tandard data formats are
generally  employed  be-
i cause they save time and
money by promot;ng inter-
operab}iitv - that is, by facilitating
data exchange and preserving infor-
mation for re-use — and are avail-
able for a wide variety of business,
scientific, and technological do-
mains. MatML,! for example, is an
extensible markup language (XML)2
used for the management and ex-
change of materials property data.

During the October 2004 ASTM
Committee D22 Conference on In-
door Emissions Testing, MatML was
introduced as a format suitable for
contaminant source emission rate
data. This article describes how these
data are composed into MatML doc-
uments and provides guidance to
anyone who might want to use
MatML to manage and exchange
other forms of materials property
data that are at present stored in
legacy relational databases, Data on
volatile organic compound (VOC)
source emission rates are used to il-
lustrate the method.

BACKGROUND

Most indoor air quality, or IAQ,
models that estimate building con-
taminant concentrations require the
user to provide data related to con-
taminant source strengths and other
contaminant transport mecha-
nisms. Many of the required model
inputs are available in the literature;
however, these data have generally
not been compiled in a readily ac-
cessible source, thereby requiring
users to furnish their own model in-
put parameters. To facilitate the
TAQ modeling process and allow for
assessment of data quality and com-
pleteness, the National Institute of
Standards and Technology (NIST) is
exploring two ways to store and
manage published model input data.

BY ED BEGLEY AND CYNTHIA HOWARD-REED

These approaches may be viewed as
complementary and reflective of the
general need to link data aggrega-
tions with similar content but differ-
ent storage formats. The first me-
thod uses a relational database
management system, known as an
RDBMS, to compile model input
data into searchable databases. The
second effort employs MatML to
demonstrate how 1) the RDBMS
data may be alternatively stored in a
repository of searchable MatML
documents; 2) MatML might be
used as an exchange mechanism be-
tween disparate storage formats, es-
pecially in the context of providing a
convenient way to access data via the
Internet for any IAQ model; and 3)
value may be added to the data by
using an extensible stylesheet lan-
guage transformation, or XSLT,? to
provide online links to the U.S. Cen-
sus Bureau's North American Indus-
try Classification System (NAICS)
and the NIST Chemistry WebBook
via the NAICS and Chemical Ab-
stract Services Number (CASN)
specifications contained in the
MatML documents.

RDBMS FORMAT

A well-designed database stores a
collection of information in a readily
accessible format and also allows for
the assessment of data quality, trends
in observations, and data gaps. While
there is an abundance of VOC source
emission rate data available in the lit-
erature and other sources, no com-
prehensive database exists. There are,
however, several abridged databases,
two of which were used by NIST to
provide the foundation for a good
database design.

The first database, assembled by
the National Research Council of
Canada (NRC),4 includes VOC emis-
sions data from tests conducted in
their Indoor Environment Program

laboratory chambers. This database
represents a collection of data from a
single testing facility and contains
product manufacturer information,
emissions testing conditions, chemi-
cal information, emission factors,
emission profiles, and comments. Its
design was used as a basis to build a
database of emission rates from the
published literature.

The second database, a collection
of peer-reviewed source emission
rates, was compiled by the Indoor
Environment Management Branch
of the U.S. Environmental Protec-
tion Agency (EPA).> The data were
stored in a spreadsheet containing
information regarding emission
source classification, emission testing
conditions, chemical information
and analytical methods, emission
factors, emission modeling parame-
ters if available, and comments.

Drawing from the existing NRC
and EPA database designs, as well as
the recommended data reporting re-
quirements from several testing
guides,®7 3.9 4 VOC source-emission
rate database was created. The new
design includes nine tables: emission
rate category (Category), type of ma-
terial within category (Types), litera-
ture reference (Reference), material
properties {Material), contaminant
properties (Property), environmen-
tal test conditions (Testcond ), mate-
rial test conditions (ETest), source
model equation (Equation), and
contaminant emission rate factors
(Contaminant). The tables are
linked using a “one-to-many” rela-
tionship (Figure 1). While populat-
ing this database with available
records, a further consideration was
highlighted, the need for a consis-
tent data reporting format. A con-
strained format serves to ensure the
availability of all parameters neces-
sary for the purposes of IAQ model-
ing and other analyses.
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laboratories, and standards organi-
zations. The effort leveraged a num-
ber of pertinent materials data re-
sources including several ASTM

through the Organization for the
Advancement of Structured Infor-
mation Standards (OASIS). !

