;%C“;"‘nginl\zlﬁ”mﬁ?) ADD | PROX [Data | PEN[Data | .\ ¢ Reference
(ng/m®) Code]*® Code]? Sources
Car - In vehicle/ 1 1.0[3] 0.88 [2] 0.88
Bus - In vehicle/ 2 1.0 [3] 0.88 [2] 0.88
Truck - In vehicle/ 3 1.0[3] 0.88 [2] 0.88
Other - In vehicle/ 4 1.0[3] 0.88 [2] 0.88
Public garage - Indoors 5 1.0 [3] 0.78 [2] 0.78
Parking lot/garage - Outdoors6 1.0[3] 1.0 [3] 1
Near road - Outdoors 7 1.0[3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0 [3] 1.0 [3] 1
Service station - Indoors 9 1.0[3] 0.78 [2] 0.78
Service station - Outdooys10 1.0[3] 1.0[3] 1
Residential garage - Indoorsl1 1.0[3] 0.77 [2] 0.77
Other repair shop - Indooys12 1.0[3] 0.78 [2] 0.78
Residence (no CO source) - Indo¢i8 1.0 [3] 0.82[1] 0.82 TL 3
Residence (gas stove) - Indogrd4 1.0[3] 0.77 [2] 0.77
h Residence (attached garage) - Indgats 1.0 [3] 0.77 [2] 0.77
z Residence (stove and garage)- Indga6s 1.0 [3] 0.77 [2] 0.77
m Office - Indoors/ 17 1.0[3] 0.78 [2] 0.78
Store - Indoorg’ 18 1.0[3] 0.78 [2] 0.78
z Restaurant - Indoors 19 1.0[3] 0.78 [2] 0.78
Manufacturing facility - Indoorg 20 1.0[3] 0.78 [2] 0.78
: School - Indoorg’ 21 1.0[3] 0.78 [2] 0.78
u Church- Indoors’ 22 1.0 [3] 0.78 [2] 0.78
Shopping mall - Indoorg 23 1.0[3] 0.78 [2] 0.78
o Auditorium - Indoors/ 24 1.0[3] 0.78 [2] 0.78
a Health care facility - Indoorg 25 1.0[3] 0.78 [2] 0.78
Other public building - Indoorg 26 1.0[3] 0.78 [2] 0.78
m Other location - Indoorg 27 1.0 [3] 0.78 [2] 0.78
Not specified - Indoorg 28 1.0[3] 0.78 [2] 0.78
> Construction site - Outdooys29 1.0[3] 1.0 [3] 1
o | Residential grounds - Outdogrs30 1.0[3] 1.0[3] 1
: School grounds - Outdooys31 1.0 [3] 1.0 [3] 1
Sports arena - Outdoors32 1.0 [3] 1.0[3] 1
U Park/golf course - Outdooys33 1.0 [3] 1.0[3] 1
z Other location - Outdoors 34 1.0[3] 1.0[3] 1
Not specified - Outdoorg 35 1.0[3] 1.0[3] 1
< Train/subway - In vehiclg 36 1.0[3] 0.88 [2] 0.88
{ Airplane - In vehicle/ 37 0.0[3] 0.88 [2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
m ® The PROX factor is assumed to be the same for each source category for this pollutant.
7))
=
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Pollutant: Hydrazine (#19) ADD PROX [D PEN ID Referen
HAPEM ME / Number (ng/m®) CC())de[]""rj:’ta CO([je?‘:[a MULT esgu?cgs
Car - In vehicle/ 1 1.0 [3] 0.90 [2] 0.9
Bus - In vehicle/ 2 1.0 [3] 0.90 [2] 0.9
Truck - In vehicle/ 3 1.0[3] 0.90 [2] 0.9
Other - In vehicle/ 4 1.0[3] 0.90 [2] 0.9
Public garage - Indoors 5 1.0 [3] 0.80[2] 0.8
Parking lot/garage - Outdoors6 1.0[3] 1.0 [3] 1
Near road - Outdoors 7 1.0[3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0 [3] 1.0 [3] 1
Service station - Indoors 9 1.0[3] 0.80 [2] 0.8
Service station - Outdooys10 1.0[3] 1.0[3] 1
Residential garage - Indoorsl1 1.0[3] 0.81[2] 0.81
Other repair shop - Indooys12 1.0[3] 0.80[2] 0.8
Residence (no CO source) - Indo¢i8 1.0 [3] 0.81[2] 0.81
Residence (gas stove) - Indogrd4 1.0[3] 0.81[2] 0.81
h Residence (attached garage) - Indgats 1.0 [3] 0.81[2] 0.81
z Residence (stove and garage)- Indga6s 1.0 [3] 0.81[2] 0.81
m Office - Indoors/ 17 1.0[3] 0.80[2] 0.8
Store - Indoorg’ 18 1.0[3] 0.80[2] 0.8
z Restaurant - Indoors 19 1.0[3] 0.80[2] 0.8
Manufacturing facility - Indoorg 20 1.0[3] 0.80[2] 0.8
: School - Indoorg’ 21 1.0[3] 0.80[2] 0.8
u Church- Indoors’ 22 1.0 [3] 0.80 [2] 0.8
Shopping mall - Indoorg 23 1.0[3] 0.80[2] 0.8
o Auditorium - Indoors/ 24 1.0[3] 0.80[2] 0.8
a Health care facility - Indoorg 25 1.0[3] 0.80[2] 0.8
Other public building - Indoorg 26 1.0[3] 0.80[2] 0.8
m Other location - Indoorg 27 1.0 [3] 0.80[2] 0.8
Not specified - Indoorg 28 1.0[3] 0.80[2] 0.8
> Construction site - Outdooys29 1.0[3] 1.0 [3] 1
o | Residential grounds - Outdogrs30 1.0[3] 1.0[3] 1
: School grounds - Outdooys31 1.0 [3] 1.0 [3] 1
Sports arena - Outdoors32 1.0 [3] 1.0[3] 1
U Park/golf course - Outdooys33 1.0 [3] 1.0[3] 1
z Other location - Outdoors 34 1.0[3] 1.0[3] 1
Not specified - Outdoorg 35 1.0[3] 1.0[3] 1
< Train/subway - In vehiclg 36 1.0 [3] 0.90 [2] 0.9
{ Airplane - In vehicle/ 37 0.0[3] 0.90[2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
m ® The PROX factor is assumed to be the same for each source category for this pollutant.
7))
=
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Pollutant I:i?,%ﬁfﬂ?“}ﬂi&f;ga”'C(#ZO) ADD | PROX [Data | PEN[Data |\ ¢ Reference
(ng/m?®) Code]*® Code]? Sources
Car - In vehicle/ 1 1.0[3] 0.88 [2] 0.88
Bus - In vehicle/ 2 1.0 [3] 0.88 [2] 0.88
Truck - In vehicle/ 3 1.0[3] 0.88 [2] 0.88
Other - In vehicle/ 4 1.0[3] 0.88 [2] 0.88
Public garage - Indoors 5 1.0 [3] 0.78 [2] 0.78
Parking lot/garage - Outdoors6 1.0[3] 1.0 [3] 1
Near road - Outdoors 7 1.0[3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0 [3] 1.0 [3] 1
Service station - Indoors 9 1.0[3] 0.78 [2] 0.78
Service station - Outdooys10 1.0[3] 1.0[3] 1
Residential garage - Indoorsl1 1.0[3] 0.77 [2] 0.77
Other repair shop - Indooys12 1.0[3] 0.78 [2] 0.78
Residence (no CO source) - Indo¢i8 1.0 [3] 0.77 [2] 0.77
Residence (gas stove) - Indogrd4 1.0[3] 0.77 [2] 0.77
h Residence (attached garage) - Indgats 1.0 [3] 0.77 [2] 0.77
z Residence (stove and garage)- Indga6s 1.0 [3] 0.77 [2] 0.77
m Office - Indoors/ 17 1.0[3] 0.78 [2] 0.78
Store - Indoorg’ 18 1.0[3] 0.78 [2] 0.78
z Restaurant - Indoors 19 1.0[3] 0.78 [2] 0.78
Manufacturing facility - Indoorg 20 1.0[3] 0.78 [2] 0.78
: School - Indoorg’ 21 1.0[3] 0.78 [2] 0.78
u Church- Indoors’ 22 1.0 [3] 0.78 [2] 0.78
Shopping mall - Indoorg 23 1.0[3] 0.78 [2] 0.78
o Auditorium - Indoors/ 24 1.0[3] 0.78 [2] 0.78
a Health care facility - Indoorg 25 1.0[3] 0.78 [2] 0.78
Other public building - Indoorg 26 1.0[3] 0.78 [2] 0.78
m Other location - Indoorg 27 1.0 [3] 0.78 [2] 0.78
Not specified - Indoorg 28 1.0[3] 0.78 [2] 0.78
> Construction site - Outdooys29 1.0[3] 1.0 [3] 1
o | Residential grounds - Outdogrs30 1.0[3] 1.0[3] 1
: School grounds - Outdooys31 1.0 [3] 1.0 [3] 1
Sports arena - Outdoors32 1.0 [3] 1.0[3] 1
U Park/golf course - Outdooys33 1.0 [3] 1.0[3] 1
z Other location - Outdoors 34 1.0[3] 1.0[3] 1
Not specified - Outdoorg 35 1.0[3] 1.0[3] 1
< Train/subway - In vehiclg 36 1.0[3] 0.88 [2] 0.88
{ Airplane - In vehicle/ 37 0.0[3] 0.88 [2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
m ®The PROX factor is assumed to be the same for each source category for this pollutant.
7))
=
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Pollutant: Lead compounds - inorganic
(#21) ADD PROX [Data | PEN [Data MULT Reference
HAPEM ME / Number (ng/m?) Code]*® Code]? Sources
Car - In vehicle/ 1 1.0 [3] 0.88 [2] 0.88
Bus - In vehicle/ 2 1.0 [3] 0.88 [2] 0.88
Truck - In vehicle/ 3 1.0 [3] 0.88 [2] 0.88
Other - In vehicle/ 4 1.0 [3] 0.88 [2] 0.88
Public garage - Indoors 5 1.0 [3] 0.78 [2] 0.78
Parking lot/garage - Outdooyrs6 1.0 [3] 1.0 [3] 1
Near road - Outdoors 7 1.0 [3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0[3] 1.0 3] 1
Service station - Indoors 9 1.0[3] 0.78 [2] 0.78
Service station - Outdooys10 1.0[3] 1.0[3] 1
Residential garage - Indoorsl1 1.0[3] 0.77 [2] 0.77
Other repair shop - Indooys12 1.0[3] 0.78 [2] 0.78
Residence (no CO source) - Indoat8 1.0[3] 0.91 [1] 0.91 RA 29, TL12
h Residence (gas stove) - Indogrd4 1.0[3] 0.77 [2] 0.77
z Residence (attached garage) - Indgats 1.0 [3] 0.77 [2] 0.77
Residence (stove and garage)- Indga6s 1.0 [3] 0.77 [2] 0.77
m Office - Indoors/ 17 1.0 [3] 0.86 [1] 0.86 TL 8
z Store - Indoorg’ 18 1.0 [3] 0.78 [2] 0.78
Restaurant - Indoors 19 1.0[3] 0.78 [2] 0.78
: Manufacturing facility - Indoorg 20 1.0[3] 0.78 [2] 0.78
