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Technies: | The Myths of Indoor Air Pollution

&

7 A populdr myth holds that building energy con-
servation meastres, implemented :since the oil
crises of the 19705, cause inddor air poltution prob-
lems. This myth ignores the:fact that most indoor
air pollutant sources have little or nothing to do;
with energy conservation. Air studied inside build-
ings before 1978 was found to be more polluted
than outdoor air even duting seveic air poliution
events. In fact, only two types of conservation mea-
sures directly increase indoor air poltutant concen-
teations: inappropriaiely reducing ventilation and
using sealants and caulks that emit pollutants.

The myth igneres the fundamental responsibili:
ty (and ability) of architects, engineers, and build-
ing operators to create indoor environments that
are both extremely habitable and environmentally
responsible. Architects and other bailding design
professionals must provide safe, healthy, and: com-

fortable environments; minimize damage to. the

environment; and conserve energy and other
resources. Achieving good indoor air quahity (FAQ)
is as essentiak.as providing comfortable, healthy
thermal conditjons. and functional, aestheticably
sound lighting ane acoustical environments.

Reducing ventilation to consesve energy certainly
increases cpncentra[ions of pollutants ergitted fgom
indoor sources. Adequate ventilagion is essential to
achieving and maintaining good tAQ. But there are
many factors that determine IAQ and theis interde-
pendence is strong. Although ventilation ts an
important way to limit poHutant concentrations, lim-
iting pollutant sources is far more eltective. Pollu-
tanus. from indoor sources that cannot be eliminated
should be minimized by careful planning, design,
specification, and consiruction. The preventive
approach costs very little and it saves encrgy.

-

How Ventilation Affects IAQ -

Changes in ventilagion rates generally affece IAQ
only indigectly; it’s the_relationship between ventila-

tion and:polutant sources that directly affects [AQ::

With the advent of larger buildings. and-variable air
volume (VAV) syszems,lthe role of ventilation has
shifted more towards thermal eontrol and away from
IAQ concerns. A discussion of these issues follows.
Ventilution rates and [AQ. Reductions in outdoor
air; ventilation rates are commonly blamed for IAQ
problems. However, consider the I'ulluw‘:m‘g three
factors. First, there wouldrbe no indowr air contamt?
nation if there were no pullutuul'faimrces The
sousces have changed in nuwmber and kind durir\éﬁ

¢

Architect Hal Levin discusses the real and imagined causes

of indeor air pollution, and how architects can decrease it.

the past 45 years or so; abundant, harmfi¥ potlutant
sources have resulted from new building materials,
fugnishings, equipment, and consumer products
that will be discussed-fater in this article.

Second, thermal control has become the domi-
nant driving: forée in HVAC system design; the need
to maintain good IAQ by adequate outdoor air
exchange has become incidental. This shilt began —
loag befose the oil crises of the 70s — with the advent
of VAV systems in the 1950s. The shilt Lowards ther-
mal control became more important as buildings
became larger, with more space remote from exteri-
or walls and the concomitant lost access 0 daylight
and ventilation through windows. Ii-fact, ventitation
gates sufficient (6 maintain good 1AQ require very
-modest amvounts of total building energy.

Finally, in th& majority of buildings with I1AQ
problems, ventilation systems do ‘wet funiction as
designed. Many ef these failures result from prob-
lems in operation and maintenance. As many as 75
percent stem from design and cosstywetion Naws
because designérs simply did not phice cuough
emphasis on 1AQ 5Flic pereentage of virious deli-

< ciengies (1) comssignly found it buildings with 1AQ
problems isrevéalings

Wntihgr}an aud indoer air pollutant concentrations:
Ventilagag dilutes and removes indoor '.?lq pellu-

Office in a Sinall City, 1953

Edward Hopper. Oil, 28" x 40".

Courfesy: The Metropolitarn Musewn of Art,
George A. Hearn Fund, 1953
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of control used in ventilation
systems, either at the air handler
or at the local distribution point
within the building interior.

VOC: Volatile Organic Com-
pounds, chemicals that contain
carbon molecules and are volatile
enough to evaporate from materi-
al surfaces into indoor air at
normal temperatures. Typical
examples are chemicals used to
manufacture solvents, adhesives,
preservatives, paints, caulks,
sealants, and a host of other build-
ing materials and furnishings.
mg/m3: milligrams per cubic
meter, refers to the concentra-
tion of a substance i the air in
units of weight per unit volurne.

