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It is the recommendation of the Workshop participants that the work
products presented herein to be used in the systematic development of
human exposure models for their use in a tiered approach to
exposure/risk assessment.

Given that the 5 bins presented herein represent a consensus
taxonomy or universe of sources, the workshop participants advise
that a reasonably representative subset of this comprehensive listing
be selected for specific laboratory analysis and model development. It
was further suggested that exposure models designed to describe
these sources of exposure and the transport and fate of substances
should be constructed using a step-wise approach as outlined in this
report.
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PREFACE

The Exposure Modeling Sector of the Physical andn@ibal Exposure Unit, Institute for
Health and Consumer Protection of the European desiom’s Joint Research Centre,
organized a series of five specialized Workshops@wnsumer Exposure Models Inter-
comparison (Phase 1) — Framework/Policy and ResebfScience major issués
These workshops, were held in June 20-24, 200mtia (Italy), and constituted the top
event of the activities of the Global Net on “Comsr Exposure Modeling” for 2005, a
growing consortium of expert model developers ams@érsl from Europe, America,
Canada and Asia, aiming at harmonizing and vahdagxisting consumer exposure
models on the basis of common procedures and mistothis activity is contributing to
the consumer exposure assessment efforts of theUr@Esupporting the EU General
Product Safety Directive2001/95/EQ and providing technical support to aspects of
REACH (Registration, Evaluation and Authorisation of CHeats).

During the first Global CEM Net Workshop orC6nsumer Exposure Models Inter-
comparison (Phase |1) — The state of the scienceesearch needseld in Ispra, on 26-
27 of October 2004, the need on focusing on fivpmapics was identified concerning
model harmonization and validation. A series oéfiWorkshops has been then organized
in June 2005, based on the draft agendas prepardtiei first Global CEM Net
Workshop, dealing with the following five major iop:

Research/Science

Workshop no. 1- “Dermal transfer and penetration algorithms”
Monday 28'to Tuesday Zlof June, 2005

Moderator: J. J. van Hemmen

Rapporteur: K.E. van der Jagt

Workshop no. 2— “Source characterization, transport and fate”
Monday 28 to Tuesday Ziof June, 2005

Moderator: M. Jayjock

Rapporteur: A. Arvanitis

Framework/Policy

Workshop no. 3— “Exposure modelling framework/model management isssé
Wednesday 22 of June, 2005

Moderator: M. Jantunen

Rapporteur: A. Arvanitis

“In-between”

Workshop no. 4— “Exposure-related data”
Thursday 2% of June, 2005

Moderator: J. van Engelen, C. Money and P. Price
Rapporteur: A. Arvanitis
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Workshop no. 5— Scenario development
Friday 24" of June, 2005

Moderator: J. van Engelen

Rapporteur: A. Arvanitis

The Workshop no. 2 on “Source characterization, transport and fate” held on
Monday 20" and Tuesday 2'lof June 2005.

The general rationale of this workshop was:

Identification, facilitation and communication okmgric research on exposure
models that will characterize people’s exposure cttemicals and raise the
confidence and lower the uncertainty for quantitatiestimates of exposure
associated with potential human health effectdhenacals.

This specific workshop addressed two general areaparately; viz., source
characterization andcontaminant transport in indoor air.

The purpose of this workshop was:

1. To survey and discuss the general state-of stience of physicochemical
micro-environmental model development specifically the areas of source
characterization relative to strength, time-coursend transport and fate of
emissions from predominantly indoors sources.

2. Provide specific recommendations — consensitdear majority opinion on the
path forward for this research.

The focus of the workshop has not been on spesifiistances but on the identification
and development of general modeling constructskdapaf describing the above factors
for the multitude of substances impacting on huregposure from near field contact
indoors.

The expected duties of and opportunities for thiéigpants have been to:

1. Review nascent plans at the Joint ResearctreClRC) to set up a Source
Characterization Laboratory Facility. Thissygesented by Dr. John Little
and member(s) of the JRC IHCP/PCE Laboratory.

2. Formally or informally present relevant reseatet they have done or have
specific knowledge of, relative to these tyemeral areas of study.

3. Participate in a decision-making process on &dnplans for the JRC
Laboratory and possible collaboration.

In previous workshops, formal presentations in plenary session by the participants

have significantly helped to set the tone for sgheat discussions. As such, participants
were encouraged to present their (and others) wbhnky were also kindly asked to
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advise the Moderator concerning the topic of thesentations and time required. The
JRC coordinator and the Moderator have in turn retanthe workshop potentially
balancing the advantages of these presentationghdgttime available.

The report of this Workshop as well as other relatecumentation could be downloaded
from the following Global CEM Net Website:

http://cem.jrc.it/cemdb/gstart.php

SIEIES]
=
T 35 &
B o op Rl cuch Favortes Meda  Hitoy | Mal Pt n:fm
Address [&] ohp?CEM =] @6 [Liks”|
S

BBt Consumer Exposure Modelling Tools — -ifP

Institute for Health & Consm: fon
Physical & Chemical Exposure Lint

TTTI  1ropucTIoN
- The Consumer Exposure Modelling Task Force (CEM TF) activity makes integral part of the
THEXAS-Chem Action (Total Human EXposure Assessment for Chemicals) of the THCP's
(Institute for Health & Clonsumer Protection) PCE (Physical and Chermical Exposure) Uit
This activity has been motivated from the need o proceed with the harmorisation and validation of
consumer exposure models in EU which has been emerged in various international sciemtfic fora
This activity is meant as being one which wil interface other important European projects, such as
the CEFIC/LRI Exposure Factors Sourccbook project co-ordinated by KTL, the JRC-THCP
EIS-CHEMRISKS (funded by DG SANCO) and the CONSEXPO and EUSES projects, with
the wltinate goal to harmonise and validate existing consumer exposure models with particular
focus on those used i the ET.

The main purpose is to make an iventory of existing exposure models (with spesial focus on
consumer exposure models), to identify harmonisation and validation needs For these models and
finally to proceed with the harmonisation and validation of an appropriately selected subset of
tmodels based on speciic scenarios

More specifically, the CEM TF s working out an inventory on existing exposure models (with
particular emphasis on consumer exposure models) on the basis of model fact sheets that have
been prepared on the basis of info collected from different sources concerning (a) existing
exposure models, (b) exposure studies in EU/USA and models employed in thern and (c) degree
of exposure models validation.

Browse through all models
Browse through or compare specific fzatures of all the models available in the database.

Model selection guide
The model selection guide helps out a user who has a specific application in rmind to select the
appropriate model(s). Through this form the user builds a model profile step by step by selecting
predefined features of his application needs. The cutcome i a lit of the database models which
fit this profile

Keyword search |
Keyword scarch performs a fiee text scarch through the features of all models

Word(s)
| )|
[E]Done [ [ ntemet
S stant| | FEIES: invoduotion - Netsoape| §3Foto diAtens perGiiogou .| E3 e Fwet SHEDS speaier | (3 Evploring - -Nindoor_ncise. | & CEMDB - Misosot Inteie. | [ Mitosol PowerPaint- (. | 7250M
| vEm

Dr. Stelios KephalopoulogGlobal CEM Net Co-ordinatoy
Dr. Thanos Arvanitis (Global CEM Workshop no. 2 Rapporteur
Dr. Mike Jayjock (Global CEM Net Workshop no. 2 Moderatpr
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BACKGROUND

By definition, human exposure potential in the esmbf health risk from exposure starts
with the sources of that exposure. The illustratielow dhows the natural cause and
effect continuum that begins with and is literadlyven by sources of exposure.

Cause & Effect RISK Continuum and
the Boundary of ExXposure Assessment

Source >
Transport >
Contact >
Intake >
Absorption>
Transport >
Reaction>
O utside Inside —EFFECT

HUM AN

5

Since the outputs from sources become the inpugslisequent processes, errors or lack
of knowledge within the realm of sources or othetyeevents on the continuum can only
propagate and grow throughout the entire proces&ny error in the estimation or
characterization of the source or transport wahslate throughout this continuum and
results in subsequent errors in the estimatiomsikf

Assuming that we wish to estimate exposure via nogle accurate source
characterization is thus critical.

Organization of this Report

The main body of this document represents the firallts of the deliberations that
occurred during the workshop and a consensus gidltecipants. In the months leading
up to the workshop a pre-workshop report was dildfiethe moderator and copied to all
of the anticipated and potential participants. sTieixt ultimately included contributions
from some of those who would attend the workshap @hers who could not attend but
wanted to provide input. The document underwerrafts and its final version is

presented in Appendix B.

The reader will note some redundancy between tlEs rdocument and Appendix B;

however, this was included for completeness to stimvresults and evolution of the
deliberations before and during the June workshop.
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WORKSHOP DESCRIPTION

In this Global CEM Net June 2005 workshop no. & finstitute for Health and
Consumer Protection, Physical and Chemical Expokumig within the Joint Research
Centre of the European Commission (JRC) brougletteey human exposure modeling
experts and model users from Europe, America and ksan effort to identify and
characterize the state-of-the-science and poittteanost expeditious and cost-effective
path for future advancements. Every effort was entd network within our team to
recognize and invite additional experts or userhi® workshop. Indeed, we encourage
the distribution of this report and other work puots from this workshop to further
engage the worldwide scientific community in thifoe.

Except for preplanned presentations on June 20, Zp#eific agenda topics for June 21
2005 remained flexible and were significantly cheshgluring the proceedings by the
workshop participants with agreement from Dr. Kdppaulos;, as a result, the
participants of this meeting rendered the following

1. Development of a complete taxonomy of indooldytmn sources and sinks
that would have a major impact on indoor air, stefaconcentrations,
exposure and subsequent risk to human health.

2. A decisionnot to outline, characterize or explicitly build uptme currently
available source sub-models beyond the draft wanksbport done before the
meeting (Appendix B). Instead the workshop pgréints endeavored to
build a framework for this body of scientific wofkom “the ground up”.
Existing models, where available, were mentionedtberwise used to fill in
this framework.

3. Identification of specific operational model rekents in the above taxonomy
in a progressive tiered approach for each comgysano tier, first tier and
n-tier mechanistic source models.

4. The same type of framework was outlined forgpamt and fate models.

5. It was anticipated that given this comprehensiamework, practitioners will
be able to potentially match-up the elements oheath existing model
tools; however, in many cases, the specific subetsodo not exist and will
require focused research and development.

Page 8 of 104



Global CEM Net Report of the Workshop no. 2 @olirce
Characterization, Transport and Fdtdntra (Italy), 20-21 June 2005

WORKSHOP PARTICIPANTS

Arvanitis A. JRC/IHCP/PCE (EU)Global CEM Net Workshop no.2 Rapporteur
Bruinen de Bruin Y JRC/IHCP/PCE (EU)

Delmaar C. RIVM (Netherlands)

FlessnerC. EPA (USA)

Hanninen O. KTL (Finland)

Hubal E. Cohen EPA (USA)

Jantunen M. KTL (Finland)

Jayjock M. The Lifeline Group (USA)Global CEM Net Workshop no. 2 Moderatpr
KephalopoulosS. JRC/IHCP/PCE (EU)3lobal CEM NetCo-ordinator
Koistinen K. JRC/IHCP/PCE (EU)

Little J. Virginia Polytechnic Inst. (USA)

MasonM. EPA (USA)

Matoba Y. Sumitomo (Japan)

McKone T. University of California (USA)

Nazaroff W. University of California (USA)

Pandian M. Infoscientific.com (USA)

Price P. The Lifeline Group (USA)

ShadeW. Rohm and Haas, Co (USA)

SheldonL. EPA (USA)

Sutcliffe R. Health Canada (CAN)

Won D. National Research Council (CAN)

Wu K. University of Taiwan (Taiwan)

Zhang Y. Tsinghua University (China)

Additional Contributors to presentations or Pre-Wéhiop Report on Available Source
Sub-Models

Arnold, S. The LifeLine Group (USA)
Corsi, R. University of Texas (USA)

Keil, C.  Bowling Green University (USA)
Nicas, M. University of California (USA)

Page 9 of 104



Global CEM Net Report of the Workshop no. 2 @olirce
Characterization, Transport and Fdtdntra (Italy), 20-21 June 2005

Stylianos Kephalopoulos

European Commission

Joint Research Centre

Physical and Chemical Exposure Unit
21020 ISPRA (VA)

ITALY
Tel: +39 0332 78 9871
Fax: +39 0332 78 5867

Email: stylianos.kephalopoulos@jrc.it

Michael Jayjock

The Lifeline Group

168 Mill Pond Place
Langhorne, Pennsylvania
United States

Phone: +1 215 986 3102
Fax: +1 215968 1695
Email: MJayjock@aol.com

Conrad Flessner

Athanasios Arvanitis

European Commission

Joint Research Centre

Physical and Chemical Exposure Unit
21020 ISPRA (VA)

ITALY

Tel: +39 0332 78 6448

Fax: +39 0332 78 6012

Email: athanasios.arvanitis@jrc.it

Jan-Christiaan Delmaar

RIVM

a.v Leeuwenhoeklaan 9

de Bilt

The Netherlands

Phone: +31 (0) 30 274 4371

Fax: +31 (0) 20 274 4475
Email: christiaan.delmaar@rivm.nl

Otto Hanninen

U.S. Environmental Protection Agency KTL
1200 Pennsylvania Ave. N.W. (7406 M9 POB 95

Washington DC 20460

United States of America

Phone: +1 202 564 8541

Fax: +1 202564 8671

Email: Flessner.Conrad@epa.gov

Elaine Cohen Hubal

US EPA

B143-01

RTP, NC

United States

Phone: +1 919 541 4077
Fax: +1919541 4284
Email: Hubal.elaine@epa.gov

Kuopio

Finland

Phone: +358 400 673 207
Fax: +358 17 201 184
Email: otto.hanninen@Kil.fi

Matti Jantunen

National Public Health Institute
PO BOX 95

Kuopio

Finland

Phone: +358 17 201 340

Fax: +358 17 201 184
Email: Matti.Jantunen@Ktl.fi

Page 10 of 104



Global CEM Net Report of the Workshop no. 2 @olirce
Characterization, Transport and Fdtdntra (Italy), 20-21 June 2005

John Little

Virginia Tech

418 Durham Hall
Blacksburg, VA 24061
United States

Phone: +1 (540) 231 8737
Fax: +1 (540) 231 7916

Email: jcl@vt.edu

Yoshihide Matoba

Sumitomo Chemical Co.

Ltd Environmental Health Science Lab.
4-2-1 Takatsukasa, Takarazuka
Hyogo

Japan

Phone: +81 797 74 2076

Fax: +81 797 74 2134

Email: Matobal @sc.sumitomo-

chem.co.jp

Kaori Murasawa

Mark Mason

ORD NRMRL US EPA

109 T.W. Alexander Dr.

Research Triangle Park, NC 21109
United States

Phone: +1 919 541 4835

Fax: +1919 541 2157

Email: mason.mark@epa.gov

Thomas McKone
University of California
140 Warren Hall 7360
Berkeley

California

Phone: +1 510 642 8771
Fax: +1510 486 6658
Email: temckone@Ibl.gov

William W Nazaroff

Mitsubishi Chemical Safety Institute Ltd University of California

2-1-30 Shiba, Minato-ku

Tokyo 105-0014

Japan

Phone: +81 3 3454 7627

Fax: +81 3 3454 7573

Email: k-murasawa@ankaken.co.jp

Muhilan Pandian
Infoscientific.com

2275 Corporate Circle, Suite 220
Henderson, Nevada 8904

United States

Phone: +1 702 433 8843

Fax: +1702 433 8994

Email: muhilan@infoscientific.com

661 Davis Hall

Berkeley CA 94720-1710

United States

Phone: +1 510 642 1040

Fax: +1510 642 1085

Email: Nazaroff@ce.berkeley.edu

Paul Price

The Lifeline Group Inc.

129 Oakhurst Rd.

Cape Elizabeth, Maine

United States

Phone: +1 207 799 3406

Fax: +1 207 799 2529

Email: psprice@thelifelinegroup.org

Page 11 of 104



Global CEM Net Report of the Workshop no. 2 @olirce
Characterization, Transport and Fdtdntra (Italy), 20-21 June 2005

William Shade

Rohm and Haas Company

727 Norristown Road, Box 904
Spring House, PA 19477-0904
United States

Phone: +1 215 641 7486

Fax: +1215619 1621

Email: WShade@Rohmhaas.com

Roger Sutcliffe

Health Canada

Environmental Health Centre, Tunney’s
Pasture

Ottawa, Ontario

Canada

Phone: +1 613 946 1865

Fax: +1613 946 1866

Email: roger_sutcliffe@hc-sc.gc.ca

Kuen-Yuh Wu

Division of Environmental Health and
Occupatinal Medicine

National Health Research Institutes
No. 100, Shih-Chuan®™Rd.
Koahsiung

Taiwan

Phone: +866 7 312 6772-4005

Fax: +866 7 322 1912

Email: kywu@nbhri.org.tw

Yuri Bruinen de Bruin

European Commission

Joint Research Centre

Physical and Chemical Exposure Unit
21020 ISPRA (VA)

ITALY
Tel: +39 0332 78 9377
Fax: +39 0332 78 9453

Email: yuri.bruinen-de-bruin@jrc.it

Linda Sheldon

US EPA

109 T. W. Alexander Drive

Research Triangle Park, North Carolina
United States

Phone: +1 919 541 2454

Fax: +1919541 0239

Email: Sheldon.linda@epa.gov

Doyun Won

National Research Council Canada
M-24, 1200 Montreal Road

Ottawa, Ontario

Canada

Phone: +1 613 993 9538

Fax: +1613 954 3733

Email: Doyun.Won@nrc-cnrc.gc.ca

Yinping Zhang

Department of Building Science
Tsinghua University

Beijing, 100084

China

Phone: +86 10 6277 2518

Fax: +86 10 6277 3461

Email: zhangyp@mail.tsinghua.edu.cn

Page 12 of 104



Global CEM Net Report of the Workshop no. 2 @olirce
Characterization, Transport and Fdtdntra (Italy), 20-21 June 2005

WORKSHOP PRESENTATIONS — June 20, 2005

Page 13 of 104



Global CEM Net Report of the Workshop no. 2 @olirce
Characterization, Transport and Fdtdntra (Italy), 20-21 June 2005

MODEL UNCERTAINTY ANALYSIS CASE STUDY: VOCS FROM

CONTAMINATED WATER DURING SHOWERING AND BATHING
(Thomas E. McKorne

Overview and Background

For many years regulatory agencies considered thelyconsumption of water and
ingestion of fish as pathways for human exposurtnéndevelopment of drinking-water
standards. For contaminated tap water, a cordgdetaf two liters of tap water per day
consumed by a representative 70-kg adult was usedttstandards. Because two liters
corresponds to total daily fluid intake by a refere adult and because, on average over a
lifetime, most adults only consume a small fractaintheir daily fluid intake directly
from the tap, this two-liter contact rate was assdrto be a health conservative value
(i.e. plausible but higher than the average value). &l@n, recent efforts to improve the
scientific basis for assessing human exposure tdaocunated tap water demonstrate
clearly that significant exposures to organic coomms occur from exposure during
showering and bathing.

