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1 INTRODUCTION

The U.S. Environmental Protection Agency (EPA) hasidentified indoor air as amajor pathway of
human exposure to numerous chemicals. Within EPA, the Office of Pollution Prevention and Toxics
(OPPT), the Officeof Radiation and Indoor Air (ORIA), and the Office of Research and Devel opment (ORD)
have collaborated on an Indoor Air Source Characterization Project (IASCP) that will provide information
to better define exposures and risks encountered in indoor air (Cinalli et al., 1993). The overall goa of the
IASCPisto support EPA actionsintheareasof testing, risk management, and pollution prevention. A major
component of this effort is the devel opment of a software application called the Source Ranking Database
(SRD). The remainder of this section describes the purpose and intended uses of the SRD software,
assumptions and limitations, and the contents of this report.

1.1 Pur poses and Uses of the SRD

The purpose of the SRD is to provide a means for systematically reviewing a large number of
consumer products, building materials, and furnishings that are potential sources of airborne chemicals to
which individuals can be exposed while indoors. The software is intended for use as a screening tool, to
identify high-priority productsor product classesfor further evaluation. Therearethreeapplicationsin SRD:
(1) ranking products on the basis of acute or chronic hazard ratings, (2) finding products that contain a
particular chemical, and (3) identifying the chemicals found in a particular product.

Theprimary applicationinthe SRD software scoresand ranks productsand material susing modeled
indoor-air concentrations of their chemical constituentsin selected types of environments, frequency of use
(inthe case of products), the fraction of buildingsin which products or materials are used, and the relative
health hazard associated with inhalation of each chemical. The size of potentially exposed populations in
each environment is also taken into account. Products and materials can be ranked based on peak modeled
concentrations and acute chemical hazard ratings or time-integrated concentrations together with chronic
hazard ratings for chemicals.

Each type of product or material included in the SRD has at least one formulation (i.e., chemical
composition). For products or materials with more than one formulation, the score is determined by
averaging across the scores calculated for each formulation. Products and materials also are grouped into
several classes, and the ranking application can be applied to these classes. Product/material classes are
ranked based on average scores across al products or materialsin each class.

The SRD aso includes applications for determining all products or materials in the database that

contain acertain chemical, and for determining all chemicals that are contained in various formulations of
a specific product or material. These applications are intended primarily to assist the user in better
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understanding why a certain product or material may have received a relatively high or low score in the
ranking application.

1.2 Assumptions and L imitations

The SRD includes amathematical model, based on the principle of conservation of mass (Nagda et
al., 1987), for calculating peak and time-integrated airborne concentrations of the chemicals released from
products or materials. The modeling involves some simplifying assumptions while attempting to retain as
much “real world” fidelity as possible. Simplifying assumptions are necessary because of the lack of
information required to support more complex cal culations, coupled with the large number of calculations
that arerequired to ultimately rank product or material classes. For example, asingle-chamber model isused,
for which analytical solutions have been developed so that peak and time-integrated concentrations can be
calculated directly. Potential indoor sinks are ignored in the model. Breathing rates are not included in
model calculations. Therefore, the chemical scores are related to airborne concentrations rather than
inhalation exposures per se.

The chemical-specific hazard information contained in the SRD includes ratings for both acute and
chronic health effects for compatibility with peak and time-integrated concentrationsthat are cal culated by
the model. Due to limitations of existing data, a given chemical in the database currently has the same
relative hazard rating (high, medium, or low) for acute and chronic health effects. In calculating the score
for each chemical in a product formulation, ahigh hazard rating is assigned avalue of 100, as compared to
0.1 for amedium rating and 0.001 for alow rating.

Theprimary information availablefor productsinthe SRD databaseistheir formulation (i.e., weight
fractions of various chemicals comprising each product) and duration and frequency of use. For materials
and furnishings, some information on time-varying emission rates is available from testing that has been
conducted in large chambers to support other EPA projects.

The specific calculations for peak and time-integrated calculations depend on how a product or
material is used or applied. There are four types of situations, or “cases,” in which aproduct is used: (1)
aproduct that isdischarged directly toair (e.g., spray freshener); (2) aproduct involving applicationinwater
(e.g., laundry detergent) or for which portion ultimately goes “down the drain” (e.g., shaving cream); (3) a
product that isapplied to asurface (e.g., general purpose cleaner); and (4) aproduct or material that isplaced
in an environment (e.g., room deodorizer, building material). To the extent possible, the SRD calculations
are made to place the various products and materials on an “equal footing.” That is, assumptions generally
are oriented toward worst-case estimates of emissionsin either case.
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As noted previously, a number of products in the SRD database have more than one formulation.
In these cases, it is assumed that each formulation has an equal market share. Using this assumption, a
simple average across the scores, calculated for each formulation, can be used to develop a score for the
product.

1.3 This Report

Thisreport (Volume 1: Guide and Documentation) describes the files contained in the SRD, the
relationships among these files, and the sources of information and assumptions that were used to develop
the data files. It also describes the calculations, assumptions and options available to the user in ranking
product/material classes based on acute or chronic chemical hazard ratings. This document also provides
guidance for using the SRD application.

Section 2 of this report provides instructions for installing the SRD software together with an
overview of SRD datafiles, relationships and applications. Sections 3 to 6 describe the information sources
and contents of each datafile. Section 7 providesfurther details on the three primary SRD applications: (1)
ranking products, (2) finding products that contain a chemical, and (3) finding chemicals in a product.
Section 8 documents the cal culations and associated assumptionsinvolved in ranking products. Section 9
lists the references cited throughout the report.

Supporting materiasrelating to files, calculations, and assumptions used for the SRD software are
presented in Volume 2 (Appendices). These include descriptions of the contents of the datafiles. Also
included in the Appendices are lists of contacts made to solicit product and material usage information, a
description of the methodology to derive 50th and 90th percentile product usage factors from the Simmons
Market and Media Study, assignment of product IDs to cases, and mathematical documentation for the
algorithms used to calculate peak and time-integrated airborne concentrations.

The SRD was reviewed by EPA’s Science Advisory Board (SAB) in July 1997. The SAB’sfinal
report, received in December 1997, contained recommendationsfor avariety of changes and improvements
to the SRD. The primary comments from the SAB review related to the algorithm used to rank products.
In particular, the SAB Committee recommended that the algorithm be reviewed and that attention be paid
to several issues such as the overall sensitivity of the algorithm to variability in the component factors and
in the hazard scale. In addition, several additional recommendations were made including: a) addition of
additional exposure sources to SRD; b) addition of octanol/water partition coefficient and Henry’'s Law
ration so that sorption/desorption and volatilization processes can be better addressed; and c) consideration
of theneed for regul ar updates and accessibility of thedatabaseto the public. Many of the changes suggested
in SAB’sreport were made during years 1999 and 2000. Specifically, the revised version of the SRD has
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an expanded hazard scale, uses Henry’ s Law constants as the meansto estimate product volatilization from
agueous solutions, and incorporates several other capabilities.

This version of the SRD incorporates SAB’s comments made during peer review. No further
modification of the SRD’ sstructureisexpected. Additional datamay beadded if and when resourcesbecome
available. Any updates will be posted at:

http://www.epa.gov/oppt/exposure/docs/srd.htm
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2. INSTALLATION AND OVERVIEW

2.1 | nstallation

The Source Ranking Database is a Windows application devel oped using Microsoft Visual FoxPro
software version 6.0. It has been developed, using the FoxPro distribution kit, as a stand-alone executable
program. The minimum hardware requirements are a Pentium computer with Windows 95, Windows 98,
Windows ME or Windows NT operating system and 8 MB of memory and 20 MB of free hard disk.

If the software is provided on a CD ROM disk, run setup.exe from the CD ROM. This is
accomplished by pressing the START button, followed by selecting the RUN menu item and typing:

d:\setup.exe

where d: isthe drive of the CD ROM.

If you have downloaded the model from the Internet, make surethat all elements of the program are
in the same folder and run setup.exe from that folder. Follow the prompts to complete installation of the
program. Thedefault installation placesthe program filesin the c:\PROGRAM FILES\SRD folder, but the
user may change the destination folder. A program group called SRD will be created.

The software is opened by locating the program group SRD and double-clicking the SRD icon that
is created during the installation procedure described above. The user will then be presented with the
introductory screen shown in Figure 2-1. From the introductory screen, the user has the option to access
database files or applicationsin SRD by selecting one of the tabs on this screen. An overview of thefiles,
applications, and ranking methods is provided below.

2.2 Troubleshooting

The SRD’ s user interface includes two maintenance/troubleshooting functions
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I." SHD - Source Ranking Database

Importast Infbemation on the 5RD - Please Read Fas ‘

Figure 2-1. Introductory Screen for SRD Software



2.2 Applications

There are three applications in SRD. The first application is used to rank products and materials
using modeled indoor-air concentrations of their chemical constituents in selected types of environments.
The application takes into account the frequency of use (in the case of products), the fraction of buildings
in which products or materials are used, the relative health hazard associated with inhalation of each
chemical, and the size of the potentially exposed populations in each environment. Products and materials
can be ranked based on peak modeled concentrations and acute chemical hazard ratings or time-integrated
concentrations, together with chronic hazard ratings for chemicals.

The second applicationin SRD isused to locateall products or materialsin the database that contain
a certain chemical. The user selects a chemical by CAS number or chemical name and information is
presented about the products (e.g., product name, formulation name, weight fraction, and emission rate).

The third application in SRD is used to determine al chemicals that are contained in various
formulations of aspecific product or material. The user selectsaproduct by product ID or by product name
category and information is presented on the chemical data (e.g., CAS number, chemical name, weight
fraction and hazard score).

Help screens are provided in SRD and are easily accessed from each SRD window by clicking on
the button with the red question mark and the word “Help”. Each help screen provides a summary of the
elementswithin the activated window or screenin SRD. Thennumbered sectionsinthe Help filescorrespond
to the equivalent sectionsin this user’s manual, which contains more detailed information.
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2.3 Files

The SRD software contains eight types of files that are used in calculating relative risk and can be
readily accessed by the user under the tab labeled “ Browse Database Files.” (Figure 2-2)

. CHEMICAL file (CHEMICAL.DBF)

. ENVIRONMENT file (ENVIRNMT.DBF)

. MATERIAL-ENVIRONMENT file (MAT_EVT.DBF)
. PEOPL E-ENVIRONMENT file (PEOP_EVT.DBF).

. PRODUCT-CHEMICAL file (PROD_CHM.DBF)

. PRODUCT-ENVIRONMENT file (PROD_EVT.DBF)
. PRODUCT-FORMULATION file (PROD_FOR.DBF)
. PRODUCT-CATEGORY file (TL_CAT.GRP)

All files have been created in dBA SE-compatible format. Thus, they can be accessed or viewed
“outside” the SRD software using various dBA SE-compatible programs or utilities that are commercially
available. The user is cautioned against using such utilities for updating files, because the internal
documentation of file updates obtained through the SRD software would not be utilized in such instances.

Thekey contentsof each filearesummarizedin Table2-1. The CHEMICAL fileprimarily contains
physical/chemical properties, as well as acute and chronic hazard ratings, for each chemical. The
PRODUCT-CHEMICAL file contains information on the specific chemicals contained in each product or
material, including weight fractionsfor chemicalsin productsand emission ratesfor chemicalsin materials.
The PRODUCT-ENVIRONMENT and MATERIAL-ENVIRONMENT files contain usage information for
productsand material's, respectively, for upto nineindoor environments. The PRODUCT-FORMULATION
fileindicates whether a given item is classified as a product or a material, and also indicates the type(s) of
environment in which each product or material isused. The ENVIRONMENT file describes properties of
each environment (e.g., residences, office buildings) such as the volume and the rate of air exchange
between indoors and outdoors. The PEOPLE-ENVIRONMENT file describes the various subpopulations
occupying each environment, including the size of each subpopulation and the average fraction of time spent
by that subpopulation in the environment.
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'-‘ SHD - Source Ranking Database

Thess are datafiles used by the SED t0 prodwce ihe pelative sk ranking of produris, ?
To view uniderlying duta, select rom ihe list of data fles in ovder o hrowse the contenis of each file, Help

il
E:ﬂ Emiroaument

[Prople Emaroement
[Frodurt Chemical
[Frodurt Emamaoment
[Frodurt Fammmlation
[Frodurt Categery Codes

Figure 2-2. SRD Files Accessible to the User



Table2-1. Key Contents of SRD Files

FILE KEY CONTENTS
(OTHER THAN LINKING VARIABLES)
Chemica Chemica name, molecular weight, vapor pressure, hazard
ratings, fraction volatilized
Environment Environment description, volume, air exchange rate
Material -Environment Amount present, duration since installation, fraction of
buildings
People-Environment Type/size of population, fraction of time in environment
Product-Chemical Weight fraction, emission rate
Product-Environment Quantity/duration/frequency of use, fraction of buildings
Product-Formulation Product/material descriptions, applicable environments,
case, subcase
Product Category Codes/descriptions for product/material categories
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The SRD software uses rel ati onal -database concepts to minimize storage of redundant information.
Relationships acrossthe variousfiles are established using the common or linking variables shownin Table
2-2. The“hub” of the database isthe PRODUCT-FORMULATION file. Thisfileislinked (i.e., related)
to other filesusing the product ID, formulation 1D, or environment 1D fields. The PRODUCT CATEGORY
fileisaso linked to the PRODUCT-FORMULATION file using the product ID. A CAS number, assigned
to each chemical, provides alinkage between the CHEMICAL and the PRODUCT-CHEMICAL files. The
environment 1D provides a linkage to the ENVIRONMENT, PEOPLE-ENVIRONMENT, PRODUCT-
ENVIRONMENT, and MATERIAL-ENVIRONMENT files.

Further details on the contents of each file and the identifiers for products, chemicals and
environments are provided in subsequent sections of the report. Section 3 describes the PRODUCT-
FORMULATION fileand product-grouping schemesthat have been devel oped to date. Section 4 describes
the CHEMICAL and PRODUCT-CHEMICAL files, Section 5 describesthe PRODUCT-ENVIRONMENT
and MATERIAL-ENVIRONMENT files, and Section 6 describes the ENVIRONMENT and PEOPLE-
ENVIRONMENT files. These descriptions include the file contents, coding schemes that were devel oped
or utilized for certain fields, sources of information, and assumptions or judgments that were made in cases
of limited information.

Section 7 of the report provides details on SRD applications, which are reviewed briefly here. The
filesin Table 2-1 can be viewed using the Browse Database Filestab (Section 7.1); data are displayed on a
screen (Figure 2-3) and the user may navigate through the tables, search for a partcular item, or export the
tablesinavariety of file formats. Ranking products (Section 7.2) involves choosing aclassification scheme,
selecting all or some product/material categories associated with that scheme, choosing sources of data on
product formulations, selecting environments, and using acute or chronic hazard ratings as a basis for
ranking. Anoverview of the ranking methodology is provided in Section 2.4. The Find products containing
achemical tab (Section 7.3) allows the user to extract data pertaining to a specific chemical by entering a
nameor CASnumber. Thefind chemicalsin aproduct category tab (Section 7.4) allowsauser to extract data
pertaining to a product name or ID.
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Table 2-2. Common/Linking Variablesfor SRD Files

COMMON/LINKING VARIABLES
FILE PRODUCT | FORMULATION CAS MATERIAL/ ENVIRONMENT

ID 1D NUMBER PRODUCT 1D
Chemical X
Environment X
Material-Environment X X
People-Environment X
Product-Chemical X X X
Product-Environment X X
Product-Formulation X X Xt X?
Product Category X

! Indicates whether information on quantity/amount is to be found in the PRODUCT-ENVIRONMENT file
or the MATERIAL-ENVIRONMENT file

2 Indicates which of the nine environments the formul ation applies to
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Y+ Product Chemical

PRODUCT CHEMICAL Total Records: | 30914

Froductid | 282143300 [nitial ethission rate: ] 0.00000 ) ?
Cas mumber: | 1002897 Rate constant for decline: ] 0.00000  he-l Help
Formulation: | MO303006 Weight fraction: ] 0.01000

Deposition rate: m hr-1

Formulation Description ]water—based flocking adhesive

Product Description: ]P-.I:r‘g.flil: adhesives

Top | Pev | Mew | Bottom | Fid | i | Ext | View Table |

Display record nurber j

Figure 2-3. SRD Screen Following Selection of aFile
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24 Ranking M ethodology

This section provides an overview of the procedures used in the “ Rank Products’ application
within SRD. Additiona information on ranking products may be found in Section 7.2, and the
cal culations and assumptions associated with the procedure are provided in Section 8.

