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Controlling

People are devoting more and more altention and re-
sources to controlling indoor air pollution sources.
Architects, engineers, interior designers, and faciiity
managers are incteasingly trying to specify healthier ma-
ierials. Manufacturers are creating new, lower-emitting
products and are eliminating carcinogenic chemicals from
their products. Government agencies in the United States
and other countries are Tunding programs o lnprove
mesasurements and understand source emissions. They are
also devaloping or using guidelines, standards, and even
regulations to control sources.

However, large differences of opinion exist about some
important indoor air pollution source control questions: is
source conirol more effective than ventilation; is source
control practical; and, Is source control cost effective?
Even if people decide to focus efforts on soures conirol,
a critical question remains: what sources are important to
control?

This article explores three aspects of source control:

#  Control Options - why source control is
critical 1o controlling indoor air pollution.

®  Understanding Sources and their Significance -
the important sources, their emission patietns,
and their effects on humans,

e  Building Material Emission Faciors - how
factors such as quantities and physical
properties of different materials affect 5
source’s significance.

Sources of Indoor Air Polluti

November, 1991

Control Options

There are, essentially, three indoor alr poliution control
options: reducing or eliminating emissions from sources;
ventilating to dilute or exhaust the poliutants; and, filter-
ing or air cleaning,

Tt seems obviously less efficient to allow contaminants
to disperse in air and then try o collect the contaminated
alr in order to exhaust or filter it. However, many manu-
facturers and sellers of indoor air contaminan sources
argue vehemently agalnst source control. Instead, they
advocate a so-called “bhuilding systems approach.” By
this they mean we should focus control efforts on venti-
fation systems rather than building materials, fornishings,
apphances, consumer products, iobacco smoking, and
other soutces of contaminants. They claim that inade-
guate ventilation causes most indoor air quality (IAQ)
problems. Many supporters of this argument are chemical
manufacturers, tobacco companies, and consuitanis who
are aligned with manufacturers of ventilation and air-
cleaning equipment. (See JAB, Vol. 1, No. 1, pp. 1-5.)

By directing attention away from soutce control, these
advocates diminish the likelihood that their product or
their client’s product will be restricted or removed from
the marketplace either by regulation or by market forces.
Furthermore, they decrease, at least in the shert run, the
risk of legal and financial liability associated with the
manufacture, sale, installation, and use of the products.
They influence policy-makers as well as building design-
ers, builders, and operators.

ingide This Issue:

s Material Emission Rates........cccoecvvesnenn. p.7
Charts of Emission Rates for Varions Materials

e Formaldehyds......c..ccoircciviiirsicnssinions p 11
Formaldehyde Irritation Found at Lower Levels

® PUBICAIONS 1ecvvricerririssinsirinirrsnnssinces p. 14
EPA Releases Major 1AQ Publications: “Build-
ing Air Quality: Guide for Building Owners and
Facility Managers™ and “Introduction to Indoor
Air Quality™

Swedish Building Research Reports

o Conference and Call for Papers............ p. 15
Eco Logical Architecture Evropean Congress 92

o New ASHRAE Project
ASHRAE Announces New Guideline Project:
“Achieving Acceptable Indoor Enviromments”

e Calendar.......cocvenneeesiicin i p. 186

P.O. Box 8446, Santa Cruz, CA 95061-8446 (408) 426-6624



A
.n.;y

b

|

Concentration (mg/m3)

6 02 04 08 0B 1 12
Air Exchange Rate (hr-1)

Concentration {mg/m3)

Adr Exchange Rate {hr-1)

Figure 1 - VOO Concenirations as Functions of Yentilation and Emission Hates,
EF (Emission Faciors) inmg - m® - br™

“An Qunce of Prevention...”

While the well-funded advocates of the so-called
“building systems approach” lobby against it, most public
health authorities promote source control. This is the case
not only in the United States and Canada but also in
several European countries active in the indoor air field.

From a comprehensive perspective, source controt is
the most effective general means to improve [AQ. Tt is the
primary thrust of most public health and environmental
protection programs. Examples are abundant in preven-
tive medicine programs, hazardous materials programs,
water poliution control programs, and ambient air pollu-
tion control programs. By eliminating or reducing sources
of indoor air contaminanis, requirermnents for exhaust or
dilution ventilation and air cleaning can be minimized.
Generally it turns out to be more cost effective to control
pollution at the source than to try to remove it once it has
been disseminated into the environment or dispose of it
once it has been collected.

Indeed, some authorities promote a general strategy of
minimizing source strengths without special regard for
the composition of emissions or the knowledge of their
particular impacts on occupant health. This is sometimes
called “pollution prevention,” and it has become a major
U.5. EPA program. It sidesteps the deficiencies that result
from failing to determine health effects (a costly and
time-consuming process). Absent more detailed informa-
tion on various characteristics of most sources, poliution
prevention may be a reasonabie approach,

Source Controi and Ventilation

Figure 1 shows the relationship between source VOC
emission rate, ventilation rate, and indoor air YOU con-
centrations. Cleatly, the stronger the source, the more

ventilation required to lower the YOU concentration o a
given level. Note that for the “typical” source strength
shown here, when outside air ventilation rates ars above
about one air change per hour, increasing ventilation 2
tittle produces very little reduction in concentration. How-
ever, as ventilation rates decrease, small changes have
larger effects on concentrations. When ventilation rates
are less than one-half an air change per hour, smail
reductions in ventilation produce significant changes in
VOC concentrations. The same general relationships hold
for specific VOCs and for other contaminants.

Note that with the very common variable-air-volume
ventilation supply, the design of many building types such
as offices, stores, and residences frequently produce low
air-exchange rates. They operate at air-exchange rates less
than one per hour when outdoor air temperalures ap-
proach or exceed the indoor air temperature if cooling is
required indoors. That is the case for many buildings,
especiaily larger ones, much of the time. Also, when
heating is required for most of these same buildings,
outdoor air-exchange rates also tend to be low when
outdoor air temperatures are below the indoor tempera-
tures. Thus, for these buildings, indoor air concentrations
are extremely sensitive to the source emission rates.

Of course, either ventilation or filtration/air cleaning is
necessary whenever people occupy buildings. Thisis true
no matter how extensive or effective source control pro-
grams may be. Filter and adsorbent manufacturets believe
that filtration and air cleaning could be effectively used
morte than they are currently; some HVAC system design-
ers have favored air dilution and exhaust of contaminants
rather than air cleaning and filtration for most non-indus-
trial indoor air applications. Both viewpoints are often
valid. However, good IAQ cannot be achieved in an
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econotnically, socially, and environmentally responsible
fashion without an effective source control program that
minimizes the amount of ventilation and filtration re-
guired.

Building Owners’ Perspective From the perspective
of the developer, building owner, or operator, effective
source control can ofien be accomplished without exces-
sive costs. Sometimes design changes or product
substitutions that minimize emissions cost litile or noth-
ing; some can even save money, energy, or other
tesources. In maty cases it is more economical to control
emissions at the source than to provide extra ventilation,
filtration, ot air cleaning. Source control is often a one-
time, front-end action while increasing ventilation
requires increased first costs for up-sizing HVAC systems
and on-going operating costs that reflect energy costs.