In this section we present an example of a compmef@sure assessment with
explicit treatment of uncertainty to illustrate hamcertainty is handled at different
levels. The case study is based on ingestionomohdalation, and dermal exposures to
volatile organic chemicals in tap water. The caseded to illustrate different types of
uncertainty, distinguish a deterministic from a lgabilistic exposure assessment, and
demonstrate the value of model evaluation.

The case study includes the conceptual model, tbeehmg approach, data
available, construction of input distributions, avariance propagation methods. When
evaluating uncertainty it is important to consitiewv each of these elements contributes
to overall uncertainty.

Conceptual Model

The goal of the conceptual exposure model in tse study is to establish exposure
links via multiple exposure pathways to differertpesure routes and the relative
magnitude of uptake or intake by these differempiosxre routes.

The general intake model use for the case stusliadapted from an Environmental
Protection Agency (EPA) model. We use this modehiform adopted for generalized
multi-pathway exposure modeling as described inth¢O-IPCS Environmental Health
Criteria report 214 “Human Exposure Assessment’afiiér 6, IPCS, 2000). In this form
the model expresses the potential average daékenor potential daily dose, AR

over an averaging time AT as
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C. {IUiJ EFxED
X X X

ADD = -
BW AT

C
C, K

where [G/Cy] is the intermedia transfer function that relatescentration in medium k
to concentration in medium i (for example tap watemdoor air); ¢is the contaminant
concentration in the exposure medium j; i€ the concentration in environmental media
k; 1U; is the intake/uptake factor (per body size [BW) éxposure media i; EF is the

exposure frequency (day/year) for this populatiéb, is the exposure duration (years),
and AT is the averaging time for population expedaiays).

Modeling Approach

In applying the case study to any particular vidathemical, we use the ADf

equation with the following information to make espre estimates for the exposed
population:

(1) The magnitude of the source medium concenftratiothat is, the level of
contaminant that is measured or estimated at aselpoint.

(2) The contaminant concentration ratio: whichirtes how much a source-medium
concentration changes as a result of dilution,spart, and inter-media transfers
before human contact occurs.

(3) The level of human contact: which describedefofon a body-weight basis) the
frequency (days per year) and magnitude (kg/day)hwihan contact with a
potentially contaminated exposure medium.

(4) The duration of potential contact: relatestihe fraction of lifetime, for the
population of interest, during which an individigjpotentially exposed.

(5) The averaging time: the appropriate averagimg is based on the type of health
effects under consideration. The averaging timebsathe lifetime (as is typical for
cancer as an endpoint), the exposure durations(&gical for long-term chronic
but non-cancer endpoints) or some relatively stioreé-period (as is the case for
acute effects).

Constructing Input Distributions

The value of information derived from a parametecartainty analysis depends
very much on how well the input parameter distitmg reflect variability and
uncertainty. One begins the process of construdirdistribution function for a given
parameter by assembling values from the literatur&om personal knowledge. These
values should be consistent with the model angdatsicular application. The values will
vary as a result of measurement error, spatialtamgboral variability, extrapolation of
data from one situation to another, lack of knowkdetc. The processes of constructing
a distribution from limited and imprecise data dam highly subjective. Because the
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uncertainty analyst must often apply judgment t@ throcess, there is a need for
expertise and wisdom. This process becomes moeztolg as the amount of data for a
given parameter increases. However, a large sdataf does not necessarily imply the
existence of a suitable distribution function.

Exposures to Volatile Chemicals In Water Supplies

This case study is based on ingestion, indoor-attwad, and dermal exposures to volatile
organic multimedia, multi-pathway pollutants whesgosure is principally from a water
supply. Both adults and children are exposed, bubolir case study, we will consider
them as separate groups for the exposure assessménfocus on the adults for
illustrating comparisons. Our goal is to calculated characterize uncertainty in the
lifetime average daily potential dose, ABR, for a specified population cohort drinking

contaminated water and using the contaminated i@tashowering or bathing.

Sources of uncertainty

The process of assessing the potential health itmgactap water contamination has a
number of sources of uncertainty.

Conceptual model uncertainty

How do we establish and confirm the validity of tonceptual model?
Model selection uncertainty

Are there alternatives for model algorithms, sashintermedia transfers, that
contribute to uncertainty in model results?

A key issue for the indoor inhalation model is haw structure the near-field
(shower-stall and bathroom) exposure relative t® fitw-field (full house
volume) exposure.

Bathroom

Parameter values

What data are used to establish the magnitudegeraand distribution of
parameter values used in the model?

With regard to the exposure uncertainty, we musfront the following issues.
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What are the principal pathways of exposie, the transfer of the contaminant
from ground water to tap water and indoor air subht the exposed
population can have inhalation and ingestion cdfitac

What is the relative contribution of water suppbydumulative intake based on
consideration of other sources of exposure sudom@sumer products?

How much data is available to characterize the mvade and variability of
exposure?

Are there exposure models available? Are theyipe@caccurate?

Are the biomarker data available with which to tdésfpothesis about the
magnitude and source of exposure?

Building Confidence through Model Evaluation

Chloroform, which is an unavoidable by-product bk tchlorination of water
containing organic materials, is found in many wasepplies throughout the U.S.
Experimental support for the significance of inhiala and dermal exposures to VOCs in
tap water can be found in the work of&loal (1990), who measured chloroform levels
after 10-min showers in the breath of subjects viilgt showered normally and then
repeated their shower routine on a later date wegarotective rubber suits to eliminate
the dermal route. Based on comparison to ingestiiake of chloroform from the same
water supply, breath levels from these showeringneindicated significant levels of
chloroform intake. The breath levels dropped byuabwalf when the subjects wore
rubber suits, leading Jat al. (1990) to conclude that the chloroform dose finhalation
and dermal uptake were about equal during a shoiMeeir results imply that the dermal
uptake and inhalation in the showers are equivdtei.6 liter each of ingestion or an
additional uptake of 1.2 liter per day.
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RECOMMENDATION TO USE FUGACITY APPROACH AND
TIME-DEPENDENT TRANSFER EFFICIENCY FOR INDOOR

SOURCE
(Yoshihide Matoba

Fugacity approach is found useful to describe indmhaviour of chemicals easily. By
introducing the concept of a time-dependent transfificiency to hands and body
surfaces, more realistic exposure level for roorrupants can be estimated through the
fugacity approach.

1. Fugacity approach

A basic concept of the fugacity approach is ao¥wed: In the first step, the environment
for consideration is conveniently divided into apmiate compartments. In each
compartment, the concentration of a chemical N/Werg N is a chemical mass and V is
a compartment volume, can be expressed as the gir@fiufugacity f and fugacity
capacity Z. The fugacity means an escaping orifigaendency of a chemical and a
compartment with high fugacity capacity is able absorb a greater quantity of a
chemical, yet retains a low fugacity. Differenteuations of the formula N/V = f Z for
each compartment can describe the chemical movesught as emission, transference
and degradation as well as temporal volume andfpadity capacity of the compartment.
Solving the equations determines time-dependersicitigs to estimate concentrations of
the chemical in each compartment by multiplyingfilngacity by the fugacity capacity.

The fugacity approach is applicable to the indoovinment as follows, giving an
example of the InPest developed by us. When aespaosol containing an insecticide is
sprayed into the air in a room, large aerosol d@tsptettle down to the floor quickly
while small droplets float in the air for a certéime. The aerosols become smaller with
time because of evaporation of a dominant solvétiteodroplets. These phenomena can
be incorporated into the fugacity approach andnPRest calculations correlate well with
the measurements. The good correlation is observex in the residual spraying, which
is conventionally done with an aerosol includingtpedes at the corners of the room
where pests such as cockroaches are seen frequently

A broadcast spraying is conducted to control thenfi household pests living on the

carpet. The broadcast liquid including a pesti@daulsion is sprayed to the carpet, and
the part of the liquid floats in the air as mixtsiref large and small airborne droplets.
The liquid decreases in volume by evaporation andlly disappears. The pesticide

resides in an organic solvent layer of the emulsi@nce the organic solvent begins to
evaporate, the fugacity capacity gradually decredsethe fugacity capacity of water.

The InPest can describe the phenomena, and thellat&dos correspond to the

measurements.
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For an electric vaporizer to control household nuitsgs, all of the chemical is initially
evaporated as complete vapor from the vaporizeisbote chemical condenses to yield
droplets since the evaporating rate exceeds anrupp& of chemical existing as
complete vapor. A pre-calculation using a supenmater and a fluid dynamics program
gives time-dependent concentrations. Taking thevabinto account, the InPest
calculations are in agreement with the measurements

The fugacity approach has been widely used forutaiog the behaviour of variety of

chemicals in the environment. Especially, thisrapph has a great convenience in
environmental partitioning calculations of chemscal A fugacity model InPest can

describe the complex indoor behaviour by a relgtisanple form and the calculations of

indoor behaviour correlate well with actual measwrts. The InPest only needs
molecular weight, vapor pressure, water solubdityl octanol water partition coefficient

of a chemical for a basic calculation. The minimaguirement of the physicochemical
properties is very convenient for any chemicals.

2. Time-dependent transfer efficiency

Transfer efficiency means available fraction ofhemical for transfer to the hands and
body after an application of the chemical. Thesjdential dermal exposure is estimated
by using floor residue of a chemical, contact amed exposure period as well as the
transfer efficiency. The floor residue can be dated or measured. For the other
factors, the US EPA recommends constant valuesdbaseseveral experiments or
observations. Here, the constancy raises two igusstl) Is the transfer efficiency
independent of the time after application? 2) Himwe estimate the dermal exposure
during multiple applications?

To investigate time-dependent profile of the trangffficiency, we conducted a wipe test
at specified intervals after an application of agpgroid on three different floor materials.
In any cases the transfer efficiency decreasedtwith. An equation to express the time-
dependent curve for transfer efficiency can be gz, taking into consideration the
mechanistic behaviour of chemicals on floor materidloor residue permeates the floor
material with time after deposition, and the depftipermeation of a chemical is given by
2 (D ©)°° whereDy, is diffusion constant of the chemical. In contyake amount of
residue transferred to the wipe-pad was determioyed constant weight applied as the
pad contacted the floor and hence, the pressumeckldepthh is constant for each
material. Therefore, when the wipe-pad contaatsflior under pressure, the diffusion
depth of the chemical with regard to transferenbenpmena i$ / 2 (Dn t)°°. This
indicates that the decrease of transfer efficiezanry be expressed by the function of time
%% Higherr values were derived when the transfer efficiehB{t) was obtained from
TE@®) =i (@ +jt)°

The product of the floor residue and transfer edficy is the transferable residue, which

means available residue to the hands and body Wwheran touches the contaminated
floor. When the transfer efficiency is assumedb@oa constant, the transferable residue

Page 19 of 104



Global CEM Net Report of the Workshop no. 2 @olirce
Characterization, Transport and Fdtdntra (Italy), 20-21 June 2005

during multiple applications can be calculated hyitiplying sum of the floor residue by
the constant transfer efficiency (i.e2. floor residue] x TE). However, when the
transferable residue is time-dependent, the treaisiie residue does not follow this
equation because the floor permeation depth isergifit for the first and second
applications. The transferable residue duringntidtiple applications should be the sum
of the transferable residues for each applicatiien £ [floor residue x TE]). As a result,
the approach of time-dependent transferable efftyieenables us to estimate residential
exposure levels more precisely.
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HOW EXISTING MODELS HANDLE SOURCES AND TRANSPORT
(Muhilan Pandian

The use of consumer products in the living spadeunfian receptors results in exposures
to chemicals released by the products. The procEsstimating exposures involves

source characterization, description of use enwimamt, and receptor characterization
(activity patterns and human factors). Source attarization deals with describing

chemical release rate, release medium (gas, dspplest, etc.), and release duration.
And transport deals with estimating breathing zameoncentrations and contact surface
concentrations after applying source parameteasuge environment.

Source models currently in use (based on the mod@€BISEXPO, EFAST, IAQX,
Notitia, SCIES, and WPEM) address one of more efftilowing concepts:

- constant source, instantaneous or for an extepeiedd
- intermittent variable source

- single exponential decay,

- multiple exponential decay,

- spill source (evaporation based),

- wall paint source, and

- spray (droplets) source.

The above models can be applied to most produadgdoribe the release parameters of
chemical(s) of concern, usually in units of mg/min.

Constant source models represent a source witmstantt release rate instantaneously,
intermittently or continuously. In the figure belpthe yellow line represents a constant
source continuous for about 100 minutes, the mag@oints represent intermittent
constant point sources once every 60 minutes, aadlue line represents a constant
source for 1440 minutes.
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Intermittent variable source models are an extensd constant sources; during
intermittent releases, the rates could be different

Single and multiple exponential decay source modefgesent those sources with
decaying release rates with time.

Single exponential: Source 5 &xp(-k 1)
Double exponential: Source 3 8xp(-k t) + S exp(-k t)

The constants for the decay characteristics arallysietermined experimentally. In the
figure below, the blue line represents a singleoeeptial and the magenta line represents
a double exponential.
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Spill source models can be applied to scenariogavaechemical of concern is released
from a liquid spill or from an evaporating surfacén algorithm in EFAST uses the
following calculations to estimate the evaporatiome and the evaporated mass of a pure
liquid that spills on a floor.

Volatility (mg/m®) = (Molecular Weight, g/lgmolx (Vapor Pressure, torrx
(16036) / (TemperaturéK)
log:(Evaporation Time, sec) = 7.3698 — 0.95d6g, o Volatility, mg/nr)
Mass Evaporated (mg/min) = (Mass Spilled, m@).9x 60 / (Evaporation Time,
sec)

Wall paint source models account for differentiglense rates based on differing paint
application durations. An algorithm in IAQX usé tfollowing calculations to estimate
the chemical mass released during the paintingessoc

Mass Released (mg/min) = pRA]/[1+ (kxRoxt)]
Where R = emission rate at t = 0, mgfhmin
A = area painted, m
K = empirical constant (ffmg; default = 0.003).

If the use environment is assumed to be indooesdikiouse, focusing specifically on the
inhalation post-application exposure route, transpmdels currently in use include

- 1-Zone model,

- 2-Zone model, and

- N-Zone model.

All indoor models are based on the equations (i =.1N) shown below:

N, j#i N, j#i
dC
i

Vi W = Si -L + Z quiCj - ZQi_»jCi
j=1 j=0
where
C = concentration mg/n
L = loss rate mg/min
N = number of zones
Q = air flow rate mmin
S = source release rate mg/min
t =time min
V = volume n
0 = zone 0 = outdoor
i = zone of interest i=1,...,N

Simple applications use the 1-Zone model (N = 1 aigher tiered ones consider
population based, probabilistic modeling approach&€sese models are usually solved
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numerically to determine concentrations as a fonctif time. The figure below is a plot
of concentration vs. time. It is based on theafsesource in a single zone, where source
is set to a higher release setting until 20 minutesulting in the gradual rise in
concentration. Once the source is set to a lovetting after 20 minutes, the
concentration gradually decreases to an equilibtawal.

3.0

N
ol
|

N
o
|

=
o
|

Concentration (mg/m?)
'—\
(03]
|

o
[¢)]
|

0.0
0 5 10 15 20 25 30 35 40 45
Minute

For the dermal exposure pathway, chemical condémisa on relevant surfaces that
humans contact have to be estimated. Models $péacithis pathway usually address
the transfer process of chemical from surface&ita s
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INTAKE FRACTION: QUANTIFYING EMISSIONS-TO-INTAKE

RELATIONSHIPS
(William W Nazaroff

Introduction

This workshop emerges from concerns about the hheaks that may be posed by

human exposure to pollutants resulting from proeggbat occur or from products that

are present in indoor environments. An ultimatgeciive is to protect human health

from excessive risk. One of the major technoldggeal policy approaches for achieving

such protection is to limit emissions from sourcd® pursue this approach, we are led
these questions. Which contaminants should beated? From which sources? And

to what extent? To answer these questions raljgriabls are needed that link processes
and products to effects. Among the needs arenmton and methods that can connect
emissions to exposure or, as is proposed hereprioect emissions to intake. Such
information and methods would support what is hHerened “source-oriented exposure

assessment.”

This note addresses two objectives. First, it disodbut briefly) argues that a tiered
approach is needed to support the broad goalswtasariented exposure assessment.
Second, a specific metric for such assessmentse-ntake fraction — is described. The
concept is introduced, examples are presenteddierihcan be evaluated, and its utility
is briefly explored. For a more thorough introdoitto intake fraction as an exposure
metric, see DH Bennett al. (Environmental Science & Technolog§, A206-A211).

An important caveat must be stated. This summaly considers inhalation as a route

of human exposure. It is well recognized that pihathways are important for many

species. Many (if not all) of the ideas preseritete can be generalized to incorporate
other pathways.

Tiered approach

Environmental systems are enormously complex. dally, many indicators are needed
to properly characterize the state of the systeéfhese indicators may be difficult to
measure. Many factors can influence the valuesntabn by the indicators. The
dependence of the indicators on governing factag be poorly understood. Incomplete
understanding impedes model development. Convaaltexperimental methods such as
laboratory investigations of isolated elements malyaccurately represent systems with
scale-dependent behaviors or complex feedbackgerimental manipulation of natural
environments to observe responses may be imprhctidaurthermore, quantitative
indicators and governing factors can vary over ggaggly large scales. In trying to
understand the terrestrial environment, we encoumipgortant phenomena that occur on
linear scales ranging from molecular to global amdtemporal scales ranging from
microseconds (or shorter) to millennia (or longer).
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Narrowing our focus to the particular issue of homexposure to environmental
pollutants associated with indoor emissions singdiimatters to only a limited extent.
Many indicators are needed; their dependences bfratliing factors are complex and
imperfectly understood. Models are hampered by lkmited understanding and
appropriate experiments are challenging to devisgé eonduct. Linear dimensions
associated with processes of interest span rangesrholecular to the size of buildings,
and relevant time scales can vary from secondsc¢adks.

Given the complexity of the system, one should exjpect that a single approach, a
single method, or a single perspective would seffs a basis for understanding or
action. Like the artist, the carpenter, or thegeon, we need a richly constituted tool kit
to effectively comprehend the system of the humeaalth risk associated with products
and processes in indoor environments. Includethis tool kit should be screening

methods that can quickly and cost-effectively ssittiations where health risks are
negligible from those where health risks are paddigtsubstantial. The cases in the
former group could then be cost-effectively remo¥ean further attention, while more

detailed (and more expensive) assessment methadsectbcused on cases in the latter

group.

Intake fraction

It is helpful at this stage to consider an air pidin health effects paradigm. (I first saw
this paradigm well articulated by KR SmitAnnual Review of Energy and the
Environmentl8, 529, 1993). The paradigm begins with sourcesdimt pollutants into
air. Those pollutants are transported, disperaad,transformed to yield time-varying
concentration fields. As people move about, theyoanter this concentration field, and
are thereby exposed. Intake represents the imbralaf contaminants owing to their
presence in the air inhaled, and uptake referBedransfer of such contaminants into the
body. Subsequent biochemical and biophysical s transform uptake into dose
(e.g. to organs or tissues). If doses are exagstien an adverse health effect results.
Ultimately, we would like to understand this pagadinot only schematically, but also
guantitatively and mechanistically. Understandaognponents of the system can help
realize the ultimate goal.

The intake fraction focuses attention on the emissiexposure relationship. For the
inhalation pathway, the intake fraction is defiresdthe attributable mass of a pollutant
inhaled per unit mass released. By “attributab® mean the pollution that is
ascribable to a particular source or source clagigh respect to the population exposed,
the intake fraction can be partitioned into its poments. Thus, the total population
intake fraction is the individual intake fractionrsmed over each of the persons exposed.