Asillustrated in Figure 2-5, the user has certain choices or options that affect how the ranking of
products, or product categories, is performed by the SRD software:

»  Products or categories can be ranked at the 4-digit, 5-digit or 7-digit (most detailed) level of
classification for SIC codes (see Section 3)

* All or asubset of the data sources on product/material formulations can be chosen
»  All or asubset of environments in which products/materials are used can be chosen

*  Average or upper-end values can be chosen for amount of product used, or material present,
and for the duration and frequency of product use

*  Theranking can be based on chronic or acute hazards, but not both
e All chemicalsin product/material formulations can be used in the ranking, or just those (i.e.,
the program leaves out calculations for these chemicals) without a value for chronic/acute

hazard rating (see Section 4)

The user selections for these items can be saved for retrieval on subsequent SRD ranking
applications.
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Figure 2-5. User Inputs/Choices for Ranking Products
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The ranking procedure begins with a chemical contained in a specific product formulation. A
formulation is roughly equivalent to abrand. Based on analytical solutions to a single-chamber model
for indoor-air concentrations over time, either a peak concentration (for acute hazards) or atime-
integrated concentration (for chronic hazards) is calculated for each environment chosen by the user.
The form of the calculation depends on how the product/material is used -- direct discharge to air,
application/disposal in water, application to a surface, or placement in an environment. The “score” for
the chemical is obtained for each environment by multiplying the calculated concentration by the hazard
rating, the percent of buildings in which the product/material is used, and (for products) by the annual
frequency of use.

Next, an average score across environments is calculated, using the relative population in each
environment as aweighting factor. The average score so derived for each chemical is then summed
across all chemicalsin the formulation to derive a“formulation score.” Many products or materials have
more than one formulation. In those cases, then a simple average across formulations is taken to derive a
“product score.” This approach assumes equal market share for each formulation. Formulations are
associated with the 7-digit classification of products and materials. If the user chooses a higher level of
aggregation (e.g., a4-digit or 5-digit classification), then asimple average is taken across scores for each
7-digit product ID associated with the higher-level class. The ranking is based on the average score for
each product category. A higher score is assumed to indicate a higher risk and assigned a higher rank.
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3. PRODUCT CATEGORY AND PRODUCT-FORMULATION FILES
The Product-Category and Product-Formulation files contain information on sources of data for
products and materials contained in SRD. This section provides a description of the classification scheme

used for SRD and a description of the contacts of the Product-Category and Product-Formulation files.

31 Background - AEERL Classification Scheme

TheClassification of MaterialsasPotential Sourcesof Indoor Air Pollution (USEPA 1990), prepared
by the Air and Energy Engineering Research Laboratory (AEERL) of EPA, systematically identified and
classified material sbrought into or used to construct and renovate homes and officebuildings. Theobjective
of the study wasto design afoundation for asystematic analysisof therole of materialsininfluencingindoor
air quality. The approach taken inthereport involved identification and categorization of productsthat are:

*  Components of construction of buildings;
»  Used asfixtures and furnishings; and
»  Consumer goods that are brought into buildings in the course of normal use.

A number of sources containing information on categorization or classification of materials were
identified during the course of the study, and are described in the classification report. Thereport concluded
that the Census of Manufactures presented the most comprehensive list of products covering al three
categoriesof interest inthe study, and employed categoriesuseful toindoor air quality study. Datapresented
inthe Industry Series Reports of the Census of Manufactures (USDOC 1990) were therefore used asabasis
for the classification system. The census data are based on the Standard Industrial Classification (SIC)
system, which is commonly used by industry and government agencies.

USEPA (1990) also identified products or materials in the classification thought to be potential
sourcesof indoor air emissions. Thiswasasubjective process, based on consideration of thethreefollowing
factors:

*  Thequantity produced. How pervasive is the product in the environment?

»  Compositional information. Based onreadily available published information, how harmful are
the emissions likely to be?

* Thenatureof itsuse. What isthe likelihood of human exposure to materials emitted?

In the list presented in the classification, the subset of products judged to be potential sources of
emissions to indoor air was identified. The report, Indoor Air Pollutant Source Catalog (Radian 1993)
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subsequently prepared for AEERL, presents more complete information on this subset of material sources
of indoor air pollution, and presents available constituent and emissions data for ten priority product
categories of sources. The classification system developed in USEPA (1990) (i.e., SIC code-based system)
was used as the starting point for classifying the products in each product category. However, in order to
develop the most useful scheme for presenting the usage, constituent, and emissions data for the variety of
productsin each category, refinements were made to the classification system. Depending on the category,
the scheme was revised to account for either how the products are used in the home, the manufacturing
process for the product, or the component parts of the product.

3.2 SRD Product Classification Scheme: The PRODUCT CATEGORY File

For purposes of defining a product classification scheme for SRD, an expanded version of the
classification scheme developed by AEERL (USEPA 1990) was developed. Those products identified in
USEPA (1990) as "thought to contribute to indoor air pollution" were used as the starting point for the
scheme. Thislist was then supplemented with additional products based on areview of the product coding
scheme utilized in the report, Numerical List of Manufactured and Mineral Products (USDOC 1989). This
review was subjective and considered the samefactorsused by AEERL in devel oping the 1990 classification
scheme.

The Numerical List of Manufactured and Mineral Products (USDOC 1989) includes the principal
products and services of the manufacturing and mining industries in the United States. The data for these
products and services were collected in the 1987 Census of Manufactures on 205 long and 77 short report
forms (formsM C-2001 through M C-3912) and the 1987 Census of Mineral Industrieson 101ongand 1 short
form (MC-1001 through MC-1403). Each report form covers one or more industry and includes a product
inquiry that liststhe primary productsfor theindustriesand the chief secondary productsfrequently reported
by establishments classified in the industries on that report form.

Products and servicesin USDOC (1989) are arrayed generally in ascending seven-digit numerical
order followed by alphabetical characters within their respective five-digit codes (product classes), the
product classesin order within their four-digit codes (industries), and the industries within their three-digit
industry groups and two-digit major groups. Major groups, industry groups, and industries, as presented in
this manual, correspond with both title and content of the Standard Industrial Classification Manual: 1987
edition, published by the Office of Management and Budget (OMB 1987). In addition to more than 6,600
products for which information is collected primarily in the Censuses of Manufactures and Mineral
Industries, the list contains approximately 4,400 products for which information is collected monthly,
guarterly, and annually in the Census Bureau's Current Industrial Reports (CIR) program.
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The SRD product classification scheme encompassing the three product groups developed by
AEERL (USEPA 1990) (i.e., building material s; consumer products; and furni shingsand equipment) isbased
on the product coding system developed by the Bureau of the Censusin USDOC (1989) and further refined
in USDOC (1993) for the 1992 Census of Manufacturers and Census of Mineral Industries. The Bureau of
the Census system operates so that the coverage is progressively narrower (i.e., more specific) with the
successive addition of digits. Thisisillustrated as follows:

SIC Code Leve Description
24 Major group Lumber and wood products
249 Industry group Miscellaneous wood products
2493 Industry Reconstituted wood products
24931 Product class Particleboard
2493105 Product Mobile home decking

In addition, the SRD scheme employsatwo-digit extension of the seven-digit Product codeto allow
for future refinements to accommodate the needs identified in Radian (1993).

The product classification schemefor SRD has been entered into the PRODUCT CATEGORY file.

Table 3-1 presents information on the principal data elements of the file. Appendix A contains all 328
records in the PRODUCT CATEGORY file.
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Table 3-1. Contents of the PRODUCT CATEGORY File

FIELD NAME FIELD TYPE UNITS FIELD DESCRIPTION
Product, Product Class, or Character - 4-digit SIC industry code or 5-digit
Industry 1D SIC product class code or 7-digit
SIC product code to which has
been added an additional 2 digitsto
enable additional product
classification.

Description Character - Definition used by U.S. Dept. of

Commerce.

3.3 PRODUCT-FORMULATION File

Formulation and/or chemical emission data have been obtained from a variety of sources for
hundreds of products or materials (discussed in detail in Section 4.1). The PRODUCT-FORMULATION
file contains records for each product/material having formulation or emission datain SRD. Each record
contains a name or description of the product/material, based on information provided in the source
documents, and aunique identification code (i.e., the Formulation I D) that identifiesthe data source and the
location of the data within the source document. Table 3-2 presents information on the principal data
elements in the PRODUCT-FORMULATION file. Appendix B contains al 12,595 records in the
PRODUCT-FORMULATION file.
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Table 3-2. Contents of the PRODUCT-FORMULATION File

FIELD NAME FIELD TYPE UNITS FIELD DESCRIPTION
Product ID Character -- SIC product code.
Formulation ID Character -- Unique formulation/material® code for each
product/material.
Formulation Description Character -- Name/description of specific formulation or

material asreported in the data source.

Formulation Applicability Logica -- Repeating field; onefield for each of nine
defined environments.

T = formulation data apply

F = formulation data do not apply

Product/Material Character -- P = product

Indicator M = materia

Case Numeric - Refers to how formulation/material is used.
Subcase Numeric -- Refers to specific use for products dissolved

in water. (Case 2).

1 The SIC Code is defined in Section 3.2. This SIC Code consists of seven characters with two additional characters to
enable additional product classification.

2 The formulation/material codeis discussed in Section 3.3.
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4, PRODUCT-CHEMICAL AND CHEMICAL FILES

4.1 PRODUCT-CHEMICAL File Overview

Formulation and emission data have been obtained from a variety of sources as described in detail
in Section4.2. All product formulation and emission datawere entered into spreadsheetsto enabl e efficient
dataentry, quality control, ease of entry into SRD, and use as standal one spreadsheets. These spreadsheets
were then combined to form the PRODUCT-CHEMICAL file. Each record of thisfile contains datafor a
specific chemical withinanindividual product (e.g., CASnumber and weight fraction of the chemical inthe
product). Each of the 30,914 recordsin thisfile containsinformation on one chemical in one product. Table
4-1 presents detailed information on the data elements of the PRODUCT-CHEMICAL file.

4.2 Data Sour ces for the PRODUCT-CHEMICAL File

Information for the product formulations was obtained from a variety of sources.
4.2.1 Advanced Cleaning Product Formulations (Flick 1989a)

This book presents more than 800 cleaning product formulations for household, industrial, and
automotive applications. Theformulation datawere obtained by Flick from numerous companiesand other
organizations. The book statesthat the data represent sel ections made at no cost to, nor influence from, the
makers or distributors of the materials. The book also states that only the most recent formulations are
presented.

Each formulationinthebook liststhefollowing information, asavailable, in themanufacturer'sown

words:
. Description of end use and, if applicable, typical dilution(s) for various applications;
. The percent by weight or volume of each component of the formulation;
. Key properties of the product that may differentiate it from other similar products; and
. The name of the manufacturer or organization that supplied the formulation.

The formulations in the book are divided into the following sections and chapters (parenthetical
numbers indicate the number of productsin each chapter):



Table 4-1. Contents of the PRODUCT-CHEMICAL File

FIELD NAME FIELD UNITS FIELD DESCRIPTION
TYPE

Product ID Character -- SIC product code.

CAS Number Character -- Chemical-specific Chemical Abstract
Service number.

Formulation ID Character - Unique formulation/material code for
each product/material.

Weight Fraction Numeric -- Weight fraction of specific chemical in
a specific formulation as reported in the
data source or as calculated based on
information provided in the data source.

Initial Emission Numeric Materials: p.g/m?-hr Based on data reported in literature or

Rate or wg/unit-hr from actual chamber testing results.

Products:.g/g-hr

Rate Constant for Numeric hrt Currently based on assumptions related

Decline to emissionslife (see Section 8). Inthe
future, could be based on data reported
in the literature or from actual chamber
testing results.

Deposition Rate Numeric hrt For possible future use; assumed zero
value for now.




Household/Industrial Cleaners (# of products in each section/chapter)

CoNOTUA~AWDNDE

Bathroom Cleaners (16)

Dishwashing Detergents (57)
Disinfectants (11)

Floor Cleaners and Wax Strippers (41)
General Purpose Cleaners (73)
Laundry Products (143)

Metal Cleaners (73)

Oven Cleaners (10)

Rinse Additives and Aids (96)

Rug, Carpet and Upholstery Cleaners (40)
Wall and Hard Surface Cleaners (49)
Window and Glass Cleaners (25)
Miscellaneous Cleaners (129)

Automotive Cleaners

14.
15.
16.

Car and Truck Washes (51)
Whitewall Tire Cleaners (8)
Miscellaneous Cleaners (21)

All formulationsin this book, except for a small number for which the data presented were unclear
(e.g., total weight fractions of components did not total to avalue of 1), were extracted and entered into the
PRODUCT-CHEMICAL file.

4.2.2 Printing Ink and Overprint Varnish Formulations (Flick 1990)

This book is a collection of more than 300 formulations for printing inks, overprint varnishes, and
related products. The formulation data were obtained by Flick from numerous companies and other
organizations. The book statesthat the data represent sel ections made at no cost to, nor influence from, the
makers or distributors of the materials. The book also states that only the most recent formulations are
presented.

Each formulationinthebook liststhefollowing information, asavailable, in themanufacturer'sown

Description of end use;

The amount of each raw material included in the formulation as presented by the supplier;

Any description of the product; and

The name of the manufacturer or organization that supplied the formulation.

Theformulationsin thebook are dividedinto thefollowing sections (parenthetical numbersindicate
the number of products in each section):
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l. Printing Inks (179)
. Overprint Varnishes (73)
M. Miscellaneous (18)

All formulationsin this book, except for a small number for which the data presented were unclear
(e.g., total weight fractions of components did not total to avalue of 1), were extracted and entered into the
PRODUCT-CHEMICAL file.

4.2.3 Cosmetic and Toiletry Formulations (Flick 1989b)

Morethan 1,800 cosmetic and toiletry formul ationsare presented in thisbook. Theformulation data
were obtained by the author from numerous companies and other organizations. The author of the book
states that the data represent selections made at no cost to, nor influence from, the makers or distributors of
the materials. The author also states that only the most recent formulations are presented in the book.

Each formulationinthebook liststhefollowing information, asavailable, in themanufacturer'sown
words:

. Description of end use;

. The percent by weight of each component of the formulation;

. Suggested formulation procedure; and

. The name of the manufacturer or organization that supplied the formulation.

The formulations in the book are divided into the following 14 sections (parenthetical numbers
indicate the number of products in those sections which were extracted for inclusion in SRD):

I.  Antiperspirants and Deodorants
1. Baby Products
1. Bath and Shower Products
IV. Beauty Aids
V. Creams
V1.  Fragrances and Perfumes (12)
VIl.  Hair Care Products (378)

VIIl.  Insect Repellents
IX. Lotions
X.  Shampoos
XI.  Shaving Products
XIl.  Soaps (88)
XI1Il.  Sun Care Products
XIV. Miscellaneous



All formulationsin section VI (Fragrances and Perfumes - 12 formulations), section V1l (Hair Care
Products - 378 formulations), and section XI1 (Soaps - 88 formulations) of this book, except for a small
number for which the data presented were unclear (e.g., total weight fractions of components did not total
to avalue of 1), were extracted and entered into the PRODUCT-CHEMICAL file.

4.2.4 Water-Based Trade Paint Formulations (Flick 1988)

This book presents 562 water-based trade paint formulations. The formulation data were obtained
by Flick from numerous companies and other organizations. The book states that the data represent
selections made at no cost to, nor influence from, the makers or distributors of the materials. The book also

states that only the most recent formulations are presented in the book.

Each formulationinthebook liststhefollowing information, asavailable, in themanufacturer'sown

words:
. The percent by weight or volume of each component of the formulation;
. Key properties of the product which may differentiate it from other similar products; and
. The name of the manufacturer or organization that supplied the formulation.

Theformulationsin the book are divided into thefoll owing sectionsand chapters (for those chapters
from which formulation data were extracted, parenthetical numbers indicate the number of product
formulations extracted):

l. Exterior Paints, Enamels and Coatings

Exterior paints (28)

Exterior tint base paints (10)

Exterior tinted paints

Exterior trim tint-base enamels

Exterior white paints

Exterior white and light tint paints

Exterior white semi-gloss paints and enamels
Roof coatings

Miscellaneous exterior paints

CoNoA®WDNE

Il. Interior Paints, Enamels and Coatings

10. Interior flat paints (85)

11. Interior flat tint bases (16)

12. Interior flat white paints (33)

13. Interior flat white and tint bases (17)

14. Interior semi-gloss paints and enamels (32)

15. Interior tint base semi-gloss paints and enamels (7)
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16. Interior tinted paints (6)
17. Satin/sheen/eggshell paints and enamels (11)
18. Stipple and texture paints (8)

II. Exterior and/or Interior Paints, Enamels, Primers and Stains

19. Colored enamels (15)

20. Gloss enamels and paints (42)

21. Intumescent fire retardant paints (4)
22. Primers and primer/sealers (27)

23. Semi-gloss paints and enamels (20)
24, Stains (41)

25. White enamels (16)

26. Miscellaneous paints and enamels (15)

All extracted formulations were entered into the PRODUCT-CHEMICAL file.