Product Manufacturers’ Perspective In many in-
stances, marketing pressures are forcing source control
through creation of “healthier,” low-emitting products or
withdrawal of high emitters and those with carcinogenic
or very toxic emnissions. In other instances, some govern-
ment intervention has occurred before effective action
was taken. (See articles about the EPA Carpet Policy
Dialogue in JAB Vol. 1, Nos. 4 and 5.) Some source
improvements can actually reduce manufacturing costs,
and they certainly reduce potential product liability while
increasing market appeal. However, many manufacturers

Emission Source
Category (emission)

Control Strategy

Human metabolism Yentilation
Water vapor Dilution
Carbon dioxide Dilution
Cdors Dilution
Particles Dilution
Processes Ventilation
Food preparation Local exhaust and ditution
Work (school, office, retail) Local exhaust and dilution

Laundry Local exhanst and dilution

Personal hygiene Local exhaust and dilution
Chemical release Source control
Tobaceo smoking Removal or Restriction
Household products Removal or restriction
Fumiture, textiles Removal or restriction

Building materials Preventive measures

Table 1 - Emission Sources and Control Strategies
{Based on Andersen, 1882).

fear that product modifications will increase their manu-
facturing and marketing costs, diminish their sales, or
require them to abandon their investments in existing
product manufacturing processes or marketing programs.

Understanding Sources and Their
Significance

Lacking detailed and extensive health-effect informa-
tion, we might select control options that yield the greatest
reductions in exposure, that are most feasible, and that are
practical in new construction and retrofit applications
respectively. We might also restrict the use of products
that emit known carcinogens. However, the number of
sources is extremely large and source strengths vary
greatly over time; the task of evaluating products avail-
able for a particular use (e.g., paints, adhesives, floor
coveting) is considerable. Therefore, it is important to
prioritize target sources for mitigation strategies. To do
this, we can categorize products of concern in terms of
their generation, timing, and effective control strategy;
consider source emission patterns; and, evaluate the
sources’ health effects.

Danish Stralegies

In Denmark, efforts to understand, categorize, and
control sources and their emissions have been on-going
since the mid-1970s. There, particleboard and other com-
posite wood products using cheap formaldehyde-resin
based binders became very popular materials for building
construction and for furnishings. Also in the *70s, energy
conservation efforts were undertaken due to the high cost
of fuel. Ventilation rate reductions combined with the
increased use of formaldehyde and other contaminant
sources resulted in indoor air pollution. A heightened
awareness of JAQ problems and greater government ef-
forts to address them followed.

Ib Andersen {1982) of the Danish National Institute of
Occupational Health presented a framework for under-
standing sources in relationship to their generation
category, timing, and effective control strategies. This
framework is described in Table 1.

Andersen’s scheme shows the need for dilution venti-
lation to control human metabolic products and the need
for dilution and exhaust ventilation to control the emis-
sions from many processes that occur indoors. Removal
ot restriction is the preferred control strategy for chemical
releases from materials, products and tobacco smoking.
Although Andersen’s scheme is more than a decade old,
it is still basically sound.
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Emission Patlerns

A growing awareness of IAQ problems also scourred
in the US in the mid-1970s. A large research group at the
University of California’s Lawrence Berkeley Laboratory
{LBL) under the direction of the late chemist, Craig
Hollowell, investigated ventilation and IAQ with fund-
ing from the U.S, Department of Energy. They adapted
ambient air and indusirial hygiene sampling and analyti-
cal methods to study IAQ in residences and in public
buildings. Many of their studies, published in the early
1980s, are valuable sources of information today,

Types of Tmission Time Palterns Robert Miksch,
Hollowell, et al. {1982) from LBL have presented a
stmple description of three types of temporal emission
petiems. Using the ventilation maodel of Turk (1963), they
plotted the different behavior patterns of mean pollutant
exposure levels for different source generation patterns.
The three types of generation patterns they examined are
1) constant, 2) workday, and 3) episodic. Figure 2 shows
these patterns. We would substitute the word “workday™
with the word “periodic™ to extend the applicability to
non-workplace environments.

1.ocation Pattern Variations Sources also have loca-
tional patierns depending on whether they are point
sources or distributed sources. Examples of point sources
are gas-fueled combustion appliances, burning cigarettes,
and photocopiers. Distributed source examples include
thermal insulation materials, furnishings, and floor cov-
erings. Combining the temporal patterns with the spatial
patierns yields a two-by-three matrix with six total cells.
Table 2 shows this matrix.

{Charles Rhodes and his colleagues discussed the im-
portance of sources resulting from occupant activities in
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Flgurs 2 - Three Types of Temporai Emission Patterns.

Constan Periodic Episodic
Point
Gas pilot light  Copler operation  Hobby activities
Moth orystals  Showers, laundry  Tobaceo smoking
Distributed
Carpeting Vacuum cleaning  Carpet shanpoo
Insulation Post conirol Painting

Table 2 - Malrix of Source and Generation Characteristics.

an article in fndoor Air, Vol. 1, No. 2. (Bee AR Vol |,
No. 3, pp. 6-8.) The emissions from these sources are
either irregularly or periodically episodic. They are point
sources located close to occupants so that the exposure of
an occupant performing the activity may be guite large
compared to other occupants in the space or building,

Imporiant determinants of the timing of emissions in-
clude the useful life and replacement frequency of a material
or materials in an assembly; the total embodied emittable
constituents of the materials; the physical configuration of
the product itself and of its use in the building; the environ-
mental exposure of the material as installed in the building;
and, the quality of maintenance of the installed materal(s).
These factors are discussed in the “Building Material Emis-
sion Factors” section of this article.

Nature and Quantily of Emissions The elements of
the emission process are chemical transport through the
material and into the air (diffusion and evaporation),
environmental factors (temperatute, air movement, air-
exchange rate, humidity), sinks (for adsorption and
subsequent re-emission), and removal. See Table 3,

Test results for chemical emissions are available for at
least a few products in most of the major product catego-
ries. However, these test results are not necessarily
comparable due to the use of a wide range of test methods,
product acquisition, test specimen preparation, and other
procedures. Furthermore, some investigators report emis-
sion factors or emission rates at a given point in thne or
avetaged over some defined sampling period. Others
provide emission factors at multiple time points. If
enough is known about the emission patterns for a product
or material type, an emission decay rate can be defined
that will allow calculation of the emission rate at any
given point in time. (See the charts on pages 7-10.)

Nearly all materials’ emissions decay until eventually
they reach a relatively constant rate, although the time
required to reach this stable period is very different for
different types of products. We need to know both how
long it will take to reach the stage, what the emissions will
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be until this stage is reached, and what the rate will be over
the long term at this quasi-steady state emission rate.

Importance of Various Sources

The imporiance of emissions from a given soutce is a
function of the following:

#  Human Exposure (average, peak, and
distribution in population)

»  Health and Comfort Effects Expected from
Exposute

&  Source Control Options Available in New
Construction/Renovation/Remediation

Human Exposure Exposure from a source depends
on the concentrations in the air and the time people spend
in that air space. In general, the nature and guantity of
emissions are determined by area, mass, and emission
factor over the life of a product in a building. For less
volatile compounds, condensation or adsorption on sus-
faces and subsequent human contact will also be an
important determinant of health effects. For the sake of
simplicity, we will not address the separate concerns
raised by semi-volatile compounds (such as human body
odor, some combustion by-products, pesticides, and fire
retardants) in this article.

Transport

Diffusion: movement through a solid or liguid medium

Evaporation: movement from liquid, solid to vapor {gas) phase
Environmental Factors

Temperature

Humidity

Ajr movement

Air concentration {dependent on air-exchange rate )

Direct insolation (incident solar radiation) or other thermal
radiation

Sinks

Capacity as function of surface area, material characteristics
Re-emission

Mass of substance in sink

Air concentration of substance
Removal

Ventilation

Filtration or air cleaning

Chemical reaction

Table 3 - Factors that Determine Emission Rates.

Health and Comfort Effects The importance of a
source is a function of the health effects of its emissions;
however, not enough is known about these effects. Even
the strength of source emissions is not well understood for
most products, although some generalizations can be
made based on emissions testing, chemical compositions,
and physical characteristics, Unfortunately, we are un-
likely to have a great deal more information about health
effects in the foreseeable future.