If intake fraction along with some other informatics known, then the source-oriented
health risk may be estimated from a simple expoessis follows. For each pollutant of
concern, the partial health risk would be estimaedhe product of four terms: usage
factor, emission factor, intake fraction, and tayic The total source-oriented health risk
would be the partial health risks summed over allutants of concern. This is but one
example of how intake fraction information can lsed. It is important to keep in mind
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that the intake fraction is a metric, not a methddle can think of it as a lens or a
window through which to view certain aspects of@syre.

Evaluating intake fraction

The intake fraction may be evaluated through aetyarof modeling and measurement
approaches. Modeling methods can range from “lodt¢hke-envelope” estimation
techniques to sophisticated fate-and-transport tsodbleasurement methods typically
rely on tracers, either deliberately released @oaated naturally with sources. One
important finding from early work on intake fraat® is that values associated with
indoor releases are commonly in the range 1,0Q0t000 per million, whereas values
associated with outdoor releases are commonly enrdmge 1-20 per million. This
remarkable difference has been named the “ruleD602 As articulated by KR Smith
(Environment 30(8), 10, 1988), “A typical pollutarglease indoors is ~ 1000 times as
effective in causing human exposure as the saraaselto outdoor air.”

The main factors that affect the intake fraction ifadoor releases can be clustered into
three groups: (a) building attributes, such asilaitn rate; (b) pollutant attributes, such
as the tendency to sorb or otherwise interact withoor surfaces; and (c) human
attributes, such as breathing rates and occupaattsgrps.

In the simplest case, a nonreactive (and nonsorlpogutant is emitted from some
indoor source into a well-mixed space. In the éwdrsteady occupancy kY persons,
each of whom is inhaling air at an average voluate bfQg, the intake fraction i§x
Qe/Q, whereQ is the volumetric ventilation rate of the spadeemarkably, this simple
result holds regardless of the temporal patteenagsions.

The simplifying assumptions can be relaxed. Spef@mple, if the released pollutant
experiences first-order loss with a rate conskadtimension: inverse time) in a space of
volume V, then the intake fraction from the previous exam@ modified toNx
Qe/(Q+kV). Analogously, one can account for time-varyingeupancy and imperfect
mixing in relatively direct manner.

To date, the most detailed assessment of intak#idrafor indoor releases has been
carried out by Neil Klepeis in his PhD dissertatif/sing computer simulation to
explore multi-compartment effects and mitigatioratggies for residential exposure to
secondhand tobacco smoke,” UC Berkeley, 2004). inderporated human activity
pattern data survey into a sophisticated fate-eamsport model to investigate exposure
to environmental tobacco smoke constituents in lizone single-family residence. For
carbon monoxide (effectively an inert tracer) arat f high-exposure cohort of
individuals who spent at least 2/3 of their timehamme, the individual intake fractions
were determined to be reasonably well described lmgnormal distribution with GM =
1400 per million and GSD = 1.8.

Summary
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The intake fraction metric focuses attention orrseueceptor relationships, a matter that
is at the heart of source-oriented exposure assggsm The metric has many virtues,

including facilitating communication and being résacgpportioned (both by source and

by receptor). As an organizing principle for infation, or as a lens through which to

glimpse some important aspects of human expodunasimuch potential, most of which

has not yet been exploited. Efforts to furtheredep information about intake fractions

associated with indoor sources will help make eyposissessments simpler to conduct
and convey.
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MODEL SELECTION AND MODEL PERFORMANCE

EVALUATION
(Thomas E. McKorne

Perspectives on the Use of Models

Whether used to assess indoor exposures to conguakIcts or to assess releases to the
ambient environment, source and transport charaatem models are used to support
decisions to tolerate, regulate or monitor existamgl new chemicals uses. In this role,
source/fate models provide prospective analysesnphcts from new chemicals and
retrospective analyses of the links between healthomes and various chemical uses.
In using models to support regulation and monigpolicies, decision makers struggle
with the question of how likely are they to makewamranted choices and what the
associated health, economic, and political consezpge of those choices are. To
confront these questions, decision makers rely oodaters to quantify the
representativeness (fidelity) and reliability ofithmodel predictions.

In this section we explore the issues of model ctéiele and model performance
evaluation. We consider three issues—perspectinehe use of models, the process of
model performance evaluation, and choices about siowple or complex to make a
model in order to address the question at hand.

Perspectives on the Use of Models

In order to carry out model selection and modellation we need to define and
characterize the life stages of a model. The Wfele of a source-fate model has at least
three states—problem formulation to establish tireceptual model, model building, and
model application (see Figure 1). Historically thanagement of model quality at many
regulatory and policy agencies has been incompleteinconsistent. This is due in part
to failures to recognize the impact of errors andssions in the early stages of the life-
cycle of the model. At many organizations, the elalaluation process only begins in
the model building and model application stageset frmulating the wrong model
guestions or even confronting the right questioith the wrong conceptual model will
lead to serious quality problems in the use of aleho But these quality issues are
difficult to discover and even more difficult tosave (if discovered) when model
evaluation is only used at the late stages of tbdahlife cycle.

As is the case for all models, source and fate isokdave inherent capabilities and
limitations. The limitations arise because modeks simplifications of the real system
that they describe and all assessments using thdelsnare based on imperfect
knowledge of input parameters. This gives risekerent uncertainty. This realization
provides insight into how the models should be i@opand for deciding whether and/or
how to make the models more detailed.

Page 29 of 104



Global CEM Net Report of the Workshop no. 2 @olirce
Characterization, Transport and Fdtdntra (Italy), 20-21 June 2005

: - Theory and assumptions
Conceive
- Conceptual model
model
- Data selection Construct a - Algorithm selection
- Set parameter values guantitative - Empirical vs structural
model - Computational model
- Set s;_/stem boundaries Apply the
- Duration model
- Interpret model results

Figure 1. The stages of the life-cycle of a model and theem@l types of model
evaluation that can be applied at each of thesgesta

The Model Evaluation Process—Building Confidence

Confronting the capabilities and limitations of netgl requires a model performance
evaluation. This evaluation should estimate thgreke of uncertainty in the assessment
and illustrates the relative value of increasingdeiocomplexity, providing a more
explicit representation of uncertainties, or asdergbmore data through field studies and
experimental analysis. Here we summarize currenthods used to evaluate the
performance of source/fate models with a particelaaphasis on methods for model
sensitivity and uncertainty analysis.

Sensitivity and Uncertainty Analyses

Sensitivity and uncertainty analyses are powedals for assessing the performance and
reliability of models. As applied to mathematicalodels, sensitivity analysis is
guantification of changes in model outputs as altesf changes in individual model
parameters. Uncertainty analysis is the deterntnadf the variation or imprecision in
the output function based on the collective vasratiof the model inputs. A full
discussion of sensitivity and uncertainty analysigrovided in the text by Morgan and
Henrion (1990) and the volume edited by Saltellale¢2000). The goal of a sensitivity
analysis is to rank input parameters, model algorit or model assumptions on the basis
of their contribution to variance in the model autpSensitivity analyses can be either
local or global. A local sensitivity analysis iseasto examine the effects of small

Page 30 of 104



Global CEM Net Report of the Workshop no. 2 @olirce
Characterization, Transport and Fdtdntra (Italy), 20-21 June 2005

changes in parameter values at some defined poitiiel range of outcome values. A
global sensitivity analysis quantifies the effecfsvariation in parameters over their
entire space of outcome values.

Sources of uncertainty

Uncertainty in model predictions arise from a numiesources, including specification
of the problem; formulation of the conceptual moededtimation of input values and
calculation, interpretation, and documentationhef tesults. Of these, only uncertainties
due to estimation of input values can be quantiired straightforward manner based on
variance propagation techniques. Uncertaintiesdhae from miss-specification of the
problem and model formulation errors can be asdessieg tools such as decision trees
or based on elicitation of expert opinions (Ragaa.e1999).

Uncertainty importance and ranking

A framework for the analysis of uncertainty in exwvimental models is described by
Morgan and Henrion (1990) and Finkel (1990) and lteen applied by Hertwich et al.
(2000) to fate and source models. This framewastirdjuishes among parameter
uncertainty, model uncertainty, decision rule utaiaty, and natural variability in any of
the parameters and calls for a separate treatnmdiné alifferent types of uncertainty. For
example, in evaluating parameter uncertainty andabgity Hertwich et al. (2000)
considered both uncertainty in chemical-specifipuin parameters as well as the
variability in exposure factors and environmentatem parameters.

Model Evaluation and Confidence Building

Many model users assume that reliable models ae thrat have been truly “validated”.
However, there continues to be wide disagreemedtcamfusion in the scientific and
regulatory communities about what it means to \aéida model and if true validation is
even possible. Recent papers have made conviaogyugnents that comparison of model
output to observations is not a sufficient meastir@cceptability on its own to “validate”
a model (Oreskes et al., 1994; Beck et al., 199&sk®s, 1998).

Oreskes et al. (1994), point out that models thatat truly validateable are common in
the environmental sciences and require a more titwilgand systematic process for
building confidence among model users. It is gwesto build confidence in these
models through a series of evaluation exercises.nbdels can be used to put bounds on
the likely range of outcomes. The greater the remand the diversity of confirming
observations that can be made, the more probable that the conceptualization
embodied in the model is not flawed. Confirmingetvations do not demonstrate the
veracity of the model, but they do support the pholity that the model is useful and that
the hypotheses that it supports are not falseho@ifgh validity may not accrue with these
evaluation exercises, user confidence will increaSenfidence is further enhanced if the
user can easily inspect or verify the operatiothefalgorithms and data transformations
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and determine whether the model is internally ciest and contains no logical flaws or
technical errors, such as incorrect code implentienta Easy access to the raw data used
as inputs, the steps of data transformations usetié calculation, and the computer
coded algorithms underlying these data transfoonatenhances user confidence in the
model. For source/fate models in particular, dihity is further enhanced by clearly
guantifying the effects of variability and uncenigi in input parameters on model
predictions.

Simple versus complex--How to decide?

The complexity of a model is its spatial and tenapoesolution and the nature and extent
of feedback processes captured by the model. Walectsg the spatial and temporal
scales to use for modeling sources and fate, #reréwvo key considerations. First, what
are the overall scales needed to describe a plartichemical--how far a chemical is
likely to spread and how long it is likely to pestsin the environment? Second, what is
the resolution of the time and spatial steps ne¢al@dhieve the desired level of detail in
the output as well as to account for temporal gadial variation in the inputs?

The modeler and model user must determine how sealedetail will impact the model
evaluation process. For example, will increasingtigp and temporal resolution change
the trend in concentrations, or merely add fluctuairound a mean value? Or how does
the external boundary of a system influence comagahs within a system?

There is an ongoing need to establish and imprpea the confidence placed in source-
fate models by decision makers. There is als@gp®rtunity to build more complex and
spatially explicit models. Are these two trendspatible? The increasing capability of
personal computers makes possible more complex Isjaaled some equate complexity
with credibility. But sometimes the opposite is ttese--complexity makes the models
much more difficult to verify and evaluate and makieparticularly difficult to assess
data limitations. Fidelity tends to be enhancedatigled complexity while reliability and
user confidence are enhanced by simplicity. Thusyré source, fate, and exposure
models will have to find an acceptable balance betwthe model’s fidelity to the
system/problem of concern and the need for reitgitahd user confidence.
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REACTIVE CHEMISTRY: SIGNIFICANCE FOR SOURCE

CHARACTERIZATION
(William W Nazaroff

Introduction

Chemical transformations can and do occur in inddor Such transformations influence
the kind and amounts of pollutants to which peogle exposed, and therefore alter
source-oriented health risks. As we are conceatedit the health risks associated with
products and processes in indoor environments, hoelld recognize the potential for

chemical transformations and seek to understanddigmificance.

In this matter, a strong analogy exists with motehicle emissions into urban air.

Pollutants directly emitted from motor vehicles aeemed primary emissions. These
include unburned and partially oxidized organiamfrfuel, nitrogen oxides from high-

temperature combustion, carbon monoxide from figdl-combustion conditions, and

particulate matter both from the tail pipe and frabrasive wear of brakes, tires, and
road surfaces. Adverse health consequences calt fresn exposure to these primary
pollutants.

In the atmosphere, the primary pollutants can ugmechemical transformations.

Nitrogen oxides and volatile organic compounds comln the presence of sunlight to
form a suite of secondary pollutants, among whicdé azone, hydrogen peroxide,
peroxyacetyl nitrate, aldehydes, organic and inoiggacids, and secondary particulate
matter. Exposure to these species also can paseuserisks of adverse health

consequences. Thus, if one seeks to understanketdth risks associated with motor
vehicle use, one should not only consider the pyreanissions, but also the formation of
secondary pollutants in the atmosphere.

Evidence is emerging that the same principle apgbe indoor environments. Source-
oriented health risks are not solely a consequefg@imary emissions, but may also
have important contributions from secondary potitga

Contrasting indoor and outdoor environments

Three important parameters that influence chenreattivity in air are residence time,

light-energy flux, and surface-to-volume ratio. 8ymparing these parameters in indoor
and outdoor environments, we can gain some insightt the types of transformations
that may be important indoors.

The residence time of air in an urban atmosphesbait an order of magnitude larger
than that in a typical indoor environment, ~ 10 hcaspared with ~ 1 h. Much of the
reactive chemistry in urban atmospheres is intlidqg certain species absorbing a photon
of ultraviolet light from the sun. The light engrfux in outdoor air is typically very
much larger than in indoor air, ~ 1000 W?ras compared to ~ 1 W On the other
hand, when we consider the amount of surface aq@ased per unit air volume, an urban
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atmosphere may have 2-3 orders of magnitude lefacsithan indoors, ~ 0.01°’m> as
compared with ~ 3 fim™. A key lesson in these comparisons is that, wiiletolytic
reactions play a central role in urban atmosphar@amistry, they are much less important
indoors. On the other hand, surface-mediated irectare likely to be much more
important indoors than in outdoor air.

Chemical processes of interest in indoor air

Several broad classes of chemical reactions mauradecindoor air. These include
oxidation-reduction reactions, acid-base reactidnglrolysis reactions, decomposition
reactions, phase-change processes, and sorpti@pedfic example is the hydrolysis of
di(2-ethylhexyl) phthalate (DEHP), a widely usedsgticizer. When vinyl flooring is

installed on poorly cured concrete, DEHP in theyboomes into contact with the moist,
high pH surface. A hydrolysis reaction leads te tbrmation of 2-ethylhexanol, which
has a relatively low odor threshold, and monoetiytphthalate.

Ozone-initiated chemistry: An important class

Because of the low levels of light indoors, the mfeal energy to trigger reactive
chemistry generally must come from a source oti@n indoor photolysis. Ozone is an
important carrier of oxidative chemical potentialOzone from ambient air enters
buildings along with ventilation. Some productgdisndoors also may generate ozone,
including certain air cleaners and photocopierslobr ozone levels exceeding 20 ppb on
a transient basis are not uncommon. Pollutants#a&t at a meaningful rate with ozone
include nitrogen oxides, unsaturated volatile orggnterpenoids, and unsaturated fatty
acids and oils. The reaction rates can vary mayke@iven the ~ 1 h residence time,
gas-phase reactions must be relatively fast to lmeggnificant impact on indoor air
quality; this constraint is relaxed for surfaceateans. The products of ozone-initiated
indoor chemistry are diverse, including free radiqa.g., OH), peroxides (e.g.,6b),
short-lived organics (e.g., ozonides), and staljamcs (e.g., carbonyls).

Evidence is emerging for adverse effects associaiét exposure to the products of
ozone-initiated chemistry in indoor environmenior example, hydroperoxides derived
from ozone-alkene interactions have been identifisgpotent contact allergens. As a
second example, exposure of human eyes to a mixibii@door-relevant levels of
limonene and ozone produced a significant chandpink rate, suggesting eye irritation,
whereas no change was observed with exposureer eifhemical alone.

The next two sections provide brief case studieszoine-induced chemistry relevant to
characterizing emissions from indoor sources.

Case 1: Ozone interaction with carpet

Experiments were conducted to study the rate oh@zgtake on carpet surfaces and the
volatile secondary products that were formed assalt of ozone-initiated chemistry. In
four separate experiments, a small sample of cavpstplaced in an environmental test
chamber to which was supplied ozone at a fixedtiveldhumidity (50%). A feedback
loop was employed to maintain the ozone level emdhamber at a constant level of 100
ppb. In the absence of ozone exposure, the fapetaamples emitted very low levels
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of aldehydes, on the order of 10 p¢ ' or less. However, when exposed to ozone,
aldehyde emissions jumped to ~ 200 — 800 pfghth  When only the primary gaseous
emissions were exposed to ozone, aldehyde levels vedatively low, indicating that
most of the reactive chemistry involved surfac&se dominant aldehydes formed were
nonanal and 2-nonenal (highly odorous). These beagxidative byproducts of ozone-
induced decomposition of organic fatty acids thatevon the carpet fibers owing to their
processing.  Modeling results suggest that thesmpoands could persist at
concentrations above their odor thresholds for \& feears in a typical residential
environment.

Case 2: Ozone interactions with terpenes

Terpenes are a class of volatile organic compodedsed from certain plants. They are
widely used in consumer products owing to theieetiire solvent properties and their
pleasant smell. They are also favored as “gredt€rmatives to petroleum-based
solvents. Many terpenes react rapidly with ozoAenong the reaction byproducts are
aldehydes, the hydroxyl radical, and secondaryqdate matter.

A series of laboratory experiments is being coneldicb investigate the interactions of
ozone with cleaning products and air fresheners ¢batain terpenes or terpene-like
compounds. In one set of experiments, the volablaponents of cleaning products are
continuously supplied to a 200-L chamber. A segaline supplies ozone. Steady-state
concentrations of primary constituents and secong@oducts are measured. With
realistic reactant levels and ventilation ratesifmoor conditions, we observed marked
decomposition of ozone, significant degradationceftain terpenoids, and substantial
production of oxygenated organics, such as aldef)yatganic acids, and ketones.

We also observed the formation of new particlesspmably created from low-volatility
secondary organics. After steady conditions atabéished in the chamber with only
cleaning product emissions supplied, ozone is dhtced. Immediately, we observe the
burst formation of ultrafine particles. These mdes serve as condensation sites for
continued production of low-volatility products, iwwh causes the particles to grow.
These observations share many features with numheavents recently reported in urban
and remote atmospheres. Among the causes foegttand concern in such events is
evidence of adverse health consequences from tidralexposure to ultrafine particles.