1 milligram of a typical indoor air
conlaminant converts to between
1 and 20 parts per miikion (ppm),
depending on the molecular
weight of the substance.

1 FREQUENCIES OF OCCURRENCE OF PHYSICAL CAUSES OF PROBLEM BUIL DINGS (WOODS, 1988)

Problem Category

Physical Cause Frequency (%)

Design System Problems
inadequate outdoor air 75
Inadequate air distribution to occupied spaces 75
(supply and return devices)
Equipment problems
Inadequate filtration of supply air 65
Inadequate drain lines and drain pans 60
Contaminated ductwork or duct linings 45
Malfunctioning humidifiers 20
Operations Equipment problems
Inappropriate control strategies 90
Inadequate maintenance 75
Thermal and contaminant load changes 60
. . — A
2 VOC concentration as a funclion
TR EF=1 mg/m2-hr
aof source strength and ventilation g
. . . 1

rate. This relationship zllu.slmlm' 2 EF=5 mg/m2-hr

how air quality defrends on ventila- —c

tion. Jt also shows the importance of EF=10 mg/m2-hr

pollution sources. The stronger the —©0

source, the more ventilation is EF:on mg/m2-he

required Lo maintain the same con-
centration. The point at which the
curve changes from a vertical to a

CONCENTRATION (MG/M3)

horizontal slope is known as the
“knee” of the curve. The knee of the
curve for most buildings falls within
the range of ventilation rales found

in most buildings. 0

| EF=50 mg/m2-hr

2 3 4 5 6

AIR EXCHANGE RATE (HR-1)

2 RELATIONSHIPS BETWEEN VENTILATION AND VARIOUS SOURCE STRENGTHS

tants. The amount of ventilation required depends
on pollutant source strengths. The relationship is
non-linear, best described by an asymptotic curve; a
plot of the air concentration as a funetton of air
exchange ratc (a measure of building or space venti-
lation) is a sinooth cwve that approaches but never
rcaches either axis. The relationship between IAQ
and air exchange rates based on contaminants from
sources inside a building (2) isa direct one.

The average air exchange rate in a series of
office huildings studied in 1989 by the former
National Bureau of Standards, now the National
Institute of Standards and Technology (NIST), was
about 0.8 air changes per hour (ach). An open
office environment with 140 square feet per person;
20 cubic feet of outside air per minute/person, and
an effective ceiling height of 10 feet maintains
about 0.85 air changes per hour.

The point at which changes in ventilation rates
dramatically affect pollutant concentrations from
incdoor sources is likely to be between 0.5 and 1.0
ach. Most buildings operate within this range dur-
ing much of the time they are occupied. Therefore,
changes in the ventilation rate (2) can have dramat-
ic impacts on actual pollutant concentrations.

Ventilation from mechanical systems depends
on the outside air fraction at the air handler, the

flow to the distribution point (local diffuser), and
the location and number of distribution points in
relation to the area and volume of the space and
the “design”™ number of occupants. These relation-
ships can produce a very wide range of values (3).

Thermal control versus aiv quadity. 1listorically, ven
tilation requirements were set to maintain air quali-
ty. In the 19th Century, before people began to
bathe frequently and use personal deodorants, rates
were specified to keep human body odor at accept-
able levels. Traditionally, architects and engineers
designed mechanical or natural building ventilation
on the basis of established outside air requirements
for assumed occupant loads and activities in the
building program. Starting in the 1950s, thermal
control objectives came to drive system design; ven-
tilation requirements became minor components.
The acceptance of VAV distribution systems, with
strong emphasis on thermal control, resulted in
outside air supply deficiencies.

However, VAV systems are not the only causes of
these deficiencies. Fewer buildings use independent
heating and ventilation systems. Thermal loads in
large buildings are dominated by cooling require-
ments because of the ratio between the enclosed
volume and the surface area of the building enve-
lope. There is considerable internal heat gain from




3 OUTSIDE AIR EXCHANGE RATE FOR THREE CEILING HEIGHTS AND TWO AIR DISTRIBUTION RATES ACCORDING TO OSA % AT
AIR HANDLER
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3 A comparison of ventilation rates
in air changes per how for varivus