4.25 Adhesiveand Sealant Compound Formulations (Flick 1984)

Thisbook presentsacollection of 444 adhesive and sealant formulations. Theformulation datawere
obtained by Flick from numerous companies and other organizations. The book states that the data consist
of selectionsof manufacturers formul ationsmade at no cost to, nor i nfluencefrom, the makersor distributors
of the materials. The book also states that only the most recent formulations are presented in the book.
There are no solvent-based formul ations presented in the book, although asmall amount of solvent ispresent
in some formulations as an additive to improve product performance.

Each formulationinthebook liststhefollowing information, asavailable, in themanufacturer'sown
words:

. Description of end use and, if applicable, typical dilution(s) for various applications,

. The percent by weight or volume of each component of the formulation;

. Key properties of the product which may differentiate it from other similar products; and,
. The name of the manufacturer or organization that supplied the formulation.

Theformulationsin the book are divided into various sections corresponding primarily to adhesive
end use. Listed below are the various sections of the book and those chapters from which formulation data
were extracted for inclusion in the SRD (parenthetical numbers indicate the number of products in each
chapter):

I.  Water-Based Industrial Type Adhesives
1 Construction Adhesives (3)
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3. Flocking Adhesives (11)
5. General Purpose Adhesives (13)
6. Industrial Adhesives (15)

I1l.  Water-Based Coatings
8. Industrial Coatings (6)
V1. Epoxy Adhesives, Castings and Coatings
14. General Purpose (111)
VIIl.  Miscellaneous Compounds

20. Caulking (9)
24, Sealants (23)

All formulations in these chapters, except for a small number for which the data presented were
unclear (e.g., total weight fractions of components did not total to avalue of 1), were extracted and entered
into the PRODUCT-CHEMICAL file.

426 "Canadian" Caulksand Sealants (Eyreand Jennings 1986)

In 1986, the Home Energy Program of Energy, Mines and Resources Canada commissioned a study
toidentify the substancesin caulk and sealant productsthat present the greatest hazard when these products
areused inresidential interiors. Although the objective of thefirst part of the study, to obtain formulations
of the entire range of caulk and sealant products from four manufacturers, could not be met for various
reasons, Eyre and Jennings (1986) did obtain formulation data from various other industry sources and
published material.

Theformulationsinthereport aredividedinto thefoll owing sectionsand chapters(for thosechapters
from which formulation data were extracted, parenthetical numbers indicate the number of product
formulations extracted):

l. Mastic Sedants

Oleoresinous products (2)

Polysulfide products, one-part gun-grade (1)
Polysulfide products, two-part gun-grade (2)

Butyl rubber products (4)

Acrylic water-based emulsion products (2)

Acrylic solvent-based, one-part, gun-grade products (2)
Polyvinyl acetate-based products (1)

CLoxoNU A
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11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Vinyl acrylic emulsion products (1)

Asphaltic one-part products, gunnable and pourable (2)
Neoprene products, two-part gun-grade (1)

Hypalon, one-part gun-grade (1)

Polyurethane one-part products (1)

Polyurethane two-part products (1)

Silicone products

Polybutene caulks

Styrene butadiene rubber (SBR) products (1)

Nitrile products

. Glazing Compounds/Putties

21. Professional glazing compound (1)
22. Putties (2)
M. Aerated Sealants
23. Two-part expanded polyurethane foam (1)

V. Rope-Type Sealants

24,
25,

Rubber or polymer-based rope caulks (1)
Fibre-based rope

V. Specialty Products

26.

No quantitative formulation data were reported in Chapters 17, 18, 20, 25, and 26. All extracted

Intumescent seal ants

formulations were entered into the PRODUCT-CHEMICAL file.

427 1ACS System (USEPA 1992)

The IACS System is a database of product formulation and emission rate data compiled by EPA's
Office of Pollution Prevention and Toxics. |ACSwas a precursor to the SRD and a description of the data
sourcesthat camefrom |ACSis provided below. All information from the May 1992 version of the database

was extracted and entered into the PRODUCT-CHEMICAL file.



Bayer 1990

CCMS 1989

USEPA 1988

HEP 1986

JAPCA 1988

MRI 1989

RTI 1990

USEPA 1990

Versar 1990

Bayer, Charlene. 1990. Largeenvironmental chamber techniques were used
to determine if VOC and formaldehyde emissions from modular office
partitions and particle boards before, during and after "building bakeout".

Analytical tests carried out among several European laboratories on
emissions from a single carpet-coated particle board. Emission rates and
compounds not quantified are given.

GC/MS analysis of headspace air above heated building materials and
consumer productsfor volatileorganic chemicals. Materialswhich emitted
target chemicals found in monitoring study were selected for an emission
rate study using an environmental chamber.

Eyre, D. and D. Jennings. 1986. The identification of toxic materialsin
caulks and sealants, and the selection of short listed substances for outgas
tests. Report submitted to Home Energy Program; Energy, Mines and
Resources Canada. SRC Publication No. R-823-6-E-86. Identification of
substances in caulk and sealant products based primarily on the listing of
ingredients provided in Frost & Sullivan Study of the USA caulk & sealant
market. One manufacturer supplied information as well. Additional
information was gathered from other various literature.

GC/MS analysis of headspace air above product in a 1-liter Teflon-lined
container.

This study reviews the mass spectra data for 1,159 household products
collected by MRI during 1987. During the early study, samples of

household products were tested directly by purge and trap gas
chromatography/mass spectrometry (GC/MS) and the full mass spectra
were archived into an analytical database. This database was reviewed

during thisstudy for 25 analytes and may be used in the future to estimated

other analytes assuming the appropriate response factors can be generated.

Emissionsof organicvaporsfrom 31 consumer products were characterized
by headspace purging followed by GC/MS analysis; 127 chemicals were
identified.

Evauating organic emissions from building materials and products
(Selected results from technical support projects). U.S. EPA Indoor Air
Branch AEERL, RTP, NC. IAB Report 90-2, January 1990. Contains
reportsfrom five studies conducted to eval uate the organic emissionsfrom
consumer product and building material sources. Small chamber testsusing
Tenax collection mediaand GC/MS analysis.

Memo dated August 3, 1990 to Pat Kennedy from Carl D'Ruiz, Subject:
Results of Shelf Survey of Consumer Productsthat may contain hazardous
or toxicingredients. Versar purchased various consumer productsfrom K-
mart and Hechinger and reports listed ingredients, product name and
manufacturers.



4.2.8 Formulationsof Aerosol Products (Radian 1989)

Thisreport discussesthe experience of the U.S. aerosol productsindustry in converting from
chlorofluorocarbon propellantsto alternative aerosol formulations. Detailed examples of non-CFC
formulations are provided in the report for 28 categories of aerosol products. All extracted
formulations were entered into the PRODUCT-CHEMICAL file. The IACS system discussed in
Section 4.2.7 contained some of the formulations reported in Radian (1989) and referenced Radian
(1989). Thoseformulationswereremoved fromthel ACSinput tothe PRODUCT-CHEMICAL file
to avoid duplicate records.

4.2.9 Washington State Indoor Air Quality Study (AQS 1992; AQS 1993a; AQS 1993b)

In 1989, the State of Washington responded to an incident of “sick building syndrome” in
a state office building by instituting an “Indoor Air Quality” program applicable to new office
building construction. As part of the program, the state specified pollutant-emission-limit
parameters for furniture and building materials used in the construction and furnishings of these
buildings. The standards addressed several categories of pollutants including (1) formaldehyde,
(2) total VOCs, and (3) particulates. Vendors who bid for state contracts to provide construction
materials, furniture, and furnishings for these buildings were required to certify, through product
testing, that their offerings complied with the specified emission standards.

Asacooperative project involving the U.S. Environmental Protection Agency and the State
of Washington, a study was undertaken aimed at evaluating the effectiveness of Washington's
program in meeting its goal of ensuring high indoor air quality in office buildings. The purpose of
the study was to evaluate the impact of using low pollutant-emitting source materials and institute
special building-preparation techniques on indoor air quality.

Aspart of thisproject, all industry-submitted and other product emissionsdataavailablefrom
the State of Washington were obtained. Also, data were generated by Air Quality Sciences, Inc.
(AQS) on products obtained by AQS from prospective product bidders and on products obtained
from the NRB during its construction. These data were provided to EPA under separate projects
under EPA Contract No. 68-D3-0013. Thedataincludethose productsactually used inthebuilding
with additional data on three workstation units. Also, emissions data were obtained for 15 other
products not used in the NRB but used in another Washington State office building. The data
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includeinformation on 95 productsranging from modular furnitureto paint and fireproofing. Of the
95 products, 67 have emission testing data and the remaining 28 have only MSDS sheets or |etters
of compliance sheets indicating that their products met |AQ requirements without supporting test
data. Limited product formulation information was also available for 10 of the products (3
sealants/caulks, 2 plasters, 1 adhesive, and 4 paints/coatings). The duration of the emission rate
testing ranged from days to weeks depending on the product being tested.

For purposes of the SRD, the maximum emission rate reported for a given material (n.g/h
per m? surface area) or furnishing («g/h per unit) tested under this project was assumed to be its
initial emission rate when placed into an indoor environment. The limited set of products tested
under the project were not included inthe SRD because the amount of product appliedinthetest was
not known and, hence, the initial emission rate could not be normalized to the quantity used.

4.2.10 EPA/AEERL Catalog of Materials as Potential Sources of Indoor Air Emissions
(Radian 1993)

This report (two volumes), prepared by Radian Corporation for EPA's Air and Energy
Engineering Research Laboratory, isintended to be used asatool by researchersto help organizethe
study of 12 categories of materials as potential sources of indoor air pollution. In addition to
providing sales and usage volume data, and qualitative data on product composition, thisreport has
compiled VOC emission datafrom several sources. Inaddition to providing formaldehydeemission
datafor thewood product category, the report had emission rate datasuitablefor inclusioninto SRD
for 19 products(5insulation products, 2 wall coverings, 3resilient floor coverings, 7 carpets, 1 wood
product, and 1 fabricated rubber product).

4.2.11 Office of Air Quality Planning and Standards Consumer and Commer cial Products
Survey (WESTAT 1987a, 1987b, 1987c)

Under authority of Section 183(e) of the Clean Air Act, EPA’ sOfficeof Air Quality Planning
and Standards (OAQPS) conducted a survey of consumer products manufactured in 1990 that
contain volatile organic compounds (VOCs). Information provided by the companies included
product name, product form, volatile chemical, and chemical amount (percentage) in the product.
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4.2.12 Design for the Environment (DfE) Paint Project (GEOMET, 2000)

The U.S. Environmental Protection Agency’s Office of Pollution Prevention and Toxics
(OPPT) initiated a Design for the Environment (DfE) Project to develop a wall paint exposure
assessment model for interior latex and alkyd paints. The purpose of the model isto allow industry
product developers and health and safety officialsto more easily and accurately identify chemicals
in paint formulations that pose potential exposure problems. Although fairly extensive testing had
was performed previously by EPA’s Air Pollution and Prevention Control Division (APPCD) to
characterize emissions through chamber tests, additional data were deemed necessary to cover a
broader sample of paints and associated chemicals.

Methods for and results of the data collection effort been documented in a recent report
(ARCADIS 1998). Aspart of arelated effort to develop a Wall Paint Exposure Model (WPEM),
GEOMET (2000) fit the chamber concentration datafor chemical s that were measured to empirical
emission models, assuming afirst-order decay ratefor the chemical emissions. To put theemission
rates in a format suitable for use in the SRD, the rates were normalized to the amount of paint

applied.

4.3 CHEMICAL FileOverview

The CHEMICAL File contains chemical-specific physical/chemical property data and hazard data
for those chemicals listed in the PRODUCT-CHEMICAL File (i.e., chemicals detected in emissions or
reported to be formul ation components). Table4-2 presents detailed information on the data elements of the
file. Appendix C containsall 1,377 recordsin the CHEMICAL file.

Chemical Abstract Service (CAS) numbers were obtained from standard reference sources
as well as computerized searches of CAS On-Line using the chemical or mixture names reported in the
PRODUCT-CHEMICAL file data sources. CAS numbers could not be obtained for some of the reported
chemical or mixture names, many of which are trade names. Chemicals/mixtures for which CAS numbers
could not be obtained are not included in the current version of the SRD CHEMICAL File.

For chemicalswith CAS numbers, molecular weight and vapor pressure values were obtained from
both standard reference sources (i.e., ChemFinder, 2000) and computerized searches of the Envirofate Data

Base maintained by the Syracuse Research Corporation (SRC).

Human health hazard ratings devel oped by the Health and Environmental Review Division (HERD)
of OPPT are the basis of the hazard scoresin the CHEMICAL file. A rating of 100 indicates ahigh hazard,
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0.1 a medium hazard, and 0.001 a low hazard. For chemicals without a HERD-assigned hazard score, a
default value of 0.00099 was used. Thisvalueis close to that for alow hazard (0.001), but distinguishes
chemicals for which a hazard rating has not yet been assigned. The scoring system is described in Section
44.

The fraction volatilized was calculated for each chemical found in products whose use involves
dissolutioninwater (i.e., case 2 products). Thefractionvolatilizedisthefraction of the massof thechemical
in the product that is expected to volatilize into air during product use. This quantity was estimated using
physical-chemical properties such as the Henry’s Law coefficient, as well as information on the
characteristics of typical use. As such, the fraction volatilized is use specific, therefore, it was calculated
for the following six Case 2 use scenarios:

2 laundry detergents,

(©)) toilet bowl cleaners,

4 dish wash liquid,

5) hair shampoo and body lation,

(6) liquid hand soap, and

@) detergents and powders for dish washers.

Thefractionsare zero for non-applicable products. See Section 8.2.2 and Appendix H for more detail about
how these values were cal cul ated.
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Table 4-2. Contents of the CHEMICAL File

FIELD NAME FIELD TYPE UNITS FIELD DESCRIPTION
CAS Number Character . Chemlcal-speuflc Chemica Abstract
Service number.
Name of the chemical as reported in
Chemical Name Character . the data source or a synonym of the
reported name to maintain name
consistency within SRD.
. . Vaue reported in SRC's Envirofate
Molecular Weight Numeric Grams/mole database or standard references.
Molecular Weight Source of information on molecular
Character - .
Reference weight.
At approximately 23to 25°C. Value
Vapor Pressure Numeric Torr reported in SRC's Envirofate database
or standard references.
Vapor Pressure Character . Source of information on vapor
Reference pressure.
Reactivity Rate/ Sink . 1 For possible future use; assumed zero
Numeric hr
Effect value for now.
. . Supplied by EPA.* Chemical-specific
Acuite Hazard Rating Numeric ” value of 0.001, 0.1, or 100.
Chronic Hazard NUmeric . Supplied by EPA.* Chemical specific
Rating value of 0.001, 0.1, or 100.
Combined Overall NUmeric . Supplied by EPA.* Chemical specific
Hazard Rating value of 0.001, 0.10, or 100.0.
Fraction Volatilized Numeric - One value for each of 6 types of

usages for products dissolved in water.

* If EPA has supplied no value, then a default value of 0.00099 was used; avalue of 0 was assigned to water (CAS number

7732185).
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4.4 SRD Human Health Effects Scoring M ethodology

The Source Ranking Database (SRD) uses the human health portion of the Chemical Use Cluster
Scoring Methodology (UCSS) (US EPA 1993) to systematically evaluate and then place chemicalsinto one
of three potential human health hazard categories (i.e., "high", "medium"”, and "low"). The hazard of a
chemical is based on its inherent toxicological properties. In the UCSS, the criteria for the category
thresholds for levels of high (i.e., 100), medium (i.e.,, 0.1), and low (i.e., 0.001) concern were set by
professional toxicologists after a review of the data distributions of reference doses (RfD), reference
concentrations (RfC), and cancer potencies(q,*). The specific cutoff pointsare based on these distributions
and an approximate distribution of 1:2:1 for the chemicals in the high, medium, and low categories,
respectively.