Summary
The health risks associated with emissions fronoandgroducts and processes may be

influenced by reactive chemistry. Because of theslth-protective public policies that
are aimed at source characterization and contret maorporate appropriate information
about the formation of secondary pollutants andr thedationship to source emissions.
Research tools and techniques for studying the dbam of secondary pollutants are
available. To date, these have been applied,ddytam a limited basis, to understand the
nature, scale, and significance of secondary moilutformation owing to reactive

chemistry in indoor air. Devising practical metBodf incorporating this emerging

information into indoor source characterization aams a challenge.
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DEVELOPING AND VALIDATING FUNDAMENTAL SOURCE

MODELS FOR CONSUMER PRODUCTS
(John Little

Background and Objectives

Modern consumers are exposed to a vast array cfuooer products, many of which
release contaminating chemicals into the near-fietdlironment. Volatile organic
compounds (VOCSs) constitute an important classushscontaminants. Amongst the
primary sources are adhesives, caulks, sealaritdspaolvents, wood stain, floor wax,
carpets, textiles, wallboard, treated wood, urethanatings, pressed-wood products,
vinyl flooring, and office equipment such as congust copiers and printers. Also,
attention has recently turned to semi-volatile argacompounds (SVOCs) such as
plasticizers, flame retardants, and biocides. olntrast to VOCs, where the emission rate
may be high, but relatively short-lived, the enossrates of SVOCs are much lower, but
are usually more toxic and may continue for a Jeng duration. Volatile emissions are
a probable cause of acute health effects and discbramong building occupants
(Anderssoret al, 1997) and are known to diminish worker produttiyFanger, 2002).
Although volatile emissions from these consumerdpobs have historically been
empirically characterized in small test chamberspranfundamental mechanistic
approaches have been developed for several of dhemon source types, including
solvent-based “wet” sources (Gub al, 1999) as well as “dry” sources (Cex al,
2002). As a specific example, emissions from vihgbring have recently been shown
(Cox et al, 2002) to depend primarily on three fundamentabmeters (g the initial
material-phase concentration, K, the material/aartipon coefficient, and D, the
material-phase diffusion coefficient). The devetgmt of the overall method included
new ways to measurey@Coxet al, 2001a) as well as K and D (Cekal, 2001b). This
conceptual break-through suggests that it shoulddssible to directly measure the key
parameters and then use exposure models to pthedianpact on human health and the
environment.

There are literally thousands of consumer produsts)y of which contain a vast array of
different VOCs and SVOCs. Empirically characterggi emission of individual
contaminants from each one of these different cmesyroducts in small chambers is
quite simply an_impossibléask. Fortunately, the fundamental mechanismsiguong
emissions appear to be very similar for severaathrdasses of consumer products. For
example, “dry” materials such as vinyl flooring (WECox et al, 2002), polyurethane
foam (PUF) (Zhacet al, 2004), polystyrene foam (PSF) (Yuahal, 2005), and even
oriented strand-board (OSB) (Yuahal, 2005), all appear to behave in a similar fashion
This means that once the approach has been valiftate specific product or class of
products, it should become routine to rapidly measiie key model parameters and then
simply predict & priori) the emission rate. This fundamental source dbaraation
approach would be greatly facilitated if the valdsK and D could be predicted, as
opposed to being measured, each time a new cordamis identified. Fortunately, it
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has been shown (Cat al, 2001b) that D and K tend to correlate with malac weight
and vapor pressure, respectively. If such coimlagéquations can be deduced for the
typical consumer products, perhaps based on differlasses of organic compounds, all
that would be required is the identification andasw@ement of the initial concentration
of individual VOCs in the material phase. Once thdividual VOCs have been
identified and quantified (i.e.,o@s determined), values for D and K can be obtaineuh
the correlation equations and used to predict eomgsites without further effort (Caat

al., 2002).

This approach could significantly reduce the castscharacterizing emission from

consumer products. As already mentioned, receitterge suggests that the same
mechanisms govern the release of contaminants &§®reral other consumer products
(for example, the same governing phenomena appeaoritrol emission of VOCs from

vinyl flooring, polystyrene foam, oriented strandabd, and polyurethane foam). In
addition, as the controlling mechanisms are cleallicidated, methods to reduce the
emission rate by changing the manufacturing probes®me apparent, increasing the
already considerable return on the research invedtm Even more exciting, recent
preliminary results (Xu and Little, 2005) suggekattit may be possible to use an
analogous approach to predict the emission rat8\@Cs (for example, plasticizers

(such as di-(2-ethylhexyl) phthalate) and flameangdnts (such as polybrominated
diphenyl ethers)) from polymer-based consumer mted(such as vinyl products and
children’s toys).

In this research, we will apply these very prongstheoretical advances to consumer
products that are of interest in the European stnt€he research will be conducted in a
close collaboration between IHCP and VT, and weljuire some development of the
laboratory infrastructure at IHCP. The overall lgadl be to develop and/or validate
source models to predict emissions of VOCs fromt®wgeurces such as solvent-based
coating materials (Guet al, 1999), as well as emissions of both VOCs and S¥®om
“dry” sources such as vinyl flooring (Cet al, 2002; Xu and Little, 2005). Because the
basic models for predicting emissions of VOCs frboth wet and dry sources are
already available, these two approaches will ordgchto be developed, tested, and
validated at IHCP. The preliminary model to prédmission of SVOCs from “dry”
sources needs to be further developed and validatetithis research will be carried out
initially at VT, but will subsequently be transfedto IHCP, as the laboratory capacity at
IHCP develops. Specific research objectives inelud

1. For each of the source classes (wet/VOC, dry/va@a@ dry/SVOC), develop
and/or validate fundamental emissions model usingllschambers;

2. Evaluate and further develop reliable methodgitectly measure the key source
model parameters;

3. As data on model parameters accumulates, devaleihods to correlate the
parameters with readily available physical-chemipedperties of the volatile
contaminants;

4. Using large chambers and/or the test house @P|Hbrove the overall validity of
the approach by demonstrating that the source muakdated in the small
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chamber studies can be scaled-up to predict conspnoeluct emissions and
exposure in full-scale, real-world scenarios.

5. As the research evolves, build a taxonomy okgersource classes that spans the
entire range of consumer products. For each sktseurce classes, elucidate the
fundamental mechanisms that govern emissions, fatsa mechanistic source
model, and repeat steps 1 through 4.

Research Approach

The research will involve close collaboration beswdHCP and Virginia Tech. The
validation of the wet/VOC model will be carried aaritirely at IHCP. The validation of
the dry/VOC model will also be carried out at IHGR}t some of the procedures will be
replicated at VT to ensure overall scientific imigg Because of the difficulties involved
in working with SVOCs, the development and validatof the dry/SVOC model will
begin at VT, but will be transferred to IHCP as thboratory capacity is developed.
Replication of tests at both IHCP and VT will agaicrease the overall scientific
confidence in the results. Both Dr. Little and YAE graduate student will visit IHCP for
several weeks each year to work in collaboratiothwDr. Arvanitis and Dr.
Kephalopoulos. In this way, over the three-yearatian of the project, the scientific
infrastructure and capacity at IHCP will be develdp Following this three-year period,
the development and validation of fundamental seunodels for all classes of consumer
products can continue unimpeded. IHCP and Virgi@ah together will together choose
the specific consumer product examples we will wonkfor each of the three product
classes (wet/VOC, dry/VOC, and dry/SVOC). The datied models will be completed
as follows:

Year 1 — Validated model for wet/VOC (octane (atfteo VOCS) in alkyd paint?)
Year 2 — Validated model for dry/VOC (styrene (arider VOCS) in carpet?)
Year 3 — Validated model for dry/SVOC (phthalatesinyl flooring?)
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OVERVIEW OF CANADIAN NATIONAL RESEARCH PROGRAM

ON INDOOR SOURCES - RESULTS AND LESSONS
(Doyun Woh

In 1996, the Institute for Research in Construgtidational Research Council Canada
(IRC/NRC) launched the Material Emissions and Indas Quality Modeling project
(MEIAQ). The research is to develop the knowledgel tools needed to estimate
concentrations of volatile organic compounds (VO@sherated by the emissions from
building materials and furnishings in order to gaihetter understanding of the effects of
those products on indoor air quality (IAQ). Thecaad phase of the project was
completed in 2004. A brief summary of the task®lned in Phase Il is given below.

Target VOC List

This task is to provide criteria for analyzing esné data. First, 3 to 5 most abundant
VOCs were guantitatively analyzed in any emissiest.t Secondly, the emission data
were analyzed for a target VOC list, which was added to contain 90 VOCs, including

those known to be emitted from various materiatgl, @&specially, those known to have
health or irritation effects. These 90 VOCs weetested based on the review of 11
published lists and the experience gained by IRGfits material emissions testing. All

selected VOCs are included in at least one of th@ublished lists (11 referenced lists
plus the California target compound list) with Zegtions, which are from IRC emission
data. Of the 90 VOCs, half of these chemicals Hawvean health implications and the
other half are associated with large emission rates

Factors Affecting Material Emissions

Specimen Variability: A Case Study

This task aimed to determine quantitatively theeutasnty of VOC emission rates from a
single material likely due to the non-homogeneoatimre of raw material ingredients,
manufacturing processes, and handling/storing gsB= A series of samples of oriented
strand board (OSB) were collected and subjectech&omber tests for VOC emissions
under standardized conditions {€350% RH, 1 air change per hour, 0.Zm loading).
Specimens were collected directly from the milesiof three different manufacturers.
Repeat samples were also collected from the sana#l w@utlet on three separate
occasions (same manufacturer, 3 different prodoctiates), from separate panels
produced on the same production date, and fromipteultocations within the same
panel. Variability in the VOC emissions from thessamples was found to exceed the
analytical uncertainty by an order of magnitudeame cases.

Effects of Environmental Factors on VOC Emissiaosif a Wet Building Material

In addition to inherent specimen variability, elvimental conditions can also affect
VOC emissions from building materials. A serieseaperiments were conducted for
VOC emissions from a solvent-based paint with whe@vironmental conditions and
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initial concentrations. It was found that the esioas from a paint sample were affected
by air velocity {), air temperatureT]), and initial concentration within the coatinG,),
while there were no effects of relative humidiH). The effects were quantified by
correlating the model coefficients, i.e., diffusifd) and evaporationaj coefficients,
with the environmental variables. It was showrt tDas linearly proportional to T and
Co, while a is related tos through a hyperbolic mathematical relationshipddidionally,

it was found thaD anda can be expressed as a function of chemical piiepegite.,
molecular weight W) and vapor pressur&'P), respectively. As a result, a correlation
equation foD as a function oMW, T, andC, and another foa as a function o¥/P andv
were derived in a mathematical form.

Database and Simulation of Indoor Concentrations

Material Emission Testing and MEDB-IAQ Software

A total of 69 building materials were tested in @-L5 stainless-steel chamber in
accordance with ASTMstandards. The test information and the emisdhamacteristics
of 90 target VOCs and 3-5 abundant VOCs are packagé software calledil aterial
EmissionsDataBase andndoorAir Quality Modeling (MEDB-IAQ). In addition to the
database, the software has an IAQ simulation tatii which indoor air concentrations
can be predicted for chemicals coming from buildmgterials based on choices of
materials, chemicals and ventilation schemes.

The software was validated with IAQ measuremenis fesearch house for more than 8
months after the completion of the house. Theaso tends to under-predict long-term
emissions. This is likely due to the fact thatyodP sources were modeled among
hundreds of building materials used in the houskthe fact that some building materials
may have acted as sinks of VOCs.

Development and Validation of a Theoretical Modeldr Wet Building Materials

Model Development for VOC Emissions from Wet Buidi Materials

While the MEDB-IAQ used empirical source models mhafor simplicity, mass-transfer
based theoreticaimodels were also developed for more advanced nmadeli The
coefficients of theoretical models have physicalameg and, therefore, can be
extrapolated to other settings beyond tested emviemtal conditions.

To apply this model to VOC emissions from wet buitgd materials, it is necessary to
know the evaporation (mass-transfer) and diffusioefficients of VOCs emitted from

the coating materials. A companion experimentalhoe was developed to determine
both the evaporation and diffusion coefficients six aliphatic hydrocarbons and six
aromatic hydrocarbons from solvent-based paint.e Tésults indicate that diffusion

coefficients are inversely proportional to moleculaveight, while evaporation

coefficients are proportional to vapor pressur¥OtCs.
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Validation of a Mass-transfer Model for VOC Emissie from Wet Building Materials
This task attempts to validate the mass-transfedainthat was developed for VOC
emissions from wet building materials mentionedva&boThe validation was done for 10
compounds emitted from a solvent-based paint appplie a primer-coated gypsum
wallboard. While the mass-transfer model tendsirider-predict the results at lower
concentrations (longer times), the performance haf mmodel is very encouraging in
general.

The model performance for 5 compounds successpalsed five out of six statistical
measures for assessing the general agreement asdbbtween the measured and
predicted data. The model predictions for the heompounds did not pass most of the
statistical measures. The measurements of irghiaimical concentrations in the paint
sample were identified as an error source for 4pmmds, which are more volatile than
the 5 chemicals that passed the statistical asalygfith modified initial concentration
data, the model performance for the four most uelatompounds was improved to
similar levels of agreement for the first 5 compadsin The poor performance of the
model for the one remaining compound is likely doienultiple error sources including
errors in measurements of model parameters andiansan the assumption of no mass
flux at the interface between the paint layer dredlatex-based primer-coated substrate.
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SUMMARY OF TRANSPORT AND FATE MODELS
(Michael Jayjock - with material contributions fra@hris Keil, Mark Nicas and Susan
Arnold)

Historically, the well-mixed box representation hd@minated as the indoor transport
model of choice. In this construct transport isvaniently handled by assuming that any
molecule released into a microenvironment (e.g.,reaidential room) will be
instantaneously mixed within the volume of the roomin this model the average
concentration is considered to be homogeneousdhmu the volume of the room. That
is, there are no gradients of concentration betwkersource and any point within the
microenvironment.

Given a steady source, the well-mixed box modeldeen the following simple
relationship for the average airborne concentraibma nonreactive/nonsorbing species
with a source rate in mass/time and ventilatioa matvolume/time:

Source Rate
Ventilation _ Rate

Concentatbn =

These assumptions are reasonably valid for scenavith large diffuse or multiple
sources emitting to relatively small microenviromtgewith rapidly moving and well-
mixed air. This approach may also work reasonal®il for predicting time-averaged
exposure concentrations over extended time inter¥#dwever, the assumptions are not
valid for predicting transient exposures to emigsirom point sources proximate to the
exposed individual.

Clearly, point sources in real rooms have strorgdignts of concentration from the
source to distal points within the room. A tedahiconstruct was used to successfully
describe this situation by Dr. John Franke in f985LPhD Thesi5 Dr. Franke used a
diffusion model originally developed for heat fiband applied to indoor air modelitiy
The equation for a continuous point source is priesein the references to predict
concentration at any distance r and time t.

C= G 1-erf| —
4rm(D)(r) VAH(D)

where:
C= concentration, mass/volume, mg/m
erf = the error function (dimensionless)
G = steady-state emission rate, mass/time, mg/hr
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r = the distance from the source to the pessbréathing zone, m
D= the eddy diffusivity, area/time,%hr
t=  elapsed time, hr

In this model, contaminants emitting from a poiouice are dispersed not by their
molecular diffusion but rather by the natural airrents existent in every interior space.
Indeed, molecular diffusion is miniscule comparedhe diffusion caused by turbulent
eddy air currents. These natural indoor air movemer eddys determine the size of D
(the eddy diffusion coefficient) which is entiretiependent on the amount of turbulent
kinetic energy of the air and independent of angpprties of the transported chemical
species. Thus, this model presents a detailetlagyat of these exposure gradients in
typical rooms that do not have strong level of ci@ality to the natural movement of
air within the room.

Other attempt$®®’have been made to describe this reality of higlcentation near a
source and lower concentrations at points away ttesource. The two-zone or “near-
field/far field” model conceptualizes a room as tadmng two contiguous zone- a “near
field” zone surrounding the emission source, afiidmfield” zone comprising the rest of
the room. The air within each zone is treatedasdperfectly mixed, but with limited
air exchange between the two zones. This modelasicemeans that the contaminant
concentration is uniform throughout the near fisbthe, and is uniform throughout the far
field zone, and in general the near field concéiatnais higher than the far field
concentration.

The general mass balance equations for the Nela¥fFa Field Model and a constant
emission rate are as follows:

Change in Mass = Mass Gain - Mass Loss
Near Field: \dG = [Gdt+B Cerdt] — P Cyedt
Far Field: VEdGCer = B Cne dt — B Crrdt+ Q Grdf]
where: Gie = the near field concentration (mghm

Cer = the far field concentration (mg#n

Vne = the near filed volume (n

Ve = the far field volume ()

G = constant mass emission rate (mg/min)

B = air flow rate (n¥Ymin) between the near and far fields
Q = room supply/exhaust air rate(min)

dt = an infinitesimal time interval
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INHALATION EXPOSURE TO AEROSOLS FROM SPRAY CANS

EN TRIGGER SPRAYS: EXPERIMENTS EN MODEL
(Christiaan Delmaay

ConsExpo
ConsExpo is a computer program that comprises afse¢latively simple exposure

models that can be used to estimate the exposureormgumer to chemicals from
consumer products. In 2004 RIVM in collaborationthwTNO Rijswijk has conducted
research to the potential inhalation exposure afsamers to non-volatile chemicals
released as aerosols from spray cans (sprayedgirdduen out by the expansion of a
propellant gas) and trigger sprays (aerosols driveht by mechanical pressure
(pumping)). The experimental measurements of cdaraon levels arising during use of
various sprays were used to develop a simple, igp¢iser exposure model that has been
implemented in the ConsExpo program.

Exposure Experiments

Aerosols that are inhaled will deposite at varisiigs in the respiratory tract, depending
on their size and shape (see, for instance, Frdijer, Cassee F.R. and van Bree L.
(1997) Modelling of particulate matter depositionthe human airways, RIVM report
624029001).

Only droplets that are small enough (diameter <g@() will penetrate into the lower
regions of the lung and lead to inhalation exostihe conducted study focussed on these
inhalable droplets.

In selecting the spray products to be used forettyeeriments an attempt was made to
make the selection as broad and representativprémucts available on the market as
possible. Products chosen included cosmetics, iclggoroducts, paints, but a special
interest was in pest control products in view @ithmportance as potentially hazardous
products.

Selected products included both spray cans andetrigprays but since spray cans on
average produce smaller aerosols and are therefore important as a source of
inhalation exposure these were more representdteiproduct selection. In addition, in
making the product selection attention was paithéoway the product should be used as
this is anticipated to be a large determinant gfosxre. The following use categories
were distinghuished:

1) product used as an air space application,
2) product used to target a surface or spot (isgekcand crevice, on a plant),
3) the product sprayed directly toward a person.

The initial selection consisted of 23 sprays (l&grans, 5 trigger sprays).
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Droplet size distributions

For the initial set the mass emitted in 10 secowoidspraying (spray cans) or in 10
squeezes (trigger spray) and the initial aerospé slistribution of the spray were
determined. Aerosol size distributions were deteedifor both the case that spray cans
were full and nearly empty. The measurements ofdituplet size distributions were
performed using a Mastersizer/S (Malvern Instrummehlk). As a rule trigger sprays
produce larger droplets (median droplet diamete2®@um). Droplet sizes of the spray
cans showed a larger variation. Median diametergadrom 20Qum up to above 100m.

Measurement of aerosol air concentrations of the sayed products

For a second series of experiments the selectid#Bpray products was reduced to a
number of 8, which included 2 trigger sprays argpfay cans. For these sprays droplet
size distributions and total air concentrationsairtlimatically controlable room were
measured as a function of time under conditionsuksiting the anticipated use of the
product.

The measurements of air concentrations were peefdrwith an Aerodynamic Particle

Sizer (APS) in a room of volume 19.8r(8.90m x 2.10m x 2.38 m).