Since MatML was designed to

-
g | Material ] L Contaminant
. Fiateriatype 10 |
. § MaterialTypeName |} =3 5&“3% D1 28 Eg;ssia ?E}—*D
f § MatNotes ' o yaenatiype 10§ =Y | 7
=& ToelD | { TestCond _ID = § Model ID
B ; Nype § Sample Name § Property 1D
ghacs § Surface Area | § MaxEmission Factor
: . . § Sample Loading | | Max Emission Uncertainty
i § ETes!Notes ] § Min Emission Factor
e § Product Age § Min Emission Uncertainty
' T § Median Emission Factor ]
Testcond § Median Emission Uncertainty §
P —— § Mean Emission Factor '
§ TestCond_ID j ; . § Mean Emission Uncertainty
§ Test Condition Name ‘: | Equation 3 Coeff 1
¥ Test Facility Type | rowwerwarman i J Coeti2
§ Temperature § Coeff 3
§ Temperature Uncertainty "
4 Humidity
§ Humidity Uncertainty
§ Surface Air Velocity
Xu;%&rlllent Kir?etic Energy | .
§ Air Change Rate § Coefficient 4 -
§ Air Change Rate Uncertainty ] 1 ] § Coeff 10
§ Test Facility Construction Material |  Source Model Type 4 § ContamDescription
§ Test Facility Volume § Units
g TCondNotes | “NﬂeaSbUf{%ﬂ;%ﬁ Time
¥ Individual VOC <=2 - Number of Measurements
mVOC <=10 e Pmperty " 4 gamptin\g Period
s 1 ) R ] } amp e olume
= | FER e o I Anaiytical Method |
¥ olena: Weight ——————
o Refemca % 1 § PrapNotes
§ ReferencelD QCASN
§ Reference Name !
§ Reference Degree e:
§ Reference Abreviation |
Figure 1 — Relationships for tables in VOC source emission rate database.
MatML
To maximize availability, emis- Table 1 — ASTM guides leveraged by the
sion rate data should be accessible MatML Development Effort.
Web and in a format that can . e . : .
{m thed eb 2 1;;1 1'f0{n1,dt1th(t {'f, E 1308 Guide for Identification of Polymers in Computerized Material
e i;ﬂ erstacx; y any ma,{;)oa:“i air Property Databases
quality modeling program. Until re- ‘ o . o '
1 _} 5 Pros . E 1309 Guide for Identification of Composite Materials in Computerized
cently, most data have been dis- .
o . Material Property Databases
tributed on the Web using hypertext [ _
markup language (HTML), which E1313 Guide for t_he Qevelopmeqt of Standard Data Records for
. . _ Computerization of Material Property Data
only specifies how data are to be
formatted for display and conveys E 1338 Guide for the Identification of Metals and Alloys in Computerized
no description of the data them- Material Property Databases
selves. XML was developed in re- E 1339 Guide for Identification of Aluminum Alioys and Parts in
sponse to that situation so that Computerized Material Property Databases
communtities could define their E 1434 Guide for Development of Standard Data Records for
own domain-specific markup lan- Computerization of Mechanical Test Data for High-Modulus
guages for data management and Fiber-Reinforced Composite Materials
exchange and thereby permit effi- E 1471  Guide for the ldentification of Fibers, Fillers, and Core Materials in
! cient parsing and interpretation of Computerized Material Property Databases
f those data via software. The XML E 1484 Guide for Formatting and Use of Material and Chemical Property
developed to manage and exchange Data and Database Quality Indicators
materials information is called
! MatML. guides (Table 1). Following its publi- address any materials property data,
Initiated in October 1999 by = cation,!® MatML was transferred to | it should be applicable to IAQ data
NIST, the development of MatML  a commercial development group, as a means of managing and ex-
was an international collaboration = which has been conducting trial ap- changing contaminant source emis-
of industry, academia, government | plications and pursuing certification  sion rates. Because of its standard

format, this representation of the
data could be utilized by any 1AQ
computer model and is ideally
suited for distribution on the Web.
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Table
Category
Types
Reference