The Danish National Institute of Occupational Health
publishes lists classifying chemicals as carcinogens, irri-
tants, and odorants, The listings represent qualitative
identifications but do not provide data on thresholds,
effective doses, or significant exposure levels, The lists
are used as the basis for regulatory actions when emissions
tests reveal the presence of regulated substances.

Researchesrs in the U.8. and Denmark have used a
mouse bioassay to assess the potential irritancy of emis-
sions, The Danes use it as part of a comprehensive panel
of emissions tests including human subjective response
and odor evaluation, examination of changes in the eye,
and chemical measurement of emissions. (See IA8, Vol
1, No. 2, pp. 5-9.) The mouse bioassay method has been
standardized as ASTM E981. (See JAB Vol. 1, No. 1, pp.
5-8.) In the next few years, it is certain that far more
research will be done in this area.

Source Control Options Source control options for
building materials and furnishings include the following:

Chemical substitution or product reformulation: Dan-

ish researchers have identified hazardous ingredients in

some paints and created reformulations with substitution
of less hazardous ingredients. U.S. carpet adhesive man-
ufacturers have developed low-VOUC products that do not
use solvent carriers for the resins. U.S. paint manufactur-
ers have been reducing the VOC content of their products
to meet California standards. These standards are de-
signed to minimize VOC emissions into ambient air as
precursoss to smog. Low-formaldehyde emitting parti-
cleboards have been available for several yeats in Europe
and North America.

Product substitution: An example is the use of an exte-
tior-grade plywood instead of particleboard to minimize
formaldehyde emissions. Another is the use of baked-
enamel coatings on furnishings such as office work stations
or the use of steel rather than wood kitchen cabinets.

Product encapsulation: Completely laminating parti-
cleboard-based work surfaces on all six sides radically
reduces emissions of formaldehyde. Wrapping asbestos
pipe insulation material minimizes the fiber release from
incidental contact.
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Building Material Emission Factors

There are hundreds to thousands of products used to
construct and furnish buildings. It is virtually impossible
to obtain and evaluate enough information in a timely way
to carefully select every product in a building. Further-
more, products are being reformulated all the time, so data
may not be relevant if it does not specifically apply to the
product being considered. Building designs are often
completed months and even years before certain elements
are completed. Many product formulations will change
between the design and the construction. Others will leave
or enter the market. Since there is such a growing concemn
about 1AQ, manufacturers are evaluating their own
products’ emissions and many are modifying them volun-
tarily. Others wiil be forced to do so by regulatory action
or market forces brought about by their competitors.

Much of the attention to source control has focused on
building materials and furnishings, vet a particular mate-
rial may contribute relatively little to total occupant
exposute to indoor air contaminants over the life of a
building. This section discusses the following factors that
determine the actual emissions from building materials:

#  Useful Life or Replacement Frequency

»  Total Quantity of Embodied Emissable
Constituents in 2 Unit or Yolume

®  (Chemical and Physical Properties of the
Embodied Chemicals

@  Physical Configuration of the Product Itself
®  Quantity Used in the Building

#  Environmental Exposure of the Material as
Installed

e  (Quality of Maintenance

Pages 7 to 10 contain an extensive compilation of
emissions data — most of it on building materials and
furnishings. We have drawn from 9 published studies.
Although a few other data sources are available, these are
the more extensive ones that have been published in the
open literature to date. Reported emission rates vary
enormously — by more than 10%. Some of the variation
is due to the timing of the test, but large differences exist
among product types.

Useful Life or Replacement Freguency

The useful life of a building material ranges consider-
ably depending on the product: from as little as two to five
years for some surface coverings and coatings to up to
twenty ot thirty years or more for products such as struc-

tural components. Bven so, there is an enormous range
among the useful lives.

Useful life is an important factor because emissions
typically decrease over time; a long-lived, durable mate-~
rial may not be a significant emitter after a short, initial
curing period, In teris of net emissions over the life of a
product, durability is an important consideration, By hav-
ing a long-lived component, a building is spared the
emissions of a fresh, replacement material. A single ap-
plication of a 10-year paint that, when new, releases a
large burst of VOC may be beiter than two applications
of a S-year paint that releases, when new, a slightly
staller burst of VOC.

Total Quantity of Embodied Emissabls
Constituentis in a Unit or Yolume

All materials emit chemicals, albeit stone emits {radon)
less than wood (resins), and hardwoods generally emit
less than softwoods. The quantity of embodied chemicals
that are potentially emitted is a function of the volatility
of the ingredients of the product as it is installed in the
building and the physical characteristics of the installed
product. The composition of a product changes over its
life, and these changes are generally much larger for
products that are installed wet, such as paints, adhesives,
and caulks, compared to those instalied dry. They are
likely 1o be larger for soft or flexible plastic materials than
for rigid ones, although there are notable exceptions to
this rule.

Chemical and Physical Properties of the
Embodied Chemicals

The relative location of the volatile components in the
installed product to the air at its surface(s) and the char-
acteristics of the chemicals themselves will determine the
emission rates. Thick solid materials such as composite
wood products may have very slow emission raies be-
cause chemicals must migrate by diffusion from deep
within the material to the surface before they can evapo-
rate into the air. This is the case with formaldehyde in

Initial burst and surface dtying {usually a matter of hours,
sometimes only minutes, others a matter of days).

Reservoir depletion {sometimes)

... Molecular movement through the drier material closer to the
surface and to the surface of the reservoir of liguid-phase
material which may be contained by a skim coat on
the surface.

Long-term evaporation

In this phase, formerly wet products behave more like
materials that may have been installed as dry, solid materials.

Table 4 - Major Emission Phases of Wet Products.
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Product iype Material or product description Emigsion rate Acquisition age, description Hef