u School - Indoorg’ 21 1.0[3] 0.78 [2] 0.78
Church- Indoorg’ 22 1.0[3] 0.78 [2] 0.78
O‘ Shopping mall - Indoorg 23 1.0[3] 0.78 [2] 0.78
a Auditorium - Indoors/ 24 1.0[3] 0.78 [2] 0.78
Health care facility - Indoorg 25 1.0[3] 0.78 [2] 0.78
m Other public building - Indoorg 26 1.0[3] 0.63[1] 0.63 TL 12
Other location - Indoorg 27 1.0[3] 0.78 [2] 0.78
> Not specified - Indoorg 28 1.0[3] 0.78 [2] 0.78
= Construction site - Outdooys29 1.0[3] 1.0 [3] 1
: Residential grounds - Outdoors30 1.0[3] 1.0[3] 1
School grounds - Outdooys31 1.0[3] 1.0 [3] 1
U’ Sports arena - Outdoors32 1.0[3] 1.0[3] 1
“ Park/golf course - Outdoops33 1.0[3] 1.0[3] 1
Other location - Outdoors 34 1.0[3] 1.0 [3] 1
< Not specified - Outdoorg 35 1.0[3] 1.0[3] 1
Train/subway - In vehiclg 36 1.0[3] 0.88 [2] 0.88
{ Airplane - In vehicle/ 37 0.0[3] 0.88 [2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
I.I.I ® The PROX factor is assumed to be the same for each source category for this pollutant.
m ¢ Average of values from RA 29 and TL12.
=
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Pollutant: Manganese cmpdq#22) ADD PROX [D PEN ID Referen
HAPEM ME / Number (ng/md) CC())de[]""rj:’ta CO([je?‘:[a MULT esgu?cgs
Car - In vehicle/ 1 1.0[3] 0.88 [2] 0.88
Bus - In vehicle/ 2 1.0 [3] 0.88 [2] 0.88
Truck - In vehicle/ 3 1.0[3] 0.88 [2] 0.88
Other - In vehicle/ 4 1.0[3] 0.88 [2] 0.88
Public garage - Indoors 5 1.0 [3] 0.78 [2] 0.78
Parking lot/garage - Outdoors6 1.0[3] 1.0 [3] 1
Near road - Outdoors 7 1.0[3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0 [3] 1.0 [3] 1
Service station - Indoors 9 1.0[3] 0.78 [2] 0.78
Service station - Outdooys10 1.0[3] 1.0[3] 1
Residential garage - Indoorsl1 1.0[3] 0.77 [2] 0.77
Other repair shop - Indooys12 1.0[3] 0.78 [2] 0.78
Residence (no CO source) - Indo¢i8 1.0 [3] 0.61[1] 0.61 MZ 6, MZ 7
Residence (gas stove) - Indogrd4 1.0[3] 0.77 [2] 0.77
h Residence (attached garage) - Indgats 1.0 [3] 0.77 [2] 0.77
z Residence (stove and garage)- Indga6s 1.0 [3] 0.77 [2] 0.77
m Office - Indoors/ 17 1.0[3] 0.78 [2] 0.78
Store - Indoorg’ 18 1.0[3] 0.78 [2] 0.78
z Restaurant - Indoors 19 1.0[3] 0.78 [2] 0.78
Manufacturing facility - Indoorg 20 1.0[3] 0.78 [2] 0.78
: School - Indoorg’ 21 1.0[3] 0.78 [2] 0.78
u Church- Indoors’ 22 1.0 [3] 0.78 [2] 0.78
Shopping mall - Indoorg 23 1.0[3] 0.78 [2] 0.78
o Auditorium - Indoors/ 24 1.0[3] 0.78 [2] 0.78
a Health care facility - Indoorg 25 1.0[3] 0.78 [2] 0.78
Other public building - Indoorg 26 1.0[3] 0.78 [2] 0.78
m Other location - Indoorg 27 1.0 [3] 0.78 [2] 0.78
Not specified - Indoorg 28 1.0[3] 0.78 [2] 0.78
> Construction site - Outdooys29 1.0[3] 1.0 [3] 1
o | Residential grounds - Outdogrs30 1.0[3] 1.0[3] 1
: School grounds - Outdooys31 1.0 [3] 1.0 [3] 1
Sports arena - Outdoors32 1.0 [3] 1.0[3] 1
U Park/golf course - Outdooys33 1.0 [3] 1.0[3] 1
z Other location - Outdoors 34 1.0[3] 1.0[3] 1
Not specified - Outdoorg 35 1.0[3] 1.0[3] 1
< Train/subway - In vehiclg 36 1.0[3] 0.88 [2] 0.88
{ Airplane - In vehicle/ 37 0.0[3] 0.88 [2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
m ® The PROX factor is assumed to be the same for each source category for this pollutant.
7))
=
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Pollutant: Mercury compounds (#23) ADD PROX [D PEN ID Referen
HAPEM ME / Number (ng/m®) CC())de[]""rj:’ta CO([je?‘:[a MULT esgu?cgs
Car - In vehicle/ 1 1.0[3] 0.88 [2] 0.88
Bus - In vehicle/ 2 1.0 [3] 0.88 [2] 0.88
Truck - In vehicle/ 3 1.0[3] 0.88 [2] 0.88
Other - In vehicle/ 4 1.0[3] 0.88 [2] 0.88
Public garage - Indoors 5 1.0 [3] 0.78 [2] 0.78
Parking lot/garage - Outdoors6 1.0[3] 1.0 [3] 1
Near road - Outdoors 7 1.0[3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0 [3] 1.0 [3] 1
Service station - Indoors 9 1.0[3] 0.78 [2] 0.78
Service station - Outdooys10 1.0[3] 1.0[3] 1
Residential garage - Indoorsl1 1.0[3] 0.77 [2] 0.77
Other repair shop - Indooys12 1.0[3] 0.78 [2] 0.78
Residence (no CO source) - Indo¢i8 1.0 [3] 0.77 [2] 0.77
Residence (gas stove) - Indogrd4 1.0[3] 0.77 [2] 0.77
h Residence (attached garage) - Indgats 1.0 [3] 0.77 [2] 0.77
z Residence (stove and garage)- Indga6s 1.0 [3] 0.77 [2] 0.77
m Office - Indoors/ 17 1.0[3] 0.78 [2] 0.78
Store - Indoorg’ 18 1.0[3] 0.78 [2] 0.78
z Restaurant - Indoors 19 1.0[3] 0.78 [2] 0.78
Manufacturing facility - Indoorg 20 1.0[3] 0.78 [2] 0.78
: School - Indoorg’ 21 1.0[3] 0.78 [2] 0.78
u Church- Indoors’ 22 1.0 [3] 0.78 [2] 0.78
Shopping mall - Indoorg 23 1.0[3] 0.78 [2] 0.78
o Auditorium - Indoors/ 24 1.0[3] 0.78 [2] 0.78
a Health care facility - Indoorg 25 1.0[3] 0.78 [2] 0.78
Other public building - Indoorg 26 1.0[3] 0.78 [2] 0.78
m Other location - Indoorg 27 1.0 [3] 0.78 [2] 0.78
Not specified - Indoorg 28 1.0[3] 0.78 [2] 0.78
> Construction site - Outdooys29 1.0[3] 1.0 [3] 1
o | Residential grounds - Outdogrs30 1.0[3] 1.0[3] 1
: School grounds - Outdooys31 1.0 [3] 1.0 [3] 1
Sports arena - Outdoors32 1.0 [3] 1.0[3] 1
U Park/golf course - Outdooys33 1.0 [3] 1.0[3] 1
z Other location - Outdoors 34 1.0[3] 1.0[3] 1
Not specified - Outdoorg 35 1.0[3] 1.0[3] 1
< Train/subway - In vehiclg 36 1.0[3] 0.88 [2] 0.88
{ Airplane - In vehicle/ 37 0.0[3] 0.88 [2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
m ® The PROX factor is assumed to be the same for each source category for this pollutant.
7))
=
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Pollutant: Methylene chloride
(dichloromethane) (#24) ADD PROX [Data | PEN [Data MULT Reference
HAPEM ME / Number (ng/m?) Code]*® Code]? Sources
Car - In vehicle/ 1 1.0 [3] 0.88 [2] 0.88
Bus - In vehicle/ 2 1.0 [3] 0.88 [2] 0.88
Truck - In vehicle/ 3 1.0 [3] 0.88 [2] 0.88
Other - In vehicle/ 4 1.0 [3] 0.88 [2] 0.88
Public garage - Indoors 5 1.0 [3] 0.78 [2] 0.78
Parking lot/garage - Outdooyrs6 1.0 [3] 1.0 [3] 1
Near road - Outdoors 7 1.0 [3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0[3] 1.0 3] 1
Service station - Indoors 9 1.0[3] 0.78 [2] 0.78
Service station - Outdooys10 1.0[3] 1.0[3] 1
Residential garage - Indoorsl1 1.0[3] 0.77 [2] 0.77
Other repair shop - Indooys12 1.0[3] 0.78 [2] 0.78
Residence (no CO source) - Indoat8 1.0[3] 0.77 [2] 0.77
h Residence (gas stove) - Indogrd4 1.0[3] 0.77 [2] 0.77
z Residence (attached garage) - Indgats 1.0[3] 0.77 [2] 0.77
Residence (stove and garage)- Indga6s 1.0[3] 0.77 [2] 0.77
m Office - Indoors/ 17 1.0 [3] 1.0 [1] 1 MZ 39, TL 10
z Store - Indoorg’ 18 1.0[3] 0.78 [2] 0.78
Restaurant - Indoors 19 1.0[3] 0.78 [2] 0.78
: Manufacturing facility - Indoorg 20 1.0[3] 0.78 [2] 0.78
u School - Indoorg’ 21 1.0[3] 0.78 [2] 0.78
Church- Indoorg’ 22 1.0 [3] 0.78 [2] 0.78
O‘ Shopping mall - Indoorg 23 1.0[3] 0.78 [2] 0.78
a Auditorium - Indoors/ 24 1.0[3] 0.78 [2] 0.78
Health care facility - Indoorg 25 1.0[3] 0.78 [2] 0.78
m Other public building - Indoorg 26 1.0[3] 0.78 [2] 0.78
Other location - Indoorg 27 1.0[3] 0.78 [2] 0.78
> Not specified - Indoorg 28 1.0[3] 0.78 [2] 0.78
= Construction site - Outdooys29 1.0[3] 1.0[3] 1
: Residential grounds - Outdogrs30 1.0[3] 1.0[3] 1
School grounds - Outdooys31 1.0[3] 1.0 [3] 1
U’ Sports arena - Outdoors32 1.0[3] 1.0[3] 1
“ Park/golf course - Outdoops33 1.0 [3] 1.0[3] 1
Other location - Outdoors 34 1.0[3] 1.0[3] 1
< Not specified - Outdoorg 35 1.0[3] 1.0[3] 1
Train/subway - In vehiclg 36 1.0[3] 0.88 [2] 0.88
{ Airplane - In vehicle/ 37 0.0[3] 0.88 [2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
m ® The PROX factor is assumed to be the same for each source category for this pollutant.
7))
=