Material

Property

Testcond

ETest

Equation

Contaminant

Tabie Field
category
Type

Reference name

MaterialTypeName
MatNotes

NAICS

ContamName
Molecular weight
CASN

Test Facility Type
Temperature

Temperature Uncertainty

Humidity

Humidity Uncertainty
Surface Air Velocity
Air change rate

Air change rate
uncertainty

Test facility
construction material

Test facility volume
TCondNotes

Individual VOC <=2
SumVOC <=10
Sample name
Surface area
Sample loading
ETestNotes

Product Age

Description
Equation

NoOfCoef
Coefficient 1
Source Model Type

Mean emission factor
Mean emission

uncertainty

Coeff 1
Units
Measurement time

Number of
Measurements

Sample Volume
Analytical Method

able 2 — Mapping artifact. Note that units are treated implicitly in the database.

Data
FLOOR MATERIALS
Carpet- synthetic fiber

Hodgson, AT, Wooley, J.D., Daisey, J.M. (1993). Emissions of Volatile
Organic Compounds from New Carpets Measured in a Large-Scale
Environmental Chamber

Carpet 3_HCD93

Residential; Propylene primary backing; Polyvinylchioride secondary back-
ing: 100% nylon-6; textured loop construction; solution dyed; Scotchgard
and antimicrobial fiber treatments; 44 x 46 cm tiles; glue down instaliation
31411

2,2,4-Trimethylpentane

114

540-84-1

Large chamber

23

1

50

5

0.09

01
stainless steel

20

Range of values for alitests: T=22.8 - 23.5; RH = 46.5 - 50.2; ACH =
0.98 - 1.0; air velocity = 6.5 - 9. Background concentrations of individual
VOCs and Sum VOCs not measured.

False
False

Carpet 3_HOD93
8.76
0.44

Only one measurement for formaldehyde and acetaldehyde; at least two
measurements for other chemicals; product age = 3 weeks after
manufacture + 24 h sample time

528

Steady-state emission rate
S=G

G = generation rate

1

G

Constant Coefficient

60

7.7
60
ug/mn2/h
24

2

0.0013 - 0.01
GC/MS

54|
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Table
Category

Types
Reference
Material

Property

Testcond

Etest

Eqguation

Contaminant

Table Field
category

Type

Reference name

MaterialTypeName
MatNotes
NAICS

ContamName
Molecular weight
CASN

Test Facility Type
Temperature
Temperature Uncertainty
Humidity

Humidity Uncertainty
Surface Air Velocity

Air change rate

Air change
rate uncertainty

Test facility
construction material

Test facility volume
TCondNotes
Individual VOC <=2
Sum VOC <= 10

Sample name
Surface area
Sample loading
ETestNotes
Product Age
Description
Equation
NoOfCoef
Coefficient 1
Source Model Type

Mean emission factor

Mean emission uncertainty

Coeff 1
Units

Measurement time

Number of Measurements

Sampte Volume
Analytical Method

Feature

Table 3 — Mapping of RDBMS table fields onto MatML.

MatML

Material/BulkDetails/Class
Material/BulkDetails/Subclass
MetaData/DataSourceDetails/ Name
Material/BulkDetails/Name

Material/BulkDetalls/Notes
Material/BulkDetails/Specification

Material/ComponentDetails/Name
Material/ComponentDetails/Notes
Material/ComponentDetaills/Specification

MetaData/TestConditionDetails /ParameterValue/Data
MetaData/TestConditionDetails/ParameterValue /Data
MetaData/TestConditionDetails/ParameterValue /Uncertainty /Value
MetaData/TestConditionDetails/ParameterValue/Data
MetaData/TestConditionDetails/ParameterValue /Uncertainty /Value
MetaData/TestConditionDetails /ParameterValue/Data
MetaData/TestConditionDetails/ParameterValue/Data
MetaData,/ TestConditionDetails/ParameterValue/Uncertainty /Value