FLOOR COVERING {Time sampied during chamber test)  TVOOD fug/ma-hr Comments

Carpet Foor and wall covering, textile 23 hMow 1
Carpet Floor covering, synthetic tibers/PYC 120 Mow 1
Carpat Carpet, UF backing {1 h) 411 Mo seam g
Carpst Carpet, UF backing {1 h) 62 Mow, direct from manufacturer ]
Carpst Carpet, UF backing {1 h) 98 Aged &
Carpet Carpst, UF backing (24 hy) 202 Mo seam 2
Carpet Carpet, UF backing {24 h) 35 New, direct from manufacturer g
Carpet . Carpet, UF backing (24 k) 26 New, direct from manufacturer 9
Carpst Carpet, UF backing (140 h) 20 MNew, direct from manufacturer 9
Carpet Carpet, UF backing (140 h) i Mo seam 8
Carpst Carpet, UF backing (140 h} 5 Mew, direct from manufacturer 2
Carpet Felt carpet 80 New 1
Carpet { atex-backed carpet (335 his) 4-PC a0 2
Carpst Carpet, SBR latex backed {144 hr) 45 New, direct from manufaciurer 7
Carpet Carpet a6 <82 days 3
Carpet Falt carpet (Synthetic fibers/plastic backing 11 Maw 1
Carpet assembly  Tarpet, adhesived on concrete (24 hy) 153000 Single stick, new products 7
Carpat assembly  Carpet, adhesivel, padt on concrate (24 h) 145000 Doubie stick 7
Carpst assembly  Carpet, adhesivel, on concrele (24 h) 98000 Single stick, new products 7
Garpet assembly  Carpet, adhesiveZ on concrete (24 1y 88300 Single stick, new producis 7
Carpet assembly  Carpet, adhesived on concrete (24 ) 783 Single stick, new products 7
Carpet cushion Carpet, pad3 on concrete (24 h} 775 No adhesive, now materials 7
Carpet assembly  Carpet, padi on underayment (24 1) 549 Mo adhesive, new materials 7
Carpet assembly  Carpet, padt on cencrete (24 h) 136 Mo adhesive, new materials 7
Carpst cushion Cushion -3 {144 hn a4io MNew from factory 7
Carpet cushion CGushion P-3 {24 hn) 3360 Mew from factory 7
Carpei cushion Cushion P-2 (24 hr) 240 New from factory 7
Carpet cushion Cushion P-1 {24 hr) 323 New from factory 7
Carpst cushion Cushion P-1 {144 hr} 5% Mew from factory 7
Carpet cushion Cushion P2 (144 hrn) 12 Mew from factory 7
Winyt Vinyl floor covering 22280 3
PVG Central European PYC 7034 1-3 yrs, subject of cornplaint &
Yo Floor covering, homogenesous PVC 2300 Mew 1
PG Finnish PVC-covering 2192 0.5 yrs, unused from roll g
PYC Finnish PVYG-covering 1628 1 yv, unused, from roll s 8
T Finnish PVC-covering 1443 <{0,5 yrs, unused 2nd quality from ol &
Hubber Floor covering, rubber 140G New 1
PVG Englists PYG-covering 1122 1 yr, unused, taken from roll 8
PVC Finnish PYC-covering 273 2-3 yrs, subject of complaint B
PYC Swadish PVYC-covering @i 1-2 yrs, sublect of complaint 8
Wiryl Vinyl tile 45 Age < 98 days 3
Soft plastic Floor covering, soft plastic 590 MNew 3
Linoteurn Linoleum floor covering 220 Mew K
Linoieum Linoleum 64 30 yrs, subject of compilaint g
Linoleumn Fioor covering {linoleum} 22 New H
Wood Ping, industrial (1 mo.) 882 0.1 yrs, experimental surface coating g
Wood Birch, industyial 272 0.1 yrs, experimental surface coating 8
Wood Pine 284 1 yr, UF-lacguered on site 8
Wood Ping, untreated 218 New, in plastic wrapping 8
Wood Birch, industria 157 0.1 yrs, experimental surface coating &
Cork Cork 805 0.3 yrs, new material 6
Cork Cork 7 2 yrs, subject of compiaint &

Chart 1 - Emission Rataes for Fioor Coverings.
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Produact type Materiat or product description Emission rate Agcuisition age, desoription Ref
WET PRODUCTS {Time sampled during chamber test)  TVOG {ug/me-hr Comments
Adhesive Wall and foor giue {24 hn) 271000 Water-bDased EVA 1
Adhesive Adhsesive, wall and foor (84 hr) 270000 4
Adhesive Floor adhesive 220000 z
Adhesive Carpet adhasive {24 hr} 280085 7
Adhesive Carpet adhesive (24 b} a0000 7
Adhesive Carpet adhesive (24 hy} 76600 7
Adhesive Carpet adhesive - Low VOUC (24 hr} 808 Low VOC formudation 7
Adhesive Carpat adhesive (144 hr} 17200 7
Adhesive Carpet adhesive (144 hrd 11806 7
Adhesive Carpet adhesive (144 hr) 3850 7
Adhesive Carpet adhesive - Low YOO {144 hr) 78 Low VOO formulation 7
Adhesive Carpet adhesive {7 d) 234 i
Adhesive Cova adhesive, (7 d) 5000 Methano! based vinyi adhesive 3
Adhesive Primar/fadhesive {7 d) 8.1 wall primer/adhesive 3
Adhesive Fleor adhesive {10-100 hrs) <5000 2
Adhesive Texture glus, PVYA, water-based {24 hr) 2106 1
Seam sealam Carpet seam sealant (1 h} 2980 Seam sealant only 9
Seam sealant Carpet seam sealant (24 b) 249 Seam sealant only G
Seam sealant Carpet seam sealant (144 h) 10 Seam sealant only 3
Caulk Silicone caulk {<10 hrs) 13000 2
Caulk Silicone caulk {10-100 hrs) <2000 z
Caulk Filler, PVA, glus-cemant {24 ht} 10200 H
Caulk Filler, sand, cement, hardener (24 hr} 730 Water based hardener i
Caulk Latex caulk (7 d) 637 Interiorfexterior tatex caulk 3
Cautk Sealing agent - putty strips (24 hr) 340 New 1
Cauik Tightening filet (24 hr) 180 Neoprene/polysthylene 1
Caulk Cauik - plasticized PVC/polyethyiene {24 hr 58 Maw 1
Caulk Heat-expanding neoprene (24 hr} 17 New 1
Caulk Tightening fillet, heat-expanding neoprens 16 MNew 1
Paint Paint, acrylic iatex 430 1
Paint Latex paint, “high profile” (7 d} 249 3
Paint fatex paint, "vinyl flat white® (7 d} 3.2 3
Stain Wood stain (<10 brs) 10000 2
Stain Wood stain {10100 hrs) <100 b4
Varnish Polyurethane wood finish (<10 hrs} 8000 Z
Yarnish Fioor varnish, 2-part isocyanate (24 hr) 4700 i
Varnish Fioor varnish, clear epoxy (24 hr) 1300 1
Vamish Fioor varnish, acid hardener (24 hr) 830 1
Varnish Polyurethane wood finish <100 2
Seaiant Seating agent plastic compound (24 hr) 72000 1
Sealant Sealing agent silicone compound {24 hr) 26000 1
Sealant Urethane saalant 0.13 3
Polish Spray polish for furniture 27100 4
Wax Floor wax {< 10 hrs) 8000G 2
Wax Floor wax {{10-100 hrs) <5000 2
Wax Floor wax paste (initial amission rate) 1880 4
Chart 2 - Emission Rates for "Wet” Products.
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Product type iaterial or product descripticn Ernission rate Acguisition age, descrintion Ref
VARIOUS MTLS, {Time sampied during chambertest)  TVOUC {ug/m2-hr Commants
Fiber board Woadioer boara (12 min) 120 New 3
Fiber board Fiber board, giass fiber polyestar reinforce i7 MNew ki
Gypsurn board Calcium Silicate board 64 Neow 1
Gypsum board Plaster board 26 Mew 1
Gypsum board Plaster board {12 mm, paper coated) 25 MNew 1
Gypsum board Gypswm board 26 Age unknown 2
Gypsum board Water repeliart mineral board 1.5 Age unknown, from construction sie 3
Insulation insulation foam, polystyrene 1480 New i
Insulation Polystyrene foam A 280 5
Insulation Insulation foam, polyursthang 320 Mew i
Insulation Polystyrene foam B 30 5
Insulation Polystyrene foam insulation 22 Purchased retail, age < 76 days a
Insudation Insulation batt {mineral wool) 12 New H
Insulation Fibrous glass insulation 0.8 From construction site 3
insulation Duct insulation 0.28 Purchassad retail 3
Laminatedt board  Laminated beard (plastic) 0.4 Mew 1
Pariicleboard Panicleboars {(new) formaldalyde 2000 2
Particleboard Particleboard (24 hr} 952 7
Particleboard Particleboard {144 hr) 837 7
Particleboard Particleboard 200 2yrs 2
Particleboard Particie board 140 Mew, from manufacturer 1
Particleboard Particleboard (urea-formaldehyde glued} 130 New, from manufacturer 1
Particleboard Particlsboard 130 New, from manufaciurer 1
Particleboard Particieboard {urea-formaldshyde glued} 120 Mew, from manufacturer 1
Particleboard Particle board 120 MNew, from manufaciurer 1
Particleboard Particie board 28 Age < S8 days 3
Phlywood Plywood B 1455 5
Plywood Plywood A 860 5
Plywood Plywood © 725 5
Piywood Phwood D 215 5
Sheathing Exterior rineral board 0.03 3
Chipboard Chipboard {age urknown) 130 2
Panetlling Plywood pansling HCHO 100 nEW 2
Panslling Piywood paneliing (teak) a4 Naw 1
Wall covering Vinyl and fiberglass wall paper 300 Neaw 1
Wall covering Wall paper, PVC foam 230 New 1
Wall covering Wall covering, PYC 100 New 1
Wali covering Wallpaper (age unknown) 100 2
Wali covering Yinyl coated wallpaper B 85 5
Wali covering Viryl walt paper a0 Mew 1
Wall covering Printed wall paper 31 Naw 1
Walt cavering Vinyl coated wallpaper A 20 5
Wail covering Wall covering, Hesslan 54 New 1