C-24




Pollutant: Nickel compounds(#25) ADD PROX [D PEN ID Referen
HAPEM ME / Number (ng/m®) CC())de[]""rj:’ta CO([je?‘:[a MULT esgu?cgs
Car - In vehicle/ 1 1.0[3] 0.88 [2] 0.88
Bus - In vehicle/ 2 1.0 [3] 0.88 [2] 0.88
Truck - In vehicle/ 3 1.0[3] 0.88 [2] 0.88
Other - In vehicle/ 4 1.0[3] 0.88 [2] 0.88
Public garage - Indoors 5 1.0 [3] 0.78 [2] 0.78
Parking lot/garage - Outdoors6 1.0[3] 1.0 [3] 1
Near road - Outdoors 7 1.0[3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0 [3] 1.0 [3] 1
Service station - Indoors 9 1.0[3] 0.78 [2] 0.78
Service station - Outdooys10 1.0[3] 1.0[3] 1
Residential garage - Indoorsl1 1.0[3] 0.77 [2] 0.77
Other repair shop - Indooys12 1.0[3] 0.78 [2] 0.78
Residence (no CO source) - Indo¢i8 1.0 [3] 0.77 [2] 0.77
Residence (gas stove) - Indogrd4 1.0[3] 0.77 [2] 0.77
h Residence (attached garage) - Indgats 1.0 [3] 0.77 [2] 0.77
z Residence (stove and garage)- Indga6s 1.0 [3] 0.77 [2] 0.77
m Office - Indoors/ 17 1.0[3] 0.78 [2] 0.78
Store - Indoorg’ 18 1.0[3] 0.78 [2] 0.78
z Restaurant - Indoors 19 1.0[3] 0.78 [2] 0.78
Manufacturing facility - Indoorg 20 1.0[3] 0.78 [2] 0.78
: School - Indoorg’ 21 1.0[3] 0.78 [2] 0.78
u Church- Indoors’ 22 1.0 [3] 0.78 [2] 0.78
Shopping mall - Indoorg 23 1.0[3] 0.78 [2] 0.78
o Auditorium - Indoors/ 24 1.0[3] 0.78 [2] 0.78
a Health care facility - Indoorg 25 1.0[3] 0.78 [2] 0.78
Other public building - Indoorg 26 1.0[3] 0.78 [2] 0.78
m Other location - Indoorg 27 1.0 [3] 0.78 [2] 0.78
Not specified - Indoorg 28 1.0[3] 0.78 [2] 0.78
> Construction site - Outdooys29 1.0[3] 1.0 [3] 1
o | Residential grounds - Outdogrs30 1.0[3] 1.0[3] 1
: School grounds - Outdooys31 1.0 [3] 1.0 [3] 1
Sports arena - Outdoors32 1.0 [3] 1.0[3] 1
U Park/golf course - Outdooys33 1.0 [3] 1.0[3] 1
z Other location - Outdoors 34 1.0[3] 1.0[3] 1
Not specified - Outdoorg 35 1.0[3] 1.0[3] 1
< Train/subway - In vehiclg 36 1.0[3] 0.88 [2] 0.88
{ Airplane - In vehicle/ 37 0.0[3] 0.88 [2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
m ® The PROX factor is assumed to be the same for each source category for this pollutant.
7))
=
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Pollutant: 7-PAH : (Lower
and upper bound) (#26) ADD PROX [Data | PEN [Data MULT Reference
HAPEM ME / Number (ng/m?) Code]*® Code]? Sources
Car - In vehicle/ 1 1.0 [3] 0.88 [2] 0.88
Bus - In vehicle/ 2 1.0 [3] 0.88 [2] 0.88
Truck - In vehicle/ 3 1.0 [3] 0.88 [2] 0.88
Other - In vehicle/ 4 1.0 [3] 0.88 [2] 0.88
Public garage - Indoors 5 1.0 [3] 0.81[2] 0.81
Parking lot/garage - Outdooyrs6 1.0 [3] 1.0 [3] 1
Near road - Outdoors 7 1.0 [3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0[3] 1.0 3] 1
Service station - Indoors 9 1.0[3] 0.81[2] 0.81
Service station - Outdooys10 1.0[3] 1.0[3] 1
Residential garage - Indoorsl1 1.0[3] 0.72 [2] 0.72
Other repair shop - Indooys12 1.0[3] 0.81[2] 0.81
Residence (no CO source) - Indoat8 1.0[3] 0.7 [1] 0.7 MZ 17
h Residence (gas stove) - Indogrd4 1.0[3] 0.72 [2] 0.72
z Residence (attached garage) - Indgats 1.0[3] 0.72 [2] 0.72
Residence (stove and garage)- Indga6s 1.0[3] 0.72 [2] 0.72
m Office - Indoors/ 17 1.0[3] 0.81[2] 0.81
z Store - Indoorg’ 18 1.0[3] 0.81[2] 0.81
Restaurant - Indoors 19 1.0[3] 0.81[2] 0.81
: Manufacturing facility - Indoorg 20 1.0[3] 0.81[2] 0.81
u School - Indoorg’ 21 1.0[3] 0.81[2] 0.81
Church- Indoorg’ 22 1.0 [3] 0.81[2] 0.81
O‘ Shopping mall - Indoorg 23 1.0[3] 0.81[2] 0.81
a Auditorium - Indoors/ 24 1.0[3] 0.81[2] 0.81
Health care facility - Indoorg 25 1.0[3] 0.81[2] 0.81
m Other public building - Indoorg 26 1.0[3] 0.81[2] 0.81
Other location - Indoorg 27 1.0[3] 0.81[2] 0.81
> Not specified - Indoorg 28 1.0[3] 0.81[2] 0.81
= Construction site - Outdooys29 1.0[3] 1.0[3] 1
: Residential grounds - Outdogrs30 1.0[3] 1.0[3] 1
School grounds - Outdooys31 1.0[3] 1.0 [3] 1
U’ Sports arena - Outdoors32 1.0[3] 1.0[3] 1
“ Park/golf course - Outdoops33 1.0 [3] 1.0[3] 1
Other location - Outdoors 34 1.0[3] 1.0[3] 1
< Not specified - Outdoorg 35 1.0[3] 1.0[3] 1
Train/subway - In vehiclg 36 1.0[3] 0.88 [2] 0.88
{ Airplane - In vehicle/ 37 0.0[3] 0.88 [2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
m ® The PROX factor is assumed to be the same for each source category for this pollutant.
7))
=
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Pollutant: EXgEmO&%atiszlggeel:vls (#27) ADD PROX [Data | PEN [Data MULT Reference
(ng/m?®) Code]*® Code]? Sources
Car - In vehicle/ 1 1.0[3] 0.88 [2] 0.88
Bus - In vehicle/ 2 1.0 [3] 0.88 [2] 0.88
Truck - In vehicle/ 3 1.0[3] 0.88 [2] 0.88
Other - In vehicle/ 4 1.0[3] 0.88 [2] 0.88
Public garage - Indoors 5 1.0 [3] 0.78 [2] 0.78
Parking lot/garage - Outdoors6 1.0[3] 1.0 [3] 1
Near road - Outdoors 7 1.0[3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0 [3] 1.0 [3] 1
Service station - Indoors 9 1.0[3] 0.78 [2] 0.78
Service station - Outdooys10 1.0[3] 1.0[3] 1
Residential garage - Indoorsl1 1.0[3] 0.77 [2] 0.77
Other repair shop - Indooys12 1.0[3] 0.78 [2] 0.78
Residence (no CO source) - Indo¢i8 1.0 [3] 0.77 [2] 0.77
Residence (gas stove) - Indogrd4 1.0[3] 0.77 [2] 0.77
h Residence (attached garage) - Indgats 1.0 [3] 0.77 [2] 0.77
z Residence (stove and garage)- Indga6s 1.0 [3] 0.77 [2] 0.77
m Office - Indoors/ 17 1.0[3] 0.78 [2] 0.78
Store - Indoorg’ 18 1.0[3] 0.78 [2] 0.78
z Restaurant - Indoors 19 1.0[3] 0.78 [2] 0.78
Manufacturing facility - Indoorg 20 1.0[3] 0.78 [2] 0.78
: School - Indoorg’ 21 1.0[3] 0.78 [2] 0.78
u Church- Indoors’ 22 1.0 [3] 0.78 [2] 0.78
Shopping mall - Indoorg 23 1.0[3] 0.78 [2] 0.78
o Auditorium - Indoors/ 24 1.0[3] 0.78 [2] 0.78
a Health care facility - Indoorg 25 1.0[3] 0.78 [2] 0.78
Other public building - Indoorg 26 1.0[3] 0.78 [2] 0.78
m Other location - Indoorg 27 1.0 [3] 0.78 [2] 0.78
Not specified - Indoorg 28 1.0[3] 0.78 [2] 0.78
> Construction site - Outdooys29 1.0[3] 1.0 [3] 1
o | Residential grounds - Outdogrs30 1.0[3] 1.0[3] 1
: School grounds - Outdooys31 1.0 [3] 1.0 [3] 1
Sports arena - Outdoors32 1.0 [3] 1.0[3] 1
U Park/golf course - Outdooys33 1.0 [3] 1.0[3] 1
z Other location - Outdoors 34 1.0[3] 1.0[3] 1
Not specified - Outdoorg 35 1.0[3] 1.0[3] 1
< Train/subway - In vehiclg 36 1.0[3] 0.88 [2] 0.88
{ Airplane - In vehicle/ 37 0.0[3] 0.88 [2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
m ® The PROX factor is assumed to be the same for each source category for this pollutant.
7))
=
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Pollutant: Propylene dichloride (1,2-
dichloropropane) (#28) ADD PROX [Data | PEN [Data MULT Reference
HAPEM ME / Number (ng/m?) Code]*® Code]? Sources
Car - In vehicle/ 1 1.0 [3] 0.88 [2] 0.88
Bus - In vehicle/ 2 1.0 [3] 0.88 [2] 0.88
Truck - In vehicle/ 3 1.0 [3] 0.88 [2] 0.88
Other - In vehicle/ 4 1.0 [3] 0.88 [2] 0.88
Public garage - Indoors 5 1.0 [3] 0.78 [2] 0.78
Parking lot/garage - Outdooyrs6 1.0 [3] 1.0 [3] 1
Near road - Outdoors 7 1.0 [3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0[3] 1.0 3] 1
Service station - Indoors 9 1.0[3] 0.78 [2] 0.78
Service station - Outdooys10 1.0[3] 1.0[3] 1
Residential garage - Indoorsl1 1.0[3] 0.77 [2] 0.77
Other repair shop - Indooys12 1.0[3] 0.78 [2] 0.78
Residence (no CO source) - Indoat8 1.0[3] 0.77 [2] 0.77
h Residence (gas stove) - Indogrd4 1.0[3] 0.77 [2] 0.77
z Residence (attached garage) - Indgats 1.0[3] 0.77 [2] 0.77
Residence (stove and garage)- Indga6s 1.0[3] 0.77 [2] 0.77
m Office - Indoors/ 17 1.0[3] 0.78 [2] 0.78
z Store - Indoorg’ 18 1.0[3] 0.78 [2] 0.78
Restaurant - Indoors 19 1.0[3] 0.78 [2] 0.78
: Manufacturing facility - Indoorg 20 1.0[3] 0.78 [2] 0.78
u School - Indoorg’ 21 1.0[3] 0.78 [2] 0.78
Church- Indoorg’ 22 1.0 [3] 0.78 [2] 0.78
O‘ Shopping mall - Indoorg 23 1.0[3] 0.78 [2] 0.78
a Auditorium - Indoors/ 24 1.0[3] 0.78 [2] 0.78
Health care facility - Indoorg 25 1.0[3] 0.78 [2] 0.78
m Other public building - Indoorg 26 1.0[3] 0.78 [2] 0.78
Other location - Indoorg 27 1.0[3] 0.78 [2] 0.78
> Not specified - Indoorg 28 1.0[3] 0.78 [2] 0.78
= Construction site - Outdooys29 1.0[3] 1.0[3] 1
: Residential grounds - Outdogrs30 1.0[3] 1.0[3] 1
School grounds - Outdooys31 1.0[3] 1.0 [3] 1
U’ Sports arena - Outdoors32 1.0[3] 1.0[3] 1
“ Park/golf course - Outdoops33 1.0 [3] 1.0[3] 1
Other location - Outdoors 34 1.0[3] 1.0[3] 1
< Not specified - Outdoorg 35 1.0[3] 1.0[3] 1
Train/subway - In vehiclg 36 1.0[3] 0.88 [2] 0.88
{ Airplane - In vehicle/ 37 0.0[3] 0.88 [2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