Distribution Air Flow Rate 0.5 cfm/sf 1.0 cfm/sf vutside and distribution air flow
Clear Ceiling Height gft 10t 12ft 8 ft 10t 124 Teles and ceilling heights. Typical
utside air fractions vange fro
0SA Fraction % 10 005 003 002 009 006  ogs e wirfractions wnge from
around 10 percent up to 100 percent
20 0.09 0.06 0.04 0.19 012 008 g - .
Jor buildings with air economizers.
30 0.14 0.09 006 0.28 018 0.13 However, some buildings, most often
40 0.19 0.12 0.08 0.38 024 0.17 very lavge ones, are limited (o a max-
50 0.23 0.15 0.10 047 0.30 021 anwm outside air fraction of around
60 028 0.18 013 0.56 0.36 0.25 10 to 20})8!‘[{:’)21 of ll)l(ll/l()uk Note
70 033 021 015 066 042 029  ‘that ASHRAE' vf'n.tllutwn stan-
dards call for a minimum of 15
80 038 0.24 017 075 048 0.33 . . . .
chn/p in all occupied spaces, with
2 042 22 ik 0.84 0.54 038 2 ¢fin/p as the lowest value for
100 047 0.30 021 0.94 0.60 0.42

most occupancy lypes.

lights, occupants, and equipment. The major excep-
tions exist in small buildings and at the perimeters
of large buildings. This size factor and building
buik are what have driven the shift in ventilation
design emphasis towards satistying thermal require-
ments, which. has led to the notion that “energy
conservation causes indoor air pollution.”

Designing for Good I1AQ

Architects can promote good IAQ in the design
stage by taking into account expected loads and
likely pollutant sources and by establishing effective
source control strategies. In the following section,
we discuss these topics as well as the energy costs of
changing ventilation rates.

Determining loads. Maintaining a healthy, safe,
and productive environment requires that ventila-
tion be sufficient to maintain air quality. The
amount of ventilation required (2) depends on the
pollutant source strengths (from equipment, build-
ing materials, and consumer products), the types of
activities within the building, and the occupant den-
sity. Since these factors can all vary independently,
it is difficult to provide universally applicable venti-
lation rates. Using the ASHRAE standard’s recom-
mended minimum ventilation values assumes no
“unusual sources” of indoor pollutants. ASHRAE
has increased its recommended minimum ventila-
tion air requirements and the new standards are
being adopted into model codes and state building
regulations. Nevertheless, the burden is on design-
ers to determine the nature of any pollutant sources
and whether they require more than the recom-
mended minimums.

I’s worth pointing out that the recommended
minimuins are not intended to provide a high quali-
ty environment. They are siinply intended o avoid
problems in most situations and to result in air qual-
ity that will be deemed “acceptable” 1o no less than
80 percent of a building’s occupants. Most building
owners want air quality that would be acceptable 10
more than 80 percent of the occupants.

In designing buildings’ structural systems, engi-
neers analyze performance requirements on the
basis of assumed and calculated loads, and then
select structural systems and components that satisty

those requirements. Lighting design is also “load-
based”; it depends on the illuiuination require-
ments of the activities for which a space is planned.
Acoustic control, too, is designed to support expect-
ed occupant activities.

Determining target levels of pollutants is, unfor-
tunately, not an exact science. We know too little
about the actual health and comfort effects of most
pollutants to be able to set target or “safe” levels
with confidence. This is especially true because the
effects of most of the individual chemicals found
indoors are poorly understood. In indoor air they
are typically present in complex mixtures of hun-
dreds of chemicals. It’s possible that they act in ways
that are independent, additive, synergistic, antago-
nistic, or even prophylactic.

Ventilation rates and energy costs. ASHRAE promul-
gates the recommended minimuin ventilation rates

"in its Standard 62, “Ventilation for Acceptable

Indoor Air Quality.” Some critics claim this standard
imposes a large burden because of the increased
costs involved in the revision upwards [rom the 1981
ASHRAE recommended levels to the 1989 levels. In
offices and in some other environments where no
smoking was permitted, minimum recommended
ventilation rates were 5 ¢lin/p in the 1981 version.
Where srﬁukiug was peruitted the recommended
minimum was 20 cfm/p. The 1989 version eliminat-
ed the distinction between smoking and non-sinok-
ing environments and changed the minimum venti-
lation rate to 15 cfm/p. In response to the critics,
researchers at the University of California’s Lawrence
Berkeley Laboratory showed that the increased annu-
al energy costs associated with increasing minimum
ventilation from 5 to 20 cfm/p in offices is only
about 5 percent of the towl unnual energy cost of
operating a typical office building, even in the most
severe climates (Eto and Meyer, 1988).