Chart 3 - Emission Rates for Various Buiiding Materials,
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Product type Marerigl or product description Emission rate Acciisition age, description Hef
MISCELLANY {Time sampled during chamber test)  TVOC fug/m2-hr Commernts
Cement block Cament block 0.54 3
Cement flag Cement fiag 73 1
Cable Smalt diameter telephone cable {new} 60 Standard wall 10 telephone &
Cabile Large diamster telephone cabie (new) as Bundled wire, computar or network 3
Pipe PYC pipe 0.53 3
Yapor bartier Tar paper 8.3 3
Subfioor Conoreta subflooring <5 7
Trirn Black rubber mouiding 103 Age = 124 days, from construction 3
Cove bage Vinyt cove moulding 46 Age < 98 days 3
Cowve base Vinyt edge moulding 30 3
Teutile Floor and wall covering, textile 1600 1
Clganser Spray cleanser for carpets 50400 initial emission raie 4
Clesanser Ligquid cleanser/disinfectant 34500 4
Cleanser Ligquid floor detergent {inftial) 2200 4
Pagticide Moth cake (p-DCB) @ 23 C. 14000000 2
Diry-cleaning Dry cleaned ciothes {(0-1 day)} 100 P
Dry-cleaning Dry-cleaned clothes {1-2 days) Perc 50 2
Cffice chair High back chair with arms {1 h} 1080 1h 8
Office chair High back chair with arms {381 1y 156G 981 h ]
Office furniture Tackable acoustical partitions (HOHO} {1 1) 158 1h &
Cfice furniture Tackable acoustical partitions (2.5 h) 74 25h 8
Office furniture Tackable acoustical partitions (HOHO) (48 37 48h &
Office furniture Tackable acoustical partitons (581 h) 8 581 h <]
Workstation Waorkstation 3200 ih 8
Workstation Workstation 10 $12h B
Workstation Waorkstation (HCHO) 1470 1h 8
Workstation Workstation (HCHO} 830 338 h 2

References used in charts:

)
%

3

3

6)

8)

9

Maihave, L. 1582, “Indoor air pofhution due to organic gases and vapours of solvents ir building materials.” Env. Inik, Vol. 8, pp. 117-127.

W. Gene Tucker {1988), “Alr Pollutants from Surface Materials: Factors Influencing Emissions, and Predictive Moéz;is.“ in Healthy Buildings:
Volume 1, State of the Art Reviews. Procesdings of Healthy Buildings '88, Septeraber 3-8, 1988, Siackholm, Sweden. Stockbolm: Swedish

Covmeil for Building Resesrch. pp. 149-157.

{ance A. Wallace, Edo Pellizari, Brian Leaderer, Harvey Zelon, Linds Sheldon, (1987). “Emissions of Yolatile Crganic Compounds from Building
Materials and Consumer Products,” in Afmospheric Environment, Yol. 21, No. 2, pp. 385-393,

Colombo, M. DeBoroli, E. Pecclio, H. Schavenburg, 1. Schiit, H. Vissers (1950) “Chamber Testing of Organic Esmission from Building and

Furnishing Materials,” The Science of the Total Environment, Yol, 91, pp. 237-248.

van der Wal, Jan B, Ronald Sieenlage, Ank W, Hoogeveen, (1990). “Measurement of Organic Compound Emissions from Consumer Products ina
Walk-in Test Chamber.” in, fndoor Air '90, Proceedings of the Fifth International Conference on Indoor Air Quality and Climate, Yol. 3. Ottawa:

International Conference on Indoor Alr Quality and Climate. pp. 611-616.

Kristing Saarels and Brik Sundell (1991, “Comparative Emission Studies of Flooring Materials with Reference to Nordic Guidelines,” in JAQ 91
- Healthy Buildings, Atanta: American Society of Heating, Refrigerating, and Air-Conditioning Engineers, Inc., pp. 262-266.

.5, Black, W, Pearson, L.M. Work (1991}, “A Methodology for Determining YO Emissions from New SBR Latex-Backed Carpet,
Adhesives, Cushions, and Instalied Systems and Predicting Their bnpact on Indoor Air Quality.” in I4Q *9] - Healthy Buildings, Atlanta:
American Society of Heating, Refrigerating, and Air-Conditioning Engineers, Inc., pp. 267-272.

1.R. Strobridge, M.8. Black, (1591). “Volaiile Organic Compounds and Particle Emission Rates and Predicted Air Concentrations Related to
Movabie Partitions and Office Furniture.” in IAQ 91 - Healihy Buildings, Atlanta: American Society of Heating, Refrigerating, and

Air-Conditioning Engineers, Inc., pp. 202-298.

Davidson, L.L., M.S. Black, W.J. Pearson, L.M. Work, D.P. Miller, (1991). “Carpet Installation during Building Renovation and Hs Impact on
Indoor VOC Concentrations.” in JAQ '97 - Healthy Buildings, Atianta: American Society of Heating, Refrigerating, snd Alr-Conditioning

Engineers, Inc., pp. 299-303.

Chart 4 - Emission Rates for Various Materials and References.
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particleboard. The processes are very different for “wet”
and for “dry™ products.

Wet products go through two or three fairly distinet
phases as follows: initial burst, reservoir depletion, and
long-term emissions. '

Physical Configuration of the Product itself

A dense material presents a greater barrier to migration
{diffusion) of gas phase molecules. Thicker products take
longer to emit their ingredients than thin ones. Also, the
amount of surface area of the material creates more or
fewer pathways for a molecule to evaporate. Thus, a
rough, textured surface, such as in textiles and insulations,
is associated with higher emissions than a smooth one.

Quantity Used in the Building

The total quantity (mass and surface area) of a material
or product is a major determinant of life cycle emissions.
We must not neglect large mass materials even though
their emissions may be far lower than some materials
whose mass may be a tiny fraction of the large one.

Environmental Exposure of the Material
as Installed

Higher emissions generally occur from materials that
are exposed to the circulating air in the building as op-
posed to an enclosed space {e.g. inside a wall or floor
cavity, or in a furred-out column). This is because the air

Formaldehyde

Formaldehyde lrritation
Found at Lower Levels

A group of researchers at the Indoor Air Program of
the State of California Department of Health Services
(DOHS) has published convincing evidence that formal-
dehyde causes irritation at concentrations lower than
previously believed. Researchers evaluated formalde-
hyde exposure and irritation symptoms for over 1000
individuals in mobile homes. The study, covering the
entire State of California, included mobile homes of all
ages. Given that over 10,000 mobile homes are sold
annually in California alone, the affected population may
be substantial.

Formaldehyde Concentrations Were Higher
Than Expected

This was by far the largest random mobile-home form-
aldehyde survey; the only previous random sample of
mobile homes involved only 65 non-complaint mobile
homes in Wisconsin. Other studies have either been small,

adjacent to the material surface is replaced more fre-
quently with air that has a lower concentration of the
chemicals being emitted. This resuits in a higher rate of
evaporative flow from the material to the air.