The potential human health hazard category to which a chemical is assigned is determined from
several sourcesof chemical toxicity information. These sourcesare arrangedinto ahierarchy of dataquality
(quality being based on the degree of peer review to which astudy or specific value has been subjected). If
human health data elements of high quality are avail able, the highest of the scoresistaken asthe chemical's
overall health hazard score. If dataof high quality are lacking, medium quality data elements are used and
the highest of these available scoresis taken as the chemical's overall health hazard score. Comparably, if
data of medium quality are lacking, low quality data are used. Because the health hazard score isbased on
the data available at the time of evaluation, it is possible that the score will change as new data of higher
quality becomes available.

Each chemical is scored separately for both non-carcinogenic and carcinogenic health effects. The
higher of these two scoresistaken as the chemical's final human health hazard score. Values of the human
health data elements used in the assignment of categories are shown in Tables 4-3 and 4-4. These human
health data elements and the method used to assign categories are described below (US EPA 1993).

4.4.1. Human Health Data Elements of High Quality - Noncar cinogens

Reference Dose and Reference Concentration -- The chronic reference dose (RfD) is an estimate
of the highest daily exposure that can be incurred by individualsin the general population (including highly
susceptible subgroups) without significant risk of deleteriouseffectsduring alifetime. Thechronicreference
concentration (RfC) is a comparable estimate of the concentration of a chemical in air. Both values are
published by EPA in the Health Effects Assessment Summary
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Table 4-3. Human Health Hazard Ranking - Noncarcinogens (from U.S. EPA, 1993)

Ranking
Data Element Data Quality High (3) Medium (2) Low (1)
Reference Dose (RfD) High <0.001 mg/kg/day 0.001-0.1 >0.1 mg/kg/day
Reference Concentration (RfC) High <0.002 mg/m? mg/kg/day >0.2 mg/m?
Reportable Quantity (RQ) High 1,101b 0.002 - 0.2 mg/m? 5,000 Ib
Threshold Planning Quantity (TPQ) High 1,101b 100, 1,000 Ib 1,000, 10,000 Ib
Human Health Water Quality Criteria High <1 mg/l 100, 500 1b >10 mg/l
(HWQC) 1-10mgl/l
Chronic NOAEL Medium <0.1 mg/kg/day 0.1 - 10 mg/kg/day >10 mg/kg/day
Chronic LOAEL Medium <1 mg/kg/day 1 - 100 mg/kg/day >100 mg/kg/day
Subchronic NOAEL Medium <1 mg/kg/day 1 - 100 mg/kg/day >100 mg/kg/day
Subchronic LOAEL Medium <10 mg/kg/day 10 - 1,000 mg/kg/day >1,000 mg/kg/day
Human Health Structure Activity Team Rank Low High Medium-high, Low-medium, low
Chemical Category Human Toxicity Estimate Low 3 medium 1
TSCA 88(e) Submission L ow/Consistency 3 2 1
2
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Table 4-4. Human Health Hazard Ranking - Carcinogens (from U.S. EPA, 1993)

Ranking
Data Element Data Quality High (3) Medium (2) Low (1)

If WOE = A or B then
q, (Cancer Potency) High >1 mg/kg/day 0.01 - 1 mg/kg/day <0.01 mg/kg/day
RQ Potency Factors High >10 mg/kg/day 0.2 - 10 mg/kg/day <0.2 mg/kg/day
Structure Activity Team Rank Low High Medium, medium- Low, low-medium
Chemical Category Human Toxicity Low 3 high 1
Estimate Low/Consistency 3 2 1
TSCA 88(e) Submission 2

If WOE = C then
(, (Cancer Potency) High >10mg/kg/day 0.1 - 10mg/kg/day <0.1 mg/kg/day
RQ Potency Factors High >8 mg/kg/day 1 - 80 mg/kg/day <1 mg/kg/day
Structure Activity Team Rank Low High Medium, medium- Low, low-medium
Chemical Category Human Toxicity Low 3 high 1
Estimate Low/Consistency 3 2 1
TSCA 88(e) Submission 2

If WOE = Unclassified
Structure Activity Team Rank Low High Medium, medium- Low, low-medium
Chemical Category Human Toxicity Low 3 high 1
Estimate Low/Consistency 3 2 1
TSCA 88(e) Submission 2
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Tables(HEAST) or inthelntegrated Risk Information System (IRIS). Thelimitsof the UCSS category ranks
were established using the set of chemicalswith RfDsand RfCsreportedin IRIS and creating classifications
of low, medium, and high based on an approximate distribution of 1:2:1 for these chemicals.

Reportable Quantity -- The Reportable Quantity (RQ) of a chemical is that amount of a hazardous
substance necessary to trigger reporting under the Comprehensive Environmental Response Compensation
and Liability Act (CERCLA) in the event of a chemical release. A RQ value is assigned by EPA to a
chemical substance based on the substance'sintrinsic chemical, physical and toxicological properties. The
UCSS category ranks were established based on a comparison of chemicalsin IRIS with RfDs and RfCs.
Limits were selected to distribute the chemicalsin the same levels asif they had been using RfDs.

Threshold Planning Quantity -- The Threshold Planning Quantity (TPQ) isthe amount of an extremely
hazardous substance present at a facility above which the facility's owner/operator must give emergency
planning notification to the State Emergency Response Commission (SERC) and Local Emergency Planning
Committee (LEPC) under the Superfund Amendments and Reauthorization Act, Section 302. The quantity
isprimarily based on the chemical's acute toxicity, but also accounts for the chemical's tendency to become
airborne. UCSS category limits were based on the values in the Toxic Chemical Release Inventory Risk
Screening Guide.

Human Health Water Quality Criteria -- EPA's human health ambient water quality criteria(HWQC)
are estimates of the ambient concentrations of chemicalsin surface water that will not cause adverse effects
to human health. For chemicalswith multiplevalues, thelowest (most conservative) waschosen. TheUCSS
category limits are those used for water quality criteria in the Toxic Chemical Release Inventory Risk
Screening Guide for water quality criteria.

44.2. Human Health Data Elements of High Quality - Carcinogens

Weight-of-Evidence -- Each chemical isfirst evaluated to determine the weight-of-evidence group to
which it has been assigned by EPA. The EPA weight-of-evidence groups that are used in the UCSS are:

e GroupA - known human carcinogen -- evidence in humansis sufficient;

e GroupB - probable human carcinogen -- evidence in humans is inadequate or thereisno
evidence in humans, but animal evidence is sufficient;

e GroupC- possible human carcinogen -- inadequate or no evidence in humans and animal
evidenceislimited; and
e GroupD - not classifiable as to human carcinogenicity.

Once the weight-of-evidence groups have been established, the chemical is categorized using the data
elements below (slope factor and RQ potency).
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Slope Factor (qg,*) -- For cancer risk assessments, EPA has devel oped standard methods of predicting
incremental lifetime risk of cancer resulting from the exposure to a chemical. Typicaly, EPA uses a
linearized multistage model of carcinogenesis to quantitatively model the dose-response function of the
carcinogen. Theupper bound linear term of thismodel istheq,*. Thehigher thevalueof theq,*, thegreater
the potency of the chemical. Thesevauesare documented in HEAST and IRIS. The UCSS category limits
were established by comparing chemicals with slope factors reported in IRIS with a database of 80 to 90
chemicals and anal ogous compounds that was developed for EPA's TSCA New Chemicals Program. The
combined set was ordered by potency and assigned to high, medium, and low groups using an approximate
ratio of 1:2:1.

RQ Potency -- The RQ potency factor isbased on a multi-stage dose response model using quantitative
evidence from animal s studies to devel op an estimated dose for a 10 percent lifetime cancer risk (ED,,) for
animals. The human potency factor is derived by applying a multiplier based on the relative body weights
of the test species and humans. RQ potency factors are given in EPA's background document for CERCLA
Section 102 rulemaking. The UCSS category limits were set by comparing a set of IRIS chemicals having
information for both g,* and RQ potency factors, then selecting RQ potency values to achieve the same
distribution of high, medium, and low values as that for the g,* category limits.

4.4.3. Human Health Data Elements of Medium Quality - Noncar cinogens

Effects Levels-- Four data elements of medium quality relating to effectslevelsare used. They are:

e Chronic No Observed Adverse Effects Level (Chronic NOAEL) - the highest experimental dose at
which there is no significant increase in a toxicologically important effect in an organism after
exposure to achemical for amajor portion of its lifetime;

e Chronic L owest Observed Adverse Effectsl evel (Chronic LOAEL) - thelowest experimental dose
at which there is a significant increase in a toxicologically important effect in an organism after
exposure to achemical for amajor portion of its lifetime;

»  Subchronic No Observed Adverse Effects Level (Subchronic NOAEL) - the highest experimental
dose at which there is no significant increase in atoxicologically important effect in an organism
after exposure to a chemical for about 10 percent of its lifetime; and

»  SubchronicL owest Observed AdverseEffectsL evel (SubchronicL OAEL ) - thelowest experimental
doseat whichthereisasignificant increasein atoxicol ogically important effect in an organism after
exposure to achemical for about 10 percent of itslifetime.

The effects levels data were collected from HEAST or IRIS. The UCSS category limits were chosen
using thelimitschosenfor thereference dose (RfD) and 'back-cal culating' to an effectslevel using an average
uncertainty factor. Theaverage uncertainty factorsare 100 for achronic NOAEL, 1,000 for both the chronic
LOAEL and subchronic NOAEL, and 10,000 for the subchronic LOAEL.

4.4.4. Human Health Data Elements of Low Quality
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Human Health Structure Activity Team Rank -- EPA/OPPT's Structure Activity Team (SAT) has
evaluated anumber of chemicalsfor both non-carcinogenic and carcinogenic effects based on available test
data, the structure of the compound, and toxicological dataavailable for chemical analogs. The outcome of
this deliberation is a human health hazard rating of the chemical on afive step scale of low, medium-low,
medium, medium-high, and high. Theseratingswere converted into athree step category scaleof high (SAT
high rank), medium (SAT high-medium and medium ranks), and low (SAT low-medium and low ranks).

Rank Based on Chemical Category -- Chemicalsarefirst divided into two groups based on therelative
complexity of the molecular structures using professional judgement. 'Complicated' chemicals (e.g., those
with morethan two or three functional groups, exotic substitutions, or are obviously biologically active) are
set aside for evaluation by an expert panel of chemists and toxicologists.

‘Uncomplicated' chemicals are evaluated using the following steps:

» All functional groups of the chemical are identified based on its molecular structure;

e Each functional group is assigned a score based on the health rating of the chemical
category/subcategory, as documented in the Use Cluster Health Hazard Ratings Database (US EPA
1994); and

* Thechemical isassigned the rating of the highest rated functional group.

TSCA Section 8(e) Submission -- Under TSCA Section 8(€), companiesmust report to EPA information
that "reasonably supports" a conclusion of substantial risk for any chemical substance or mixture that the
company manufactures, processes, or distributesin commerce. EPA reviewsthisinformation as part of an
initial hazard screening review and assigns ahigh, medium, or low level of concern. These values are used
as categories of low quality datain the UCSS.
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5. PRODUCT-ENVIRONMENT AND MATERIAL-ENVIRONMENT FILES

5.1 Sourcesof Data

During the period of performance of this project, efforts were directed at obtaining and reviewing
sources of information on:

e Product/materia use frequency;
* Product/material use duration; and
e Product/material use quantities or material loadings.

Six readily available data sources were obtained for review. All six sourcesreviewed deal solely with
consumer usage almost entirely in the residential setting. The six sources are as follows:

Reference No. Reference Title
001 WESTAT, Inc. (1987a) Household solvent products survey
002 WESTAT, Inc. (1987c) Household cleaning products survey
003 WESTAT, Inc. (1987Db) Household survey of interior painters
004 RTI (1992) National home and garden pesticide use survey
005 CFTA (1983) Survey of cosmetic products usage
006 SMRB (1992) Simmons 1992 study of markets and media

Thefollowing on-line data bases were al so searched for product usage information: NTIS Thomas
New Industrial Products, Magazine ASAP, Pollution Abstracts, and Enviroline. Abstracts were retrieved
and evaluated for 147 citations. Several potentially useful documents were ordered but none contained the
specific product usage data required for SRD.

In addition, numerous trade associations, industry groups, trade unions and other organi zations and
individuals were contacted for relevant published or citable information concerning product and material

usage.

52 Available Compiled Data

Appendix D presents a listing of al contacts made with trade associations, unions, etc., and the
results of all contacts. Most information within this data file was determined using professional judgement,
since attempts to obtain this information from various trade associations was futile.



Table5-1describesthedataelementsinthePRODUCT-ENVIRONMENT file. Appendix E presents
a compilation of the product usage data obtained to date from the six sources listed above in Section 5.1.
The data were compiled into PRODUCT-ENVIRONMENT files, one for each of the nine environmental
settings (see Section 6). The files contain, for each 9-digit SRD Product ID, the available or estimated
frequency data(i.e., mean, 50th percentile and 90th percentile values), the available or estimated product use
event duration data (i.e., mean, 50th percentile and 90th percentile values), and the available or estimated
data(i.e., mean, 50th percentile and 90th percentile val ues) on amount of product used annually or per event.

Only Westat (1987a) provided frequency and duration and amount used information for products.
However, many of the references provided frequency and amount used information. Also, often more than
one source provided information on the same product or for multiple activities using that product. The
current configuration of SRD assumesthat only one set of datawill be provided for each 9-digit SRD code.
Therefore, professional judgement was used to select the most appropriate valuesto usein the PRODUCT -
ENVIRONMENT file. In addition, professional judgment was used to estimate frequency, duration, and
amount used valuesfor all relevant Product I Dsfor which published product usage datawere not available.
A panel of three members was used to reach consensus or majority opinion on estimated values.

One of the data sources, the Simmons Market and Media Study (SMRB 1992), contains data on
frequency of use reported as the percent of respondents within four or more ranges of use. Therefore, to
derive estimates of the 50th and 90th percentiles, linear interpolation of the reported data was performed.
Appendix F presents detail s on the methodol ogy employed to perform this interpolation.

Table 5-2 describes the data elementsin the MATERIAL-ENVIRONMENT file. Asdiscussedin
Sections4.2.9 and 4.2.10, chemi cal-specific emission rate data, as opposed to non-specific datasuchasVOC
emission rates, were available for only arelatively small number of materials. Table 5-3 liststhe materials
andfurnishingsintheMATERIAL-ENVIRONMENT filetogether withtheir associated |oading units. Most
of thesetested materials(i.e., carpet, ceiling tiles, subflooring, vinyl flooring) can befound in any of thenine
environmental settings, with the exception of vehicles.



Table5-1. Contents of the PRODUCT-ENVIRONMENT File
FIELD NAME FIELD TYPE UNITS FIELD DESCRIPTION

Environment ID Character - Environment-specific
2-digit code.

Product ID Character - SIC product code.

Quantity Used (avg.) Numeric Gramg/event | Product-specific value; used
median value if average value
was not available.

Quantity Used (upper) Numeric Grams/event | Product-specific value.

Quantity Used Character - Source of information on

Reference quantity used. PJindicates
“professional judgment.”

Duration of Use (avg.) Numeric Hours/event | Product-specific value; used
median value if average value
was not available.

Duration of Use (upper) Numeric Hours/event | Product-specific value.

Duration of Use Character - Source of information on

Reference duration of use. PJindicates
“professional judgment.”

Frequency of Use (avg.) Numeric Events/yr Product-specific value; used
median value if average value
was not available.

Frequency of Use (upper) Numeric Events/yr Product-specific value.

Freguency of Use Character - Source of information on

Reference frequency of use. PJindicates
“professional judgment.”

Fraction of Buildings (avg.) Numeric - Fraction of buildingsin the
specific environment in which
the product is used.




Table 5-2. Contents of the MATERIAL-ENVIRONMENT File

FIELD NAME

FIELD TYPE

UNITS

FIELD DESCRIPTION

Environment ID

Character

Environment-specific 2-digit code.

Product ID

Character

SIC product code.

Amount Present (avg.)

Numeric

Agrees with emission-rate unitsin
Product-Chemical File. Amount
present (average) describes how
values were selected from chamber
studies. Eg. The 1% 8 hr TWA used
for average.

Amount Present (upper)

Numeric

Agrees with emission-rate unitsin
Product-Chemical File.. Amount
present (average) describes how
values were selected from chamber
studies. Eg. The peak initial
concentration was used for upper
values.

Amount Present Units

Character

Agrees with emission-rate unitsin
Product-Chemical File.

Duration Since Installation
(avg.)

Numeric

Hours

Estimate of the typical age of a
material in a specific environment.
Estimated by dividing the servicelife
of the material by afactor of 2.