Researchers at the Bonneville Power Administra-
tion have studied the increased costs in several cli-
mate zones of the Pacific Northwest and have deter-
mined that the increases are not larger than 11
percent except for three building types — schoals,
hotels, and large retail stores — which exceed an
additonal 11 percent in operating encrgy. Because
of the high occupant densities in schools, the per

Ventilation is usually mea-
sured in terms of the number of
complete air turnovers in a
space (air changes per hour —
ach), flow per unit of area
(cubic feet per minute per
square foot — cfm/sf), or flow
per occupant (cubic feet per
person — cfm/p).

Outside air supply and total
ventilation air must be distin-
guished. Ventilation air may
include recirculated air. Terms
are not used consistently in the
industry, so it is always best to
state specifically whether ventila-
tion air measurements include
recirculated air or not. Air
exchange rate usually refers to
outside air.
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4 AVERAGE ENERGY INCREASE DUE TO INCREASING OUTSIDE AIR SUPPLY VALUES FROM

ASHRAE STANDARD 62-1981 TO ASHRAE STANDARD 62-1989 (PERCENT OF TOTAL ENERGY)

5 SOME REPRESENTATIVE CHANGES IN BUILDING MATERIALS DURING THE LAST 45 YEARS

Building Type

Grocery
Hospital
Hotel

Small Office
Large Office
Restaurant
Small Retall
Large Retail
School
Warehouse

Seattle Richland Old (traditional}
material or product
32 315
0.9 1.4
319 336
10.3 10.5
00 04
104 10.7
11.8 109
16.5 15.4
423 40.8

11 1.1

Full height plaster walls

Note: Percent energy increases are averages between new and existing building
contgurations and are based on the difference between annual ener@y consumption
at Swandard 62-cfm/person and the annual energy consumption at 5 cimfperson.

Masonry or wood flooring  Resilient floor covering,

Plaster walls and ceilings Painted gypsum board,

Modern material or Emissions from modern
product materials and products

Plasticizers, solvents,
carpet waxes

Solvents, drying agents,
ceiling tiles asbestos plasticizer
Fabric covered panels Textile finishes, insulation

binders

Office work station panels Textile finishes, adhesives,
solvents, insulation

binders

occupant ventilation rates result in significantly
larger overall energy costs (Steele and Brown,
1990). The ventilation rates for retail spaces are
based on outside air supply per square foot regard-
less of occupant density (Steele and Brown, 1990).
The results of their investigation (4) also factor in
building locale.

The energy consumption and associated costs
due to increasing ventilation rates can be dramati-
cally reduced by using recovery devices. The more
extreme the climate, the greater the potential sav-
ings. These devices have been widely used in
industry and are becoming increasingly common
in large commercial applications. Residential heat
exchangers have been popular for several years
and are available for installation in individual
rooms or [or whole-house applications. The use of
heat recovery devices will increase first costs, so
the usual economic trade offs between first costs
and operating costs will govern the decision mak-
ing process.

Source Control

Ultimately, we must control sources of indoor air
pollutants as hest we can and use ventilation to limit
poliutant concentrations to acceptable levels. The
[ollowing discussion of pollutant sources presents
an overview of the subject and argues for the impor-
tance of pollutant source control.

Sources of indoor air pollutants. There are many
sources of pollutants in buildings and theyvary con-
siderably from building to building. For that rea-
son, addressing these sources effectively must be
pari ol the design process. Simply to use general
guidelines for ventilation as a nreans ol controlling
pollutants is to choose the default solution; it does
not represent the best effort of a good designer.

It is important to understand the relative contri-
butions of various sources and to acddress the
strongest ones. We must address those with the
most surface area, the most mass, and the emissions
that we know or believe to be most irritating or tox-
ic. Graphing the amounts of dominant materials
presentin four different buildings (6, 7) shows how
dilferent buildings are from caclh other and how
widely the amounts of the major materials vary.

Emissions from new building materials are
much greater than from aged materials. However,
maintenance, refinishing, and replacement activi-
ties result in significant increases in pollutant emis-
sions. Therefore, the durability of a material atfects
IAQ significantly. Tt is important to note that “wet”
products such as paints, adhesives, caulks, cleaners,
waxes, and polishes emit very large fractions of
their mass into the building air, usually soon after
application. However, even after these products are
dry functionally, they continue to emit at low rates
for a very long time.