Materials that are fully encapsulated will have rela-
tively low ernission rates. An example is that completely
sealing particleboard can reduce its formaldebyde emis-
sions by rnore than 90%. Sunlight striking a material can
cause significant surficial heating and raise the vapor
pressures of the chemicals at and near the surface.

Quality of Maintenance

Maintenance materials and procedures can inhibit or
increase emissions. For example, wetting the surface of
formaldehyde-emitting materials is likely to increase
emissions because formaldehyde is readily soluble in
water. Vacuunming carpets may encourage evaporation by
agitating and repositioning the fibers, thus creating more
direct paths to the atmosphere.

References:

Andersen, L, L. Seedorff, and A. Skov, 1982, “A Strategy for
Reduction of Toxic Indoor Emissions,” Environmental International,
Yol. 8, 11-16.

Miksch, R, C.>. Hollowell, and H.E. Schmidt, 1982, “Trace
Organic Chemical Contaminants in Office Spaces.” Environmental
International, Vol. 8, 129-137.

not randomized, or restricted to complaint homes. Be-
cause non-complaint mobile homes were part of the
sampling, researchers expected the formaldehyde con-
centrations to be lower than those reported in studies of
complaint homes.

The measured formaldehyde levels were, however,
higher than expected. Concentrations ranged from below
the detection limit (0.01 ppm) to 0.46 ppm. No significant
differences were found between kitchen measurements
and bedroom measurements.

The average formaldehyde concentrations in the study
were 0.089 ppm in the summer and 0.088 ppm in the
winter. The researchers determined exposure by multiply-
ing the week-long average formaldehyde concentration
by the number of hours the participant spent in the home.
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Figure 3 - Formaldehyde Exposure and Eye lrritation.

The average exposures in the study were 9.8 ppm-hr and
9.9 ppm-hr for summer and winter respectively.

Irritation Rates Related to Exposure

Overall there was a positive correlation between form-
aldehyde exposure and irritation symptoms. Figure 3
shows the relationship between formaldehyde exposure
and eye irritation for participants aged 20 to 64. It shows
a clear association between the symptotn rate and form-
aldehyde exposure.

Even for non-complaint participants chronically ex-
posed to relatively low levels of formaldehyde, the
researchers found positive associations between week-
jong average formaldehyde exposure and several irritant
effects after controlling for potential confounding vati-
ables (age, gender, smoking status, and status of chronic
respiratory/allergy problems). They concluded that
«_[formaidehydel-related irritant symptoms existamong
tesidents of mobile homes who have not formally com-
plained to government agencies.” This, they say,
suggests that *...effects occur at lower formaldehyde lev-
els than previously thought.”

The researchers also found a “...synergistic effect be-
tween formaldehyde exposure and chronic
* respiratory/allergy problems.” Thirty-three percent of
the study participants said they have “chronic respiratory
diseases and/or allergy problems.” The prevalence rates
for symptoms among people with these chronic health
problems “...were genetally higher than for those without
chronic problems. Further, for some symptoms, these
rates were even higher than would be expected if the
effects of [formaldehyde] exposure and chronic health
problems were only additive.” See Table 3.

There was a positive exposure-response relationship
between levels as low as 7 ppm-hr and burningfiearing
eyes. For 24 hout/day, 7 day/week occupancy, that means
that symptoms occurred at a week-long average concen-
wation of 0.042 ppm which is less than haif the stady’s
overall average formaldehyde concentration. At the
study’s winter average concentration of 0.088 ppia, this
would mean that a significant exposure boowis after
spending only 47% of a person’s time inside the home.

Formaldehyde Concentrations In Indoor Alr

Manufacturers produce billions of pounds of formal-
dehyde annually. More than half is used in the
wood-products industry. An atticle published in the De-
cember 1988 Environmental Science and Technology
reported average measured indoor-air formaldehyde con-
centrations of 0.049 ppm and median concentrations of
0.042 ppm. The fourth-quartile formaldehyde concentra-
tion was .019 ppm, and the first quartile concentration was
0.072 ppm. Although the article did not report the distri-
bution of locations whete measurements weie made, &
conversation with an EPA researcher suggests that the
majority wete in non-residential environments. Thus, to-
gether with formaldehyde data from the California Air
Resources Board (CARB) and the mobile-home study,
these data suggest that population exposure 10 formalde-
hyde in all indoor environments may be substantial and
of larger significance than previously thought.

State of California Recommends Lowering the
Target Level

The CARB believes that more than half the homes in
California have formaldehyde levels above what CARB
recommends. A recently released guideline from the
CARB Research Division recommends that formalde-
hyde concentrations be kept below a “target level” of 0.05
ppm inside conventional homes. This is a reduction from
the “action level” of 0.10 ppm that the California Depart-
ment of Health Services and other public heaith agencies
previously recommended. The guideline says typical
formaldehyde levels in California are about 0.07 to 0.08
pptn in mobile homes and about 0.05 ppm inside conven-
tional homes.

Pressed-wood products made with urea-formaldehyde
resins dominate the formaldehyde sources identified in
the guideline and accompanying supplemental report.
These sources include hardwood plywood, particleboard,

&
£
K

and medium-density fiberboard. The report identifies

other important sources including furnishings, fabrics,

clothing, paper products, and fingernail hardeners. Form- - '

aldehyde is also emitted by combustion sources such as
cigarettes, gas appliances, and kerosene heaters.
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CARBE justifies the guideline recommendation on the
basis of cancer risk. The guideline says that “...no concen-
tration of formaldehyde can be considered absclutely
safe. Therefore, you should try to reduce indoor formal-
dehyde to the lowest practicable level.”

Implications

Birgitta Berghund and her co-workers in Sweden have
found higher occupant reporting rates of SBS-type symp-
tots when exposed to air containing low formaldehyde
concentrations compared to similar exposures without
measurable formaldehyde present. This finding and the
California study finding of a synergistic effect in people
with chronic health problems suggest that formaldehyde
may still be an important indoor air contaminant in many
environments where ocoupanis complain,

Time spent indoors is probably greater and ventilation
rates are probably lower in climates more adverse than
California’s. Therefore, formaldehyde may be an even
greater concern elsewhere, The findings and recommen-
dations of the two California agencies and the probable
carcinogen status of formaldehyde reinforces our con-
cern.

Hecommendation

We recommend that efforts to conirol formaldehyde
concentrations indoors be intensified. This means elimi-
nating or minimizing the use of formaldehyde emitting
products wherever practical; specifying low-emitting
products whenever they are available, completely and
effectively sealing or encapsulating formaldehyde emit-

ting products whenever they are used; and, monitoring
indoor concentrations of formaldehyde in newly con-
structed or remodeled facilities, especially where
occupants have chronic respiratory problems or allergy.

Coples of CARB Guideline

CARB masde the formaldehyde recommendation in its
first IAQ Guideline, “Formaldehyde in the Home.” Cop-
tes of the OGuideline and the Supplement are available
from California Air Resources Board, Research Division,
Indoor Exposure Assessment Section, P Q. Box 2815,
Sacramenio, CA 95812, (916) 323-5043,

Heferences:

Kai-Shen Liu, Fan-Yen Huang, Steven B, Hayward, Jerome
Wesolowskd, and Ken Sexton, 1991, “Trritant Effecis of Formaldehyde
Exposure in Mobile Homes.™ in Envirenmental Healih Perspectives,
Wol, 94, pp. 91-94.