m ® The PROX factor is assumed to be the same for each source category for this pollutant.
7))
=
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Pollutant HL:;”E&”EAé#Z/g)Number ADD | PROX [Data | PEN[Data |\ ; | Reference
(ng/m?®) Code]*® Code]? Sources
Car - In vehicle/ 1 1.0[3] 0.88 [2] 0.88
Bus - In vehicle/ 2 1.0 [3] 0.88 [2] 0.88
Truck - In vehicle/ 3 1.0[3] 0.88 [2] 0.88
Other - In vehicle/ 4 1.0[3] 0.88 [2] 0.88
Public garage - Indoors 5 1.0 [3] 0.81[2] 0.81
Parking lot/garage - Outdoors6 1.0[3] 1.0 [3] 1
Near road - Outdoors 7 1.0[3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0 [3] 1.0 [3] 1
Service station - Indoors 9 1.0[3] 0.81[2] 0.81
Service station - Outdooys10 1.0[3] 1.0[3] 1
Residential garage - Indoorsl1 1.0[3] 0.72 [2] 0.72
Other repair shop - Indooys12 1.0[3] 0.81[2] 0.81
Residence (no CO source) - Indo¢i8 1.0 [3] 0.72 [2] 0.72
Residence (gas stove) - Indogrd4 1.0[3] 0.72 [2] 0.72
h Residence (attached garage) - Indgats 1.0 [3] 0.72 [2] 0.72
z Residence (stove and garage)- Indga6s 1.0 [3] 0.72 [2] 0.72
m Office - Indoors/ 17 1.0[3] 0.81[2] 0.81
Store - Indoorg’ 18 1.0[3] 0.81[2] 0.81
z Restaurant - Indoors 19 1.0[3] 0.81[2] 0.81
Manufacturing facility - Indoorg 20 1.0[3] 0.81[2] 0.81
: School - Indoorg’ 21 1.0[3] 0.81[2] 0.81
u Church- Indoors’ 22 1.0 [3] 0.81[2] 0.81
Shopping mall - Indoorg 23 1.0[3] 0.81[2] 0.81
o Auditorium - Indoors/ 24 1.0[3] 0.81[2] 0.81
a Health care facility - Indoorg 25 1.0[3] 0.81[2] 0.81
Other public building - Indoorg 26 1.0[3] 0.81[2] 0.81
m Other location - Indoorg 27 1.0 [3] 0.81[2] 0.81
Not specified - Indoorg 28 1.0[3] 0.81[2] 0.81
> Construction site - Outdooys29 1.0[3] 1.0 [3] 1
o | Residential grounds - Outdogrs30 1.0[3] 1.0[3] 1
: School grounds - Outdooys31 1.0 [3] 1.0 [3] 1
Sports arena - Outdoors32 1.0 [3] 1.0[3] 1
U Park/golf course - Outdooys33 1.0 [3] 1.0[3] 1
z Other location - Outdoors 34 1.0[3] 1.0[3] 1
Not specified - Outdoorg 35 1.0[3] 1.0[3] 1
< Train/subway - In vehiclg 36 1.0[3] 0.88 [2] 0.88
{ Airplane - In vehicle/ 37 0.0[3] 0.88 [2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
m ® The PROX factor is assumed to be the same for each source category for this pollutant.
7))
=
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Pollutant: Styrene (#30) ADD PROX [D PEN ID Referen
HAPEM ME / Number (ng/m®) CC())de[]""rj:’ta CO([je?‘:[a MULT esgu?cgs
Car - In vehicle/ 1 1.0 [3] 0.90 [2] 0.9
Bus - In vehicle/ 2 1.0 [3] 0.90 [2] 0.9
Truck - In vehicle/ 3 1.0[3] 0.90 [2] 0.9
Other - In vehicle/ 4 1.0[3] 0.90 [2] 0.9
Public garage - Indoors 5 1.0 [3] 0.80[2] 0.8
Parking lot/garage - Outdoors6 1.0[3] 1.0 [3] 1
Near road - Outdoors 7 1.0[3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0 [3] 1.0 [3] 1
Service station - Indoors 9 1.0[3] 0.80 [2] 0.8
Service station - Outdooys10 1.0[3] 1.0[3] 1
Residential garage - Indoorsl1 1.0[3] 0.81[2] 0.81
Other repair shop - Indooys12 1.0[3] 0.80[2] 0.8
Residence (no CO source) - Indo¢i8 1.0 [3] 0.95[1] 0.95 MZ 38
Residence (gas stove) - Indogrd4 1.0[3] 0.81[2] 0.81
h Residence (attached garage) - Indgats 1.0 [3] 0.81[2] 0.81
z Residence (stove and garage)- Indga6s 1.0 [3] 0.81[2] 0.81
m Office - Indoors/ 17 1.0[3] 0.85[1] 0.85 MZ 39
Store - Indoorg’ 18 1.0[3] 0.80[2] 0.8
z Restaurant - Indoors 19 1.0[3] 0.80[2] 0.8
Manufacturing facility - Indoorg 20 1.0[3] 0.80[2] 0.8
: School - Indoorg’ 21 1.0[3] 0.80[2] 0.8
u Church- Indoors’ 22 1.0 [3] 0.80 [2] 0.8
Shopping mall - Indoorg 23 1.0[3] 0.80[2] 0.8
o Auditorium - Indoors/ 24 1.0[3] 0.80[2] 0.8
a Health care facility - Indoorg 25 1.0[3] 0.80[2] 0.8
Other public building - Indoorg 26 1.0[3] 0.80[2] 0.8
m Other location - Indoorg 27 1.0 [3] 0.80[2] 0.8
Not specified - Indoorg 28 1.0[3] 0.80[2] 0.8
> Construction site - Outdooys29 1.0[3] 1.0 [3] 1
o | Residential grounds - Outdogrs30 1.0[3] 1.0[3] 1
: School grounds - Outdooys31 1.0 [3] 1.0 [3] 1
Sports arena - Outdoors32 1.0 [3] 1.0[3] 1
U Park/golf course - Outdooys33 1.0 [3] 1.0[3] 1
z Other location - Outdoors 34 1.0[3] 1.0[3] 1
Not specified - Outdoorg 35 1.0[3] 1.0[3] 1
< Train/subway - In vehiclg 36 1.0 [3] 0.90 [2] 0.9
{ Airplane - In vehicle/ 37 0.0[3] 0.90[2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
m ® The PROX factor is assumed to be the same for each source category for this pollutant.
7))
=
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Pollutant: 2,3,7,8-TCDD: (Lower and
upper bound) (#31) ADD PROX [Data | PEN [Data MULT Reference
HAPEM ME / Number (ng/m?) Code]*® Code]? Sources
Car - In vehicle/ 1 1.0 [3] 0.88 [2] 0.88
Bus - In vehicle/ 2 1.0 [3] 0.88 [2] 0.88
Truck - In vehicle/ 3 1.0 [3] 0.88 [2] 0.88
Other - In vehicle/ 4 1.0 [3] 0.88 [2] 0.88
Public garage - Indoors 5 1.0 [3] 0.81[2] 0.81
Parking lot/garage - Outdooyrs6 1.0 [3] 1.0 [3] 1
Near road - Outdoors 7 1.0 [3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0[3] 1.0 3] 1
Service station - Indoors 9 1.0[3] 0.81[2] 0.81
Service station - Outdooys10 1.0[3] 1.0[3] 1
Residential garage - Indoorsl1 1.0[3] 0.72 [2] 0.72
Other repair shop - Indooys12 1.0[3] 0.81[2] 0.81
Residence (no CO source) - Indoat8 1.0[3] 0.72 [2] 0.72
h Residence (gas stove) - Indogrd4 1.0[3] 0.72 [2] 0.72
z Residence (attached garage) - Indgats 1.0[3] 0.72 [2] 0.72
Residence (stove and garage)- Indga6s 1.0[3] 0.72 [2] 0.72
m Office - Indoors/ 17 1.0[3] 0.81[2] 0.81
z Store - Indoorg’ 18 1.0[3] 0.81[2] 0.81
Restaurant - Indoors 19 1.0[3] 0.81[2] 0.81
: Manufacturing facility - Indoorg 20 1.0[3] 0.81[2] 0.81
u School - Indoorg’ 21 1.0[3] 0.81[2] 0.81
Church- Indoorg’ 22 1.0 [3] 0.81[2] 0.81
O‘ Shopping mall - Indoorg 23 1.0[3] 0.81[2] 0.81
a Auditorium - Indoors/ 24 1.0[3] 0.81[2] 0.81
Health care facility - Indoorg 25 1.0[3] 0.81[2] 0.81
m Other public building - Indoorg 26 1.0[3] 0.81[2] 0.81
Other location - Indoorg 27 1.0[3] 0.81[2] 0.81
> Not specified - Indoorg 28 1.0[3] 0.81[2] 0.81
= Construction site - Outdooys29 1.0[3] 1.0[3] 1
: Residential grounds - Outdogrs30 1.0[3] 1.0[3] 1
School grounds - Outdooys31 1.0[3] 1.0 [3] 1
U’ Sports arena - Outdoors32 1.0[3] 1.0[3] 1
“ Park/golf course - Outdoops33 1.0 [3] 1.0[3] 1
Other location - Outdoors 34 1.0[3] 1.0[3] 1
< Not specified - Outdoorg 35 1.0[3] 1.0[3] 1
Train/subway - In vehiclg 36 1.0[3] 0.88 [2] 0.88
{ Airplane - In vehicle/ 37 0.0[3] 0.88 [2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
m ® The PROX factor is assumed to be the same for each source category for this pollutant.
7))
=
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Pollutant I—llﬁlszléiﬂ-tlf/frEa(:/rlllgLomeLZ?ne(#sz) ADD | PROX [Data | PEN[Data |\ ¢ Reference
(ng/m?®) Code]*® Code]? Sources
Car - In vehicle/ 1 1.0[3] 0.88 [2] 0.88
Bus - In vehicle/ 2 1.0 [3] 0.88 [2] 0.88
Truck - In vehicle/ 3 1.0[3] 0.88 [2] 0.88
Other - In vehicle/ 4 1.0[3] 0.88 [2] 0.88
Public garage - Indoors 5 1.0 [3] 0.78 [2] 0.78
Parking lot/garage - Outdoors6 1.0[3] 1.0 [3] 1
Near road - Outdoors 7 1.0[3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0 [3] 1.0 [3] 1
Service station - Indoors 9 1.0[3] 0.78 [2] 0.78
Service station - Outdooys10 1.0[3] 1.0[3] 1
Residential garage - Indoorsl1 1.0[3] 0.77 [2] 0.77
Other repair shop - Indooys12 1.0[3] 0.78 [2] 0.78
Residence (no CO source) - Indo¢i8 1.0 [3] 0.77 [2] 0.77
Residence (gas stove) - Indogrd4 1.0[3] 0.77 [2] 0.77
h Residence (attached garage) - Indgats 1.0 [3] 0.77 [2] 0.77
z Residence (stove and garage)- Indga6s 1.0 [3] 0.77 [2] 0.77
m Office - Indoors/ 17 1.0[3] 0.87 [1] 0.87 MZ 39
Store - Indoorg’ 18 1.0[3] 0.78 [2] 0.78
z Restaurant - Indoors 19 1.0[3] 0.78 [2] 0.78
Manufacturing facility - Indoorg 20 1.0[3] 0.78 [2] 0.78
: School - Indoorg’ 21 1.0[3] 0.78 [2] 0.78
u Church- Indoors’ 22 1.0 [3] 0.78 [2] 0.78
Shopping mall - Indoorg 23 1.0[3] 0.78 [2] 0.78
o Auditorium - Indoors/ 24 1.0[3] 0.78 [2] 0.78
a Health care facility - Indoorg 25 1.0[3] 0.78 [2] 0.78
Other public building - Indoorg 26 1.0[3] 0.78 [2] 0.78
m Other location - Indoorg 27 1.0 [3] 0.78 [2] 0.78
Not specified - Indoorg 28 1.0[3] 0.78 [2] 0.78
> Construction site - Outdooys29 1.0[3] 1.0 [3] 1
o | Residential grounds - Outdogrs30 1.0[3] 1.0[3] 1
: School grounds - Outdooys31 1.0 [3] 1.0 [3] 1
Sports arena - Outdoors32 1.0 [3] 1.0[3] 1
U Park/golf course - Outdooys33 1.0 [3] 1.0[3] 1
z Other location - Outdoors 34 1.0[3] 1.0[3] 1
Not specified - Outdoorg 35 1.0[3] 1.0[3] 1
< Train/subway - In vehiclg 36 1.0[3] 0.88 [2] 0.88