Measurements of the air concentration were perfdrateheights of 25 cm and 150 cm

(approximately the human breathing zone) abovegtbend at various positions in the

experimental room. Both the time profile of theatadroplet mass concentration and the
droplet size distribution as a function of time weletermined.

The measured concentration profiles initially shdveemarked inhomogeneity since the
droplets are released in a cloud. Due to advedtiaesport (turbulent air movement)
droplets are dispersed through the room. In sgithefact that sources of turbulent air
movement (ventilation, thermal sources, personalament), were kept at a minimum in
the experiments, dispersion of the droplet clouaved to be fast (~1-2 minutes). After
dispersion, concentration profiles settled at camsratios across the room that were
within one order of magnitude, in other words aixing was quick but seemed not to be
complete.

It should be noted, however, that in a practicglosure situation this mixing will be
better due to the presence of turbulent air sources

Descriptive model

The experimental measurements were used to forenalad verify a simple descriptive
model that is to be used for estimation of the sype of consumers to chemicals
released as droplets from spray products. Aerosotancentrations in the room are
determined by dispersion of the droplets, remove tb ventilation and removal due to
gravitational settling. Dispersion of the dropleigs seen to be a relatively fast process,
ventilation was not included in the experimentstlas stage. Gravitational settling
depends on the droplet size and shape (see, fanoes Hinds, Aerosol Technology,
Wiley, 1982). The size of the aerosols is deterchipg the initial size (at the instant the
droplets leave the spray nozzle) and by the sulesggevaporation of solvents. This
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evaporation of solvent is a fast process for smadplets (<20um): the lifetime of a
droplet of water with an initial diameter of 2én is about 1 second (at an air humidity of
50%), (Hinds).

Thus, since dispersion of the initial cloud by attixee transport and evaporation of

solvents from the droplets seem to be fast prosems¢he timescale of these experiments
and are assumed not to play an important role. él@he concentration is supposed to be
mainly determined by the gravitational settlingdobplets (the room was not ventilated).

Using the Stokes settling velocity (d) and assuming well-mixed air conditions at all
times as a very simple model the room air concgatra.can be described by:

3

1 —v gt/ h
Ct)=— N(d,0)e ™
(t) Vz 6,0( )

d

Which follows from the initial droplet size distibon N (d,0) as measured in the first

part of the experiment. (In this equatipns the density of the product, d the droplet
diameter, t the time and h the release heightetfray).

Comparing results of this simple model with the exxpental data for spray cans yields
satisfactory results for exposure estimation pugpogor the case of trigger sprays, the
model provided a less satisfactory descriptionsThay be explained by the fact that the
dispersion of the initial cloud may be slower farder droplets. Also for droplets >~100

um containing relatively slow evaporizing solventisias water (almost exclusively used
as the solvent in trigger sprays), the evaporaiidhe solvent may play an important part
and can not be discarded.
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DISCUSSION ON JUNE 21, 2005

The presentations of the previous day were followgda discussion on Tuesday, June
21, 2005 of the topic of an engineering or “SyweApproach” to modeling and model
development as suggested by Dr. Elaine Cohen Hubdlhe elements of such an
approach were outlined as:

» Consider the system of interest (indoor microenvirent)

» Develop an illustrated and detailed conceptual framork for the modeling (i.e.,
a figure showing all potential chemical sources arldsses to the system,
consideration of temporal and spatial characteristi representing the most
general and most complex model — though not necesasomething that
would ever be developed) (See Figure below)

* ldentify and Classify Sources

* Develop a potential suite of initially simplifiedoniceptual models that could be
used for each type of source (assuming steady sta®suming uniform
distribution of contaminant, etc.). These are thefollowed with more
sophisticated models that describe more realisks$ simplified) scenarios and
thus provide more accurate estimates.

» Conduct theoretical “experiments” to identify/vegifmodel requirements based
on the characteristics of sources/emissions, prdgs of compounds,
characteristics of the microenvironment (what arde important temporal
scales, spatial scales, rate determining processelsen can an intermittent
source be treated as a continuous source, etc.).

* ldentify data required to apply models for predioti exposure assessment and
then design experiments.

* Provide criteria for, and guidance on, model select based on exposure
scenario (e.g., properties of sources/emissions,arelteristics of the
microenvironment, dimensionless parameters thatongorate consideration of
the critical elements that could be driving the eoqure, etc.)
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SYSTEM OF SOURCES
INDOOR MICROENVIRONMENT (ME)

Ser

<4— Air (inhalation and
air-to-skin)
Surfaces (dermal)

Swr = near field source (source occuring within thecnmenvironment -e.g.,
benzene from spray paint)

Ser = far-field source (source occuring outside thecrognvironment but
penetrating into it) -e.g.,benzene from general use within a geographica) area
S* = chemically reacted and thus generated speasi@ssource.

This was then followed by a discussion and consbmf a taxonomy of sources for

human exposure indoors. Given that our purpose iisodel exposure, the categories or
BINS below were chosen by the participants with ithea that sources within any bin

could be potentially described by a single modebymreasonably straightforward (but

increasing sophisticated) variations of that sogidemodel.

This excercise was designed to identify and clagbi€ universe of exposure sources
indoors. The workshop participants decided tod#ivthis universe into 5 bins:

1.

a bk~ w0 DN

Vapor emitted fronDRY SOURCES

Vapor fromWET SOURCES,

PARTICULATE MATTER SOURCES (solid and liquid aerosol),
COMBUSTION SOURCES (particulate and vapor), and
CHEMICAL REACTION SOURCES (particulate and vapar)

A more detail description of these BINS is presértelow:
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VAPOR fromDRY SOURCES:

Chemicals contained within, diffusing and emittingm solids. Specific examples are
listed below:

Dried coatings€.g.,dry paint) and underlying substrate
Dry or dried pesticide (e.g., moth crystals)
Treated wood
Plastic films, surfaces or cabinets
Engineered Wood Products (Oriented strand boardposition board, plywood)
Composite products (e.g., furniture)
Polyurethane foam
Polystyrene foam
Carpet and carpet backing
Fabric
Wall coverings
Building materials
Sheetrock (gypsum board)
Other flooring materials (linoleum, vinyl comptestile, etc.)
Caulking, sealants, and adhesives
Insulation
Paper products (e.g., formaldehyde from pdmeper, off gassing from cardboard
and its adhesives)
Electronic products/components (circuitry witappliances, computers, monitors,
etc.)

VAPOR fromWET SOURCES:

Chemicals emitting from wet sources. Specificregles are presented below:

Coatings (paint, varnish)

Building material (caulks and adhesives)

Cleaning products (wiped, brushed or mopped orgysat on)
Wet Pesticides

Personal Care or Cosmetic Products

Laundry products

Solvent Uses

Air fresheners

Fugitive emissions from stored liquid products (elgome heating fuel and
gasoline in attached garages).

Contaminated Potable Water (showering/bathing/latingd)
Basement wet or damp with contaminated water

Spills
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PARTICULATE MATTER SOURCES

Substances emitted as particulate matter during &eecific examples are presented
below:

Sprayed pesticides (Aerosol and VOC)

Cleaning products (Aerosol and VOC)

Sprayed personal care products (Aerosol and VOC)

Welding (fumes)

Handling “dusty” materials (aerosol)

Particles brought into the residence and re-erddhig.g., pesticides tracked into
house from lawn and garden) (aerosol)

House dust containing SVOCs (aerosol)

Particulate emissions from spray humidifiers

Particles re-suspendeel.g.from vacuuming or other processes)

COMBUSTION SOURCES (PARTICULATE and VAPOR):

Particulate and vapor emitted from the combustibrorganic substances. Specific
examples are presented below:

Cooking (combustion of the fuel (when present), b@ating of the food, the
heating of oils, and the heating of the utensils)

Candles, incense and other combusted aromatheragyqis

Self-cleaning oven emissions

Vented home heating

Unvented space Heaters

Wood burning

Environmental tobacco smoke (ETS)

CHEMICAL REACTION SOURCES
Sources that originate from chemical reactionsariles are presented below:

Reactions in the aie(g.,oxygenated VOC species from ozone reaction)
Reactions in watere(g.,dishwashers and laundry)

Reactions within the material

Reactions on surfaces

Sources of Reactive Gases
» Ozone generators and “ionizers”
* Penetration of polluted outdoor air
* Combustion
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Photocatalytic oxidation devices (POD)
Air filters (as reservoirs and reaction surfacesnfasty stuff)
Microbiological decomposition as a source of chexsic

Given that the above 5 bins represent a taxonomwymiverse of all sources, the
workshop participants advised that a reasonablyresgmtative subset of this
comprehensive listing should be selected for spelaboratory analysis. It was further
advised by this group that exposure models useatksaribe these sources of exposure
should be forwarded in Bered approach in which simple models would be devised
initially (zero tier) to provide an initial crude estimate of expospogential. In some
instances these lowest tier relationships mighsiécient to answer the question at
hand. Where they are not, more refined versionthh®fmodel would be developed in
second-tier and thenn-tier efforts of increasing sophistication, accuracy @oedt in
order to provide appropriately accurate answers.

The participants then considered criteria for sgttresearch priorities among these
emissions classes. Specifically, it was determihed once the possibility for exposure
to potentially toxic substances was establisheel,lodels needed to be available and
adequate to reasonably estimate the human exppstewrtial to these substances.

At this point, the participants decided to use teenaining available time of the
workshop to outline specific examples as to hovei@d approach to model development
would proceed starting with vapor emitted froffieT SOURCES as the first example.

WET SOURCE MODELING

A generic tiered approach to building mechanistiereses models for wet sources would
first include a relatively simpleero tier in which, for example, one would take all of the
mass available and put it into the air instantasBou Such simplistic assumptions are
not realistic for all compounds but provide boumdianalysis for compounds that
volatilize rapidly.

The next step would be first-tier approach in which one would invoke a simple
dynamic mass-balance model such as put forth by Rishi Guo in 1999. Other features
of this level of modeling could include having anrgariant mixture of active substances
in wet material and an assumed film thickness (~)l@aina constant concentration.

The input needed for suchfiast-tier model would typically be vapor pressure (Kaw)
and the external mass transfer coefficient

A second-tier approach might include a time varying mixture néflependent active
substances in wet material with dynamic time-vdréamensions such as film thickness.

The n™ tier represents a dramatic increase in the level ofeinedphistication and
frankly asked the question; how far can or shoutdge in developing the complexity of
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the model to answer the questions about exposugsMe elements that might be built
into such a model include:

Heterogeneous mixtures where one component altersbehavior of
others

Ability to handle substrate effects

Dynamic behavior of SVOCs affecting emissions.

Transition dynamics within the system as it goesfwet to dry

Time and location dependent diffusivity of the cleahsubstances
Exogenous reactive chemistry

Endogenous (incidental/intentional) reactive chémis

As mentioned above, this modeling would be appleatx

Coatings (paint, varnish)

Building material (caulks and adhesives)

Cleaning products (wiped, brushed or mopped orgysat on)
Wet Pesticides

Personal Care or Cosmetic Products

Laundry products

Solvent Uses

Air fresheners

Fugitive emissions from stored liquid products (elgppme heating
fuel and gasoline in attached garages).

Contaminated Potable Water (showering/bathing/latingd)
Basement wet or damp with contaminated water

Spills

The workshop participants then worked to providesimilar approach to building
mechanistic source models for gen®@iRY SOURCE modeling presented below:

DRY SOURCE MODELING

Zero tier— Initial concentration (§) model. This would involving the release of C
contained within the dried material to the air oseme relevant time period which would
typically be based on the characteristic time @tidion.

First tier— This is available in the work reported by Litdealin 1994. It is a three-
parameter model (CK and D) that would require laboratory work targraeterize this
source model for the universe of material of irgere A slight enhancement of this
approach would be the Little (1994) model with atijuent provided by Xu and Zhang
(2003). It is a four parameter modej, &, D, and k, again requiring laboratory work to

parameterize.
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Second tie— These would be multi-layer models exemplifiedthy two-layer model of
Kumar and Little, 2003. This involves four paraerst (G, K, D, and ky) with the

addition of multiple layers provide by Zhang, 24Q@3, K, D in each layer and-).

N™ tier—all of the above plus the following level of sogifitation:

Anisotropic matrix

Concentration dependent parameters

Heterogeneous mixtures where one component aftersehavior of others
Able to handle substrate effects

Dynamic behavior of SVOCs affecting emissions.

Time and location dependent diffusivity

Exogenous reactive chemistry

Endogenous (incidental/intentional) reactive chémyis
Non-linear partition isotherms

Use of macro-scale effective diffusion coefficie(iteeet al, 2005)
Accounting for the role of porosity

Accounting for humidity and temperature

Accounting for compositional variability

As indicated above, such modeling would be applectdn

Dried paint

Dry or dried pesticide (e.g., moth crystals)

Treated wood

Plastic films, surfaces or cabinets

Oriented strand board

Composition board

Plywood

Insulation

Carpet and carpet backing

Electronic products/components (circuitry withirpaances, computers,
monitors, etc.)

The workshop participants then pressed on to peoNigistrative details for this approach
in building mechanistic source models for geneRARTICULATE MATTER
SOURCE modeling.

PARTICULATE MATTER SOURCE MODELING

Zero tier — This might assume instantaneous or constantseleba defined portion of
the material to air as well as ideal gas behavior.
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First tier — This would be exemplified by the approach usethia RIVM ConsExpo
model; that is, introduce a known quantity withreown size distribution into a volume
of air. Such an approach produces a more realissessment of time history of release
and allows for some level of fate and transporpamticle source assessment. It would
also account for the initial (over some reasonabiee scale) chemical phase
distributions, deposition/re-suspension and tramsétion in a simple waye(g., it could
possibly use fugacity models) for key loss/transpmchanisms.

N™ tier — All of the above plus the following level of mddmphistication:

Dynamics of secondary contaminant formation
SVOCs and VOCs interacting with particles
Size-resolved chemical composition for aerosols
Internally vs externally mixed systems

Particle morphology and aerodynamics

Distinguish wet and dry particle sources (dynamaasition from wet to dry)
Linear vs nonlinear sorption on particles
Exogenous reactive chemistry

Endogenous (incidental/intentional) reactive chémyis
Electrostatic charge

Particle Friability

Resuspendability/adhesive characteristics

Humidity and surface moisture

Mechanisms of re-suspension

As mentioned previously, such modeling would beliapple to:

Sprayed pesticides (Aerosol and VOC)

Cleaning products (Aerosol and VOC)

Sprayed personal care products (Aerosol and VOC)

Welding (fumes)

Handling “dusty” materials (aerosol)

Particles brought into the residence and re-ergdhie.g., pesticides tracked into
house from lawn and garden) (aerosol)

House dust containing SVOCs (aerosol)

Particulate emissions from spray humidifiers

Particles re-suspended (e.g. from vacuuming orr qifexesses)

TRANSPORT AND FATE MODELING
Given some remaining time on the last day of thekalwop, the participants set about to

devise the same modeling framework elements foretmgl the TRANSPORT AND
FATE of emissions indoors.
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Zero tier— Simple well-mixed one-box model
Mass/Volume estimated for pulse release followed fst-order
exponential decay
Concentration = G/Q for continuous and constamtas? rates
No reactions
No settling
No sorbing
No back pressure retarding evaporation
Constant ventilation

First tier — Steady well-mixed one to n (small) chamber model
Steady-state mass balance
First-order degradation or generation reactionsnhgeneous or surface)
Particle deposition accounted for in transport
Simple Gas phase partitioning (reversible)
Constant emissions
Constant ventilation
Air cleaning (modeled as steady-state)

Second tie—Well-mixed dynamic one to n model
Dynamic mass balance
First-order reactions (homogeneous or surface)
Sized resolved particle deposition
Gas phase partitioning (reversible)
Time dependent emissions
Variable ventilation
Air cleaning
Multiple sources
Simple approach to capture proximity effect (Niégadoor near/far field
model)

N™ tier— Many “compartments” or nodes within the indootume
Dynamic mass balance
High fidelity reaction chemistry models (n levelupbed reactions)
Sized resolved particle deposition
Coagulation, re-suspension, phase change
More spatial resolution of concentration (gradientnore detailed approach
to capture proximity effect (near/far field))
Gas phase partitioning (reversible and irreveryible
Time dependent emissions
Variable ventilation
Air cleaning
Multiple sources (in space and time with interatsio
Short time scales
Distinguish among surfaces (walls, ceilings, flodusniture)
Spatially and temporally resolved environmentalditons
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Effect of coupled uninhabited spaces (attic, crspaces)
Complex residential floor plans
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FINAL ANSWERS TO QUESTIONS POSED TO
WORKSHOP ATTENDEES

GAP ANALYSIS FOR EXISTING MODELS (How inaccurate are the existing
models or how important is it to close any particur gap? This includes
identification of “best” currently available models and a research path forward to
close the gaps)

As mentioned above, during the second day of thekstop a significant change in
direction was advised by the participants and abréz by Dr. Kephalopoulos.
Specifically, it was agreed that we wouhdt outline, characterize or explicitly build
upon the currently available source sub-models beybe draft workshop report done
before the meeting. Instead the workshop pa#itip endeavored to build a framework
for this body of scientific work from “the groungt Existing models, where available,
were mentioned or would be otherwise used to fillthis framework Thus, it was
decided and agreed upon during the workshop tleapénticipants would not explicitly
address this question.

The primary reason for this decision was a consetisat a critical mass of reasonably
formed models of human exposure to fill a matrim@ly does not exist. That is, the
current state of exposure modeling is relativelydameveloped such that very few
models have been reasonably fashioned or have gonkerany sort of parameterization
and evaluation under real world conditions.

Given this decided lack of model development anth,da relatively large task is
envisioned for a research path forward. It is seldithat the JRC research plan should be
purposely sized to fill a funded research effotatiee to this perceived need and the
resources allocated to it. That is the resourlmeaion should be substantial with the
number and types of experiments will initially betekmined within this resource
allocation and schedule. This schedule will alssbbject to change depending on what
is learned during the testing.

More specific details on gaps and research tthidim are available in Appendix B.

WHAT IS THE TOP PRIORITY FOR SOURCE OR TRANSPORT MO DELING
RESEARCH ISSUES?

Exposure to any substance has no contextual meaelagve to human health risk
without understanding the health effect relatedhett exposure. Thus unless one has a
reasonable data base of the sources, substancdseanoxicity, assigning priority to the
exposure piece relative to the potential risk isbpgmatic. Indeed, as mentioned in the
pre-Workshop report, the answer to this questiogsgentially unknowable prior since
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it is somewhat like knowing the answer first sotthae asks the correct question. See
Appendix B for further thoughts and perspectivdloa from the participants.

Given the relative lack of well-developed models priority should be driven by the
need to answer the questions at hand. In the afaseurces it should include those
scenarios considered or judged to provide the kighevel of personal exposure
((concentration)(time)) potential to substance$whie highest level of toxicity.

From a regulatory perspective it would be thosercesireceiving the most attention

presumably because they present the highest Tikis could well be substances that are
intended to be released to the environment dursg uPrime examples would be wet
sources and aerosols. Indeed, aerosol are cledelyded to be released and it can be
reasonably argued that wet sources carry this sat@etion because they are explicitly

meant to dry out.

