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IAQ, Productivity, and Occupant Control

Can indoor air quality affect productivity? Most IAQ
consultants and many researchers and engineers think so.
They argue that sall changes in productivity rates can
be worth far more than the costs of changes in building
construction or operation; thus, improving the building
environment is often worthwhile if productivity can be
increased even slightly.

Typically, energy costs for operating office buildings
run around $1 to $2 per sq. ft. per year. Assuming an
average emplovee cost (salary, insurance, and benefits) of
$40,000 per year and an average 200 sq. ft. per employee,
energy cost is between 0.5 and 1% of employee cost.
Reducing ventilation rates to save money can raise con-
taminant levels; if iimpaired IAQ lowers productivity, it’s
a false economy. In fact, doubling energy expenditures
($2-400) would be cost-effective if it could provide amere
1% improvement in productivity {adding $400 value).

Now we'll factor in other operating and capital costs.
Total operating cost is about $7 per square foot per year,
and the annualized capital cost is in the neighborhood of
$10 to $15 per square foot; total building costs are thus in
the range of $17-22 per year. Rounding off to $20 a sq.
ft., an employee’s workspace costs $4000 per vear. A 1%
improvement in an employee’s productivity would justify
a 10% investment in improving their work space.

‘We don’t advocate using mote energy; you can reduce
consumption by improving efficiency. For example, min-
imizing wastie heat from lighting reduces cooling
requitements. Also, capital investments in energy effi-
ciency pay for themselves very quickly.

In any case, far more is spent on employees than on
buildings. Slight improvement of employee productivity
will easily pay for the small increments in building costs.
For example, we calculated the amortized additional cost
of installing 200 sq. ft. of polyurethane-backed (rather
than SBR-latex-backed) carpet that would not emit 4-PC
as equivalent to the salary cost for about one employee’s
coffee break. Increasing the quality of the ventilation
systesmn, or spending slightly mote to operate or maintain
it, can easily be paid for if employees are healthier, absent
less and, therefore, more productive.

The difficulty with relating environmental quality and
productivity is that we don’t know how to measure non-
industrial productivity directly other than, for instance,
clerical work that involves repetitive actions such as key
strokes. It is difficult to measure for other types of office
work, for students in school, and for many other types of
indoor activity. We can easily equate employee or student
absentee rates with reduced productivity; an absent
worker or student is simply not productive. But how does
one analyze the less clear-cut impact of SBS symptoms
on productivity?

Some studies have asked workers to estimate the im-
pact of environmental stressors on their own produetivity.
"The results are predictable: people who perceive prob-
lems with the building environment generally report that
the environment adversely affects their ability to work.
Similarly, those who report SBS symptoms usually say
they could be more productive if the building environ-
ment were better. Although these self-reported estimates
are biased and are not measures of actual productivity,
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they suggest that environmental factors are probably im-
portant determinants of productivity.

David Wyon on Productivity

David Wyon of the Swedish Building Research Insti-
tute has studied the effects of buildings on productivity
for twenty-five years. He shared some of his findings ata
recent conference in Montreal, and last September he
lectured at ASHRAE IAQ "91 — Healthy Buildings.
Much of what follows comes from his talks and published
work. References fioted in the text are provided at the end
of the article.

How can buildings affect productivity? Wyonsaysitis
obvious that if a building environment causes death or
disabling injury, an affected worker becomes absent; pro-
ductivity is decreased 100%. Wyon says there is evidence
that people stay home because of 5BS symptoms or
because they don’t like the work environment; their pro-
ductivity is also decreased 100%.

Wyon says, “There is good reason to believe that
decreases of 20, 30, and even 50% are produced by people
feeling the symptoms of sick building syndrome.” He
suggests that we “consider how we feel when we are
coming down with a cold. We may be able to get our work
done, but it just is not up to usual standards, Therefore, if
a building makes you feel as though you are just about to
get a cold, then it would be worthwhile doing something
about it.” SBS can also lower productivity by reducing
vigilance, alertness, the ability to concentrate, mental and
manual dexterity, and comfort.

Thermal Environment and Productivity

‘When he started, according to Wyon, most productivity
studies looked at the effects of thermal comfort rather than
JAQ. Wyon told the audience in Montreal: “Temperature
does affect productivity directly, and it does affect sick
building syndrome.” In fact, many studies show or sug-
gest significant decrements in productivity due to poor
control of the thermal environment.

Wyon believes that the human body’s heat balance
system was developed to cope with the outdoor climate.
Qutdoors we generally match clothing to activity and
climate. Sweating or shivering are our bodies’ ways of
compensating for poor matches. But indoors, Wyon says,
“quite small deviations from the individual optimum tem-
perature can have powerful negative effects on
efficiency.”