{ Airplane - In vehicle/ 37 0.0[3] 0.88 [2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
m ® The PROX factor is assumed to be the same for each source category for this pollutant.
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Pollutant: Tetrachloroethylene
(perchloroethylene) (#33) ADD PROX [Data | PEN [Data MULT Reference
HAPEM ME / Number (ng/m?) Code]*® Code]? Sources
Car - In vehicle/ 1 1.0 [3] 0.88 [2] 0.88
Bus - In vehicle/ 2 1.0 [3] 0.88 [2] 0.88
Truck - In vehicle/ 3 1.0 [3] 0.88 [2] 0.88
Other - In vehicle/ 4 1.0 [3] 0.88 [2] 0.88
Public garage - Indoors 5 1.0 [3] 0.78 [2] 0.78
Parking lot/garage - Outdooyrs6 1.0 [3] 1.0 [3] 1
Near road - Outdoors 7 1.0 [3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0[3] 1.0 3] 1
Service station - Indoors 9 1.0[3] 0.78 [2] 0.78
Service station - Outdooys10 1.0[3] 1.0[3] 1
Residential garage - Indoorsl1 1.0[3] 0.77 [2] 0.77
Other repair shop - Indooys12 1.0[3] 0.78 [2] 0.78
Residence (no CO source) - Indoat8 1.0[3] 0.65 [1] 0.65 Mz 27
h Residence (gas stove) - Indogrd4 1.0[3] 0.77 [2] 0.77
z Residence (attached garage) - Indgats 1.0[3] 0.77 [2] 0.77
Residence (stove and garage)- Indga6s 1.0[3] 0.77 [2] 0.77
m Office - Indoors/ 17 1.0[3] 0.78 [2] 0.78
z Store - Indoorg’ 18 1.0[3] 0.78 [2] 0.78
Restaurant - Indoors 19 1.0[3] 0.78 [2] 0.78
: Manufacturing facility - Indoorg 20 1.0[3] 0.78 [2] 0.78
u School - Indoorg’ 21 1.0 [3] 0.65 [1] 0.65 MZ 1
Church- Indoorg’ 22 1.0 [3] 0.78 [2] 0.78
O‘ Shopping mall - Indoorg 23 1.0[3] 0.78 [2] 0.78
a Auditorium - Indoors/ 24 1.0[3] 0.78 [2] 0.78
Health care facility - Indoorg 25 1.0[3] 0.78 [2] 0.78
m Other public building - Indoorg 26 1.0[3] 0.78 [2] 0.78
Other location - Indoorg 27 1.0[3] 0.9 [1] 0.9 MZ 32
> Not specified - Indoorg 28 1.0[3] 0.78 [2] 0.78
= Construction site - Outdooys29 1.0[3] 1.0 [3] 1
: Residential grounds - Outdoogrs30 1.0[3] 1.0 [3] 1
School grounds - Outdooys31 1.0[3] 1.0 [3] 1
U’ Sports arena - Outdoors32 1.0[3] 1.0 [3] 1
“ Park/golf course - Outdoops33 1.0 [3] 1.0 [3] 1
Other location - Outdoors 34 1.0[3] 1.0[3] 1
< Not specified - Outdoorg 35 1.0[3] 1.0[3] 1
Train/subway - In vehiclg 36 1.0[3] 0.88 [2] 0.88
{ Airplane - In vehicle/ 37 0.0[3] 0.88 [2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
I.I.I ® The PROX factor is assumed to be the same for each source category for this pollutant.
¢ Museum
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Pollutant: Trichloroethylene (#34) ADD PROX [D PEN ID Referen
HAPEM ME / Number (ng/m®) CC())de[]""rj:’ta CO([je?‘:[a MULT esgu?cgs
Car - In vehicle/ 1 1.0[3] 0.88 [2] 0.88
Bus - In vehicle/ 2 1.0 [3] 0.88 [2] 0.88
Truck - In vehicle/ 3 1.0[3] 0.88 [2] 0.88
Other - In vehicle/ 4 1.0[3] 0.88 [2] 0.88
Public garage - Indoors 5 1.0 [3] 0.78 [2] 0.78
Parking lot/garage - Outdoors6 1.0[3] 1.0 [3] 1
Near road - Outdoors 7 1.0[3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0 [3] 1.0 [3] 1
Service station - Indoors 9 1.0[3] 0.78 [2] 0.78
Service station - Outdooys10 1.0[3] 1.0[3] 1
Residential garage - Indoorsl1 1.0[3] 0.77 [2] 0.77
Other repair shop - Indooys12 1.0[3] 0.78 [2] 0.78
Residence (no CO source) - Indo¢i8 1.0 [3] 0.9[1] 0.9 MZ 27
Residence (gas stove) - Indogrd4 1.0[3] 0.77 [2] 0.77
h Residence (attached garage) - Indgats 1.0 [3] 0.77 [2] 0.77
z Residence (stove and garage)- Indga6s 1.0 [3] 0.77 [2] 0.77
m Office - Indoors/ 17 1.0[3] 0.78 [2] 0.78
Store - Indoorg’ 18 1.0[3] 0.78 [2] 0.78
z Restaurant - Indoors 19 1.0[3] 0.78 [2] 0.78
Manufacturing facility - Indoorg 20 1.0[3] 0.78 [2] 0.78
: School - Indoorg’ 21 1.0[3] 0.78 [2] 0.78
u Church- Indoors’ 22 1.0 [3] 0.78 [2] 0.78
Shopping mall - Indoorg 23 1.0[3] 0.78 [2] 0.78
o Auditorium - Indoors/ 24 1.0[3] 0.78 [2] 0.78
a Health care facility - Indoorg 25 1.0[3] 0.78 [2] 0.78
Other public building - Indoorg 26 1.0[3] 0.78 [2] 0.78
m Other location - Indoorg 27 1.0 [3] 0.78 [2] 0.78
Not specified - Indoorg 28 1.0[3] 0.78 [2] 0.78
> Construction site - Outdooys29 1.0[3] 1.0 [3] 1
o | Residential grounds - Outdogrs30 1.0[3] 1.0[3] 1
: School grounds - Outdooys31 1.0 [3] 1.0 [3] 1
Sports arena - Outdoors32 1.0 [3] 1.0[3] 1
U Park/golf course - Outdooys33 1.0 [3] 1.0[3] 1
z Other location - Outdoors 34 1.0[3] 1.0[3] 1
Not specified - Outdoorg 35 1.0[3] 1.0[3] 1
< Train/subway - In vehiclg 36 1.0[3] 0.88 [2] 0.88
{ Airplane - In vehicle/ 37 0.0[3] 0.88 [2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
m ® The PROX factor is assumed to be the same for each source category for this pollutant.
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Pollutant: Vinyl chloride (#35) ADD | PROX [Data | PEN [Data Reference
HAPEM ME / Number (Lg/m?) Code[] ab Coge]a MULT Sources
Car - In vehicle/ 1 1.0[3] 0.88 [2] 0.88
Bus - In vehicle/ 2 1.0[3] 0.88 [2] 0.88
Truck - In vehicle/ 3 1.0[3] 0.88 [2] 0.88
Other - In vehicle/ 4 1.0[3] 0.88 [2] 0.88
Public garage - Indoors 5 1.0[3] 0.81[2] 0.81
Parking lot/garage - Outdoors6 1.0 [3] 1.0 [3] 1
Near road - Outdoors 7 1.0[3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0 [3] 1.0 [3] 1
Service station - Indoors 9 1.0[3] 0.81[2] 0.81
Service station - Outdooys10 1.0[3] 1.0[3] 1
Residential garage - Indoorsll 1.0[3] 0.72 [2] 0.72
Other repair shop - Indooys12 1.0[3] 0.81[2] 0.81
Residence (no CO source) - Indodi8 1.0[3] 0.72 [2] 0.72
Residence (gas stove) - Indogrd4 1.0[3] 0.72 [2] 0.72
h Residence (attached garage) - Indgats 1.0 [3] 0.72 [2] 0.72
z Residence (stove and garage)- Indga6s 1.0[3] 0.72 [2] 0.72
m Office - Indoors/ 17 1.0[3] 0.81[2] 0.81
Store - Indoorg’ 18 1.0[3] 0.81[2] 0.81
z Restaurant - Indoors 19 1.0[3] 0.81[2] 0.81
Manufacturing facility - Indoorg 20 1.0[3] 0.81[2] 0.81
: School - Indoorg’ 21 1.0[3] 0.81[2] 0.81
u Church- Indoors’ 22 1.0 [3] 0.81[2] 0.81
Shopping mall - Indoorg 23 1.0[3] 0.81[2] 0.81
o Auditorium - Indoors/ 24 1.0[3] 0.81[2] 0.81
a Health care facility - Indoorg 25 1.0[3] 0.81[2] 0.81
Other public building - Indoorg 26 1.0[3] 0.81[2] 0.81
m Other location - Indoorg 27 1.0[3] 0.81[2] 0.81
Not specified - Indoorg 28 1.0[3] 0.81[2] 0.81
> Construction site - Outdooys29 1.0[3] 1.0 [3] 1
= Residential grounds - Outdoors30 1.0[3] 1.0 [3] 1
: School grounds - Outdooys31 1.0 [3] 1.0 [3] 1
Sports arena - Outdoors32 1.0 [3] 1.0[3] 1
U Park/golf course - Outdoops33 1.0 [3] 1.0 [3] 1
“ Other location - Outdoors 34 1.0[3] 1.0[3] 1
Not specified - Outdoorg 35 1.0[3] 1.0 [3] 1
< Train/subway - In vehiclg 36 1.0[3] 0.88 [2] 0.88
{ Airplane - In vehicle/ 37 0.0[3] 0.88 [2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
m ® The PROX factor is assumed to be the same for each source category for this pollutant.
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Pollutant: Ethylbenzene ADD PROX [D PEN ID Referen
HAPEM ME / Number (ng/m®) C(?)de[]""a:’ta CO([je?‘:[a MULT esgu?cgs
Car - In vehicle/ 1 1.0 [3] 0.8 [1] 0.8 MZ 28
Bus - In vehicle/ 2 1.0 [3] 0.90 [2] 0.9
Truck - In vehicle/ 3 1.0[3] 0.90 [2] 0.9
Other - In vehicle/ 4 1.0[3] 0.90 [2] 0.9
Public garage - Indoors 5 1.0 [3] 0.79 [1] 0.79 RA 24
Parking lot/garage - Outdoors6 1.0[3] 1.0 [3] 1
Near road - Outdoors 7 1.0[3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0 [3] 1.0 [3] 1
Service station - Indoors 9 1.0[3] 0.80 [2] 0.8
Service station - Outdooys10 1.0[3] 1.0[3] 1
Residential garage - Indoorsl1 1.0[3] 0.81[2] 0.81
Other repair shop - Indooys12 1.0[3] 0.80[2] 0.8
Residence (no CO source) - Indo¢i8 1.0 [3] 0.85[1] 0.85 Mz 27
Residence (gas stove) - Indogrd4 1.0[3] 0.81[2] 0.81
h Residence (attached garage) - Indgats 1.0 [3] 0.81[2] 0.81
z Residence (stove and garage)- Indga6s 1.0 [3] 0.81[2] 0.81
m Office - Indoors/ 17 1.0[3] 0.74 [1] 0.74 MZ 39
Store - Indoorg’ 18 1.0[3] 0.80[2] 0.8
z Restaurant - Indoors 19 1.0[3] 0.80[2] 0.8
Manufacturing facility - Indoorg 20 1.0[3] 0.80[2] 0.8
: School - Indoorg’ 21 1.0[3] 0.80[2] 0.8
u Church- Indoors’ 22 1.0 [3] 0.80 [2] 0.8
Shopping mall - Indoorg 23 1.0[3] 0.80[2] 0.8
o Auditorium - Indoors/ 24 1.0[3] 0.80[2] 0.8
a Health care facility - Indoorg 25 1.0[3] 0.80[2] 0.8
Other public building - Indoorg 26 1.0[3] 0.80[2] 0.8
m Other location - Indoorg 27 1.0 [3] 0.80[2] 0.8
Not specified - Indoorg 28 1.0[3] 0.80[2] 0.8
> Construction site - Outdooys29 1.0[3] 1.0 [3] 1
o | Residential grounds - Outdogrs30 1.0[3] 1.0[3] 1
: School grounds - Outdooys31 1.0 [3] 1.0 [3] 1
Sports arena - Outdoors32 1.0 [3] 1.0[3] 1
U Park/golf course - Outdooys33 1.0 [3] 1.0[3] 1
z Other location - Outdoors 34 1.0[3] 1.0[3] 1