STRATEGY FOR USING EXISTING SOURCE/TRANSPORT EXPOSURE
MODELS AND EXISTING SCENARIOS

As mentioned above, it was decided in the workshap we would not identify the best
existing source/transport models and make speatiommendations for how they might
be used absent (or before) the benefit derived &iaasearch program to improve them.

Existing models in their current state are usedim@jever, in many cases, not extremely
useful. In any given scenario the current stratisggr should be obvious: use the best
current (but generally underdeveloped and unevad)ahodels, bias the model inputs to
overestimate exposure (to guard against the umesrtaf underestimation), document

your actions and hope for the best.
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RESEARCH PLAN RECOMMENDATION SUMMARY

The point in all of this is that the above sourod &ransport and fate models need to be
developed and matched to the needs of the rislsssemt. Where simple screening,
prioritization or ranking is the requirement, lowger development of a basic model
could be sufficient. These will undoubtedly ovéireate the exposure potential but an
overestimate may still be useful and adequate fking decisions. If it is subsequently
determined these overestimates are not sufficieah) a more accurate prediction of the
true exposure levels is required and higher levaedleh enhancements (higher tiers) will
need to be developed. To the extent that thistiter process will result in tools that
effectively facilitate the estimation of exposupg & resaonably broad base of scenarios
and substances, the research and development cokt e cost-effective.

Thus, matching the source model to the needs ofrifkeassessment is an iterative
process that proceeds from simple to more comm@kationships to predict exposures at
an appropriate level of accuracy. Once it is deiteech which type of source and
transport and fate model(s) (from whatever tietemel of sophistication) is required to
answer the scenario-based risk assessment questibnkand, specific models
(hypotheses) as determined by a consensus of ificieantd stakeholder participants
would be proposed.

If it is determined that a model has not previousBen specifically developed and
evaluated then this would mean that experimentakwauld be required to build it.
This would involve gathering of experimental enossdata for a representative listing of
sources under question. These laboratory simakttudies would provide data for two
purposes; first, to parameterize the model andrektm evaluate the predicting algorithm
under a range of realistic conditions to “grounathf the measured exposure potential
against the model prediction. This would, in tuead to either an acceptance of the
model as developed or a modification/enhancemeht suibsequent retesting.
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WORKSHOP OUTCOMES AND RECOMMENDATIONS

The two-day workshop resulted in the following paity work products:

» Identification of existing source sub-models: preed in the pre-workshop report
and references

» Defined a Taxonomy of Sources

* ldentification and definition of the attributes adldlaracteristics of First Principle
Mechanistic Source and Transport/Fate Models todeeeloped in a tiered
approach.

The details of these outcomes are described ialtbge text and Appendix B containing
the pre-workshop report and references.

The specific selection of which area(s) to work ioitially should be guided by the
stakeholders and the regulatory mandate(s) undesideration. For example, if the
initial implementation of the REACH program will benited to priority assessment of
chemical substances that are designed to the eeleato the environment, then the
initial research and development should perhapsisfoon emissions from WET
SOURCES or PARTICULATE MATTER SOURCES in the cortek scenarios where
release is intended as part of the material’s use.

Models developed as a result of such researchbeilbf general use, scientific interest

and lasting value on a worldwide basis for any atidattempting to estimate human
exposure from chemicals.
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APPENDICES:

Appendix A - Original Workshop Agenda (issued Junéel5, 2005)

JUNE 20, 2005
BACKGROUND AND INTRODUCTION
Welcome and Background on JRC Program
Opening Remarks and Self Introductions
Review Workshop Outline, Objectives and Atgen
PARTICIPANT PRESENTATIONS
Model Uncertainty Analysis Case Study:
VOCs from Contaminated Water During Showering

and Bathing

Fugacity Modeling of the Microenvironmentldrors

Kephalopoulos

ALL

Jayjock

McKone

Matoba

- InPest (comparison of estimations and measureshen

BREAK
How Existing Models Handle Sources and Tparts

Intake Fraction:
Quantifying emission-to-intake relationship

Discussion of Morning’s Presentations
LUNCH
Evaluation of Models for Regulatory Decnso

Reactive chemistry and its significant
to indoor source characterization

Modeling VOC Emissions from Solids and Lajui
Sources — Theoretical Modeling Construct and iQitl

BREAK
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14:45 Overview of Canadian National Research Riragwn Won
Indoor Sources - Results and Lessons Learned

15:30 Indoor Transport Models Jayjock/Nicas
16:00 Further discussion of what we heard today

and its meaning ALL
16:20 Review of Next Day’s Agenda and Workshop ALL

Objectives with adjustments as necessary

17:00 Adjourn

JUNE 21, 2005
THE REAL WORK OF DECIDING AND RECOMMENDING
8:00 Welcome Back and Review of Agenda Jayjock

8:15 Discussion - SYSTEMS APPROACH TO MODELING RESECH
Hubal/Jayjock

Conceptual Framework for Indoor Microenvironments
Review and Modify Illustration of all potential smes and loses to the system

9:00 Classification of Source Types and Assigrineéispecific
Sources within Each ALL

10:00 BREAK

10:15 Review “Straw-Man” Source Type Taxonomy
Additions and Changes
Ranking of Source Types and Sources ALL

11:15 Identification of Available Models for the 8be Source Types ALL

12:00 LUNCH

13:00 Within the various Source Types — Are the ikade Models Adequate to
Estimate Exposure for Regulatory Decisions? tf specifically what is needed

to refine or evaluate these tools to the point thaly are adequate? Outline
specific research needs and cost estimates for each
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16:00 Review the activities of the workshop and make arahk specific
recommendations with cost estimates for research

17:00 Adjourn
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Appendix B: Pre-WORKSHOP REPORT

European Commission — DG Joint Research Centre
Institute for Health and Consumer Protection, Rtglsand Chemical Exposure Unit,
Exposure Modeling Sector

Global Net on “Consumer Exposure Modeling”

Workshop no. 2
on
“Sources, Transport & Fate

20-21 June 2005, Intra (Italy)

Background

This was one of 5 workshops that were conductedhey Institute for Health and
Consumer Protection, European Commission JointdRelseCentre (JRC) in Intra (ltaly)
during the week of 20-24 June 2005. The workshmidressed general and specific
topics related to modeling human exposure to chasiic It had been decided by the
workshop sponsors that each moderator would bensgie for writing a complete and
detailed report, on the issues addressed in thek8hop and on the anticipated and
hoped-for and, ultimately, the final results of tfehering.

The choice was made to initiate a pre-workshop ntego existing models and issues as a
vehicle for getting everyone involved before theetireg so as to assure that participants
came to the meeting on roughly the same “page”thadactual meeting time was well
spent.

This preliminary or pre-workshop report went throbugur working drafts and the final
version is provided herewith as an appendix (Bh&oproceeding report.

Specific contributors to this pre-workshop repad ksted as authors in roughly order of
the extent of their contribution. It is anticipdt#hat the entire workshop report including
this pre-workshop report appendix will be publisteda JRC document as part of the
publication of the workshop proceedings; howeuenas been agreed by the JRC that all
authors/contributors of technical material for tisrkshop will retain the right to publish
their work independently.
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Pre-Workshop Report

Indoor Sources of Chemical Exposure
Rates, Transport and Fate
Research Needs and Program Plan

Michael Jayjock, William Nazaroff, Richard Corsiphh Little, Doyun Won, Elaine
Cohen Hubal, Mark Mason, David McCready, Williama8é, Stylianos Kephalopoulos
and Athanasios Arvanitis

Abstract

Any program that mandates a quantitative humantneiak-based approach to chemical
regulation and management will need two basic etesneThe first is dose-response data
on the toxicity of the chemicals of interest. Teeond equally important component is
specific and confident knowledge relating the tgatency of these chemicals with their
actual level of exposure to people.

A comprehensive plan to evaluate the quantitaixels of human exposure to a large
universe of chemicals is a daunting task. Indeesclear to anyone embarking on such
a mission that we will not be able to directly m@asevery exposure, to everyone in

every scenario. It becomes equally apparentgdiaeral scientific constructs portraying

and predicting the reality of exposuiiee(, models) need to be developed or refined to
attain a reasonable and cost-efficient means oénstahding and estimating exposure.

This reports presents the background and pre-wogksilativity before a workshop held

on this subject on June 20-21 in Intra/Verbaniau(iyler the auspices of the EC Joint
Research Centre (JRC) Institute for Health and Gmes Protection (IHCP). It outlines

the preliminary work product of the participantsamticipation of that gathering; that is, a
current state-of-the-science summary and a draftareh plan to move forward in the
specific areas of the characterization of emissan the transport and fate of chemical
sources indoors.

Introduction

In 1995, one of us (M. Jayjock) had an opportundypresent testimony to a U.S.
Presidential Commission on Risk Assessment and Riakagement. The following
excerpt from this ten-year-old testimony remairssomably current today, as we pass the
midway point of the first decade of this new centur

As someone identifiable as a “risk assessor”, | &ery concerned that risk
assessment is being touted as an entity that pesnilsngs it cannot deliver at
this point. It is a remarkably useful and poteatgdigm. Indeed, | believe that it
is entirely capable of ultimately providing a stgpmational evaluation of the
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potential for adverse outcome for any and all scersaof concern. As such, it
could be an invaluable aid to the regulatory demmsimaking process. It is,
however, at this juncture a relatively embryonigeace that is in need of a
significant amount of scientific research and depetent.

My fear is that risk assessment is currently besmgr-sold to Congress and the
public as a ready “answer” to most or all questioreggarding the regulation and
management of risk from chemicals. Indeed, it asv rand will remain an
important tool for risk managers and others who Ideath overall policy
considerations. My apprehension with the currahiagion, however, is that it
will play out into a political backlash in whichighyet underdeveloped science is
blamed for a failure to provide quick, reasonabledadecisive answers and is
thus abandoned or at least ignored.

This brings me to my central message:

* SCIENTIFIC UNCERTAINTY is the BANE of RISK ASSES8SME
potentially limiting the usefulness, objectivitydamtimately the credibility
of the process.

* This Uncertainty needs to be DESCRIBED and COMMWIED but
more important it needs to be REDUCED through thencerted
development of the scientific knowledge base.

* To the extent that the REDUCTION OF UNCERTAINTY lmamttacked
as a generic problem (e.g., exposure assessmeihod®tit should be
done as a PUBLIC WORKS project.

Human exposure to chemicals has been defined asinieeintegral of concentration
occurring at the human interf&ceThis has been mathematically described as:

E:Tcmm

t

where C(t) is the functional relationship of concation with time for the interval;t
through . E has the units of (concentratig(fjme).

Human exposure occurs in a conceptual volume knasvthemicroenvironment The

microenvironment entails an immediately surroundaognpartment or space in which
the person resides and is exposed. Another wéyirdking about this compartment is to
imagine a volume immediately surrounding a persdmere the sources and the
subsequent contaminant concentrations and expoparesnit time are either relatively
constant or at least potentially well characterizéds also important and useful to think
of and classify the sources as either occurrindgpiwithe microenvironment (the near-
field) or originating outside and coming into thécroenvironment from an external or
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far-field source. Indeed, this construct couldelseended somewhat to include the near-
field in the immediate surroundings of the indiwadluand a second, larger, zone
microenvironment in which the person spends a ggmt amount of time. This could
be a passenger compartment of a transportatiorclegli room in a building or the entire
building. The third zone would be the far fieldyiah, in this construct, would represent
the outdoor environment.

The cartoon below attempts to illustrate the conog¢phe microenvironment in which a
person’s exposure is impacted by relatively largadt (far-field) sources and smaller
sources that originate in the individual's neatefie

S
|

Large but distant
Environmental
Sources

Small Sources within
the Microenvironm ent

The distant and near sources are ultimately moelgray controlling factors such as
dispersion/dilution and physical/chemical loss timapact the exposure to the person in
the microenvironment. It is also interesting totendhat large but distant sources
represent “environmental” exposure that can afferhans and nonhuman targets while
near-field sources primarily affect the human(s)that particular microenvironment.
Indeed, given two levels of microenvironment asaésed above, the emissions in the
nearest field will have an amplified impact on tmerson(s) in that environment. The
user of a consumer product may get an enhancedesgpowing to the personal cloud,
relative to the exposure of another occupant ofrideor space. For an indoor emission
not associated with human activity, all occupamsexposed, at levels thatpriori don’t
favor one person over another.

We spend most of our time indoors and airborne eoinations of (and human exposure

to) common chemical toxicants are typically muchhieir than those occurring outdoors.
This fact and a number of studleargue for the predominance of near-field sources i
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human inhalation exposure. Also, because of oyomrasidence is indoors we also
experience the majority of our dermal exposure femurces in this environment.

Human health risk assessment is currently impabigda lack of knowledgei.é.,
uncertainty born of ignorance) around indoor négldfinhalation and dermal source
identification and characterization in both thegzational and non-occupational settings.
Indeed, for Semi-volatile Organic Compounds (SVOthsa} partition strongly into dust,
e.g.phthalates, the dominant pathway for human intsaket clearly either inhalation or
dermal and may be ingestion. The risk assessor wges models is often forced to
render a dramatic over-estimation of exposure lsxraisent having better information
he or she is driven to use worst-case defaults.e f@sult is often un-trusted risk
management options triggered by these unrealitifalit necessarily) high estimates of
exposure and risk.

In 1993, the Chemical Manufacturers Associationxpdsure Assessment Task Group
commissioned a study of the state-of-the-scienceirfdoor air modeling which was
completed by Dr. Harry Rector of GEOMET Cdfp. This work shows rather
convincingly that indoor source characterizatioasgnts the single greatest opportunity
for uncertainty reduction in the model-estimatidrinoman exposure.

About the time of the GEOMET report there was aspannouncement by the US
Environmental Protection Agency (EPA), which listé&ource Characterization
(Chemical)" as the number one priority for resowuattecation'* This work was done in
response to a recommendation from the Science AviBoard of the US
Environmental Protection Agency. The EPA's IndamrEngineering Research Program
participants consulted with a panel of key reseanland planners within government,
industry, and academia to help identify prioritpgram areas for indoor air engineering
research. Eight areas were identified and praati(including "other"). “Indoor Source
Characterization” was ranked at the top.

In another sector of the EPA, source emissions yuelged as being the most important
exposure factor data gap and research need i@gehtifia July 1995 Workshop to help
finalize the Exposure Factors Handbdok.

The above priority for indoor source research wasaffrmed in the

MICROENVIRONMENTAL MODELING SESSION, Chemical Manadturers

Association (CMA) Exposure Workshop, CIIT, Reseafciangle Park, NC, May 18 and
19, 1999 and a subsequent American Chemical CoyAGIC nee CMA)-sponsored
study and “White Paper on Microenvironmental Moadgli research done by Mr.
Michael Koontz of GEOMET, Inc for the CMA.

Given the above, one might question why a sigmifidavel of research and progress in
this specific area has not been forthcoming inlaéise decade. A primary reason for this
current state is that until recently a risk-baspgraach to evaluate common existing
chemicals present in our general environment hasbeen (and because of a lack of
basic hazard information for many chemicals cowtbe?) mandated or applied within
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any public or private scheme. Absent such a sehémere was no sufficiently
compelling reason to do the research.

Change now appears to be at hand as the Europeam Wbias initiated REACH
(Registration, Evaluation, and Authorization of @fieals) as a basic regulatory program
that promises to require both hazard and exposata th an integrated risk-based
evaluation as a fundamental part of European Usiahiemical regulatory system. A
workshop specifically dedicated to research needsxXposure sources happened on June
20-21, 2005 in Intra (Italy) under the auspiceshe EC Joint Research Centre (JRC)
Institute for Health and Consumer Protection (IHCHarticipants are listed in the main
body of the proceedings report.

The research proposed during this workshop is tepeeifically designed to address the
emerging regulatory needs by providing critical oty tools as a basic prerequisite for
the widespread and accurate evaluation of humaosexe to existing chemicals.

This research should focus to the extent possiblenodel algorithms that have the
broadest general utility; that is, those that uskerably simple, easily measured or
reasonably available (or readily developed) predioctariable data as input. This
research should provide, evaluate and validateifspanodel algorithms to render a
reasonable and appropriately accurate model-pestitime-course of emission and
dynamic behavior profiles along with their trangpand fate for relevant chemical
compound classes.

Thus, this workshop will set the plan for reseatteligned to develop (propose, evaluate
and refine with experimental data) a library of wfitative models of indoor sources,
dynamic behaviors, and resulting concentrationairdforne chemicals. Once developed,
these models are anticipated to become the mo$ilumed active tools of scientific
exposure/risk assessment of chemicals in genemaitngvce. They will be used as parts
of other models that will estimate the breathingpea@oncentrations and exposure to
chemicals via inhalation of ambient indoor air gagsibly dermal exposure from contact
with surfaces indoors.

Another critical area of exposure research briafigressed in this workshop will be in
the area of chemical transport and fate. Thainse the source is characterized the next
step in the process is to describe the general towgse of movement, location and
concentration within the indoor environment.

The scope of the source categories to be addrass#is workshop has been left
purposely broad and applicable to those sourcesngpitom potentially regulated (under
REACHh) existing and new chemicals being used inmente to which humans may be
exposed. This could include both residential arclpational exposure.

A significant amount of regulation and risk assemsthscience already exists for many
far-field substances; as such, the work considéexein will concentrate on the near-
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field modeling of any source causing human exposorany of these substances and
their progeny.

Workshop Framework

The focus of the workshop is on the modeling ofrees of airborne and dislodge-able
surface concentrations of chemicals that could elosntly impact human exposure. It
is further suggested that a greater emphasis beeglan the development of more
mechanistic and less empirical models, which teaddominate the field today.
Mechanistic models provide a better basic undedstgnof the effects of material
composition and environmental factors on emissiansg, are also more transportable to
conditions other than those for which model paramsetvere derived. As such, we
believe that the science will be better served addanced by concentrating on
understanding basic causes.

The anticipated primary elements of the workshap mesented below beginning with
consensus taxonomy of indoor source types, folloledrief description of the current
state-of-the-science for the description of sourdemnsport and fate. Finally, a gap
analysis is provided which could afford the impdiusthe subsequent outline of a multi-
year research plan.

As a center point for organization, a systems agpgrawill be considered to develop a
library of indoor source and indoor fate and tramspnodels to be used in predictive
exposure assessment. The operational method g thwis would be to:

» Consider the system of interest (indoor microenvinent)

* Develop an illustrated (and detailed) conceptuamiwork for the modeling (a
figure showing all potential chemical sources am$sés to the system,
consideration of temporal and spatial charactesstirepresenting the most
general and most complex model — though not nedgssamething we would
ever develop) (See Attachment A)

» Classify sources (See Below)

» Develop potential suite of simplified conceptualdats that could be used for
each type of source (assuming steady state, asguamifiorm distribution of
contaminant, etc.)

» Conduct theoretical “experiments” to identify/vgrihodel requirements based on
characteristics of sources/emissions, propertiesoaipounds, characteristics of
the microenvironment (what are the important terapscales, spatial scales, rate
determining processes, when can an intermittentcedue treated as a continuous
source, etc.)

» ldentify data required to apply models for predietexposure assessment, design
experiments
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* Provide criteria for, and guidance on, model seedbased on exposure scenario
(e.g., properties of sources/emissions, charatitrief the microenvironment,
dimensionless parameters that incorporate consideraf these, etc.)