In 1982, Wyon showed that even within the subjective
comfort zone, “moderate cold can reduce manual speed,
sensitivity, and dexterity by up to 20%.” And, in several
studies dating from 1969, 1974, 1979, and 1986, he

showed that “moderate heat can reduce reading speed,
typewtiting, and the kind of logical thinking required for
mathematics by up to 30%, in comparison with individual
thermoneutrality.” The theory is that there is “a natural,
instinctive tendency to lower levels of arousal in order to
reduce body heat production and maintain thermal com-
fort without sweating.”

Over an extended petiod of time, people do about 30%
less work at 24 °C than at 20 °C, according to Wyon's
re-analysis of studies conducted in the United States and
published in the journal Ergonomics (Wyon, 1974}, Dsiv-
ers were less vigilant for potentially dangerous signals at
27 °C compared to 21 °C. After a half hour, the rate of
signals missed was approximately doubled at the higher
temperature. Wyon’s solution is to provide people with
individual control over their thermal environment, and he
cites his own and many other investigators’ work to
support his opinion.

Humidity and Thermal Effects on 8BS

In the winter, people commonly complain that the air
feels dry. But, Wyon says, laboratory researchers con-
cluded that humans are ill-equipped to accurately detect
humidity. For example, he says, people ofien report a
decrease in humidity when an increase has been imposed,
and vice versa.

However, not evetyone agrees with this observation;
work by Berglund and Cain (1989) at Yale University
contradicts it. They found that their study subjects” “judg-
ments about humidity were consistent with actual
conditions, though comptessed in comparison to the hu-
midities explored.” In a study at three dry-bulb
temperatures, three wet-bulb temperatures, and three ac-
tivity levels, Berglund and Cain held air quality constant
and asked participants their perceptions of the environ-
ment. Each subject was studied at each of the three by
three by three matrix test conditions (27 total) for one
hour, and asked their perceptions at the beginning and
each fifteen minutes thereafter.

Ambient temperature had only a minor influence on
humidity assessments while activity level had a greater
effect. The researchers hypothesized that this was due to
increased perspiration and wettedness at higher activity
levels. As activity level increased, study subjects judged
the air more humid.

Berglund and Cain found that, overall, temperature had
a more pronounced effect on perceived air quality than
did humidity. They asked about air freshness, stuffiness,
and acceptability. The responses correlated well for all
three questions about air quality. The results indicated that
a 1 °F change in air temperature had the same effect on
subjects’ perceived “staleness” of the air as a 6 °F change
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in dew point temperature. This transiates to about 0.56 °C
dry bulb having about the same effect as a change of 3.36
°C wet bulb. Also. increases from low humidities (20 to
30% RH) to modetate humidities (38 to 52% RH) were
less significant than increases from moderate humidities
10 high humidities {68 to 0% RH).

Figures 1, 2, and 3 show the acceptance of air guality
at three activity levels defined as 1, 2, and 3 met. ASH-
RAE defines the met as a unit of metabolic rate of ?wpie,
One met is defined as 18.4 Btu/h-f* (58.2 W/m®). One
met is the energy produced per unit susface area of 2
seated person ut rest, The surface area of an sverage man
is about 19 ft* {1.8 mz)vm%mmispmduced by a person
continuously walking. In the study, two met was achieved

by a repetitive routine of five minutes of walking and five
minutes of standing.

It is clear from Figures 1-3 that people find air quality
considerably less accepiable as temperature climbs
through and above the traditional indoor comfort range of
26 to 26 °C. It may be that temperatures of 25 to 26 °C
(77 to 78 °F) are simply not acceptable when we consider
1AQ and the total indoor environment relative to ooccapant
comfort, health, and satisfaction.

In fact, it appears that temperatures in excess of 24 °C
(75.2 °F) will nearly always incresse dissatisfaction with
IAQ and are likely to increase SBS syimptoms due fo
thermal discomfort as well as the secondary effects of
elevated temperature. There are many correlates of in-
creased temperature that exacerbate environmental
factors associated with elevated SBS svmplom preva-