Not specified - Outdoorg 35 1.0[3] 1.0[3] 1
< Train/subway - In vehiclg 36 1.0 [3] 0.90 [2] 0.9
{ Airplane - In vehicle/ 37 0.0[3] 0.90[2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
m ® The PROX factor is assumed to be the same for each source category for this pollutant.
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Pollutant: Hexane ADD PROX [D PEN ID Referen
HAPEM ME / Number (ng/m®) C(?)de[]""a:’ta CO([je?‘:[a MULT esgu?cgs
Car - In vehicle/ 1 1.0 [3] 0.93[1] 0.93 MZ 28
Bus - In vehicle/ 2 1.0 [3] 0.90 [2] 0.9
Truck - In vehicle/ 3 1.0[3] 0.90 [2] 0.9
Other - In vehicle/ 4 1.0[3] 0.90 [2] 0.9
Public garage - Indoors 5 1.0 [3] 0.80[2] 0.8
Parking lot/garage - Outdoors6 1.0[3] 1.0 [3] 1
Near road - Outdoors 7 1.0[3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0 [3] 1.0 [3] 1
Service station - Indoors 9 1.0[3] 0.80 [2] 0.8
Service station - Outdooys10 1.0[3] 1.0[3] 1
Residential garage - Indoorsl1 1.0[3] 0.81[2] 0.81
Other repair shop - Indooys12 1.0[3] 0.80[2] 0.8
Residence (no CO source) - Indo¢i8 1.0 [3] 0.65[1] 0.65 Mz 27
Residence (gas stove) - Indogrd4 1.0[3] 0.81[2] 0.81
h Residence (attached garage) - Indgats 1.0 [3] 0.81[2] 0.81
z Residence (stove and garage)- Indga6s 1.0 [3] 0.81[2] 0.81
m Office - Indoors/ 17 1.0[3] 0.80[2] 0.8
Store - Indoorg’ 18 1.0[3] 0.80[2] 0.8
z Restaurant - Indoors 19 1.0[3] 0.80[2] 0.8
Manufacturing facility - Indoorg 20 1.0[3] 0.80[2] 0.8
: School - Indoorg’ 21 1.0[3] 0.80[2] 0.8
u Church- Indoors’ 22 1.0 [3] 0.80 [2] 0.8
Shopping mall - Indoorg 23 1.0[3] 0.80[2] 0.8
o Auditorium - Indoors/ 24 1.0[3] 0.80[2] 0.8
a Health care facility - Indoorg 25 1.0[3] 0.80[2] 0.8
Other public building - Indoorg 26 1.0[3] 0.80[2] 0.8
m Other location - Indoorg 27 1.0 [3] 0.80[2] 0.8
Not specified - Indoorg 28 1.0[3] 0.80[2] 0.8
> Construction site - Outdooys29 1.0[3] 1.0 [3] 1
o | Residential grounds - Outdogrs30 1.0[3] 1.0[3] 1
: School grounds - Outdooys31 1.0 [3] 1.0 [3] 1
Sports arena - Outdoors32 1.0 [3] 1.0[3] 1
U Park/golf course - Outdooys33 1.0 [3] 1.0[3] 1
z Other location - Outdoors 34 1.0[3] 1.0[3] 1
Not specified - Outdoorg 35 1.0[3] 1.0[3] 1
< Train/subway - In vehiclg 36 1.0 [3] 0.90 [2] 0.9
{ Airplane - In vehicle/ 37 0.0[3] 0.90[2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
m ® The PROX factor is assumed to be the same for each source category for this pollutant.
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Pollutant: MTBE. ADD | PROX[D PEN [D Referen
HAPEM ME / Number (g CC()) de[] ata CO([je?ata MULT Sorence
Car - In vehicle/ 1 1.0 [3] 0
Bus - In vehicle/ 2 1.0 [3] 1.0 [1] 1 MZ 14
Truck - In vehicle/ 3 1.0[3] 0
Other - In vehicle/ 4 1.0[3] 0
Public garage - Indoors 5 1.0 [3] 0
Parking lot/garage - Outdoors6 1.0[3] 0
Near road - Outdoors 7 1.0[3] 0
Motorcycle - Outdoorg’ 8 1.0 [3] 0
Service station - Indoors 9 1.0[3] 0
Service station - Outdooys10 1.0[3] 0
Residential garage - Indoorsl1 1.0[3] 0
Other repair shop - Indooys12 1.0[3] 0
Residence (no CO source) - Indo¢i8 1.0 [3] 0
Residence (gas stove) - Indogrd4 1.0[3] 0
h Residence (attached garage) - Indgats 1.0 [3] 0
z Residence (stove and garage)- Indga6s 1.0 [3] 0
m Office - Indoors/ 17 1.0[3] 0
Store - Indoorg’ 18 1.0[3] 0
z Restaurant - Indoors 19 1.0[3] 0
Manufacturing facility - Indoorg 20 1.0[3] 0
: School - Indoorg’ 21 1.0[3] 0
u Church- Indoors’ 22 1.0 [3] 0
Shopping mall - Indoorg 23 1.0[3] 0
o Auditorium - Indoors/ 24 1.0[3] 0
a Health care facility - Indoorg 25 1.0[3] 0
Other public building - Indoorg 26 1.0[3] 0
m Other location - Indoorg 27 1.0 [3] 0
Not specified - Indoorg 28 1.0[3] 0
> Construction site - Outdooys29 1.0[3] 0
o | Residential grounds - Outdogrs30 1.0[3] 0
: School grounds - Outdooys31 1.0 [3] 0
Sports arena - Outdoors32 1.0 [3] 0
U Park/golf course - Outdooys33 1.0 [3] 0
z Other location - Outdoors 34 1.0[3] 0
Not specified - Outdoorg 35 1.0[3] 0
< Train/subway - In vehiclg 36 1.0 [3] 0
{ Airplane - In vehicle/ 37 0.0[3] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
m ® The PROX factor is assumed to be the same for each source category for this pollutant.
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Pollutant: Toluene ADD PROX [D PEN ID Referen
HAPEM ME / Number (ng/m®) C(?)de[]""a:’ta CO([je?‘:[a MULT esgu?cgs
Car - In vehicle/ 1 1.0 [3] 0.88 [1] 0.88 MZ 28
Bus - In vehicle/ 2 1.0[3] 0.88 [2] 0.88
Truck - In vehicle/ 3 1.0[3] 0.88 [2] 0.88
Other - In vehicle’ 4 1.0[3] 0.88 [2] 0.88
Public garage - Indoors 5 1.0[3] 0.80[1] 0.8 RA 24
Parking lot/garage - Outdoors6 1.0[3] 1.0 [3] 1
Near road - Outdoors 7 1.0[3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0 [3] 1.0 [3] 1
Service station - Indoors 9 1.0[3] 0.81[2] 0.81
Service station - Outdoops10 1.0[3] 1.0[3] 1
Residential garage - Indoorsll 1.0[3] 0.72 [2] 0.72
Other repair shop - Indooys12 1.0[3] 0.81[2] 0.81
Residence (no CO source) - Indo¢i8 1.0 [3] 0.95[1] 0.95 Mz 27
Residence (gas stove) - Indogrd4 1.0[3] 0.72 [2] 0.72
h Residence (attached garage) - Indgats 1.0 [3] 0.72 [2] 0.72
z Residence (stove and garage)- Indgafs 1.0 [3] 0.72 [2] 0.72
m Office - Indoors/ 17 1.0[3] 0.82[1] 0.82 MZ 39
Store - Indoorg’ 18 1.0[3] 0.81[2] 0.81
z Restaurant - Indoors 19 1.0[3] 0.81[2] 0.81
Manufacturing facility - Indoorg 20 1.0[3] 0.81[2] 0.81
: School - Indoorg’ 21 1.0[3] 0.81[2] 0.81
u Church- Indoors’ 22 1.0 [3] 0.81[2] 0.81
Shopping mall - Indoorg 23 1.0[3] 0.81[2] 0.81
o Auditorium - Indoors/ 24 1.0[3] 0.81[2] 0.81
a Health care facility - Indoorg 25 1.0[3] 0.81[2] 0.81
Other public building - Indoorg 26 1.0[3] 0.81[2] 0.81
m Other location - Indoorg 27 1.0[3] 0.81[2] 0.81
Not specified - Indoorg 28 1.0[3] 0.81[2] 0.81
> Construction site - Outdooys29 1.0 [3] 1.0[3] 1
o | Residential grounds - Outdogrs30 1.0[3] 1.0 [3] 1
: School grounds - Outdooys31 1.0 [3] 1.0 [3] 1
Sports arena - Outdoors32 1.0[3] 1.0 [3] 1
U Park/golf course - Outdooys33 1.0 [3] 1.0 [3] 1
z Other location - Outdoors 34 1.0[3] 1.0 [3] 1
Not specified - Outdoorg 35 1.0[3] 1.0[3] 1
< Train/subway - In vehiclg 36 1.0[3] 0.88 [2] 0.88
{ Airplane - In vehicle/ 37 0.0[3] 0.88 [2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
m ® The PROX factor is assumed to be the same for each source category for this pollutant.
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Pollutant: Xylenes ADD PROX [D PEN ID Referen
HAPEM ME / Number (ng/m®) C(?)de[]""a:’ta CO([je?‘:[a MULT esgu?cgs
Car - In vehicle/ 1 1.0 [3] 0.88 [1] 0.88 MZ 28
Bus - In vehicle/ 2 1.0[3] 0.90 [2] 0.9
Truck - In vehicle/ 3 1.0[3] 0.90 [2] 0.9
Other - In vehicle’ 4 1.0[3] 0.90 [2] 0.9
Public garage - Indoors 5 1.0[3] 0.94 [1] 0.94 RA 24
Parking lot/garage - Outdoors6 1.0[3] 1.0 [3] 1
Near road - Outdoors 7 1.0[3] 1.0 [3] 1
Motorcycle - Outdoorg’ 8 1.0 [3] 1.0 [3] 1
Service station - Indoors 9 1.0[3] 0.80[2] 0.8
Service station - Outdoops10 1.0[3] 1.0[3] 1
Residential garage - Indoorsll 1.0[3] 0.81[2] 0.81
Other repair shop - Indooys12 1.0[3] 0.80[2] 0.8
Residence (no CO source) - Indo¢i8 1.0 [3] 0.85[1] 0.85 Mz 27
Residence (gas stove) - Indogrd4 1.0[3] 0.81[2] 0.81
h Residence (attached garage) - Indgats 1.0 [3] 0.81[2] 0.81
z Residence (stove and garage)- Indgafs 1.0 [3] 0.81[2] 0.81
m Office - Indoors/ 17 1.0[3] 0.74 [1] 0.74 MZ 39
Store - Indoorg’ 18 1.0[3] 0.80[2] 0.8
z Restaurant - Indoors 19 1.0[3] 0.80[2] 0.8
Manufacturing facility - Indoorg 20 1.0[3] 0.80[2] 0.8
: School - Indoorg’ 21 1.0[3] 0.80[2] 0.8
u Church- Indoors’ 22 1.0 [3] 0.80 [2] 0.8
Shopping mall - Indoorg 23 1.0[3] 0.80[2] 0.8
o Auditorium - Indoors/ 24 1.0[3] 0.80[2] 0.8
a Health care facility - Indoorg 25 1.0[3] 0.80[2] 0.8
Other public building - Indoorg 26 1.0[3] 0.80[2] 0.8
m Other location - Indoorg 27 1.0[3] 1.0 [1] 1 Mz 29
Not specified - Indoorg 28 1.0 [3] 0.80[2] 0.8
> Construction site - Outdooys29 1.0[3] 1.0 [3] 1
o | Residential grounds - Outdogrs30 1.0[3] 1.0[3] 1
: School grounds - Outdooys31 1.0 [3] 1.0 [3] 1
Sports arena - Outdoors32 1.0[3] 1.0[3] 1
U Park/golf course - Outdooys33 1.0[3] 1.0[3] 1
z Other location - Outdoors 34 1.0[3] 1.0[3] 1
Not specified - Outdoorg 35 1.0 [3] 1.0 [3] 1
< Train/subway - In vehiclg 36 1.0[3] 0.90 [2] 0.9
{ Airplane - In vehicle/ 37 0.0[3] 0.90[2] 0
n @ Data Codel = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.
® The PROX factor is assumed to be the same for each source category for this pollutant.
|.|-| ¢ Telephone switching center
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ADDENDUM