MetaData/TestConditionDetails /ParameterValue/Data

MetaData/TestConditionDetails /ParameterValue /Data
MetaData/TestConditionDetails/Notes

MetaData/TestConditionDetails/ParameterValue/Data
MetaData,/TestConditionDetails /ParameterValue/Data

| MetaData/SpecimenDetails/Name

MetaData/SpecimenDetails/Notes
MetaData/SpecimenDetails/Notes
MetaData/SpecimenDetails/Notes
MetaData/SpecimenDetails/Notes

MetaData/MeasurementTechniqueDetails /Notes
MetaData/MeasurementTechniqueDetails /Notes
MetaData/MeasurementTechniqueDetails/Notes
MetaData/MeasurementTechniqueDetails/Notes
MetaData/MeasurementTechniqueDetails/Notes

Material/ComponentDetails/PropertyData/Data
Material/ComponentDetails /PropertyData/Uncertainty
MetaData/MeasurementTechniqueDetails/Notes
Material/ComponentDetails /PropertyData/Units
MetaData/MeasurementTechniqueDetails/Notes
Material/ComponentDetails /PropertyData/ParameterValue /Data
MetaData/SpecimenDetails/Notes
Material/ComponentDetails/PropertyData/ParameterVaiue/Data
MetaData/MeasurementTechniqueDetails/Name

MAPPING THE RDBMS

FORMAT INTO MatML

The mapping is illustrated using
an artifact, a mapping table, and a
listing of a MatML document.

Mapping Artifact
The artifact (Table 2), derived

from an inner join of the database ta-
bles using their ID fields, is an aid for
understanding the mapping (Table 3)
and the corresponding MatML docu-
ment (Listing 1, see page 57). Each
record of the join contained the data
associated with a single contaminant.
An alternative join associating all

contaminants for a single material
could have been created but the sin-
gle contaminant approach was cho-
sen to illustrate the mapping in the
clearest possible manner.

Mapping
Using MatML requires an un-

W.astm.org i ASTM STANDARDIZATION NEWS | OCTOBER 2005



e o vew Faomes Tk 1w

Material Description
Name: Carpet % HDD)%
Class: FLOOR MATERIALS
Subclass; Carpet- cyzlthe{zc fiber
Specification: ~

Contamdnant Description .
Name: 2.24-Tr mzeihy]pentmle
Specification: - e

Mean Emission Factor (ugfm*.‘ 2/ 60+ 7.7
Measurement Tune (howrs): 24

Data Source Betails

Enviromnental Chamber

Measurement Technique Details.
Name: GC/MS

Sample If}emiis :
Name: Carpet 3 HO[)S’%

manufacture + 24 h sample time,

Test Conditions

Notes: Moieculm uex.ht is 114 amu.

Sample Volume n"3): 0.0013 - 0.01

Notes: Data were abstracted from the publication.

Notes: Reaxdezlmi Propylene primary backing: Polyvinylchioride secondary backing: 100% nylon-6: textured loop constructior:
sohition dyed; Scotchgard and antimicrobial fiber treatments; 44 x 46 cm tiles: glue down installation

Name: Hodgson, AT, Woo}ey 1D D'me; .T M. (1993} Enmsmus of Vi e!ahie O} qanic Cmnpmmds ﬁ om New C’aipefs Mea«m ed na Lm oe—ScaIe

Notes: Model description is Steady-state emission rate;, the model equation is § = G where & = generation rate; 1 coefficient{(s). coefficient 1 () iz
60 (ug/m™ 2/, and the source model type is Constant Coefficient

Notes: Sample surface area (m™2) was 8.76. Sample loading (m"241™3) was 0.44, Product age (1) was 528 Number of measurements was 2. Only
one measuranent for formaldehyde and acetaldehyde: at least two measuraments for other chemicals; product age = 3 weeks after

i

Figure 2 — XSLT rendering of MatML document in a Web browser.

derstanding of the language’s vocab-
ulary (tags, formally called elements)
and grammar (order of tags). Since
thorough discussion of MatML is
beyond the scope of this article, in-
terested readers will find helpful the
documentation contained in the