It is anticipated that a great deal of this infotioa is intuitive to many of the modelers
that have been working in this area; however, bstesgatically running through this
more formalized approach, the results can be bettermunicated. Indeed, because the
scheme includes multiple sources and intermittamissions, the number of factors goes
well beyond what can be easily accommodated byitiotu Thus, by doing these
theoretical experiments we should be able to ogérttie laboratory work.

Identifying the universe of sources of human exp®ssl important; however, we should
also be aware of the need to maintain a perspestiibe broad issue regarding the task
at hand. Indeed, every component, every produud, eéery process in the indoor
environment is a potential source of chemical eypmsvhose importance can vary
continuously from trivial to severe. Clearly, demng models for the unimportant
sources should not be a priority; thus, we neebs timo sorting sources according to their
importance. This suggests that the overall modelprocess should be viewed
hierarchically. Simple, crude assessment toolsdéts) should be available to quickly
sort sources according to importance, while morrildel tools should be available to
apply to the sources (and pollutants) that desgreater attention.

A primary topics to be considered in the contex sfystems framework is:

A CONSENSUS CLASSIFICATION OF CRITICAL INDOOR SOURC E-TYPES
AND SPECIFIC SOURCES WITHIN EACH OF THOSE TYPES.

It is suggested that the first classification ofie@s should be along the lines of primary
versus secondary origin. Secondary sources refemissions that occur following the
formation, usually by chemical reaction and oftgrolsidation or hydrolysis reactions, of
new products that were not in the initial sour&scondary sources are very relevant for
most building materials such as paint, wood proslucarpet, linoleum, and electronic
products. Good examples of this are the formatibrarbonyls from ozone-initiated
chemistry on and in carpet, wood and paper produitsother example comes from the
hot zones of many electronic devices that can keadecondary emissions through
accelerated oxidation processes in devices sudoraputers. Wet sources can also be
secondary; for example, laundry and dishwasher rgietés that contain sodium
hypochlorite can lead to the formation of large ants of chloroform via reactions with
organic soiling of clothing and foodstuffs on pktnd utensifs*®

After division into primary and secondary sour@sumber of schemes could be used to
classify sources. For example, two primary dichuias features describing sources are:
WET vs DRY and SHORT-TERM (minutes to hours) vs L&GNERM (days to months)
duration. As a general observation these facetssamewhat collinear; that is, WET
sources are generally short term while DRY sourtgscally represent long-term

Page 73 of 104



Global CEM Net Report of the Workshop no. 2 @olirce
Characterization, Transport and Fdtdntra (Italy), 20-21 June 2005

emissions. The sources below are first sortedMiylT and DRY with additional bins
added to include other generally recognized clastssurces. For example, this scheme
uses the general source characteristic as to whitthenaterial exists (and is emitted) as
a VAPOR or as a PARTICULATE (either as a neat maler in association with other
ambient particulate such as dust).

Given that our purpose is to model exposure, thegcaies or BINSelow were chosen
with the idea that sources within any bin couldobé&entially described by a single model
or reasonably simple variations on that model.

VAPOR from DRY SOURCES:

Chemicals contained within, diffusing and emittingm solids:

Dried paint and underlying substrate

Dry or dried pesticideg(g.,moth crystals)

Treated wood

Plastic films, surfaces or cabinets

Engineered Wood Products (Oriented strand boardposition board, plywood)

Insulation

Polyurethane foam

Polystyrene foam

Carpet and carpet backing

Sheetrock

Other flooring materials (linoleum, vinyl compostiie, etc.) |
Paper products (e.g., formaldehyde from printedepapff gassing from

cardboard and its adhesives)

Electronic products/components (circuitry within pagnces, computers,

monitors, etc.)

[other furnishing materials: fabrics, wall coversig

VAPOR from WET SOURCES :

Chemicals emitting from wet sources:
[Note: Many of these have both storage-phase aee¢phase emissions; these phases
would likely be modeled differently.]

Architectural Coatings (paint, varnish)

Building material (caulks and adhesives)

Cleaning products (wiped, brushed or mopped oraysal on)
Wet Pesticides

Personal Care or Cosmetic Products
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Laundry products

Solvent Uses

Air fresheners

Fugitive emissions from liquid home heating fueldagasoline in attached
garages.

Contaminated Potable Water (showering/bathing/latind)

Basement wet or damp with contaminated water

Subset:
Material Transferi(e., tank filling)

NEAT VAPOR SOURCES:

Vapor intrusion from soil (far-field)
Vapor intrusion from ambient air (far-field)
Fugitive emissions from gas home heating fuel (siieat)

SOURCES of PARTICULATE Matter:

Sprayed pesticides (Aerosol and VOC)

Cleaning products (Aerosol and VOC)

Sprayed personal care products (Aerosol and VOC)

Welding (fumes)

Handing “dusty” powder (aerosol)

Personal care (sprayed) aerosol

Particles brought into the residence and re-erddhie.g., pesticides tracked into

house from lawn and garden) (aerosol)

House dust containing SVOCs (aerosol)

Particulate intrusion from ambient air (aerosady-field)

Particulate emissions from spray humidifiers
Particles re-suspended (e.g. from vacuuming orr qifexesses)

COMBUSTION SOURCES (PARTICULATE and VAPOR):

Cooking [Note: cooking is an exposure source bettabse of the combustion of
the fuel (when present) and also because of thinlgeat the food.]

Space Heaters

Candles, incense and other combusted aromatheragyqis

Self-cleaning oven emissions

Fugitive emissions from home heating

Fugitive emissions from fireplaces

Incense

Cigarettes and environmental tobacco smoke ETS®@:(May be more important
than anything else on this list but may not be i&gd by REACH)

INDOOR CHEMISTRY
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Reactions taking place in the air

Reactions taking place in water (e.g. dishwasheddaundry)
Reactions taking place within the material

Reactions taking place at the material/air integfac

Sources of Reactive Gases
» Ozone generators and “ionizers”
* Penetration of polluted outdoor air
» Combustion

REVIEW AND DESCRIPTION OF THE CURRENT STATE-OF-THE SCIENCE
FOR MODELS OF SOURCE TYPES

Note Zhishi Guo compiled and reviewed 52 indoor soueoaission models and 48
parameter estimation methods. The manuscriptyinparts is titled “Review of indoor
emission source models. Part 1. “Overview” and ‘iB@vof indoor emission source
emission models” Part 2. “Parameter estimatiderivironmental Pollution 120 (2002)
533-549, 551-564.

Dr. Guo’s conclusion in this work is consistent lwithe anticipated consensus of
workshop participantssiz., for models to be useful, there must be methodtetermine
(and verify) parameters of these relationships.

Also note that Morrisonet af® describe a method to measure the mass transfer
coefficient. This method might be used to verifpdual-calculated values of the mass
transfer coefficient. The method uses the depmositielocity sensor (DEVS) which
continuously evaluates the evaporation rate of dexane from the surface of a
microbalance. This is a “real-time” measurementtred transport-limited deposition
velocity (also the mass transfer coefficient) fotamlecane. Octadecane evaporates from
the microbalance at a rate dependent on the transpaditions of the room (e.g. higher
indoor air velocities or more intense mixing/tudte results in higher evaporation
rates). The mass transfer coefficient Kt (cm/sthe flux from the surface (g/cs)
divided by the vapor concentration (g&mear the surface. The vapor concentration is
derived from the vapor pressure.

ALGORITHMS: VAPOR from DRY SOURCES:
Basic models and algorithms for the emission of ¥@®©m dry materials indoors have

been developed?®?“? This includes a single-layer model that has bepplied to
carpets and vinyl flooring, and also a double-laymdel. As will be discussed later,
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these models include the ability of the materiahtd as both a source and a sink. The
single-layer model was initially developed for &uation where the external gas-phase
mass transfer was relatively unimportant, but nmreeently, researchers have extended
the basic model to include the external gas-phasistanc€?’.  These workers
examined the conditions for which the external ghase resistance becomes important.
More recently, the overall approach has been shove applicable to porous materials
as well, provided the additional material-phase ehparameters are known

For the models to be more useful, it is necessargieivelop methods to estimate the
model parameters of diffusion and/or mass-transfefficients. These include the initial
material-phase concentration, material/air paritoefficients, material-phase diffusion
coefficients, as well as the external gas-phasgexiive mass-transfer coefficients. The
techniques to estimate diffusion coefficients carglbouped into three broad categories: a
non-steady analysis method, a steady-state anaiysihiod, and a porosity-based
method. The two-chamber system with no flow by &atet af® and the flow-through
microbalance system by Cet af’ as well as Zhaet af® belong to the first category.
The second category includes the cup method addgytédrchneret al®® and the twin
chamber methods used by Meiningh@isaf®3: The cup method is not desireable if
used with pure solvent because under these higbeotration conditions, the diffusion
coefficient is expected to become dependent onesdretion. For most of the VOCs,
the material-phase concentrations are relatively &nd the diffusion and partition
coefficients have been found to be independentamtentratiorf. Essentially all the
models developed thus far assume that these ctmistanindependent of concentration.
Generally, the two-chamber methods entail more mx@atal effort, but are more
suitable for the highly volatile compounds. Thecrobalance method is simpler, but
works better for the somewhat lower volatility corapds because the absorbed mass is
greater and more easily measured.

Blondeauet af® used mercury intrusion porosimetry tests to obdifiusion coefficients.

It should be noted that the estimated coefficiemised in a wide range as reported by
Haghighatet af*. A method to measure the initial material-phasecentration in vinyl
flooring has also been developed by Gaixaf®. Because this is the most important
parameter in these VOC emission models, furthekuwmrdevelop improved techniques
to measure the initial concentration of volatilesviarious materials would be of real
value. It is most convenient if the initial contrarion is uniform, but it is also possible
to predict emissions for a non-uniform initial centratiori®, provided it is known.
Interestingly, Xu and Zharigshowed that the longer-term emission rate is Hahat
strongly dependent on the shape of the non-unifartial concentration if the material-
phase diffusion rate is fairly high.

There has been very little effort to develop methddr determining mass-transfer
coefficients that are used to describe mass-trans$estances at the material-air interface
and in the boundary layer above it. This is paotgause there has been a large amount
of research focused on heat transfer researchbouadary layer. Through the analogy
between heat and mass transfer, the theories geekléor thermal boundary layer
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behavior are commonly used for the concentratiomntdary layer. The mass-transfer
coefficient used in Huang and Haghigliaand Deng and Kifi was based on the

relationship between dimensionless numbers of Stawnumber, Reynolds number,
and Schmidt number, which were developed origindityn heat-transfer research.
These methods appear to be fairly well acceptegredicting mass-transfer coefficients,
although there is probably a need to validate tHema wider range of indoor

environmental conditions.

Work exists on external mass-transfer coefficiemigich derives from studies of the
complementary problem of predicting the rates afame reaction/uptake from indoor
air. The mass-transport-limited mass-transferfaeht from those studies would apply
both for the source and the sink associated massgort problem. Nazaroff and Céss
framed the broad issue. Morrison and Nazétqffesent an analysis for turbulent mass-
transport through a boundary layer adjacent tormoar surface, utilizing studies of
boundary-layer eddy diffusivity from direct numexicimulation of turbulent transport.

ALGORITHMS : VAPOR from WET SOURCES:

Some useful models have been developed for speaeditvapor sources such as paint.
The Wall Paint Exposure Model (WPEf)developed by the US Environmental
Protection Agency uses simple input (vapor pressureight percent and MW of
chemical of interest in the paint) to predict tirae course of emission and residential
room concentration for that chemical species.

Another general emission model accounting for mdér diffusion and surface
evaporation was developed for architectural coatingA companion experimental
method was developed to determine both the diffusind evaporation (mass-transfer)
coefficient. The results indicate that the difaursicoefficient is inversely proportional to
molecular weight, while the evaporation coefficisnproportional to vapor pressure of
VOCs as reported by Won and SHAwThis supports that a general emission model can
be utilized based on simple inputs of chemical proes.

More general models have been forwarded by the BIS &d others for the evaporation
rate of pure substanéé$® and mixture¥*’ over vaporizing pools, from contaminated
water*4950515% from solvent-based indoor coating matetial.

General models are also available for emission&©fs from contaminated water

during general wuse within the residencee.g(, showering, bathing,
Iaundering5.4’55‘56’57'58’59'60’61'62’63

ALGORITHMS: NEAT VAPOR SOURCES (occurring withinhé near field or
penetrating into the microenvironment):

Work has been done on the prediction of indoor amimant levels from vapor intrusion
originating with VOC contaminated soil or grounderat A model developed by Johnson
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and Ettinge?"®° has emerged as a standard tool for screening-fsssgssments. Only
limited experimental evidence is available for dating such modef§:°” The problem
of radon migration from soil into buildings is cédg related, and significant work on the
development of models for predicting soil-gas ision has been conducted to better
characterize soil as a source of indoor ratf§i/*"*

Workers have quantified the level of vapor pene&tratindoors from ambient
concentrations outdoors for standard VQfDsther text, references: ??)

SOURCES of PARTICULATE MATTER:

Ongoing work and models are being developed fos@®l exposure to aerosol spray
(references: RIVM)

Outdoor particles can penetrate into indoor aing@laith air that enters a building for
ventilation. Building ventilation is conventiomaldivided into three modes. Natural
ventilation refers to indoor-outdoor air exchangeuced by flow through open windows
or other designed openings in the building envelopiltration refers to uncontrolled
flow of air through leaks. Mechanical ventilatioefers to airflow induced by fans.
Particle penetration from outdoors to indoors \&sggnificantly among these ventilation
modes. For natural ventilation, particles are eigu to penetrate without loss. For
infiltration, particles may be lost on the surfacéguilding cracks owing to deposition
mechanisms such as gravitational settling and Bianvdiffusion. A modeling approach
has been developed to predict the degree of pdioetras a function of leakage path
characteristics, airflow characteristics, and phetisizé®>. In the case of mechanical
ventilation, particles in the supply air may beeattated either by removal on a particle
filter”, by deposition on heat-exchanger c8jland by deposition on the surfaces of
ventilation duct®. An integrated approach to predicting indoor iples$ of outdoor
origin has been presented by Riktyal "°.

COMBUSTION SOURCES (PARTICULATE and VAPOR)

Dr. Guo and colleagues have researched and repontezmissions from candles and
incensé7,78,79,80,81

Work has also been done on the types and rateanidsiens from space heaters

indoors®2:83.84

Emissions from cigarettes and other tobacco preduave also been extensively studied,
including both particulate matter (Klepeisal, 2003§° and vapors (Singet a)®*”.
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ALGORITHMS: SINKS

Once emitted to the air the fate of a chemical vaigolimited to the following
possibilities:

1. Advection and removal from the microenvironmardund the person by
the normal dilution ventilation provided by mixiag changes.

Sorption onto a fixed surface within the micraeonment.

Chemical transformation either while airborneafter deposition within
the microenvironment.

Removal by means of an active air-cleaning aevic

Uptake by an airborne particle.

w N

ok

The non-ventilatory loss from sorptive uptake otedi surfaces is the so-called sink. If
the material ultimately re-volatilizes from the &oe after a period of time then the effect
of the sink is to lower the peak concentration fouprolong the total time of emission

and potential exposure. If the material degradeshemically transforms on the surface
or remains indefinitely bound to the surface thka total inhalation exposure to the
chemical species is reduced. The higher the rataeeveight and the lower the vapor
pressure of a chemical the more prone to sorptiosirtks it will be. Other chemical

properties of compounds can influence the degreehich they are affected by sinks,
including polarity and acid-base attributes.

EPA has developed a theoretical framework for imdooks based upon the Langmuir
adsorption isotherm equation. This equation assuire a surface can sorb a maximum
of one monolayer of molecules. The surface israssto be homogeneous with all sites
mutually independent and identi®alSmall chamber methods were devised to determine
sorption and desorption rate constants for ethyleee and tetrachloroethylene and
several indoor surfac®s Chamber study results suggested that the Langmadel was
appropriate for relatively flat and smooth surfasash as wallboard and ceiling tile, but
not appropriate for more complex surfaces suchaaget and pillow®. The modeling
approach was evaluated by comparing observed ctratens and “Langmuir sink”
model predictions for wood stain applied to a flooa research test hodse The model
failed to accurately predict emissions for timeipes beyond 48 hours.

The US EPA (Dr. Guo) is currently evaluating sinkdals and expects to report findings
either late in 2005 or early 2006.

The sink effects were also investigated in smaleschamber tests for the interactions
between various VOCs and building materials. Thesthcommon modeling approach

was to use a linear sorption and desorption mo@eirrelation equations of the sorption

and desorption coefficient with chemical propertseeh as vapor pressure were also
derived as reported by Aet af?, Wonet al®***and Singeet al®®

A validation study of the linear sink model waseatpted with two types of scale-up
experiments. From the large-scale laboratory exymant, relatively good agreement was
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observed between measurements and predictionslsirtk model. In contrast, the level
of sorption in the field test was observed to bkeast 9 times greater than was predicted
by the model as reported by Wenal®®

The sink effect with chemical degradation withir think has been incorporated into a
model gleveloped to predict indoor air concentraidrom the use of treated wood
indoors?’

The work of Littleet al naturally incorporates the “sink effect” for dyr&aces as part of
the above modeling for emissions from these dryenils, as described by Zhabal *®
and Kumar and Litt&.

TRANSPORT AND FATE MODELS

Historically, the_well-mixed boxepresentation has dominated as the indoor transpo
model of choice. In this construct transport isvaniently handled by assuming that any
molecule released into a microenvironmerd.g(, a residential room) will be
instantaneously mixed within the volume of the roomin this model the average
concentration is considered to be homogeneousdghmu the volume of the room. That
is, there are no gradients of concentration betwhensource and any point within the
microenvironment.

Given a steady source, the well-mixed box modeldeen the following simple
relationship for the average airborne concentratiba non reactive/non sorbing species
with a source rate in mass/time and ventilatioa matvolume/time:

Source Rate
Ventilation _ Rate

Concentatbn =

These assumptions are reasonably valid for scenavith large diffuse or multiple
sources emitting to relatively small microenviromtgewith rapidly moving and well-
mixed air. This approach may also work reasonail for predicting time-averaged
exposure concentrations over extended time inter¥dwever, the assumptions are not
valid for predicting transient exposures to emissiérom point sources proximate to the
exposed individual.

Clearly, point sources in real rooms have strorgdignts of concentration from the
source to distal points within the room. A tedahiconstruct was used to successfully
describe this situation by Dr. John Franke in 985LPhD Thesi&® Dr. Franke used a
diffusion model originally developed for heat fl#v and applied to indoor air
modeling®?'® The equation for a continuous point source ésented in the references
to predict concentration at any distance r and time

Page 81 of 104



Global CEM Net Report of the Workshop no. 2 @olirce
Characterization, Transport and Fdtdntra (Italy), 20-21 June 2005

C :L 1—-erf ;
4r(D)(r) VA)(D)

where:
C = concentration, mass/volume, mg/m
erf = the error function (dimensionless)
steady-state emission rate, mass/time, mg/hr
the distance from the source to the persbréathing zone, m
the eddy diffusivity, area/time,’hr
elapsed time, hr

t

In this model, contaminants emitting from a poiouice are dispersed not by their
molecular diffusion but rather by the natural airrents existent in every interior space.
Indeed, molecular diffusion is miniscule comparedhe diffusion caused by turbulent
eddy air currents. These natural indoor air movemer eddys determine the size of D
(the eddy diffusion coefficient) which is entiretiependent on the amount of turbulent
kinetic energy of the air and independent of anypprties of the transported chemical

species.