Modern. building materials. In the past 40 years,
building materials have changed in ways that make
them stronger sources of indoor air pollutants than
“traditional” materials. For example, composite
wood products have replaced solid wood materials,
bringing binders, adhesives, and other chemical
additives indoors. The best-known and perhaps
most widely used examples are particleboard, ply-
wood, and other composite wood products based
on urea-formaldehyde resins. Fortunately, these
resins are being replaced by the more stable phe-
nol-formaldehyde resins for many indoor applica-
tions, and some manufacturers are developing and
marketing products that use no formaidehyde-
based resins at all.

New, low-emitting adhesives are now available
for installing flooring products. Paints that use
much less organic solvent are also becoming more
popular. However, replacing a strong emitter with a
non-durable, low-emitting product may result in
more maintenance and replacement. This can
mean more frequent, short-term emissions. Durabil-
ity can therefore be a very important determinant
of JAQ. Some of the major changes in building
materials and furnishings (5) have resulted in more
pollutant sources.

A current popular myth is that “natural” materi-
als are healthier than synthetic materials. In fact,
many naturally occurring substances are far more
toxic or irritating than their synthetic substitutes.
Arsenic, lead, formaldehyde, and asbestos are exam-
ples of substances found in nature that have been
used in building products or processes.

Another problem with many natural materials
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6 COMMON BUILDING MATERIALS WEIGHT/VOLUME RATIO (kg/cum.}

is that they require chemicals to protect them
from deterioration or insect attack. Some of these
preservatives and biocides may be toxic to humans
as well us 1o the pests they are intended to control.
For example, wool and cotton fibers used in car-
pets are attractive to pests (unlike nylon fibers)
and require pest control with para-Dichloroben-
zene (p-DCB), the common substance used in
moth crystals that is known to be a carcinogen.
Some natural fibers are also less stain resistant and
cannot be easily cleaned without using industrial
solvents that contaminate their surfaces and the
air around them.

The architect’s role. Architects can substantially
reduce indoor air pollution by pro-actively minimiz-
ing its sources. Studies have evaluated the human
health and comfort effects of measured mixtures,
either in the laboratory or in real buildings, and
have established target levels.

Architects can limit chemicals with known toxic
effects to levels that will not cause adverse reac-
tions. For example, the California Air Resources
Board recommends that formaldehyde levels not
exceed 50 parts per billion (ppb). Since it’s known
that particleboard, plywood, hardboard, fiberglass
insulation batts and boards, some textiles, and
many other building products emit formaldehyde,
architects and designers can try to limit their quan-
tities, select lower-emitting products, or choose
substitute materials. They can calculate emissions
from these products using test data. Knowing venti-
lation rates, they can estimate formaldehyde
indoor air concentrations and change specifica-
tions if necessary.

This approach, although it seems rather unscien-
tific and not very specilic, is, in fact, similar to the
way we design illumination and acoustic and ther-
mal control. This brings us back to the relationship
with energy efficiency. We don’t say that energy effi-
ciency causes poor lighting or visibility problems in
buildings. We determine what lighting levels are
necessary to perform the tasks for which the build-
ing is designed and built, then we attempt to
achieve those levels in an energy-efficient manner.
We must recognize the need to apply the same
approach to 1AQ.
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Conclusions 6.7 ILigure 6 shows some of the

In the end, the most effective strategy for good,
energy-efficient IAQ is o control pollutant sources
as much as s feasible and then use ventilition as
required to limit pollutant concentrations Lo reason-
able levels. We reduce the energy required for venti-
lation systems by minimizing the sources of indoor
air pollutants in our designs. Sources can be con-
trolled by eliminating polluting products, substitut-
ing less polluting products, encapsulating pollutant
sources, or by isolating and directly venting emis-
sions. By requiring manufacturers 1o test emissions
from their products and provide architects with reli-
able, reported results, we can choose the least pol-
luting sources and the products with the lowest over-
all emissions. We can choose products that do not
emit odorous or irritating compounds and we can
avoid products with significant emissions of carcino-
gens, teratogens, and other unacceptable proper-
ties. To do less is to abdicate our responsibilities 1o
our clients and to building users. Hal Levin »

The author, a research architect in private practice who con-
sulls on indoor environmental quality, edils and publishes the
Indoor Air BULLETIN,
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sources and their relative surfuce
areas compared with the building
volume [ a schivol, an office, an
apartment house, and a public
library. Figure 7 shows the mass of
these malterials velative to the build-
tng volume. Note that both figures
show the amount present as a ratio
Lo the volume on a logarithmic scale;
the differences are quite significant.
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