Duration Since Installation
(peak)

Numeric

Hours

Estimate of the age of a new material
when individuals are first exposed to
it in aspecific environment setting.

Fraction of Buildings (avg.)

Numeric

Fraction of buildingsin the specific
environment that contain the existing
(i.e., aged) material.

Fraction of Buildings
(peak)

Numeric

Fraction of buildingsin the specific
environment into which the new (i.e.,
unaged) material isintroduced every
year.




Table 5-3. Loading Unitsfor Materials and Furnishings

inthe MATERIAL-ENVIRONMENT File

PRODUCT TYPE OF LOADING
ID MATERIAL/FURNISHING UNITS
227320100 Carpet or carpet tile m?m?
242120000 Softwood lumber m?/m?
243144500 Particleboard core door w/veneer m?/m®
243520000 Hardwood plywood paneling m?/m?
243660000 Urea formal dehyde softwood plywood m?m?
243909800 Self-leveling floor or sub-floor m#m?
249310300 Floor underlayment m?/m?
249310500 Manufactured home decking m?/m?
249312000 Particleboard m?/m?
249331400 Medium density fiberboard m#m?
249341200 Hardboard (basi c-standard) m?/m?
249341400 Hardboard (basi c-tempered) m?/m?
252100000 Furniture composite (built-in furniture) unit/m?
252101100 Comfort secretarial/task chair unit/m®
252107300 Complete workstation unit/m®
252211400 Chair (neutral posture chair) unit/m®
252211500 Chair (comfort lowback & manager's) unit/m?
259131100 Levelor window shade (polyester & vinyl) m#m?
267910000 Vinyl wallcovering m?/m?
306942600 Rubber floor tile m?/m®
308631000 Polystyrene rigid foam insulation m#m?
329611100 Monokote fireproofing m#m?
329613000 Glass wool insulation m?/m®
329616100 Ceilingtile m?/m?
399601100 Vinyl flooring m#m?
399602100 Vinyl flooring (tile) m#m?
399602600 Vinyl composition tile m?/m?
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Table5-4liststhe average loading ratesfor each of the 28 materials or furnishings previoudly listed
in Table 5-3 (these loading rates carry the loading unitslisted in Table 5-3). Most of the these loading rates
were developed by considering a 10 foot by 10 foot room (i.e., 100 square feet of floor area). Differences
acrossenvironmentsinloading ratesfor many of the materialsreflect differencesin assumed ceiling heights,
as described in Section 6. For example, residences have an assumed ceiling height of eight feet (2.44
meters). Thefloor areaof a10foot by 10 foot roomis9.29 m?, and the volume with an 8-foot ceiling height
is22.64 m*. Thus, the loading rate (if fully carpeted) is 9.29 m?%22.64 m?, or 0.41 m?/m?. By comparison,
aschool with an assumed ceiling height of 10 feet (3.05 meters) has avolume of 28.3 m®, and aloading rate
of 0.33 m?#m? if fully carpeted. The average loading ratesin Table 5-4 are half the maximum loading rate,
or 0.205 m¥m? for residences and 0.165 m?%m? for schools. The MATERIAL-ENVIRONMENT file also
contains upper values for the loading rate (see Table 5-2), which are twice the values given in Table 5-4.

For most of the materials used for floors, walls or ceilings, the differences across environments are
largely due to differences in ceiling heights. Certain other items such as complete workstations or
secretarial/task chairs were assumed to have higher loadings in office buildings than in any of the other
environments. Eating and drinking establishments were assigned the highest loading rate for built-in
furniture. For certain wood products such as softwood lumber, particleboard core doors and hardwood
plywood paneling, arbitrarily low |oading rateswere uniformly assigned to all environmentsexcept vehicles.

Table5-5liststhefraction of buildings/vehiclesfor each type of environment in which the materials
or furnishings are assumed to be used. Particleboard, for example, was assumed to be routinely present in
all environmentsexcept vehicles. Items such asworkstations and secretarial/task chairswere assumed to be
routinely present in schools, hospitals, nursing homes and office buildings. Glass wool and rigid foam
insul ation were collectively assumed to be present in 100 percent of all environments except vehicles, with
glass wool insulation having a much higher fraction (0.9). Carpeting was assumed to be most prevalent in
residences, office buildings and hotels/motels. Certain materials were assumed to be uniquely associated
with single environments, such as manufactured home decking with residences and self-leveling floorswith
office buildings.



Table 5-4. Average Material/Furnishing Loading Rates for Each Environment

ENVIRONMENT

NURSING PUBLIC |HOTEL/| EAT/
PRODUCT|RESIDENCE | SCHOOL |[HOSPITAL| HOME | OFFICE | ACCESS |[MOTEL | DRINK |VEHICLE
ID
227320100 0.205 0.165 0.165 0.165 0.165 0.135 0.165 0.135 1.000
242120000 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.000
243144500 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.000
243520000 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.000
243660000 0.205 0.165 0.165 0.165 0.165 0.135 0.165 0.135 0.000
243900800 0.000 0.000 0.000 0.000 0.165 0.000 0.000 0.000 0.000
249310300 0.205 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
249310500 0.205 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
249312000 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.000
249331400 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.000
249341200 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.000
249341400 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.000
252100000 0.000 0.000 0.018 0.018 0.018 0.000 0.000 1.000 0.000
252101100 0.005 0.010 0.010 0.010 0.035 0.010 0.010 0.000 0.000
252107300 0.000 0.005 0.005 0.005 0.018 0.000 1.000 0.000 0.000
252211400 0.000 0.010 0.010 0.010 0.035 0.000 0.000 0.000 0.000
252211500 0.000 0.010 0.010 0.010 0.035 0.000 0.000 0.000 0.000
259131100 0.044 0.018 0.018 0.018 0.018 0.015 0.018 0.015 0.000
267910000 0.650 0.650 0.650 0.650 0.650 0.150 0.650 0.150 0.000
306942600 0.005 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.000
308631000 0.210 0.055 0.060 0.070 0.070 0.035 0.070 0.100 0.000
329611100 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.000
329613000 0.210 0.055 0.060 0.070 0.070 0.035 0.070 0.100 0.000
329616100 0.100 0.165 0.165 0.165 0.165 0.135 0.165 0.135 0.000
399601100 0.205 0.165 0.165 0.165 0.165 0.135 0.165 0.135 0.000
399602100 0.205 0.165 0.165 0.165 0.165 0.135 0.165 0.135 0.000
399602600 0.205 0.165 0.165 0.165 0.165 0.135 0.165 0.135 0.000
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Table 5-5. Fraction of Buildings/Vehiclesin Which Materials/Furnishings are Used

ENVIRONMENT
NURSING PUBLIC| HOTEL/ | EAT/
PRODUCT |RESIDENCE [ SCHOOL | HOSPITAL | HOME |OFFICE|ACCESS| MOTEL |DRINK |VEHICLE
1D
227320100 0.90 0.50 0.20 0.20 0.90 0.10 0.90 0.10 0.50
242120000 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.00
243144500 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.00
243520000 0.20 0.10 0.10 0.10 0.10 0.05 0.10 0.30 0.00
243660000 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.00
243900800 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00
249310300 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
249310500 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
249312000 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00
249331400 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.00
249341200 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.00
249341400 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.00
252100000 0.00 0.00 1.00 1.00 1.00 0.00 0.00 0.50 0.00
252101100 0.05 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00
252107300 0.00 1.00 1.00 1.00 1.00 0.00 1.00 0.00 0.00
252211400 0.00 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00
252211500 0.00 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00
259131100 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.00
267910000 0.25 0.10 0.10 0.10 0.10 0.10 0.75 0.10 0.00
306942600 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.25 0.00
308631000 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.00
329611100 0.05 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.00
329613000 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.00
329616100 0.25 0.90 0.90 0.90 0.90 0.90 0.50 0.50 0.00
399601100 0.75 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00
399602100 0.75 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00
399602600 0.75 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00

Asprevioudly indicated in Table 5-2, the fraction of buildingsin which materials or furnishingsare
used is split into two fields--average, representing aged materials, and peak, representing new or unaged
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materials. The latter category would apply to newly built or remodeled buildings. Within the SRD, 90
percent of each fraction in Table 5-5 is assumed to be for aged materials and the remaining 10 percent for
new materials. Thus, for carpetinginresidences, for example, thefraction of 0.90for residencesiscomposed
of 0.81 for aged materials and 0.09 for new materials.



6. ENVIRONMENT AND PEOPLE-ENVIRONMENT FILES
6.1 File Contents

Thecontentsof theENVIRONMENT filearesummarizedin Table6-1. Ninetypesof environments,
each listed in the table, are used for the SRD. All but one of these environments--vehicles--can be viewed
asatypeof building. Asidefrom the environment ID and description, the information contained in thefile
includes the indoor volume, the air exchange rate, and the replication factor. The replication factor refers
to the number of buildings (or vehicles) in the United States that are associated with each type of
environment.

ThePEOPLE-ENVIRONMENT file(Table6-2) describesthe maj or subpopulationsoccupying each
of nine environments. For residences and vehicles there is only one subpopulation, referred to as
"occupants." The only subpopulation for office buildingsis "workers." All other environments have two
major subpopulations, including "employers" and " customers' for environments such asrestaurants, " staff"
and "students" for schools, and "staff" and "patients" for hospitals. In addition to the environment 1D,
population I D and popul ation description, theinformation in thefileincludesthe size of each subpopulation
and the fraction of time spent by that subpopulation in the environment. Multiplication of the size of a
subpopulation by the fraction of time in the environment and the replication factor (number of buildings)
yields the number of full-time-equivalent (FTE) people occupying that type of environment throughout the
United States. Thefinal fieldinthe PEOPLE-ENVIRONMENT file-- breathing rate -- isnot currently used
in any SRD calculations (see Section 8) but may be used in the future for estimation of potential inhaled
dose.

6.2 I nformation Sour ces and Assumptions

Various sources of information and assumptions have been used in developing values for certain
fields in the ENVIRONMENT and PEOPLE-ENVIRONMENT files. Those pertaining to the PEOPLE-
ENVIRONMENT fileare described first, asthe size of the subpopulations occupying each environment are
used in estimating one of the fields (air exchange rate) for the ENVIRONMENT file.



Table 6-1. Contents of the ENVIRONMENT File

FIELD NAME

FIELD TYPE

UNITS

FIELD DESCRIPTION

Environment ID

Character

Nine environments of interest
with the following IDs:

01 - residences

02 - schools

03 - hospitals

04 - nursing homes

05 - offices

06 - public access buildings
07 - hotels

08 - restaurants

09 - vehicles

Environment Name

Character

See ID above.

Indoor Volume

Numeric

Environment-specific default
value.

Air Exchange Rate

Numeric

Environment-specific default
value.

Replication Factor

Numeric

Environment-specific default
value for number of buildings
or vehicles.
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Table 6-2. Contents of the PEOPLE-ENVIRONMENT File
FIELD NAME FIELD TYPE UNITS FIELD DESCRIPTION

Environment ID Character -- Environment-specific 2-digit code.

Population 1D Numeric -- ID for a subpopulation in a specific
environment.

Population Description Character -- Description of the subpopulation

Size of Population Numeric - Number of peoplein the
subpopulation

Fraction of Time Numeric -- Fraction of time spent by the
subpopulation in the environment.

Breathing Rate Numeric m°®/day Breathing rate of the subpopulation

while in the specific environment.
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6.2.1 PEOPLE-ENVIRONMENT File

Two of the primary sources of information for thisfile are anational study (Robinson and Thomas
1991) and a Californiastudy (Robinson and Wiley 1989) of peopl€e's activity patterns, from which estimates
were developed of how an individua's 24-hour time period is alocated to various activities and
microenvironments. Although the national study is more representative, the California study was used as
the primary data source because the environment-specific information from that study was developed at a
finer level of detail, providing greater compatibility with the ninetypesof environmentsdefined for the SRD.
Information on the number of buildings (or vehicles) associated with each environment, aswell asthe size
of certain subpopulations such as patients and staff in hospitals and nursing homes, was also utilized; this
information was obtained from the 112th edition of the Statistical Abstract of the United States (USDOC
1992).

Table 6-3 lists the average number of people in the population subgroups occupying each
environment, the average fraction of time spent by each subgroup in the environment, and the number of
buildings (or vehicles) for each environment. Multiplication of these three quantities yields the number of
FTE people associated with each environment, which can be thought of as the number of people that one
would expect to find across the United States in each type of environment at any point in time, if each
environment were accessible 24 hoursaday. The derivation of these numbersis described below.

Table 2 of USDOC (1992) lists an estimated 253 million U.S. residents as of 1991, and Table 1223
lists 92 million occupied housing units, for an average of 2.75 people per residence. The Californiaactivity
study estimates 892 minutes a day at home, 27 minutes of which are spent in the yard, plus 61 minutes per
day at other'sresidences, for atotal of 926 minutes per day in aresidence; this equatesto 64.3 percent of the
total time budget (1440 minutes). The national study estimates 954 minutes aday at home but provides no
estimate of time spent in the yard.

Table 210 of USDOC (1992) estimates about 60 million students as of 1990 and 110,000 schools
(elementary, secondary and college) as of 1988, for an average of 545 students per school. Table 212
estimates about 3.6 million teachers/faculty as of 1990, for an average of 33 per school. Assuming students
arein school for 30 hours per week for 75 percent of the year, each spends 30 hours/week x 52 weeks x .75,
or 1170 hours per year, or 13.4 percent of the 8750 hoursin ayear. For teachers, assuming 40 hours per
week for 75 percent of the year, the corresponding valueis 17.8 percent.



Table 6-3. Estimates of Number of People and Time Spent per Environment

AVERAGE AVERAGE % REPLICATION
ENVIRONMENT SUBPOPULATION PEOPLE PER TIMEIN FACTOR!
ENVIRONMENT! ENVIRONMENT?
Residence Occupants 2.75 64.3 92,000,000
School Students 545 134 110,000
Staff 33 17.8 110,000
Hospital Patients 127 100 7,000
Staff 535 25.0 7,000
Nursing Home Patients 85 100 16,000
Staff 50 25.0 16,000
Office Building Workers 66 25.0 680,000
Public Access Customers 227 5.3 1,100,000
Building (retail Employees 12 25.0 1,100,000
store)
Hotel/Motel Customers 70 50.0 40,000
Employees 35 25.0 40,000
Eating/Drinking Customers 633 2.8 400,000
Establishment Employees 14 25.0
Vehicle Occupants 1.6 6.7 125,000,000

Source: USDOC 1992 (Statistical Abstract of the United States).
Sources: Robinson and Wiley 1989; Robinson and Thomas 1991.
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Table 166 of the Statistical Abstract estimatesabout 7,000 hospitalsasof 1989 with 3.5 millionfull-
time personnel and 4 million total personnel. Treating the difference (0.5 million) as half-time personnel
yields 3.75 million FTE personnel, or 535 staff members per hospital spending 25 percent of their time per
week. At an average of 182 beds per hospital and an occupancy rate near 70 percent, there is an average of
127 patients at any point in time. Table 180 of the USDOC (1992) estimates about 16,000 nursing homes
as of 1986. With an average of 92 beds and an occupancy rate near 92 percent, there is an average of 85
patientsat any point in time. Assuming nearly 600 full-time employees per 1,000 patients (Table 179 of the
abstract), the average nursing home (85 patients) has 50 employees spending 25 percent of their timeat work.

For the remaining environments, the Californiaactivity datawere used asastarting point to develop
time estimates. On average, California adults spend 86 minutes per day in offices (working or visiting),
which translates to 523 hours per year. Multiplication by the U.S. population of 253 million, about 75
percent of which are adults (USDOC (1992), Table 19) yields a total of 99,000 million hours per year.
Division by 8,760 hours per year yields 11.3 million FTEsin office buildings. Division by 680,000 office
buildings (Table 1239 of the abstract) yields 16.5 FTEs per building, the equivalent of 66 workers spending
25 percent of time each.

On average, California adults spend 76 minutes per day (462 hours per year) in grocery stores,
shopping malls, and other retail outlets and public places. Applying this estimate to the entire U.S.
population of 253 million yields 117,000 million hours per year. Division by 1.1 million retail
establishments (USDOC (1992), Table 1282, after netting out 0.4 eating/drinking places that are treated
separately below), yields 106,000 customer hours per year per store, or 12 FTE customers. At 76 minutes
per day, each customer spends 5.3 percent of the day in stores, such that the 12 FTE customers equateto 227
at 5.3 percent of time each. Assuming one FTE worker for every three FTE customers, there are 3 FTE
workers, or 12 employees working 25 percent of the time each. The estimate of 12 employees per store,
multiplied by 1.1 million stores, yields 13.2 million employees, very close to the number (12.7 million) in
Table 1282 of the abstract (after netting out employees of eating/drinking places).