MatML schema.!? The following

high-level overview is provided as an

aid for interpreting the mapping.
P The root element for a MatML
document is named MatML_
Doc, which contains one or
more Material elements and a
Metadata element.
D The Material element contains a
description of the material and
its properties and is compart-
mentalized as follows:
¢ BulkDetails describes the
bulk material;

€ ComponentDetails describes
each component of the bulk
material, which, in this map-
ping, is a volatile organic
compound;

¢ Graphs encodes two dimen-
sional graphics, which is not
needed in this mapping;

€ Glossary contains defini-

tions of terms found in the
document, which also is not
needed in this mapping.

The Metadata element contains
information pertinent to a material
encoded within the MatML docu-
ment and is compartmentalized as
follows:

P AuthorityDetails describes an
authority;
P DataSourceDetails describes a
data source;
P MeasurementTechniqueDetails
describes a measurement tech-
. nique;
D ParameterDetails describes a pa-
rameter;
P PropertyDetails describes a pro-
perty;
» SourceDetails describes the
source of a component;
D SpecimenDetails describes a

sample specimen;

D TestConditionsDetails describes
the test conditions.

The mapping relates the table
fields to the MatML tags. ID fields,
fields containing no data, and other
fields only useful to the database de-
signers have not been mapped. The
shorthand used for the MatML tags
is read hierarchically. “Material/
BulkDetails/Class,” for example, in-
dicates the Class element within the
BulkDetails element within the Ma-
terial element. All tags are contained
within the MatML_Doc element,
which, for ease of reading, is not re-
dundantly listed in the mapping.

Listing

The listing on the next page pre-
sents the MatML document result-
ing from the mapping using the
data from the artifact. The docu-
ment was generated by a program
written to produce a repository of
MatML documents from the inner
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Feature

<?xml version="1.0" encoding="UTF-8"?>
<?xml-stylesheet href="epa2matmixsl” type="text/xs!"?>
<MatML_Doc xmins:xsi="http://wwww3.0rg /2001 /XMLSchema-instance”
xsi:noNamespaceSchemal ocation="http:/ /www.matml.org/downloads /matmi31.xsd”>
<Material>
<BulkDetails>
<Name>Carpet 3_HOD93</Name>
<Class>FLOOR MATERIALS</Class>
<Subclass>Carpet- synthetic fiber</Subclass>
<Specification authority="NAICS">31411 </Specification>
<Notes>Residential; Propylene primary backing; Polyvinylchioride
secondary backing; 100% nylon-6; textured loop construction: solution
dyed; Scotchgard and antimicrobial fiber treatments; 44 x 46 cm tiles; glue
down installation</Notes>
</BulkDetails>
<ComponentDetails>
<Name>2,2 4-Trimethylpentane</Name>
<Specification authority="CASN">540-84-1</Specification> '
<PropertyData property="pr4” technique="m1” source="ds 1" specimen="s1” test="t1">
<Data format="float”>60</Data>
<Uncertainty>
<Value format="float”>7.7</Value>
<Units name="ug/m~"2/h">

<Unit>
<Name>ug</Name>
</Unit>
<Unit power="-2">
<Name>m</Name>
</Unit>
<Unit power="-1">
<Name>h</Name>
</Unit>
</Units>
</Uncertainty>
<ParameterValue parameter="p10” format="float”>
<Data>24</Data>
</ParameterValue>

<ParameterValue parameter="p12” format="float”>
<Data>0.0013 ~ 0.01</Data>
</ParameterValue>
</PropertyData>
<Notes>Molecular weight is 114 amu. </Notes>
</ComponentDetails>
</Material>
<Metadata>
<AuthorityDetails id="NAICS">
<Name>North American Industry Classification System</Name>
</AuthorityDetails>
<AuthorityDetails id="CASN”">
<Name>Chemical Abstract Services Number</Name>
</AuthorityDetails>
<DataSourceDetails id="ds1">
<Name>Hodgson, A.T, Wooley, J.D., Daisey, J.M. (1993). Emissions of
Volatile Organic Compounds from New Carpets Measured in a Large-
Scale Environmental Chamber</Name>
<Notes>Data were abstracted from the publication.</Notes>
</DataSourceDetaiis>
<MeasurementTechniqueDetails id="m1">
<Name>GC/MS</Name>
<Notes>Model description is Steady-state emission rate; the modei
equation is S = G where G = generation rate; 1 coefficient(s), coefficient 1
(G)is 60 (ug/m"2/h); and the source model type is Constant
Coefficient</Notes>
</MeasurementTechniqueDetails> ...