Ken Sexton, Mytio X. Petreas, Kai-Shen Liu, 1991 “Pormalde-
hyde Exposures inside Mobile Homes.” in Environmental Svience &
Technolpgy Vol, 23, page 985-988,

Jitandra J. Shah and Hanawant B. Singh, 1988, “Distritastion of
Yolatile Organie Chemicals in Outdoor and Indoor Al A Nationsl
YVOUCs Date Base.” Environmental Science & Technology, Wol. 22,
Mo, 12, pp. 13811388, [Note: We called Dy, Shah whes the asticle
first appeared in ES& T, and asked how to obtain a copy of the database.
He told us the cost for a copy, and we thought it teo expensive for cur
needs, According to Lance Wallace at EPA, much of the indoor airdata
was {aken from the TEAM studies of Wallace and others at BPA,
Wallace said the TEAM studies measurements had been averaged in
ways that actually reduced the value of the data for purposes of
characterizing indoor air concentrations.}

Gender Smoker Respiratory/Allergy
Symptom Female Male Yes Mo Yes No
Abdominal pain 4.5 2.0 4.0 31 53 2.3
Asthroa attack 1.6 1.0 3.4 1.6 39 0.4
Burning eyes 14.8 10.3 133 12.8 222 8.2
Burmning skin 2.5 2.2 32 2.1 3.7 1.7
Chest pain 6.1 3.2 7.2 40 9.0 2.6
Cough 4.6 21.2 317 20.2 34.8 17.0
DHarrhea 6.4 3.4 6.4 4.6 8.7 3.3
Dizziness 7.3 4.0 5.2 359 8.4 4.4
Fatigue 112 5.6 14.1 7.3 i2.1 7.5
Headache 235.5 4.4 24.1 19.1 334 13.6
Mausea 39 1.8 3.2 4.1 7.6 2.1
Sleeping problem 16,6 100 12.9 134 211 8.6
Rashes 34 5.0 4.4 4.1 9.3 1.6
Running nose 22.5 20.6 24.1 20.7 30.6 17.0
Sore throat 14.1 11.4 117 13.1 177 10.3
Wheezing 7.8 6.4 11.2 59 16.6 2.4
Table 5- Sympiom Rales in California Mobile-home Survey.
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Publications

EPA Releases Major IAQ Publications

EPA recently released two IAQ documents we think
will be valuable to our readers. The first, a guide for
building owners and facility managers, emphasizes non-
residential buildings such as offices, schools, stores, and
public assembly buildings. The second, a two-volume
self-paced stady course, emphasizes residential environ-
ments but contains lots of valuable information for those
interested primarily in the non-residential environment.

EPA’s Indoor Air Division (Office of Air and Radia-
tion), in collaboration with others, was responsible for
both documents. Each publication is extremely useful
individually, and together they make excellent library
additions for anyone working frequently on JAQ.

“Building Air Quality: Guide for Building
Owners and Facility Managers”

This guide is intended primarily for office building
operators, but it will also be very usefui for people respon-
sible for schools, stores, large residential buildings, and
many other building types. We think most of cur readers
will find it useful; if not for personal use, than as a
recommendation or gift to a client or colleague.

Major section titles in the guide include: “Basics,”
“Preventing IAQ Problems,” and “Resolving IAQ Prob-
lems.” The appendices include chapters on IAQ
Measurements; HYAC systems; Moisture, Mold, and
Mildew; Asbestos; Radon; a Glossary; and, Resources.
Finally, there is a section of forms including management
checklists, IAQ complaint forms, poliutant pathway in-
vestigation forms, chemical inventoty, and others.

Pollutant Pathways The guide emphasizes the im-
portance of pollutant pathways and the driving forees that
move pollutants in 2 building. A dominant theme is that
pressure differences cause pollutants to flow between and
among spaces. The concept is developed both theoreti-
cally and in practical terms; the guide includes techniques
for identifying and characterizing poliutant pathways
using simple devices like smoke tubes (some people call
them smoke pencils).

Occupant Complaints There is extensive information
on handling occupant complaints. The guide includes forms
to collect individual complaints, occupant interviews, dia-
ties, or logs, and provides advice on information
management in the event of an air quality problem.

Production of the Guide This 229-page guide is
EPA’s most ambitious IAQ guidance document to date.
Co-sponsored by NIOSH, the work was o ginated by the

Indoor Air Division under the direction of Robert Axelrad
with project management by Elizabeth Agle. Com-
prehensive, well-illustrated and referenced, and
handsomely assembled, it is the product of almost two
years of hard work by a team of consultants, an army of
reviewers, and EPA staff.

To Obtain A Copy Copies of the “Building Air Quality:
Guide for Building Owners and Facility Managers™ are
available for $24.00 each {$30.00 o international custom-
ers) from the Supesintendent of Documents (part of the
Government Printing Office). Adiscountof 25% isavailable
on orders of 100 copies or more. Include the publication
number S/N 055-000-00390-4 with your order. Use the
order form included with this issue of the JAB, or write to
New Orders, Supetintendent of Documents, PO, Box
371954, Pitisburgh, PA 15250-7954. You can fax your opder
to (202) 512-2250.

“Introduction to Indoor Air Quality”

The second recent publication from EPA is the two-
volume “Introduction to Indoor Air Quality.” The first
volume, “A Self-Paced Learning Module,” is “designed
to provide a first level understanding of basic 1AQ prin-
ciples,” according to a letter sent by EPA with our copy.
This document may not be as valuable as the second
volume, “A Reference Manual.” It is intended to be a
companion io the first document, but itis extremely useful
and stands by itself. '

The “Reference Manual” is a general encyclopedia on

indoor air with detailed information on selected subjects.

1t contains tables of indoor air measurements for many
compounds, a guide to commercially available monitor-
ing equipment, an overview of measurement technology,
and lots of other useful tables for the practicing IAQ
professional or industrial hygienist. It may be the most
comprehensive such document available since the release
of EPA’s Report to Congress.

The 297-page Reference Manual was prepared by
Ingrid Ritchie for EPA and the National Environmental
Health Association (NEHA) which initiated the project
and is distributing copies from their office in Denver,
Colorado. Copies cost $47.50 (840 for NEHA members).
It bears an EPA publication number, EPA/400/3-9 1/003.

To Obtain a Copy Send your order to the National
Environmental Health Association, 720 South Colorado
Boulevard, South Tower, Suite 970, Denver, CO 8G222.
Tel. 303-756-9050.
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Publications

Swedish Building Research Reporis

There is lots of building research in Sweden given the
relatively small population. It is funded through a tax on
construction and is operated by the Swedish Council for
Building Research, a government agency. The Courcil
publishes a summary with extended abstracts of pub-
lished repotts in Synopses, a free newsletter issued eight
times pet year. The reports themselves are sold either

through the Council or through other publishers listed in
the Synopses summaries.

While only a small fraction of the funded research
relates directly to indoor air topics, we think JAB readers
will find many of the other reports interesting as well. For
a free subscription to Synopses, write: AB Svensk
Byggtjinst, 8-171 88 Solna, Sweden. (Tel. 08 734 50 00)

Conference Announcement and Call for Papers

Eco Logical Architecture
European Congress 92

The first Tnternational Union of Architects (UIA)
“Congress on Eco Logical Architecture” will be held in
Stockholm, Sweden, and Helsinki, Finland, August 19-
21, 1992, According to an announcement in the
Newsletier of Swedish Building Research, the Congress
will provide “...an overview of the present possibilities, a
glimpse of the future, in-depth knowledge in some fields,
newly awakened interest in others.”

The Congress will focus on global environmental
concerns, species diversity and preservation, individual
preferences and lifestyles, and organizing for “responsi-
ble societies.” Planned topics include “socio-ecological
planning, architecture, and design.” Participants will
present examples of their own work.

Indoor air concemns will be addressed directly and
indirectly through presentations of “the latest building

New ASHRAE Project

materials...Jand]...building techniques.” Other planned
“eco-logical” architecture topics are recycling of water
and waste, traffic, energy, urban vegetation, horticulture,
and wildlife.