Californiaadultsspend 8 minutesper day, on average, in hotelsor motels. Multiplication by theU.S.
population of 253 million yields 12,310 million hours per year. Division by 40,000 hotel/motels (USDOC
(1992), Table 1309) resultsin 307,825 hours per year per establishment, or 843 hours per day, equivalent
to 35 FTE customers. Assuming that each customer spends 50 percent of his or her time in the hotel or
motel, there are 70 customers per day on average. Assuming one FTE worker for every 4 FTE customers,
there are 8.75 FTE employees per hotel/motel, or 35 workers spending 0.25 of time each. This estimate,
when multiplied by 40,000 establishments, yields 1.4 million employees nationwide, consistent with the
estimate of 1.4 million in Table 1309 of the abstract.

Cdliforniaadults spend 40 minutes per day on average in restaurants or lounges, which correspond
to the category of eating/drinking establishmentsin the SRD. Multiplication by the U.S. population of 253
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million yields 61,560 million hours per year. Division by 400,000 establishments (USDOC (1992), Table
1282) results in 153,908 hours per year per establishment, or 422 hours per day, equivaent to 17.6 FTE
customers. Since each person spends 40 minutes per day, this is equivalent to 633 people spending 2.8
percent (40/1440 minutes) of the time each. Assuming one FTE worker for every 5 FTE customers, there
are 3.5 FTE workers per establishment, or 14 workers spending 25 percent of the time each. This number,
when multiplied by 400,000 establishments, yields 5.6 million employees nationwide, closeto the estimate
of 6.3 million in Table 1282 of the abstract.

California adults spend 96 minutes per day (584 hours per year) on average in cars or vans.
Multiplication by the U.S. popul ation of 253 millionyields 147,750 million hours per year. Division by 125
million carsin use (USDOC (1992), Table 1000) yields 1182 hours per year per car, or 13.5 percent of a
person'stime. The 96 minutes per day in cars by the California population accounts for half this percentage
(6.7 percent of time), implying that the average vehicle occupancy is 2 persons. Thisaverage occupancy is
higher than the estimate of 1.6 provided by the U.S. Department of Commerce (USDOC 1992).

The national activity study did not provide an estimate of time spent in cars and vans, but did
estimate 81 minutes per day in cars, vans and while walking; the corresponding California estimate is 105
minutes. This national/California ratio of 0.77, when multiplied by the California-based estimate of 2
personsper vehicle, yieldsanumber very closeto the 1.6 persons/vehiclefrom the Department of Commerce.

6.22 ENVIRONMENT File

Table 6-4 lists estimates of the volume and air exchange rate for each environment. Thereplication
factor, or number of buildings (or vehicles) associated with each environment, is also part of this file;
estimates of the replication factor were previously shown in Table 6-3, as these estimates were used in
developing some of the values for the PEOPLE-ENVIRONMENT file. The primary source of information
for building volume is the 112th edition of the Statistical Abstract of the United States (USDOC 1992),
which provides estimates of floor areafor most environments; multiplication by an assumed ceiling height
yieldsthe estimated indoor volume. The primary source of information for air exchange ratesis Ventilation
for Acceptable Indoor Air Quality, ASHRAE Standard 62-1989 (ASHRAE 1989), which lists outdoor air
requirements for ventilation for various commercia and institutional facilities.



Table 6-4. Estimates of Volume and Air Exchange Rate per Environment

ENVIRONMENT VOLUME, m? AIR EXCHANGE RATE, ACH
Residence 390 0.5
School 8,125 17
Hospital 13,075 1.0
Nursing Home 5,225 1.0
Office Building 4,925 0.85
Public Access Building 3,300 1.15
Hotel/Motel 7,025 0.85
Eating/Drinking 1,625 0.85
Establishment
Vehicle 2 5.0




Table1213 of USDOC (1992) estimatestheaveragefloor areaof one-family U.S. residencesat 2,075
square feet; multiplication by an assumed ceiling height of 8 feet and by 0.0283 (to convert to cubic meters)
yields an estimate of 470 cubic metersfor theindoor volume. One-family residences account for 65 percent
of all housing units (Table 1223 of USDOC (1992)); the remainder are multi-unit structures (apartments) or
mobile houses. Assuming that multi-unit structures have half the volume of one-family structures(i.e., 235
cubic meters), the weighted average for volume of residencesis 390 cubic meters. Based on an analysis of
more than 3,000 measurements in U.S. residences, Koontz and Rector (1993) estimated a median air
exchangerate of 0.5 air changes per hour (ACH); thisestimateis preferred over the average rate because the
mean is heavily affected by the upper tail of the distribution, which is believed to represent cases where
occupants open windows or doors for a significant fraction of the time.

Estimates for the volumes of most other types of buildings are based on an assumed ceiling height
of 10 feet; for eating/drinking establishments and public access buildings (retail stores), aceiling height of
12 feet was assumed. Table 1239 of the USDOC (1992) lists average floor areas of 28,700 square feet for
schools, 25,700 square feet for health-care facilities, 17,400 square feet for office buildings, 9,700 square
feet for mercantile/services (assumed to apply to retail stores), 24,800 square feet for lodging facilities
(hotels/motels) and 4,800 square feet for food services (eating/drinking establishments). The collective
estimate for health-care facilities applies to hospitals and nursing homes; their respective estimates were
derived by assuming that hospitals (7,000 buildings) had 2.5 times the volume of nursing homes (16,000
buildings) because of higher patient and staff counts, coupled with requirementsfor ancillary facilities such
as operating and emergency rooms. These assumptions result in an estimated average floor area of 46,180
squarefeet for hospitalsand 18,472 squarefeet for nursing homes. For vehicles, the passenger compartment
was assumed to be 4 feet wide, 6 feet long, and 3 feet high, resulting in an estimated volume of 2 cubic
meters.

The outdoor-air requirements developed by ASHRAE (1989) are based on either the number of
occupants (most cases) or thefloor area. For office buildings, for example, the requirement is 15 c¢fm (25.5
m®h) per occupant. Earlier (1981) ASHRAE criteriaareconsiderably lower (5 cfm per occupant). Toreflect
the varying ages of the building stock, two-thirds of the 1989 criterion, or 10 cfm, was used to estimate the
air exchangerate. Since buildings are designed to accommodate maximum occupancy and office buildings
typically have some vacant officesaswell asvisitors, the average of 66 workers per building (see Table 6-3)
was increased by 50 percent, to 99 occupants. Multiplication by 10 cfm (17 m*h) yields 1,683 m*h asthe
outdoor air requirement; division by the building volume (4,925 m®) yieldsan air exchangerate of about 0.35
ACH duetorequirementsfor mechanical ventilation. Thisrate, when added totheinfiltrationrate (0.5 ACH,
assumed to be similar to residences), resultsin an estimated air exchange rate of 0.85 ACH. Thisvalueis
very close to the median value of 0.89 ACH reported by Persily (1989), based on measurements of air
exchange rates in 14 office buildings.



Schoolshavethe highest estimated air exchange ratesamong the various building environments, due
to the relatively high occupant density. Multiplication of 578 occupants (545 students and 33 teachers) by
17 m¥/h yields 9,826 m*/h, and division by the volume of 8,125 m® yields 1.2 ACH due to mechanical
ventilation; addition of 0.5 ACH due to infiltration resultsin 1.7 ACH as the estimated air exchange rate.
For hospitalsand nursing homes, ASHRAE (1989) lists 25 cfm per occupant asthe outdoor air requirement.
Two-thirds of thisvalue was multiplied by the number of occupantsto provide an estimate of 0.5 ACH due
to mechanical ventilation, resulting in an estimated air exchange rate of 1.0 ACH after adding 0.5 ACH due
toinfiltration. For eating/drinking establishments, the ASHRAE requirement of 25 cfm (multiplied by two-
thirds) resulted in an overall air exchange rate of 0.85 ACH (0.35 ACH due to mechanical ventilation).

For public access buildings, the ASHRAE requirement is 0.2 cfm per sgquare foot of floor area.
Multiplication by an average floor area of 9,700 square feet and by two-thirds yields 1,293 ¢fm, or 2,198
m¥/h; division by the volume of 3,000 m® resultsin 0.65 ACH due to mechanical ventilation, or 1.15 ACH
intotal. For hotelsand motels, the requirement is 30 cfm per room; multiplication by 70 rooms and by two-
thirds yields 1,400 cfm, or 2,380 m*h; division by the volume of 7,025 m? results in 0.35 ACH due to
mechanical ventilation, or 0.85 ACH in total. Thereis little quantitative basis from which to develop an
estimate for vehicles; given the rate of speed at which vehicles travel, coupled with occupants' abilities to
provide fresh air by opening windows or vents, an arbitrarily large value of 5.0 ACH was assumed.
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7. APPLICATIONS

Therearethree applicationsin SRD. Thefirst and primary application isused to rank products and
materials using modeled indoor-air concentrations of their chemical constituents in selected types of
environments. The second application is used to determine all products or materials in the database that
contain a certain chemical. The third application is used to determine al chemicals that are contained in
variousformul ations of aspecific product or material. The second and third applications are used to browse
information about chemicalsin products, and materials.

7.1 File Review and Update

Reviewing and updating files are treated here as SRD applications. When SRD isfirst started, the
introductory screen appears. Fivetabslinethetop of thisscreen: Intro, Find products containing achemical,
find chemicalsin aproduct category, Rank Products, and Browse Database Files (Figure 7-1). The Browse
DataFilestab can be selected using oneclick of themouse. Thiswill display alist of sevendatafiles(Figure
7-2). Any of thefileslisted can be selected with one click of the mouse. For purposes of this discussion,
it isassumed that the “ Product Chemical” file has been selected by the user.

Thescreenin Figure 7-3will appear after the " Product Chemical” file hasbeen selected. Thescreen
displays the contents of the first record in the file. Commands at the bottom of the screen can be accessed
with the mouse, the Tab key (to move forward across screen items), or the Shift-Tab key combination (to
movebackwards). TheTop, Previous, Next, and Bottom commands enablethe user to accessvariousrecords
in thefile. Using the Find command the user can locate the first record in the file that matches a specific
value for one of the fields (Product ID, CAS Number, etc.). For example, if the user specifies the CAS
Number asthe search field and 64175 asthe value for thefield (Figure 7-4) and uses the mouseto click the
Search button, the first record in the file with this CAS Number will be displayed. To view the list of
Product 1Ds containing this CAS Number the user will need to click on the Print button and then chose the
output type (Figure 7-5) by clicking on the drop box arrow next to output type. To view the list on the
screen, the user should select Preview (filename) as the output type by clicking once to highlight the
selection. In this case the user will be selecting Preview (Prod_chm) as the output type. Once the output
typeisselected, click on the OK button and the Report Preview screen will appear. The user can then scroll
through the list using the up or down arrows on the keyboard or else by clicking the up or down arrows at
the right of the screen. To exit this screen, click on the X in the upper right corner of the screen. To print
out thelist of Product I1d's containing this CAS Number, the user will need to click on the Print button and
then select Print list from table (filename) as the output type by clicking on the drop box arrow next
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Figure 7-3. First Record in “Product Chemica” File
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to the output type and clicking once to highlight the selection. In this case the user will be selecting Print
list from table (Prod_chm) asthe output type. Oncethisoutput typeis selected, click onthe OK button and
the table will be sent to the printer.

Inthe browse mode, the user canrapidly view all of thefield contentsof the databasefile by moving
up or down using the mouse (by clicking the up or down arrows at the right of the screen) or using the
up/down arrow keys or PgUp/PgDn keys on the keyboard. An expanded view of the file can be obtained by
clicking the maximize symbol at the upper right of the screen; with the keyboard, this can be accomplished
using the Ctrl-F10 key combination. Even with the expanded view, all fields cannot be viewed
simultaneously. The user can move across fields with the mouse, by clicking the | eft or right arrows at the
bottom of the screen, or with the keyboard, using the Tab key or the Shift-Tab key combination. Exiting
the browse function is accomplished using the mouse to click on the “X” in the upper right corner of the
window to close the screen or else hit the Esc key on the keyboard. Selecting the Exit button at the bottom
of the next screen displayed returns the user to the Data Browsing screen previously shown in Figure 7-2.

7.2 Ranking Products

When the Rank Products tab is selected, the window shown in Figure 7-6 appears. Criteria for
ranking must be specified before the ranking can be performed. There are six types of criteria to be
addressed:

. Product classification scheme and associated categories

. Formulation data sources to be included

. Environment(s) to be included

. Average versus upper values for selected itemsin the PRODUCT- ENVIRONMENT and

MATERIAL-ENVIRONMENT files
. Ranking based on chronic hazards or acute hazards

. Ranking based on all chemicals or the subset without default values for hazard ratings.
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Figure 7-6. Ranking Products Screen

A schemefor product categoriesisfirst selected using adrop-down list. Threeoptionsareavailable:
SIC4, SIC5 or SIC7. Click the desired scheme and the corresponding list in the Product Category box will
bedisplayed. Theuser can select anindividual product category or asubset of product categories. To select
multiple categories, use the mouse to click and hold on the first selection and then move the mouse to
sequentially highlight additional categories. To select non-sequential categories, usethe mouseto highlight
the first selection and then, with the Ctrl key depressed, click each additional category desired. The“ Select
All” button under the Product Category box will select all categories in the list. The same selection
procedureisused when sel ecting the Formul ation Data Sources and desired Environments. At theright-hand
side of the screen, the user may choose either average (Avg.) or high-end (Upper) valuesfor each of thefirst
four items -- Product Quantity Used, Product Duration of Use, Product Frequency of Use, and Material
Amount Present. Care should be taken to ensure that the choices are consistent; for example, if a high-end
valueis chosen for quantity used, then ahigh-end value should al so be chosen for duration of use. Next, the
user can opt to rank based on chronic hazard ratings or acute hazard ratings. The user can also opt to base
theranking on all chemicalsor only thosethat do not have adefault valuefor hazard ratings; at present, about
70 percent of the chemicals have adefault (low) value for hazard ratings. Finally, the user can elect to save
the current selections and perform the ranking or not save the selections. To save the current selections, the
user can either click onthe“ Save selections” or the “ Save selections and perform ranking” button. Clicking
on the “Perform ranking” button will perform the ranking without saving the settingsfor futureretrieval. If
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selections are saved, then the current selections can be retrieved the next time the user setsranking criteria
by clicking onthe* Retrieve last saved selections’ button at thetop left corner of the Rank Productswindow.
This button may not be used until at least one ranking has been performed and saved since the installation
of the program.

After the user selects either the “Perform ranking” or the “ Save selections and perform ranking”
button the window displayed in Figure 7-7 appears. Herethe optionsfor output formats arelisted. The user
can request results with al details or results without chemical details or results without chemical and
formulation details. Theuser also hastheoption toreturn to the previous(ranking criteria) screen. Choosing
al details will result in alarge output file, but will enable the user to determine how specific chemicals,
environments and product formulations have contributed to the overall score for each product category (see
Section 8 for discussion of the calculations involved in scoring product categories). As scores are being
developed to enable ranking of product categories, progress will be displayed at the top right corner of the
screen. When all scores and ranks have been calculated, the message "Formatting output data" will be
displayed, after which the Printing/Viewing Screen will appear. Figure 7-8 displaysan example of an output
with all detailsrequested. This screen enablesthe user to view, print, or save detailed and summary reports.
The two tabs at the top of the Printing/Viewing Screen allow the user to view the Detailed Results or
Summary Results by clicking on the desired tab. To save the detailed report, click on the “ Save Detailed
Resultsto aFile” button. The user will be prompted to select the folder in which thefileisto be saved, and
to supply afilename. Depending on the size of the outputsfor detailed and summary results, additional tabs
may appear at the top of the output screen. Each tab represents one page of results. The user need not save
each page; al detailed results pageswill be saved. To savethe summary results, select the Summary Results
tab to display the summary results and then click on the “ Save Summary to a File” button and follow the
same procedure as described for the detailed results. An example of the first page of adetailed listing, with
the previoudly selected option to obtain results with all details, is shown in Figure 7-9. An environment-
specific value of 0.0 for agiven product's chemical indicates that the environment has not been selected by
the user, that the product is not used in that environment, or that some variable involved in the calculation
(e.g., weight fraction) has avalue of zero. An environment-specific value of 0.0000 indicates that asmall,
non-zero value has resulted from the calculations. An example of the first page of a summary listing is
provided in Figure 7-10. For each product category, the product I D, product description, product score and
product rank are provided.