Listing — Partial illustration of MatML document derived from mapping artifact. To download a document containing
the full listing, go to www.astm.org/SNEWS /OCTOBER_2005/begreelist_oct05.html or contact Ed Begley at NIST,
100 Bureau Dr, Stop 8630, Gaithersburg, MD 20899-8630 (phone: 301 /975'611.8)7 o

www.astm.org | ASTM STANDARDIZATION NEWS | OCTOBER 2005

157




U.S. Census Bureau.

2002 NAICS Definitions
314 Textile Product Mills

314 Textile Product Mills
Industries m the Textile Product Mi

uged i these industries are general
and towels).

3141 Textile Furnishings Mills

31411 Carpet and Rug Mills

See industry description for 314110 below.

314110 Carpet and Rug Mills

This industry comprises establishuments
mattings. needlepunch carpeting, and d
(2) finishing catpets and rugs,

Go to: No change 1997 to 2002
2002 1997 1987
o NAICS © NAICS SIC

314110
31411() 31411(} 2273 Carpets and rugs made from textile materials
314110 314110 275 »

lIs subsector group establishinents that make textile products (except apparel). With a few exceptions, processes
ly cut and sew (i.e.. purchasing fabric and cutting and sewing to make nonapparel textile products, such az sheets

primarily engaged in (1) manufacturing woven, tufted. and other carpets and rugs, such as art squares. floor
oor mats and mattings. from textile materials or from twisted paper, grasses, reeds, sisal, Jute, or rags and/or

Corresponding Index Entries
314110 2273 “Bath mats and bath sets made in caipet mills -

ji

Figure 3 — Link from MatML. document to U.S. Census Bureau using NAICS specification.

join of the database tables using the
mapping’s rules.

ADDING VALUE

As with all extensible markup
languages, MatML separates infor-
mation content from its display for-
mat. This feature essentially renders
the data “future-proof,” since docu-
ments are written using simple
ASCII text rather than a proprietary
encoding technique. Conversion to
whatever data storage formats arise
in the future, therefore, becomes a
straightforward exercise. Moreover,
MatML documents may be pro-
cessed according to need, such as
extracting specific data and format-
ting them for import into IAQ com-
puter modeling software, format-
ting the data for publication in
e-journals, or formatting the data
for Web browser display.

As an illustration (Figure 2), the
data contained in the listing were
rendered for browser display using

“The ultimate goal
of NIST’s efforts to
store VOC emission
rate data is to help
promote the
standardization
needed for
consistency and
reliability in
reporting, accessing,
and manipulating
these data.”

an XSLT with processing rules for
also adding value to the original
data; the NAICS and CASN specifi-
cations were identified and appro-
priate hyperlinks were created within
the displayed document to the U.S.
Census Bureau’s NAICS (Figure 3)

and NIST Chemistry WebBook (Fig-
ure 4), respectively.

CONCLUSION

The ultimate goal of NIST’s ef-
forts to store VOC emission rate
data is to help promote the stan-
dardization needed for consistency
and reliability in reporting, access-
ing, and manipulating these data.
MatML provides a suitable format
for data management and exchange,
especially on the Web, and associ-
ated XML technologies offer power-
ful tools for streamlining data access
by any TAQ model. In the near fu-
ture, user-oriented applications
such as an editor will be developed
that will simplify the preparation of
MatML documents and lead to the
compilation of searchable docu-
ment repositories. These reposito-
ries, in turn, may provide broad and
easy accessibility to pertinent mate-
rials information for communities
with a specific interest, including
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Figure 4 — Link from MatML document to NIST Chemistry WebBook using CASN.

indoor air quality and material se-
lection based on a range of environ-
mental impacts. //
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