Other attemptd*°®1% have been made to describe the reality of higlteatnation near

a source and lower concentrations at points awam fthe source. The two-zone or
“near-field/far field” model conceptualizes a ro@s containing two contiguous zone-a
“near field” zone surrounding the emission sourse] a “far field” zone comprising the

rest of the room. The air within each zone istedas being perfectly mixed, but with

limited air exchange between the two zones. Th&leh scenario means that the
contaminant concentration is uniform throughout tiear field zone, and is uniform

throughout the far field zone, and in general tharrfield concentration is higher than the
far field concentration.

The general mass balance equations for the Neli/fFe Field Model and a constant
emission rate are as follows:

Change in Mass = Mass Gain - Mass Loss
Near Field: \dG = [Gdt+B Cerdt] — P Cyedt
Far Field: VEdGer = B Cne dt — B Crrdt+ Q Grdf]
where: Gie = the near field concentration (mghm

Ce+ = the far field concentration (mgfin
Ve = the near filed volume (n
Vee = the far field volume (/)
G = constant mass emission rate (mg/min)
B = air flow rate (n¥Ymin) between the near and far fields
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Q = room supply/exhaust air rate*(min)
dt = an infinitesimal time interval

The preliminary (and subsequent) opinions of theksalmop participants were that fate
and transport models are very important but thaitethis probably no one model that will
work for all cases. What is needed is a goodkiptather than one good tool.

Fate and transport models for predicting exposumeghdoor environments need to
account for pollutant-related characteristics, ding-related characteristics, airflow
characteristics, and (probably) human subject ciaratics. The models also need to
account for the important dynamic processes thataéfct pollutant levels in the indoor
environment. These include emissions, transpamstormation, and removal.

The workshop participants acknowledged the suligtarithness of this aspect of indoor
air exposure modeling but given the limitationstimhe chose to remain focused on
sources. One of the workshop participants (Nafehak recently published wdfK that
substantially summarizes the transport-and-fatees$or indoor particulate matter which
provides help in framing the subject.

GAP ANALYSIS FOR THE ABOVE

(How inaccurate are the existing models or how irtgu is it to close any particular
gap? This includes identification of “best” curtigravailable models and a research path
forward to close the gaps).

Estimating or discussing how accurate the existimaglels are in predicting real world
exposures is somewhat problematic because veryhHave undergone any sort of
evaluation under real world conditions. Those tiate were typically specific-purpose
models such as the Wall Paint Exposure Model ane wet evaluated in the context of a
general model of emissions. McCready and Fontdirdid a literature review on
experimental studies and modeling the evaporatisudace coatings. Some details of
their work and its references are included in Attaent B below. Indeed, this type of
work provides us with excellent insight into the dets and their possibilities but the
specific conditions tested in these studies indyiaepresent a very small portion of
scenarios of interest.

Given this decided lack of model development anth,da relatively large task is
presented for a research path forward. It is sstggethat a reasonably comprehensive
subset of the above taxonomy be selected for spéabforatory analysis. For example
specific laboratory test devised for selected aralfyom:
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VAPOR from DRY SOURCES:

Chemicals contained within, diffusing and emittingm solids:

Dried paint

Dry or dried pesticide (e.g., moth crystals)

Treated wood

Plastic films, surfaces or cabinets

Oriented strand board

Composition board

Plywood

Insulation

Carpet and carpet backing

Electronic products/components (circuitry hmt appliances, computers,
monitors, etc.)

VAPOR from WET SOURCES:

Chemicals emitting from wet sources:

Coatings (paint, varnish)

Cleaning products (wiped, brushed or mopped on)
Wet Pesticides

Personal Care or Cosmetic Products

Wet Laundry products

Solvent Uses

Airfreshners

In all cases a specific model (hypotheses) as mated by a consensus of workshop
participants would be proposed. The critical petati variables would be identified and

characterized. In all likelihood this may meanexperimental run to parameterize the
model. Next, experimental emission data for aes@ntative listing of substrates would
be conducted under various realistic conditionstaedesults matched against the model
prediction.

Enough representative sampling of each type oftgties(and analyte type within each
substrate) will be carried out so that a level afiation within each type of substrate can
be quantified.  This will be further evaluated aa$unction of substrate age or other
potentially critical factors.

NOTE: Many factors can affect the variability inpeximental and modeling

outcomes of indoor source emissions. In additioninherent variability in
specimens (specimen variability), external factsigh as air velocity and
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temperature (environmental variability) can playoke in inducing variability in
emission data.

An excellent study of the extent of specimen valitgbcan be found in a case
study with a series of samples of oriented stravatdh which were collected from
the same retail outlet on three separate occagsamse manufacturer, 3 different
production dates), from separate panels produceth®rsame production date,
and from multiple locations within the same panélariability in the VOC
emissions from these samples was found to exceedrthlytical uncertainty by
an order of magnitude in some cases as reportedMbgee et af%
Environmental factors such as air velocity andtamperature can also affect
emissions from wet sources (Waet af'®, 2004; Won and Shaw, while
emissions from dry materials can be affected byesiperature (Caiat af*? and
material temperature (Wagt af*®

This portion of the research plan should be pwlyosized to fill a full-time research
effort relative to the research allocated to ihafis, the number and types of substrates
will initially be determined within this resourcdlacation and schedule. This schedule
will be subject to change depending on what isnedrduring the testing.

It is anticipated that the above program will pedesmoothly for the JRC Laboratory
characterization of emission rates of volatile aigacompounds VOCs from the various
substrates. It is also projected that the themaktbasis for modeling emissions of
SVOCs will require significantly more theoreticaldaconceptual work in the university
laboratory of Dr. Little. Once these SVOC modets @eveloped they will be advised for
integration into the JRC Laboratory Model Developtreffort as described above.

A final active and immediate research program fumsideration by the JRC Laboratory
includes parameterization of some of the transpod fate models discussed in the
workshop. This would include the possibility ofns® work developing the Eddy

Diffusivity or the Nicas two-box model. Indeed,ethactual measurement of D

(diffusivity coefficient) is somewhat involved tadbally and, as a result, only a handful
of values for typical indoor environments currerglyist. To make matters worse these
measurements represent a fairly broad range ofesalwhich means having a large
variation in any concentrations predicted by theded.

It is intuitively obvious that eddy diffusivity, twvbox and other indoor transport models
will be driven by or correlated to other relativedgsily measured variables associated
with indoor room air. Such variables as:

Average air velocity

Air exchange rate

Windows open or closed

Outside versus Inside Temperature

Outside wind speed

Number of persons per square meter of room area
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Number of electrical devices (e.g. computers)gograre meter

A comprehensive research testing program couldbeulated by technical experts to be
executed first in the INDOORTRON laboratory testiagility at the EC Joint Research
Centre and later in real rooms could provide aalipror algorithm(s) to predict D and
other critical parameters in the various modelsennarious room conditions which
would be invaluable to anyone developing and utiege currently under-used models.

Plans for follow-up including a publication of thigorkshop’s proceedings and plans for
the next workshop on this critical topic or ideietif subtopics (e.g., predicating particle
source terms from cutting, sanding or handling).

It is anticipated that this active JRC laboratoffort designed to develop VOC and
SVOC emission models for the critical substratedisied above will begin yielding
useful results within 6 months. It is suggestiedt ta brief report be written by the
Principle Investigator every 3 months outlining fh®gress and emerging issues from
these efforts to be reviewed in a conference gaihterested workshop attendees.

It is further suggested that additional source/fateleling workshops be held at the JRC
every 6-8 months on topics as discussed and icehidt this workshop. Some current
suggestions include:

Particulate Source Rate Modeling from HandlingisB” Material
SVOC Modeling from Dry Substrates

As mentioned above, the plan is to complete thi®nteand publish it as the workshop
proceedings.

WHAT ARE THE TOP PRIORITY SOURCE OR TRANSPORT MODEL ING
RESEARCH ISSUES?

This answer to this question is essentially unkrieva prior since it is somewhat like
knowing the answer first so that one can then laslcorrect question.

Some thoughts for discussion within the workshapude the fact that the most useful
models are generally not overly complex. Indeeds anticipated that critical variables
within larger models may be identified and expentaly characterized independently
of other parameters within the larger model. Thsirsple models can be integrated into
higher order models, i.e., source models provigetino IAQ models, which in turn will
provide confident input to exposure models. Thkus desire is to focus on critical
source components.
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In the US the focus has typically been on sourcs®@ated with pesticides, known
carcinogens (e.g., PAH) and chlorinated hydrocasbdmat is, substances with a high
level of biological activity and toxic potential.

Top or high priority might be ascribed by the papants during and as a result of the
workshop discussion; however, as mentioned abewetiermination may be problematic

given a lack of information on which to base suekisions. In the case of sources such
decisions should naturally include those considergddged to provide the highest level

of personal exposure ((concentration)(time)) poakid substances with the highest level

of toxicity.

STRATEGY FOR USING EXISTING SOURCE/TRANSPORT EXPOSURE
MODELS AND EXISTING SCENARIOS

In many scenarios the current strategy is or shbaldbvious: use the best current (but
generally unevaluated) models, bias the model s\pubverestimate exposure (to guard
against the uncertainty of underestimation), doanyeur actions and consider this to
be the best that can be done with the limited mfdron at hand.

The workshop participants will be asked to identifie best existing source/transport
models and make specific recommendations for hasy tmight be used absent (or
before) the benefit derived from a research prog@mmprove them. In some instances
were we truly lack information, for example, in smering emission from handling a
dusty solid the current default may have to besttmaited breathing zone concentration
based on experience or empirical data rather thraadel.

Attachment A

Pre-Workshop Source Categories
System of Sources in the MICROENVIRONMENT

The premise for this workshop is that exposure umdns within microenvironments
(ME) as described above is determined to a largenéby the sources of substances that
occur within or enter into that specific voluméf course, human exposure is ultimately
moderated by individual factors associated with ghbstance, the activity, contact and
biological delivery; however, our focus here is the characterization of the sources
within this system.

It is suggested that the general categories betaiddoe helpful in the classification of
sources of human exposure:
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CATEGORIES OF INDOOR SOURCES OF EXPOSURE

1. SOURCESNTO AIR (mass/time)
a. PRIMARY

i. DIRECT INJECTION
-Entrained (e.g., Sprayed liquid or particles)
-Positive Displacement (e.g., Drum filling headspagection)
ii. WET
-Evaporation (e.g., Spilled liquid)
ii. DRY
-Vaporization (e.g., Diffusion from solids)

b. SECONDARY (reaction products)

i. WET
-Reaction products vaporizing to air (e.gs,didation of
pinene)
ii. DRY
-Reaction products vaporizing to air (e.gs,didation of VOCs
in dried paint)
iii. FORMING IN AIR

2. SOURCES of Dislodge able Matef@NTO SURFACES (mass/((area)(time))

c. PRIMARY
i. WET
-Direction application (e.g., cleaning materialsurfaces)
ii. DRY
-Vaporization (e.qg., diffusion from solids to suddor dislodge able

residue)
-Particle deposition (e.g. settle onto surfacesedt particles)
iii. VAPOR (air to surface deposition)
-Air to surface deposition (e.g., sorbed speciesctly to
surfaces)
-VOC or SVOC-to-dust-to-surface

d. SECONDARY (reaction products)
i. WET

-Reaction products occurring in wet surfaces (©ggxidation
of pinene)
i. DRY
-Reaction products occurring on dry surfaces dedle able
residue

iii. VAPOR (air to surface deposition)

-Airborne reaction products depositing on surfaaesdislodge
able residue
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The illustration below is a conceptual depiction afmicroenvironment system of
substance sources and is intended to show all fmtesources of airborne intrusion
(mass/time) into the air volume or dislodge ablesidee development
(mass/((time)(area)) onto surfaces within the neokeronment.

SYSTEM OF SOURCES
INDOOR MICROENVIRONMENT (ME)

Ser

<4— Air (inhalation)

Surfaces (dermal)

e

S: Any chemical source extant in the microenvirontrather originating in
it or penetrating from outside that results in iatian or dermal exposure
potential. This particular universe of sourcesarmmbnsideration does not
include persistent and bioaccumulating substanbas ¢oncentrate in
food.

See Sources that occurs outside of the microemvitent and then penetrate
into it. Sometimes they are referred to as FARBEources. Examples
include general air pollution, contaminated growader used for drinking
and washing and soil gases that permeate intodime h

S\E Sources that originate inside of the microemment. Sometimes they are
referred to as NEARFIELD sources. Examples inelud

Sprayed products

Fugitive cooking and heating gases and vapors
Wet and dry paint emissions

Solvent use

Emission from building products
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=  Emission from articles within the microenvironment
= Emission from appliances

S=>5* Source that is chemically transfimgnwithin the microenvironment
whether it originated within or penetrated into itThese sources could
provide the chemical of interest (+) by convertiagprecursor to the
chemical or take it away by reacting it (-).

S (sink): Loss (-S) or gain (+S) of the chemicalimkrest to or from a sorptive
surface.

For inhalation exposure assessment the followitadiomship describes the summation of
all sources going into thar of the microenvironment.

Gdt= Zn:SFth+Zm:SNth+ZO:S*dt+Zp:S(SINK)dt
0 0 0 0

The potential sources Sgr are from air penetrating into the microenvironment air.

The potential sources of;Sinto the microenvironment air come from:
* aprimary vaporizing surface
* an emitting sink surface
» direct injection into the air.

The potential sources S* are from chemical tramsédion in air or in sinks forming (+)
the chemical species of interest or transformingi{e chemical of interest to another
species.

The potential sources S(SINKS) are from air-to-@cefsorption (-) or surface-to-air (+)
desorption of the chemical of interest in the MEteyn.

Note: Units of G, &, Sur, S* and S(SINK) all inveight/time. All sources considered
to be going into the air are (+).

Please note that the same basic algorithm is aipdéicfor dermal exposure (or hand to
mouth oral exposure) from surfaces within the neororonment except that the actual
source terms are somewhat different. The terntBigncase describe the summation of
all sources going onto surfaces and availablesisdiie able content

The potential sourcessSand &F come from the same places ( i.e., far and ne#d)fie
however, instead of representing sourttethe air_they represent sources transferred to
and from themicroenvironment surface from the air.
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The potential sources S* are from chemical tramsé&tion in the surface sinks forming
(+) the chemical species of interest or transfogr{#) the chemical of interest to another
species.

The potential sources S(SINKS) are from air-to-@acef sorption (+) or surface-to-air (-)
desorption of the chemical of interest in the MEtsyn.

It is important to note that the units are diffdarehe variables of G,i§ S, S* and
S(SINK) for dermal (or hand to mouth oral) expospotential from surfaces are all in
mass/((surface area)(time)). All sources consttléoe be going onto the surface are
deemed to be (+).

The above conceptual system as described doesmsitler direct application to the skin
via application of liquid or deposition from the.aiThis can be simply accommodated by
adding an additional source terms to the abovet®gua

This conceptual model may or may not ever be tededl into an actual holistic

operational model for indoor sources. Its purpissenerely to provide a chart of the
overall system and assist in pointing the way torniost relevant research tasks that will
most accurately and effectively describe the expopotential.

Attachment B

McCready and Fontaine Survey of Wet Source Modeling

McCready and Fontaine (2003) provided a literatergew on experimental studies and

modeling the evaporation of surface coatings. &dblkummarizes a number of these
indicating the study type, surface coating, chehet@oncern, author, and date. Several
types of surface coatings have been evaluatedran@er of products; latex paint, alkyd

paint, wood stain, polyurethane floor finish, aydtietic solvents using small chamber

and room scale experiments. In some of theseestutiere were general models based
on fundamental engineering principles; these models be applied to a range of

conditions. In contrast, curve fit models may perf better in some instances but are
often limited to specific experimental data set aadditions.

Table 1. A summary of some surface coating studies

Study Surface Chemicals of Author Date

Type Coating Concern

CE, L Floor wax and Alkanes and Tichenor** 1987
caulking Trimethylbenzene (TMB)

L Survey on use Miscellaneous solvents Seedordf > | 1990

CE, M Wood stain, floor | Alkanes and Tichenor® 1991
wax, polyurethane| Trimethylbenzene
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CE, M Wood stain Alkanes and TMB Chang and 1992
Gug’
CE, L, M Waterborne paint| Taxanol, propanediol, dri@lausefi™ 1993
bitoxyethoxyethanol
CE, L Water-based painf Miscellaneous VOC's Gehtigl® | 1993
CE, M, RE, | Wood stain, floor | Total VOC Tichenoet af*® | 1993
L wax, polyurethane
L, M, RE Wood stain Alkanes Chang and 1994
Gug*
CE, M, RE, | Synthetic solvent, | Total VOC Sparket al'** | 1996
L moth cakes
L, M Interior paints and| Miscellaneous Browit® 1997
coatings
CE, L, M Latex paint Miscellaneous VOC Chaetpf** 1998
CE, L Alkyd paint Miscellaneous VOC's Fortmaanal® | 1998
CE, L Conversion Formaldehyde, xylene, | Howardet af*® | 1998
varnish and total VOC
CE, RE,M | Synthetic solvent| VOC — alkanes cual?’ 1998
RE, M, L Alkyd paint Miscellaneous alkanes 12\8/an Vetn 1999
al
CE, RE, M, |Latexand alkyd | Miscellaneous VOC'’s EPA’ 2001
L paint
CE, RE, M, |Latexand alkyd | Miscellaneous VOC'’s EPA’ 2001
L paint
CE = Small chamber scale experiment
RE = Room scale experiment
M = Modeling study
L = Literature review

STUDY CONCLUSIONS

Models typically focus on the initial drying stagdnen the evaporation rate and room
concentrations are highest. During this stagekarexposure is likely to be the greatest.
Models appear to perform satisfactorily for estimgtpotential worker exposure. The
models usually over-predict peak concentratiod$ie model prediction of the timing of

the peak concentration did not match well with éxperimental data set; this is possibly
due to non-ideal behavior of the solvents. Two rhogrut variables, mass transfer factor
and room mixing factor, significantly affect theegicted vapor concentrations. These
variables must be estimated. The experimental al@aiseful to validate the models and
to identify the non-idealities, such as timing lo¢ peak concentration.

OTHER ATTACHMENT B REFERENCES
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1. To survey and discuss the general state-of -the-science of physicochemical micro-environmental

2.

model development specifically in the areas of source characterization relative to strength, time-
course, and transport and fate of emissions from predominantly indoors sources.

Provide specific recommendations — consensus or clear majority opinion on the path forward
concerning this research.

The outcome of the Workshop is summarized below:

1.

2.

A complete taxonomy of indoor pollution sources and sinks that would have a major impact on
indoor air, surface concentrations, exposure and subsequent risk to human health was developed.
A decision not to outline, characterize or explicitly build upon the currently available source sub-
models beyond the draft workshop report done before the meeting. Instead the workshop
participants endeavored to build a framework for this body of scientific work from “the ground up”.
Existing models, where available, were mentioned or otherwise used to fill in this framework.
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The same type of framework was outlined for transport and fate models.

It was anticipated that given this comprehensive framework, practitioners will be able to
potentially match-up the elements of each with existing model tools; however, in many cases, the
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