For product categorieswith the same scores, the rank is determined by averaging acrosstherelative
positions occupied by thetied categories. For example, if three different products each had the third lowest
score and, thus, occupied thethird, fourth, and fifth positions. Asaresult, the rank assigned to each of these
categories would be (3+4+5)/3, or 4.0.
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Oncethedetailed or summary listing has been saved, it can be viewed or printed "outside" the SRD
software. If the user selects the final choice ("Return to Previous Menu") in the menu for output options,
then he or she will no longer have the ability to view, print or save listings within the SRD, except by
choosing to perform the ranking again.

OUTPUT FORMATS OPTIOMNS

Results \With All Details
Results Withaut Chemical Details
Results \Withaut Chemical and Farmulation Details

Feturn ko Previous Menu

Figure 7-7. Options for Level of Output Detail

7-10



PROCUCT
10D4ZE
RADS3OLL

1D8TET
1000E4
eRong

E0TRCE RARIING DATABABE PAGE: 1
12706702

Rasults Wieh ALl Detmils

Ehronic Hazard Score

Ervt]l EmvtlI Envtl Invtd It Boved BT B @ Eooed ALE

ZITFE0l00

0. 9450 0. LZ40 oo (U8 ] 0.0 ©.0200 9.0 D0.0410 D.ZESD D_TESL
Hylen carpest vwipblypropyleans baching 0. 7581

L. ®B%D O_ZEZ0 oo O.0BD O.5350 1_58&1

o.o o.o a.a
24,288 3. 1940 0.0 0.6 0.8 ©.7RE0 8.8 4. 0440 £ LTED 19, 472
L.EROD O 2480 0.0 0.0 0.0 9.0 0.0810 0.5LZ0 L.E1e3

Save Diataiind Fiepos o = lis J Pt Dol e g

Figure 7-8. Printing/Viewing and Saving Outputs

7-11




100425
RAD93012

104767
108054
50000
75070
RAD93013

128370
34590948
71363
95501
RAD93014

100425
RAD93015

100425
RAD93016

100414
100425
103651
106467
108678
1120214
112403
124185
526738
611143
71432
95476
95636

Envtl Envt2 Envt3 Envt4 Envt5 Envt6 Envt7 Envt8 Envt9

0.9450 0

1.9890
24. 266
1. 8900
0. 7960

. 0990
. 0100
. 8450
. 2980

O O O o

0. 4970

6. 8120

cooo
o oo

0
. 0010
0050
. 0020
. 0030
0.0
0.0
49.725
0. 0500

0.0

oo oo

0

1240
Nyl on

. 2620
. 1910
. 2480

1050
Nyl on

0130
0010

. 1110
. 0390

Nyl on

0650
Nyl on

. 8960

Nyl on

Figure 7-9. First Page of Detailed Report

SOURCE RANKI NG DATABASE

09/ 19/ 00

Results Wth Al Details

Chroni c Hazard Score

0.0
car pet

0.0
car pet

COLLLOLOLLOLO0O00O0
OC0OO0OO0OO0OO0ODO0OO0OO0OOOOO

PRODUCT 227320100
0.0 0.0 0.0300 O
w' pol ypropyl ene backi ng

0. 0630
0.7720
. 0. 0600
0. 0. 0250
pol ypropyl ene&PVC bac

O O O o
coo
o O o

.0 0
.0 0
.0 0
.0 0

=

.0 0.0030 0
.0 0.0 0
.0 0.0270 0
0
h

o O O

0.0
0.0
0.0
0.0 0.0 0.0090

w' pol ypr opyl &ol yur et
0.0 0.0 0.0160 0
w SBR | at ex backi ng

0.0 0.0 0.2170 O
w pol ypropyl &SBR | at ex
0.0 0.0 0.0 0
0.0 0.0 0.0 0
0.0 0.0 0.0 0
0.0 0.0 0.0 0
0.0 0.0 0.0 0
0.0 0.0 0.0 0
0.0 0.0 0.0 0
0.0 0.0 0.0 0
0.0 0.0 0.0 0
0.0 0.0 0.0 0
0.0 0.0 1.5820 O
0.0 0.0 0.0020 O
0.0 0.0 0.0 0

7-12

0

O O oo

kin

0
0
0
0
b

bac

[eNeleoNeoNeolNeolNolNolNolNolNolNolNo)

coeoe
o ooo

cooo
cocoo

COOLOLLOLOLOLOLO0O00O0
OCO0OO0OO0OO0OO0ODO0OO0OO0OOOOO

PAGE: 1

0. 2560

. 5390
. 5750
. 5120
2160

oo oo

. 0270
0030
. 2290
. 0810

oo oo

0. 1350

1. 8460

cooo
cooo

0. 0010
. 0010
0. 0010
0.0
0.0
13. 473
0. 0130
0.0

o

0.7884
0.7884

1. 6598
20. 249
1.5768
0. 6639
24.150

. 0825
0086
7054
. 2489
. 0456

roooo

o

. 4149
0.4149

5. 6848
5. 6848

ceee
o oo

. 0008
0041
. 0020
. 0024
0.0

0. 0004
41. 495
0.0414
0. 0004

oo oo



SOURCE RANKING DATABASE PAGE: 1
09/19/00

Ranking Results

Product Chronic Chronic
Category Description Score  Rank
2493 Reconstituted Wood Products 18992 1.0
2521 Wood Office Furniture 12.295 2.0
2273 Carpets and Rugs 8735 30
2431 Millwork 0.987 40
2436 Softwood Veneer and Plywood 0.093 5.0

Figure 7-10. First Page of Summary Report
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7.3 Finding Products Containing a Chemical

Thesecond application availableto the user providesuseful information concerning which products
agiven chemical isfound in as well as information about the products (i.e., Product Name, Formulation
Name, Weight Fraction, and Emission Rate). To accessthisapplication, select the* Find productscontaining
achemical” tab. Thetwo boxesin the middle of the screen will be empty until the user choosesto select a
chemical by CAS number or by chemical name. After making this selection, a drop-down list appears
(Figure 7-11). At this point the user can scroll through the list in alphabetical order to identify the desired
chemical. To expedite theidentification of the desired chemical, the user can typeintheinitial digits of the
CASnumber or thefirst letters of the chemical name. Thelist will immediately scroll to the point where the
CASnumbersor chemical namesbeginwiththedigitsor letterstyped in. Theuser canthen scroll fromthere
to identify the desired chemical in lesstime. Once the desired chemical is located and selected using the
mouse, the user may click on the*View matches and info” button or the “View matches only” button. The
“View matches and info” button will bring up a search results window which will show the search results
for CAS# 100425 (Figure 7-12).

The search results screen displays the chemical name, the hazard score for the chemical, the total
number of product recordsin which the chemical isfound, the number of product records where the weight
fraction of the chemical within the product is greater than 0, the weight fraction values (average, median,
minimum, and maximum) and information about the first product in which the chemical is found. The
buttons near the bottom of the screen (Next, Bottom, etc.) provide accessto the remaining records containing
thedesired chemical. The“View Table” button at the bottom right of the screen allowsthe user to view both
detailed and summary results for the CAS# of interest (in this case CAS# 100425 - Styrene). The detailed
resultstable providesalisting of all theidentified productsaswell asinformation about each product, while
the summary results table provides a brief overview of all the results (Figure 7-13). To exit the browse
screen, click onthe X" inthe upper right corner of the screen. The*Exit” button at the bottom right corner
of the search results screen will take the user back to the “Find products containing a chemical” screen.
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Figure 7-11. Finding Products Containing a Chemical
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" CAS # Resulis
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Figure 7-12. Example Search Results for CAS # 100425 Search
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Figure 7-13. Browse Listing of Detailed and Summary Results

=) View Tabla

of All Products Containing CAS # 100425

Datailad Fesuls for CAS 8100425 - STYRENE

Tufted carpsts andrugs | RADI2015 Myl campet w/SBF katex backing
Tufted carpsts andruge || RADA306E  Mylon camel wipolypeopySER Lsie
Tufted carpsste anclouge | RADS3N7?  Pabpicoylens camel

Uirkryowin Dav30-15519 CRISZITIE
Synihetic ez and subbe | D30 16467 CBIETITIZ

Summary Resuls Fon CAS #100425

00o0an
000300
059300
009000

137.000
0000
Qo
000

7-17




The user will notice at this point that the center box is no longer empty, but contains a recap of the product
ID’s and formulation descriptionsin which the desired chemical isfound. In order to view thislist without
first going through the results screen, the user can click on the “View matches only” button instead of the
“View matchesandinfo” button after identifying the chemical of interest. Fromthislist inthe center box (see
Figure 7-14) the user can select the desired products (by highlighting them) and then clicking on the “View
info of highlighted matches” button. Oncethe“View info of highlighted matches’ button has been activated,
the search results for a chemical screen will appear with information for just the highlighted products.

-1 5RD - Source Ranking Database

Intre  Find products containing 3 chemiral | Find chemicals in o product categary | Rank Products | Browse Dutshase Files

1. Select e "Ust Chemials oy CAS # or "List Chemicads By Chemical Neme® butlon

2 Eglect a chemical from the drop-dovwn lisi bax ?

3 Gelect Fe “view matches and infa” buthan 1o view dalails of makching products and a general ksting QR Help
Select e "View malches only” bulion to view & isiing of malching products e

. {Oplional} Highlight products of inferest fmom the product kst and press the “View info of ghlighfead malches®
barttan Tor & b sel view of product Informaion.

L-Lcumhwmsutl List Clemicale By Chemaral Hame |

loo&zs STYRENE ﬂ

View ratches andmfs | Vwwsaichorcaly | oo il of ghlighted matches |

Tufted carpets anid Tugs (non-specific)

Z85130000  Unknowm

283140000 Synthetic resin and rubber adhesives {non-specafich

285810000 Urikmaoem
289954300  Unknoun

The “Wisw il of highlighted maiches” bubon = used by baghlighting selsctians from the sheve st firet

Figure 7-14. Highlighting Only the Desired Products from the List Box
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7.4 Finding Chemicalsin a Product Category

Thisthird application availableto the user providesuseful information concerning which chemicalsarefound
in agiven product category. To access this application, select the tab called “Find chemicals in a product
category” (Figure 7-1) and click on one of the boxes to access alisting “By Product ID” or “By Product
Category Name.” (Figure 7-15) The user can scroll through either list in aphabetical order to identify the
desired product category. To expedite the identification of the desired product category the user can typein
theinitial digits of the product 1D or thefirst |etter of the product category. Thiswill cause the list to scroll
immediately to the corresponding point inthelist. Theuser can then scroll from thereto identify the desired
product ID or category. Oncethedesired product | D number or product category nameislocated and selected
using the mouse, the user hasthe optionto click onthe*View matchesand info” button or the*View matches
only” button. The “View matches and info” button will take the user directly to the search results for a
product screen.

Figure 7-16 shows search results for the product name Household Hard Surface Cleaners (dry), Product
2841206. The search results page provides the product name, genera statistics on weight fraction per CAS
number, and chemical datafor the first chemical found in the desired product. The chemical dataincludes
theformulation I D and formul ation description inwhich the chemical isfound, the CAS number, thechemical
name, theweight fraction and the hazard score. The buttonsnear the bottom of the screen (Next, Bottom, etc.)
provide access to the remaining records for each chemical found in each formulation. The“Browse” button
at the bottom right of the screen allows the user to view both detailed and summary results for the selected
Product ID. The detailed resultstable providesalisting of all theidentified chemicalsand formulations. The
summary results table provides information on each chemical found in the desired Product ID (Figure 7-17).
To exit the browse screen, click onthe“X” in the upper right corner of the screen. The “Exit” button at the
bottom right corner of the search results screen will return the user to the “Find chemicals in a product
category” screen. The larger box in the center of the screen contains a recap of al the formulations (1D
number and description) for the selected product category. In order to view this list without first going
through theresults screen, the user can click onthe“View matchesonly” button instead of the View matches
and info” button after identifying the product category of interest. Fromthislist of formulationsin the center
box (see Figure 7-18) the user can select the desired formulations (by highlighting them) and then clicking
on the “View using highlights’ button. Once the “View using highlights’ button has been activated, the
search results for a product screen will appear with information for just the highlighted formulations.
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Figure 7-15. Finding Chemicalsin a Product Category
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Figure 7-16. Example Search Results for Household Hard Surface Cleaners (Dry)
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Figure 7-17. Browse Listing of Detailed and Summary Results
of All Chemicals Found in Product ID # 2841206
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Figure 7-18. Highlighting Only the Desired Formulations from the List Box
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8. CALCULATIONSAND ASSUMPTIONS
8.1 Overview

The SRD application for ranking products involves the calculation of a score for each chemical
included in the specific formulation of aproduct (or material). AsshowninFigure8-1, thisscoreiscalculated
separately for each environment in which the product is used. Two types of scores can be calculated -- a
chronic scoreor anacute score. Thechronic scoreisobtained by first multiplying atime-integrated indoor-air
concentration for the chemical, over a period of one year, by the chronic hazard rating for the chemical; the
resultant product then ismultiplied by the fraction of buildingsin which the product/material isused and (for
products) by the annual frequency of use. The acute score is obtained by multiplying a peak indoor-air
concentration for the chemical by its acute hazard rating, and then by the fraction of buildings and the annual
frequency of use.

The calculations and associated assumptions for time-integrated and peak concentrations are
described in Section 8.2. In brief, these calculations use quantities such as the frequency and duration of
product use, the amount of product used, the chemical emission rate or weight fraction, and the volume and
air exchange rate for each type of environment in which a product is used. The specific calculations are
dependent on how a product is applied or used -- direct discharge to air, application/disposal in water,
application to a surface, or placement in an environment.

The environment-specific scores for each chemical in a product formulation are used to develop a
weighted-average score for the chemical across all environments. As described in Section 8.2, the
environment-specific weights used to calculate this average sum to unity, and each environment’s weight
reflectsitsrelative share of full-time-equivalent (FTE) exposures throughout ayear. The FTE exposures are
based on the number of people and fraction of time spent in each environment.

As shown in the right-hand column of Figure 8-1, the weighted-average scores for each of the
chemicals in a product formulation are summed to obtain a product-formulation score. The score for a
specific product isthen computed by averaging the scores across different formulations of the product; thus,
an equal market shareis assumed for each formulation. Finally, the score for aproduct category is obtained
by averaging the product-specific scores across all products associated with the category.



Product 1, Formulation 1

Chemical 1

Chemical 2

Chemical m

Scor e for Scor e for Scor e for
Envt 1 Envt 2 R Envt 9

\_TJI_ID

Scorefor one chemical
in one product formulation
in one environment
= concentration x hazard rating
x fraction of buildingsin which
product or material isused

Average

Score .
Weighted Avg

Across Envts
(based on FTES)

Sum acr oss chemicals
to get formulation score

:

Product 1, Formulation 2

v

Average across formulations
to get product score

Product 2

Product n

Figure 8-1. Flow of SRD Calculations for Product Category Scores

v

Aver age acr oss products
to get category score



To accomplish the ranking procedure summarized above, the SRD software begins with the user-
selected scheme for grouping products. The program selects the first category in the scheme and the first
product | D associated with that category. Next, from the PRODUCT-FORMULATION file (see Table 3-2),
the program selectsthefirst formulation associated with the product | D and notes the environmentsto which
the formulation applies. The program then accesses the PRODUCT-CHEMICAL file (see Table 4-1) to
identify al chemicals (CAS numbers) associated with the product ID and formulation. Based on information
pulled from various files (PRODUCT-CHEMICAL, CHEMICAL, PRODUCT-ENVIRONMENT,
ENVIRONMENT, AND PEOPLE-ENVIRONMENT), the program cal cul atesthe scorefor thefirst chemical
in each applicable environment. The program then proceedsto the next chemical associated with the product
ID and formulation. After completing all the chemical-specific calculations for the first formulation, the
program continues with subsequent formulations. When finished with all formulations of a product, the
program proceeds to the next product, and so on. Summary values (total/average scores) are computed as
calculations are completed for all chemicalsin aformulation, all formulations of a product, and al products
in a category.