Determination of Microenvironmental Factors for Diesel PM

INTRODUCTION

|CF Consulting (ICF) and TRJ Environmental, Inc. (TRJ) prepared areport titled
ADevelopment of Microenvironmental Factors for the HAPEM4 in Support of the National Air
Toxics Assessment (NATA)( for the Office of Air Quality Planning and Standards, U.S.
Environmental Protection Agency (USEPA). That report describes the procedures ICF and TRJ
used to estimate pollutant-specific microenvironmental (ME) factors for 35 hazardous air
pollutants (HAPS) in 37 microenvironments. USEPA will use these ME factorsto run Version 4
of the Hazardous Air Pollution Exposure Model (HAPEM4) and estimate inhalation exposures as
part of the NATA assessment activities.

To broaden the scope of these exposure assessments, USEPA requested that ICF and TRJ
develop ME factors for one additional pollutant: particulate matter associated with diesel engine
emissions (diesel PM). Diesel PM ME factors developed as part of this effort are presented in
Table 1 of this addendum. This addendum also provides alist of referencesin Tables 2 and 3, as
well as abrief description of the procedures ICF and TRJ used to develop ME factors for diesel
PM. Additional details on the definition and development of HAPEM4 ME factors are contained
in the main report.

METHODOLOGY
Defining the HAPEM4 ME Factors

Theinitial NATA assessment is concerned with estimating the influence of outdoor
sources on inhalation exposure. HAPEMA4 is a computer-based exposure model that estimates
the contribution of outdoor HAP concentrations to air concentrations in indoor, outdoor, and
vehicle microenvironments using three ME factors: PEN, the penetration factor; PROX, the
proximity factor; and MULT, the multiplicative factor.

For indoor and in-vehicle microenvironments, PEN is defined as the ratio of the
microenvironmental concentration to the outdoor concentration in the immediate vicinity of the
microenvironment. Thisratio is often reported in the literature as the 1/0 (indoor/outdoor) ratio
in the absence of indoor sources. Since PEN factors are not applicable to outdoor
microenvironments, all outdoor PEN factors have been set to 1.0 for this project.

The PROX factor relates the HAP concentration at a specific location (e.g., at afixed-site
monitor or at the centroid of a census tract) to the outdoor concentration in the immediate
vicinity of the microenvironment, or to the concentration in the microenvironment itself for
outdoor microenvironments. PROX is defined as the ratio of the outdoor concentration in the
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immediate vicinity of the microenvironment (or outdoor microenvironmental concentration) to
the measured or modeled ambient concentration.

The MULT factor isthe product of the PEN and PROX factors, or the overall ratio of the
microenvironmental concentration to the measured or modeled ambient concentration. A fourth
ME factor, the additive (ADD) factor, is used by HAPEM4 to account for the contribution of
sources within the microenvironment, such as indoor sources. For thisinitial NATA assessment
emphasizing outdoor sources, al ADD factors have ben set to zero.

Calculating HAPEM 4 ME Concentrations and Estimation of Proximity Factors

The HAPEM4 uses these ME factors to estimate concentrations within
microenvironments with the equation

ME(m,c,t) = ADD(m) + [PROX(m)][PEN(M)][AMB(c,t)] @D
where:

ME(m,c,t):  concentration in microenvironment mlocated in census tract c at timet,

ADD(m): additive factor for microenvironment m,
PEN(mM): penetration factor for microenvironment m,
PROX(m): proximity factor for microenvironment m, and
AMB(c,t): ambient concentration for census tract ¢ at timet.

In the NATA application of HAPEMA4, the ambient concentration values used in Equation
(1) are obtained from a dispersion model which computes the ambient concentration at the
centroid, or population center, of each census tract based on information on emission sourcesin
the surrounding area. This method provides an average concentration estimate applicable to the
entire census tract. However, this estimate would tend to be biased low for microenvironments
usually located near predominant sources of a pollutant. For diesel PM, which is emitted by
onroad motor vehicles, this low bias would be observed in microenvironments near roadways.
These near-road microenvironments include outdoor locations near roads (HAPEM4
microenvironment No. 7), in-vehicle microenvironments (Nos. 1, 2, 3, 4, 8, and 36), service
stations (No. 10), and parking facilities (No. 6).

The effect of the low bias in the computed ambient concentration is to yield PROX factors
greater than 1.0 for diesel PM in these microenvironments. In other words, the outdoor
concentration in the immediate vicinity of the microenvironment is expected to be higher than
the ambient concentration measured at a remote fixed-site monitor or computed by the dispersion
model. PROX factorsfor all other microenvironments have been assigned a default value of 1.0.

Literature Search
|CF and TRJ conducted a broad literature search similar to that described in the main

report to identify references useful for developing diesel PM ME factors. Researchers performed
an online search using key words relating to diesel PM. Theinitial large list of titles and key
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word descriptors was reviewed and ranked according to the potential for containing valuable data
for ME factor estimation. Abstracts were retrieved for citations with ahigh probability of
containing both indoor and outdoor measurements for the various microenvironments.
Researchers reviewed these abstracts and obtained the complete paper or report for the 12
citations identified as most likely to provide relevant information.

In addition to the online search, researchers used several other sources to identify relevant
articles. Severa extended abstracts from the American Waste Management Association:=s
PM 2000 Conference in January, 2000 contained useful information on I/O ratios for particles of
various sizes, particle size distribution of diesel PM, and other data which could be combined to
estimate diesel PM ME factors. Researchers also contacted air quality experts for suggestions on
relevant literature, yielding severa articles. Some documents relating to diesel PM were
retrieved from existing ICF and TRJfiles. Finally, researchersretrieved relevant citations from
the reference lists of articles found by other methods.

Despite this broad literature review, relatively few articles were found to contain actual
measurement data on diesel PM 1/O ratios in the absence of microenvironmental sources; that is,
data which would be directly applicable to estimation of PEN factors. Therefore, researchers
combined general particulate matter data in certain microenvironments with information on
characteristics of diesel PM to arrive at diesel PM ME factors. Researchers found sufficient
information to estimate ME factors for key microenvironments, alowing development of factors
for the remaining microenvironments using the grouping scheme described below.