The Congress wrap-up will be an attempt to sum up
the present situation, determine the best approach to
create a responsible society, and develop actions archi-
tects and planners can take 1o bring change about,

For more informaltion:

The Congress is being organized by the National Association of
Swedish Architects and The Finnish Society of Architects. The pre-
liminary program and call for papers will be jssued in Janvary. If you
would like a copy, contact The Congress Secrptariat, CONGREX, P.O.
Box 5619, 3-114 86 Stockholm, Sweden, Tel, +46 8 612 00, Fax +46
86126292,

ASHRAE Announces New Guideline Project:
“Achieving Acceptabie Indoor Environments”

Many building occupant complaints are blamed on
1AQ; however, other environmental as well as socio-psy-
chological and personal factors may produce symptoms
of poor IAQ. These include symptoms of sick building
syndrome. ASHRAE has announced the solicitation of
applications to form a “Guideline Project Committee” to
be designated “GPC 10P” to address the complete indeor
environment and its effect on humans.

According to ASHRAE’s press release, the
committee’s wotk will address “interactions among ther-

mal comfort, indoor air quality, sound and vibration, and
non-ionizing electromagnetic radiation. It will apply to
office, light-industrial and high-tise residential buildings,
and to specifying indoor environmental criteria that min-
itnize the potential for adverse health effects in human
occupants,”

Individuals interested in participating should request
a biographical data form from the Manager of Standards,
ASHRAE, 1791 Tullie Circle NE, Atlanta, GA 303295,
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Calendar

January 26-29, 1992, ASHRAE Winter Mesting and Exhibition, Anaheim, California. Contact: ASHRAE Mestings Deputment, 1791 Tullie Circle
N.E., Atlanta, GA 30329 (404) 636-8400.

March 2-6, 1992, “Improving Indeor Alr Quality in Mon-Industrial Bulldings,” Sponsored by EOHSYCET, University of Medicine and Dentistry
of New Jesey-Robert Wood Johnson Medical School and Rutgers, The State University of New Jeisey. Contact: Cenfers for Bducation and Training
(CET), 45 Knightsbridge Rd., Piscataway, NJ 08834-3923. (90R) 463-5064. Course fee is $700 for five days.

April 26 28, 1992, Symposium on Modelling, Sponsored by ASTM Subcommittee D22.05 on Indoor Alr, Pittsburgh, Pennsyivania, Contact: (3eorge
Luciw, Staff Manager, ASTM, 1916 Race Street, Philadelphia, BA 19103-1187, (215) 299-5571 Fax (215) 299-2630. There will be o workshop on
Sunday, April 28, with ttorials and hands-on demonstrotions of models by many of the presenters ai the symposium. Symposium papers will be on
Mondey and Tuesday. Registration fee is adways reasonable for ASTM D22 symposia, and includes a copy of the proceedings. Fee  for the workshop is
included in the symposium registration fee and only a nomingl charge when separate from the symposium.

April 78, 1992, ASTM Subcommitiee D22.05 on Indoor Alr; Spring Meeting. Contact: Ueorge Lazchw, Staff Manager, ASTM, 1916 Race Saeet,
Philadelphia, PA 19103-1187, {215) 299-5571 Fax (215} 299-2630.

Aupril 30 - May 2, 1992, The First Asonal IAQ Conferenes and Exposition, “Indoor Air Quality: Service & Technology,” Tamps Convention Center,
Tarnpa, Flotida. Sponsored by the National Coaliion on Indoor Alr Quality. Contact: Mational Coelition on Indoor Air Quality, 1518 K Steet, NW,
Washington, DO 20008

Tuly 12-17, 1997, *Ashestos Measurement, Risk Assessment, Laboratory Acoreditation.” Jobneon State College, Johmson, Vermont. Sponsorsd by
ASTM Coramittes TH22 on Sarpling and Anelysis of Atmospheres. Contact: George Luchw, ASTM, 1916 Race Street, Philadeiphia, P4 19103, 215y
J9R-F5TL.

August 30 - Bepleraber §, 1992, “Achieving Techuical Potentiak: Programs and Technslogies that Werk!” ACHEE 1992 Sumwner Study on Enetgy
Effieiency in Buildings, Asilomar Conference Center, Pacific Grove, Califoria. Sponsered by The American Counil foran Ernergy-Efficient Boonorny.
Cormact: ACEER 1997 Sworner Study Officn, 2140 Shattuck Avenue, Sulte 202, Borkeley, (4, 54704,

September 22.25, 19972, International Symposiuen on Radon and Hadon Reduction Technology, RMinneapolis, Minnesota. Contact: For rogisration
information, Diana, Conforonce of Radiation Control Program Directons, Ine, (302) 227-4343, Fax (502) 207-7862, For Call for papers or to aubmit
abstracts: Timothy M. Dyess, Radon Mitigation Branch, MD 34, 118, Bavironmental Protection Agency, Research Triangle Park, NC 2L

Qcicher 1820, 1997, ASFRAE 140 92 - Exvironmenis for People, Sm Franciseo, California, Contact; ASHRAE Mestings Department, 1791 Tullie
Cirgle N.E., Atlanta, BA 30329 (404) 636-2400

international

Ianuary 20, 1997, Werkshoy Envirenment: Indoor Alr Quality, 5th Internations] Winter Cities Blennial, Montreal, Quebes, Canada. Contact:
Winter Cities Riennial, 770 e Sherbrooke Ouest, Bureas 1000, Moenwresl, ((uebec) Canada FI3A 1G1. Tel 514/872.2773. .

March 23-27 1992, “Chemieal, Microbiologicsl, Health and Comfort Aspects of Indoor Alr Quality” - State of the Art in SBS, Commission of
the Buropeen Communities, Joht Research Centre, Ispra, Iialy. Contact: EUROCOURSES Secretariat, 1 it Research Centre, [-21000, Yspra {Varese)
Haly, Tol. +39-332-789308, Fax +39-332-789839. Organized with the scientific coordination of the EC Joint Research Centre Environment instifute
and the Danish National Institute of Occupational Health, in collaboration with the EC Concerted Action “Indoor Air Quality and its Impact on Man.”
“IFor those | with an interest in identifying causes of complaints about indoor air quality of the SBS type and their remedy.” Deadline for envirpliment
is February 25, 1992. Studenis and university teachers may apply for a discount of 50%. Accommodation expenses are additional.

April 28-30, 1992, “(uality of the Indoor Environment,” Sponsored by The International Association for Tndoor Air Cuality, Athens, Greece,
Contact: Conference Secretatiat, Quality of the Indooir Environment, Unit 6, 2 Old Brompton Road, London SW7 304G, UK.

July 22-24, 1992, 1992 International Symposium on Ventilation Effectiveness, Tokyo, Japan, sponsored by the Institte of Industrial Solence, The
University of Tokyo. (co-sponsored by ASHRAE).

Septetnber 2.4, 1992, Roomvent *%2, The Third Internation Conference oo Air Disiribution in Rooxms. Aalborg, Denmark. sponsored by Danish
Association of HVAC Engineers. Contact: Danish Association of HVAC Engineers, @rholmve] 408, DK-2800 Lyngby, Denmark.

October 12-16, 1992, Second International Course on Sick Building Syndrome, sponsored by the Nordie Instinate of Cocupational Heslth (NIVA),
Hotel Oranje Boulevard, Noordwijk aan Zee, The Netherlands. Contact: Gunilla Ahlberg, NIVA, Topelivksenkatu 41 a A, SF-00250 Helsinki, Fintand.
Tel +358 0 474 498, Telefax +358 0 414 634. Enrollment limited to 50.
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