82 Peak and Time-Integrated Concentr ations

Calculations for both peak and time-integrated airborne concentrations are based on the principle
of conservation of massin indoor environments. Under this principle, indoor concentrations are increased
by the chemical mass emitted into the indoor volume from products or materials used indoors and are
decreased by the transport of the chemical to the outdoors or to indoor sinks. Indoor concentrations can also
be increased by the transport of chemicals from outdoors to indoors. However, because SRD is concerned
only with contributionsarising from use of productsor materialsindoors, the outdoor chemical concentration
is assumed to be zero for the purpose of SRD calculations. The peak concentration is calculated in units of
mg/m?, and the time-integrated concentration in units of mg/m3-h,

SRD cal culationsfor peak and time-integrated concentrati onsdepend on assumptionsregarding how
the product/material isused and how the chemical massisreleased over time. There are four types of cases:

1 Direct release of the chemicalsin aproduct to indoor air from a container, as with an air freshener

2. Direct release of the chemicalsin a product to indoor air from agitated or warm water, as with a
laundry or dishwasher detergent

3. Application of a product to a surface from which the chemicals evaporate, as with an all-purpose

cleaner or architectural coating

4, Release of the chemical s (through diffusion and evaporation) from amaterial placed indoors, aswith
furnishings or carpeting.
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Thedistinction between thefirst and second casesisthat all chemical massisassumed to bereleased
to theindoor air in the first case, whereas some fraction of the massis assumed to be released in the second
case because the product typically is transported to the waste-water stream immediately following its use.
Products such as shaving cream, which ultimately are returned to the waste-water stream, also are classified
as the second case.

The assignment of each product ID in SRD to one of the four cases listed above is summarized in
Appendix G; within SRD, these assignments are contained in the PRODUCT-FORMULATION file (see
Table3-2). Thecalculationsfor each case are summarized bel ow; detailed documentation of themathematical
developments underlying these calculations is contained in Appendix H. Although four cases are also
described in Appendix H, the casesin the appendix do not correspond identically to thoselisted above. More
specifically, cases 1 and 2 above are variations of case 1 in the appendix, case 3 above corresponds to case
2 in the appendix, and case 4 above corresponds to case 4 in the appendix. Case 3 in the appendix does not
currently apply to any of the products contained in the SRD, but may be used in the future.

821 Case 1: Product Released to Indoor Air From a Container

Calculations for this case involve the quantity of product used (m, in grams), the weight fraction of the
chemical in the product (w), the duration of product use (g, in hours), the loss rate (k) for the indoor
environment, and the indoor volume (v). The loss rate, in units of inverse hours, is the sum of the indoor-
outdoor air exchange rate for the environment, the chemical-specific reactivity rate, and the product- and
chemical-specific deposition rate. At present, all reactivity and deposition rates are assigned avalue of zero
inthe SRD, such that the lossrate is equal to the air exchange rate. Theindoor volume is expressed in units
of mé,

Thiscase can be viewed as a pul se application with aconstant emission rate over the duration of product use
(see Appendix H, pp. 7-8). The chemical-specific emission rate, in unitsof g/h, isthe product of the quantity
of product used and the chemical weight fraction, divided by the duration of product use. The peak
concentration (in mg/m?) for one episode of product useis calculated as

m-w _k-
C = —— - (1-e7%9 - 1,000
peak q-k-v ( )

where 1,000 isafactor to convert the mass from gramsto milligrams. The time-integrated concentration (in
mg/m?3-h) for one episode of product useis calculated as
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cC.= —— 1000

m-w
int k'V

Although morecomplicated expressionsareinvolvedinintegrating theindoor concentration over the product-
application and post-application phases (see Appendix H, p. 7), the smplified expression used above is
obtained by integrating the post-application concentration to infinity. Thisassumption isreasonable because
the application period for a product released from acontainer isvery short (on the order of minutes or hours)
relative to the integration period (one year). Because the above expression for the peak concentration is
undefined if avalue of 0 isfound for the duration of product use, this value is arbitrarily reset to 1 hour in
such cases.

Theexpression m-w intheabove equationsrepresentstheamount of product used, ingrams. Insome
casesthe SRD providesaninitial emission rate, (0), that isassumed to be constant over the period of product
useandisnormalized to theamount of product applied (i.e., ».g/h per gram of product applied). Multiplication
of s(0) by the amount of product used (m, in grams) and by the duration of product use (g, in hours) yields
thetotal massreleased, in »g. Division by 1,000,000 convertsthe massreleased to grams, consistent with the
unitsfor m-w. Thus, in caseswhere the emission rateisavailablein the SRD rather than the weight fraction,
the expression [s(0)-m-q]/1,000,000 is used instead of m-w.

For alimited number of products the SRD provides both an initial emission rate, s(0), and afactor
(r) for the assumed rate of decline in the emission rate over time, corresponding to the following expression
for the time-varying emission rate, (t):

St) - o) - m- e

Because this caseistreated as a pul se application with a constant emission rate over the duration of product
use, the above expression isintegrated from time zero to infinity, yielding the total massreleased, in «g. The
value of thisintegral is s(0)-m/r, which isdivided by 1,000,000 to convert the mass unitsto grams. Thus, in
cases where both the emission rate and the rate of decline are available in the SRD, the expression
[s(0)-m/r]/1,000,000 is used instead of m-w.

The above calculations provide the peak and integrated concentrations for one episode of product
use. Because products can be used multipletimesduring ayear, the C, and C,,, values are multiplied by the
frequency of product use (events per year, see Table 5-1) to provide an annual perspective.



822 Case 2: Product Released to Indoor Air from Water

This case also is viewed as a pulse application with a constant emission rate over the duration of
product use. The same calculations as described above for case 1 are used, with one difference -- only a
fraction of the chemical is assumed to volatilize during the application period; the remainder is assumed to
go to waste water after application.

Intheory, thevolatilization of achemical from agqueous solution can be described by atwo-layer film
model (Lyman et al., 1983). Thismodel assumesthat the bulk water solution iswell mixed, with athin layer
immediately adjacent to the interface in which there is a concentration gradient. There is a corresponding
layer of air aswell intheair phase. Thevolatilization flux of achemical from agueous solutionis controlled
by the concentration gradients within this two-layer film. The volatilization flux can be described as:

Z deater - - K (C _ Cair RTair)
dt L water H

where:
4 = Depth of agueous solution (cm)
t = Time (hours)
Crater = Concentration of achemical in agueous solution (g/m?)
Car = Concentration of a chemical in the air (g/m®)
K. = Overall liquid mass transfer constant (cm/hour)
R = Gas consgtant (8.206 x 10° m® atm mol™* K™)
Tar = Absolute temperature of the air (K)
H = Henry’s law constant (m* atm mol™)

Since the model is used to screen and rank the volatility of chemicals in consumer products, conservative
assumptions can be made to simplify the scenario. It is assumed that the chemical will be immediately
removed from the liquid/air interface once it volatilizes and the air concentration of a chemical at the
liquid/water interface can be assumed to benegligible. Asaresult, C, . >> C,, RT/H and the above equation
turns:

Z deater - - K

dt  C

water

Integrating this equation yields:
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— z
C =¢C,e
where:
Co = Concentration of achemical in aqueous solution at t = 0.
C = Concentration of a chemical in agueous solution at timet.

Based on the above equation, the percent volatilization of achemical in agueous solution during its
use can be estimated by:

K, t
_ _ Tz
Per CentvoI atilization ( 1 e

) * 100

Based on this equation and related equations for K, (discussed in more detain in Appendix H), the
percent of lossviavolatilization of chemicals during use of household consumer products such as detergents
can be estimated solely from molecular weights, Henry’ s Law constants (or vapor pressure and solubility),
and use scenarios of chemicals.

The Henry’s Law constants were either found in a chemical database or else they were estimated
based on the solubility and vapor pressure of achemical, using the following equation (Verschueren, 1996):

H = i
S
where:
Py = Vapor pressure of chemical at 25 °C (atm)
S = Solubility of chemical at 25 °C (mole/m®)

Notethat percent of volatilization isindependent of initial concentrationsof chemicalsinwater. Thisimplies
that the percent of lossviavolatilization is not affected by the amount of chemical products added into water
each time during their use. Thisadvantage eliminates the possible uncertainties associated with variation in
amounts of chemicals used from one time to another.

Factors associated with the use scenario include the depth, temperature, and velacity of water along
with the velocity and temperature of air above the water-air interface. Currently there are six product/use
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scenariosfor which thesefactors have been quantified: laundry detergents; toilet bowl cleaners; dishwashing
liquids; hair shampoos and body lotions; liquid hand soaps; and detergents/powders for dishwashers. Use-
specific volatilization fractions were calculated for those chemicals contained in Case 2 products and were
entered into the chemical.dbf file for use in SRD’ s ranking calculations.

8.23 Case3:. Product Applied to a Surfacelndoors

This case can be viewed as a linear ramp application with an exponential emission rate (see
Appendix H, pp. 9-12). That is, the product is applied to a surface (e.g., floor or counter) at a constant rate,
so that the cumulative mass of any chemical in the applied product increases linearly over time. For each
differentia (infinitely small) areato which the product is applied, the chemical beginsto emit immediately,
at arate that declines exponentialy over time as the "reservoir" of chemical mass on the surface areais
gradually depleted. The parameter describing the rate at which the emission from adifferential areadeclines
over time (r, in units of inverse hours) is derived from the time (d, in units of hours) required for 90 percent
of apure chemical "film" to evaporate as follows (see Appendix H, p. 6):

r= - In (10)

olr

The chemical-specific valuefor disbased on an empirical relationship, developed by Chinn (1981),
between the 90-percent drying (evaporation) time and the chemical's molecular weight (mw) and vapor
pressure (vp, intorr):

145
(mW . Vp)0.9546

If either the molecul ar weight or the vapor pressureis unavailable for achemical, then adefault value of 0.01
isused for d. If therate of declinein the emission rate isavailableinthe SRD, then it isused directly rather
than calculated from the above equations.

Although some chemicals with ahigh molecular weight and alow vapor pressure can take ayear or
longer to completely evaporate, most will evaporate over a period on the order of a month or shorter. To
avoid complex calculationsto handle asmall number of chemicals, it is currently assumed that all chemicals
evaporatewithin ayear; under thisassumption, the cal culation for the time-integrated concentration that was
given in Section 8.2.1 applies equally here.
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The peak concentration for this case will occur at the end of the application period or some time
thereafter. The calculation for the peak concentration involves the amount of product used (m), the weight
fraction of the chemical in the product (w), the duration of product use (), thelossrate (k), the volume of the
indoor environment (v), and the rate of decline in chemical emissions (r). Intermediate calculations are
required for the emission rate (s) and the indoor concentration (C) at the end of the application period (see

Appendix H, p. 10), and for the time (u) at which the maximum indoor concentration occurs (see Appendix
H, bottom of p. 11 and p. 12):

. 1 e " e
N _
g-v r-k r-(r- k) k - (r-k)

S ( k-[s+(r—k)-c])

r-k r-s

The peak concentration is then calculated as

s+ (r-k)-c kU S ru
Cox = ————— " € - — €
peak r-k r-k

The time-integrated concentration is calculated in the same manner asfor case 1. Asin the previous cases,
both the peak and the time-integrated concentration are multiplied by 1,000, to convert from grams to
milligrams, and by the number of product-use episodes per year, to providean annual perspective. Inalimited
number of caseseither theinitial emission rate-- s(0), in xg/h per gram of product applied -- or thisinitial rate
and the rate of decline (r) in the emission rate over time are available in the SRD. Asdescribed in Section
8.2.1, the expression [s(0)-m-g]/1,000,000 is substituted for m-w in the above equations when only s(0) is
available, and the expression [s(0)-m/r]/1,000,000 is substituted when both s(o) and r are available.

Itis possiblefor the parametersr and k to be equal; in this case, the above expressionsfor c, u, and
Coex @re undefined. Solutions for this parameters-equal case, givenin Appendix H (p. 10 and p. 12) but not

summarized here, are also used by the program as needed.
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824 Case4: Product or Material Placed Indoors

This case can be viewed as an instantaneous application with an exponentially declining emission
rate (see Appendix H, p. 15). Currently there are no products classified under this case, but there may bein
the future. Calculationsfor aproduct involve the quantity used (m), the weight fraction (w), the duration of
use (), the loss rate (k), the volume of the environment (v), the initial emission rate [s(0)], and the rate of
decline in the emission rate over time (r). The time-varying emission rate for a specific chemical, s(t), can
be described by the following equation:

St) = s(0) - e

where:
s(0) isin ng/h (after multiplication by the amount of product used, in grams).

Thevaueforrisuseddirectly, if availablein SRD, or isderived from the assumption that 99 percent
of the chemical evaporates over the duration of product use:

_ -In(0.01)
q

where 0.01 is the fraction of the product remaining at the end of product use. Thus, the same value of r is
assumed for all chemicals, regardless of volatility. If a value of zero is found for g in the PRODUCT-
ENVIRONMENT file, then this value is reset to 720 hours (one month). Neglecting the small amount of
product remaining at the end of product use, the mass of a chemical in the product that is released to the
indoor air over the duration of use is equal to the quantity used timesthe weight fraction, or m-w. The same
mass can be obtained by integrating s(t) from zero to infinity; the value of thisintegral iss(0)/r, leading to the
relationship

The above eguation provides an estimate for s(0) in units of g/h. If avaluefor (o) isavailablein
the SRD, then thisvalue hasunitsof ..g/h (after multiplication by the amount of product used) and istherefore
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divided by 1,000,000 to convert to g/h. Given thesevaluesfor s(o) andr, the peak concentration iscalculated
as

V-r

k.
Crea = 29 (é) “r

and the time-integrated concentration is calculated as

l, (e—r't2 _ e—r-tl) _ 1 . (e—k't2 _ e—k-tl)

r

___So9 |

int Vv - (r—k)

=~

wheretl isthe beginning of theintegration period (0 hours) and t2 is the end of the integration period (8760
hours). Aswith the other cases for products, the vaues for C, and C,, are multiplied by 1,000, to convert
from grams to milligrams, and by the number of usage episodes per year, to provide an annual perspective.
Solutions for the case wherer = k (see Appendix H, p. 15) are also used by the program as needed.

Thecalculationsfor amaterial placedinanenvironment aresimilar tothose given above, butinvolve
different values for 5(0), r, t1 and t2. The valuefor r is used directly, if available in the SRD, or is derived
from the assumption that 99 percent of the chemical masswill be released from the material over aperiod of
5 years (43,800 hours), leading to the relationship

_ -In(0.01)
43,800

Thevaluefor theinitial emissionrateisprovided inthe MATERIAL-ENVIRONMENT file, in unitsof pg/h
per unit of material (e.g., m? of carpeting). This value is divided by 1,000 to convert to mg/h per unit of
material and then multiplied by the loading rate (number of material units per m® of volume) and the indoor
volume (m®) to derive an initial emission rate, (0), in mg/h.

The program calculates two values for both the peak and the time-integrated concentration, one
assuming ashort duration sinceinstallation (currently set at 30 days) and one assuming alonger duration since
installation (currently set at 2 years). Theresultant values are weighted by the fraction of buildings assumed
to berepresented by these durations (see Section 5.2) to obtain final peak and integrated values. Theequation
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for the time-integrated concentration is the same as that above for products, except that t1 is equal to 720
hoursfor the short duration sinceinstallation and 17,520 hoursfor the longer duration. Sincetheintegration
isover aperiod of one year, the value for t2 in either case is the sum of t1 plus 8,760 hours. Because the
material has been emitting for sometime, in either case, at the start of the period of assumed exposure, the
peak concentration isthat occurring at the start of the integration period:

_ _ S

-k-t; -ret
- e
peak v . (r-k) )

e

83 Environment Weights

Weights assigned to each environment, which are used in calculating the total score for each
chemical in aproduct or material (see Section 8.1), reflect the relative share of full-time-equivaent (FTE)
exposures associated withtheenvironment. AnFTE exposure equatesto oneindividual spending 100 percent
of hisor her timein the environment over the course of ayear. For example, two people who both spend 50
percent of their time in the residence are equivalent to one FTE residential exposure.

The numerator for calculating the weight for an environment is abtai ned by multiplying together the
following three quantities:

! Number of buildings (Replication Factor in the ENVIRONMENT file);
! Size of each population in the building (from the PEOPLE ENVIRONMENT file); and

! Average fraction of time spent by each population in the building (from the PEOPLE-
ENVIRONMENT file).

The denominator is ssmply the sum of the numerator values across all environments. Thus, the
weights sum to unity when added across environments. More specifically, the weight that is calculated for
each environment can be expressed as follows:

n

NB, - (_Zspij - FTy)

j=1

3

n

D .NB; - (J_;SF’”- - FTy)
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where:

w isthe weight

NB is the number of buildings associated with the environment

SPisthe size of the population per building

FB isthe fraction of buildingsin which the product or material is used

| isasubscript denoting different types of environments

j isasubscript denoting different populations that occupy an environment

m is the number of environments selected by the user when ranking products
n isthe number of populations occupying each environment (1 or 2).
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