Grouping Microenvironments

Since published diesel PM 1/0 measurement data were not available for most of the 37
HAPEM4 microenvironments, analysts decided to use the microenvironmental grouping scheme
described in the main report to estimate ME factors for those microenvironments. In this
grouping scheme, the microenvironments were organized into five groups. Each group consists
of microenvironments expected to have similar PEN factors, thus enabling ME factors devel oped
for one microenvironment to be applied to other microenvironments in the same group. Table4
in the main report shows the ME grouping assignments. The five ME groups were established
based on the general ME type (indoor, outdoor, or in-vehicle), expected location relative to
roadways (near road, away from road), and building type (residence, other). For specific
microenvironments without useful datain the literature, researchers calculated the average of ME
factors developed for other microenvironments in the same group and used the result as the ME
factor estimate. Thisisindicated in the ME factor table, Table 1, by a Data Code of 2.

RESULTS

Table 1 presents the diesel PM ME factors developed in this effort. An estimated valueis
provided for each ME factor in each microenvironment, except for ADD factors, which represent
indoor sources and were therefore not included in this project. Because onroad mobile sources
are significant for diesel PM, analysts devel oped separate estimates of the PROX and MULT
factors to be used for the onroad source category and the nonroad, major, and area source
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categories. A Data Code in brackets follows each factor estimate, indicating how the ME factor
value was derived. These Data Codes are defined below:

Data Code [1]:indicates that measurement data for that microenvironment were available
and used.

Data Code [2]:indicates that useful measurement data were not available, and that the ME
factor was obtained through the grouping scheme described above
in the Methodology section.

Data Code [3]:indicates that a default value of 1.0 was used.

The most commonly studied microenvironment was residence - indoors (ME #13). For this
microenvironment, multiple references containing high-quality data were available. Analysts
used the average of factors determined from these references as the PEN factor estimate for ME
#13.

Thelast column in Table 1 lists the references used to develop factors for each
microenvironment. If no reference code is provided, then researchers did not find any useful
documents for that particular microenvironment. Table 2 provides specific information on the
reference documents reviewed for this addendum, including both those with and without
sufficient data to estimate ME factors. Table 2 liststhe title, author, citation, pollutants
addressed, and a brief description of the pertinent results for each document. It also includes a
Sources column with codes matched to the Reference Sources codesin Table 1. An alphabetized
version of the reference list is provided in Table 3.

SUMMARY

This addendum extends the scope of the main report by developing PEN, PROX, and
MULT ME factors for one additional pollutant, diesel PM. Researchersidentified relatively few
studies with measurement data directly applicable to estimating diesel PM ME factors, and these
studies tended to focus on the residential microenvironment. Analysts combined information
from various studies on the characteristics of diesel PM, apportionment of PM to diesel sources,
and general PM measurement data to develop ME factors in those microenvironments with
sufficient data. These ME factors were then propagated to other related microenvironments
using a grouping scheme, enabling analysts to develop factors for all applicable
microenvironments. The use of default values was restricted to those microenvironments for
which ME factors are not applicable. Default values for the PEN factor were used only for
outdoor microenvironments, where the PEN factor is not relevant. Since diesel PM PROX
factors greater than 1.0 are only expected in near-road microenvironments for the onroad mobile
source category, researchers assigned default values for the PROX factor to all other
microenvironments. As additional measurement information becomes available, these ME factor
values can be refined and updated to provide improved estimates of the influence of outdoor
sources on indoor diesel PM concentrations.



Table 1. Diesel PM Microenvironmental Factors by Microenvironment

PROX [Data Code] ? MULT = PROX H PEN

h HAPEM Microenvironment ADD Major, area, and Major, area,
z (Fgm’) Onroad ® nonroad © PEN [DataCode] ® [ onroad ¢ and nonroad ¢ Refer ence Sour ces

1. Car - Invehicle 1.76[1] 1.0[3] 0.63[1] 1.1088 0.63 TL33
m 2. Bus- Invehicle 1.76 [2] 1.0[3] 0.63[2] 1.1088 0.63
E 3. Truck - Invehicle 1.76 [2] 1.0[3] 0.63[2] 1.1088 0.63

4. Other - Invehicle 1.76 [2] 1.0[3] 0.63[2] 1.1088 0.63
: 5. Public garage - Indoors 10[3] 1.0[3] 0.75[2] 0.75 0.75

6. Parking lot/garage - Outdoors 1.45][2] 1.0[3] 1.0[3] 1.45 1
U 7. Near road - Outdoors 1.45[1] 1.0[3] 1.0[3] 1.45 1 TL33
o 8. Motorcycle - Outdoors 1.45][2] 1.0[3] 1.0[3] 1.45 1

9. Service station - Indoors 10[3] 1.0[3] 0.75[2] 0.75 0.75
n 10. Service station - Outdoors 1.45[2] 1.0[3] 1.0[3] 1.45 1

11. Residential garage - Indoors 10[3] 1.0[3] 0.65[2] 0.65 0.65
m 12. Other repair shop - Indoors 1.0[3] 1.0[3] 0.75[2] 0.75 0.75
> 1.0[3] 1.0[3] 0.74[1] 0.74 0.74 TL23, TL27,TL29, TL30,

13. Residence (no CO source) - Indoors TL32, TL34, TL35, TL39
H 14. Residence (gas stove) - Indoors 1.0[3] 1.0[3] 0.56[1] 0.56 0.56 TL39
: 15. Residence (attached garage) - Indoors 10[3] 1.0[3] 0.65[2] 0.65 0.65
u 16. Residence (stove and garage) - Indoors 1.0[3] 1.0[3] 0.65[2] 0.65 0.65

17. Office- Indoors 1.0[3] 1.0[3] 0.54[1] 0.54 0.54 TL27
m 18. Store - Indoors 1.0[3] 1.0[3] 0.76 [1] 0.76 0.76 TL27
d 19. Restaurant - Indoors 10[3] 1.0[3] 0.75[2] 0.75 0.75

20. Manufacturing facility - Indoors 1.0[3] 1.0[3] 0.75[2] 0.75 0.75

21. School - Indoors 1.0[3] 1.0[3] 0.69[1] 0.69 0.69 TL27
¢ 22. Church - Indoors 1.0[3] 1.0[3] 0.76 [1] 0.76 0.76 TL27
n 23. Shopping mall - Indoors 10[3] 1.0[3] 0.76 [1] 0.76 0.76 TL27
m 24. Auditorium - Indoors 1.0[3] 1.0[3] 0.75[2] 0.75 0.75

25. Health care facility - Indoors 10[3] 1.0[3] 0.76 [1] 0.76 0.76 TL27
m 26. Other public building - Indoors 1.0[3] 1.0[3] 0.75[2] 0.75 0.75

27. Other location - Indoors 10[3] 1.0[3] 0.75[2] 0.75 0.75
: 28. Not specified - Indoors 1.0[3] 1.0[3] 0.95[1] 0.95 0.95 TL22

29. Construction site - Outdoors 10[3] 1.0[3] 1.0[3] 1 1

30. Residentia grounds - Outdoors 1.0[3] 1.0[3] 1.0[3] 1 1




PROX [Data Code] ? MULT = PROX H PEN
HAPEM Microenvironment ADD Major, area, and Major, area,
(Fgm’) Onroad nonroad ° PEN [DataCode] * | onroad® | and nonroad ® Reference Sour ces

31. School grounds - Outdoors 10[3] 1.0[3] 1.0[3] 1 1
32. Sports arena - Outdoors 1.0[3] 1.0[3] 1.0[3] 1 1
33. Park/golf course - Outdoors 1.0[3] 1.0[3] 1.0[3] 1 1
34. Other location - Outdoors 10[3] 1.0[3] 1.0[3] 1 1
35. Not specified - Outdoors 1.0[3] 1.0[3] 1.0[3] 1 1
36. Train/subway - In vehicle 1.76 [2] 1.0[3] 0.63[2] 1.1088 0.63
37. Airplane- Invehicle 0.0[3] 0.0[3] 0.90[2] 0 0

& Data Code: 1 = value obtained from literature; 2 = value obtained using grouping scheme; 3 = default value.

® Onroad vehicle source category (see text).

“Major, area, and nonroad-mobile source categories (see main report text).

4 The MULT factor is the product of the PROX factor and the PEN factor for the onroad vehicle source category and for the major, area, and nonroad-mobile source
categories for this pollutant.

Formula: Microenvironmental concentration, ng/m* = ADD + (PROX)(PEN)(monitor concentration, ng/m?).

Abbreviations: ADD = additive factor; PROX = proximity factor; PEN = penetration factor; MULT = PROX H PEN.
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Page 2 Limitationsfor HAPEM4 Charts
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Exposure Assessment Caveats - Page 2 Attachment for HAPEM4 charts

EPA strongly cautions that these modeling results should not be used to draw conclusions about
local exposure concentrations or risk. The results are most meaningful when viewed at the state
or national level; for smaller areas, the modeling becomes less certain. In addition, these results
represent conditions in 1996 rather than current conditions and only include exposures from
outdoor sources of air toxics.

C The exposure estimates presented above represent midrange estimates of population exposures.
Due to a number of factors, some individuals may have substantially higher or lower exposures. Itis
important to note that the model, as applied on the national scale, is not designed to quantify these
extreme values of individual exposures.

C Note that for certain chemicals, exposure pathways other than inhalation as well as indoor sources
of air toxics may contribute substantially to total exposures of concern. This assessment does not
address these other routes of exposure (i.e., ingestion or dermal) or inhalation exposure resulting
from indoor sources.

C The emissions used in this assessment do not reflect potentially significant emission reductions
that have taken effect since 1996, including those from: 1) mobile source regulations which are
being phased in over time; 2) many of the air toxics regulations EPA has issued for major industrial
sources; 3) State or industry initiatives; and 4) any facility closures.

C Simplified modeling assumptions may introduce significant uncertainties into each component of
the assessment. See the full discussion of these limitations.

C Because of these uncertainties, EPA will not use the results of this assessment to determine
source-specific contributions or to set regulatory requirements. However, EPA expects to use
these results to inform decisions about the priorities of the air toxics program as well as to guide
the collection of additional data that could lead to regulatory decisions.

C EPA provides cancer risk estimates for carcinogens at various exposure levels (e.g., 100 in a
million) to assist readers in placing the exposure levels in context. The interpretation of a risk level
of 100 in a million is that an individual continually exposed to a pollutant at this level over the
course of a lifetime sustains a 100 in a million chance of contracting cancer as a result of that
exposure. All risk estimates are considered conservative, but not worst-case. True risk would
probably be less, but could be greater.

C EPA also provides hazard quotient (HQ) values for non-carcinogens at various exposure levels (e.g.,
HQ=1.0) to assist readers in placing the exposure levels in context. The HQ is the ratio of a given
exposure level to the reference concentration (RfC), which in turn is an estimate of the continuous
lifetime inhalation exposure which the EPA believes is likely to be without appreciable risk of
deleterious non-cancer effect. Thus, if HQ=1.0, the predicted exposure concentration is equivalent
to the RfC level for that pollutant. While exposures below the RfC are believed safe, exposures
above the RfC are not necessarily harmful. Nevertheless,as exposure increases above the RfC, the
risk for adverse effects also increases.

C It is important to realize that these risk and HQ levels are not regulatory levels — they are provided
to help in judging the relative importance of these different pollutants with regard to their potential to
create adverse health effects . The determination of what risk or HQ levels are acceptable or
unacceptable depends on additional factors and more refined information, and is not addressed in
this assessment.

C Health effects information is available at: www.epa.gov/ttn/uatw/hapindex.html
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