iop .
Z lence rates. These correlates include elevated VOC
za ! emissions and incressed microbial growth. (Levin, 1989},
F ok To support his contention, Wyon described one study
% seb that showed that people are not distressed even at humid-
5 ash ities as low as 10% for 78 hours. However, he said, these
> ael studies do not mean that humidity is unimportant. Ii is
R o expc}as:ive a.and di'fﬁcuit o if;szaii and properly operate
% gsl humidification without causing health problems, for in-
a1 b stance, due fo condensation on poorly insulated outer
a:% L N . walls or in HVAC systems due to mold growth.
K1 ¥ 1z 74 78 78 8 82 . . sy 42
¢ TaF ’ In a large field study in Swedish office buildings de-
scribed by Wyon, researchers showed that a 2 °C
Figure 1 - Acceptance of Alr Quality at ¢ met. reduction in room air temperatures from 23 to 21 °C
{Bergiund and Cain, 1989) dramatically reduced complaints of dry air. In the same
study, raising humidities from 20% to 40% halved com-
plaints of dry air but caused a large increase in complaints
14 _' 10
&g :“ .8 :-
z %8 . 08 ~
§ &7 3 % 13 -
g a8 §- ne bk
- a5 § [+373 —
E o4l £ o4l
2 . z ! 3 et
: ‘33: Zmat g 38 F Tp f 03 —ip— 36 E Tdp
® aal g 52 F Tdp ® gzl e 52 F Tdp
] st €8 F Top ! g 53 F Tdp
err 20 subject means ot X 20 subject maans
Mea 70 72 T4 78 78 8¢ 82 G'aas ) "rla ?; ?!4 l ?‘e 7'a a‘o slz
Ta F Ta F
Figure 2 - Acceptance of Alr Guality &t 2 met, Figure 3 - Acceptance of Air Quality at 3 met.
{Berglund and Cain, 1986) {Bergiund and Cain, 1989)
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that the air was too humid, and the total proportion of
occupants dissatisfied with the humidity was unchanged.

According to Wyon, the laboratory studies he men-
tioned above involved very clean air. He says “...the very
different results obtained in offices suggest that the dis-
tress associated with dry air is caused by the inability of
the mucous membranes in the nose, throat, and eyes to
deal with airborne dust, at Ieast for some individuals....”
Wyon believes that the “drving associated with low win-
ter humidity is greatly increased by room air temperatures
at the upper end of the conventional range of thermal
comfort, 20-24 °C.”

Iaakola, Heinonen, and Seppanen (19%0) studied 2150
office building occupants’ SBS symptoms, sensations of
diyness, and thermal comfort in relation to room temper-
ature. Their study showed that in the traditiona] thermal
comfort region of 20 to 24 °C there was a very powerful
effect of room air temperature on the sensation that the
alr is dry as temperature tises. According to Wyon, the
warmer it is, the drier it feels. 5BS symptoms mcreased
with temperature in that region as well. Menzies (1950}
in Canada also found that SBS symptoms increased with
higher temperatures in a four-way crossover study in two
Montreal office buildings.

Wyon reported that a recent study showed “a very
marked effect of thermal conditions on SBS” experienced
by 100 Volvo workers in a computerized office at various
imposed temperatures from 20 to 24 °C. In this study,
temperatures were changed once 2 week and maintained
constant during the remainder of the week. Virmally all
SBS symptoms increased with temperature from a mini-
mum of 20 to 21 °C. The effect was widespread,
according to Wyon, and not just confined to a few sensi-
tive individuals. For example, the proportion reporting
headaches increased from 10% to 60% when temperature
was raised from 20-21 °Cto 24.5 °C. Complaints of other
SBS symptoms, including skin problems, increased sim-
ilarly, Wyon said.

Temperature and Negative-lon Generators

Wyon studied SBS symptom prevalence in a hospital
ward by lowering room air temperature only 1.5 °C. The
result was that symptom inlensity was lowered. The re-
duction in SBS symptoms was even greater when
negative-ion generators were used. These devices pre-
sumably increased airborne dust particle mobility and
deposition velocities. Wyon described the experiment as
a sequential three-week single-blind use of ion generators
with placebo ion generators in reference wards. Installing
“convincing replicas of ionizers did not reduce SBS
symptoms, although the subjects fully believed them to
be in operation and protested when they were removed.”

Individual Environmental Control

At Indoor Adr "20 in Toronto, British and Duich re-
searchers separately reported that in the office worker
populations they studied, people felt they were working
more productively in proportion to their ability to control
their own environment. A study of 5000 Duch office
workers in 61 office buildings by Preller et al. {1990)
estimated the relative importance of different factors for
absenteeism. The researchers suggested that discomfort
or adverse health effecis create a considerable loss in
productivity and increase in absenteeism.

Working mors than four hours per day at VD'Ts in-
creased the number of lost workdays due to SBS by 20%;
fernales missed 1.8 times as many days as males; smokers
were absent 1.4 times more days than were non-siaokers;
and those with allergy missed 1.8 times more days than
those without allergies. People in buildings with spray
humidification reported 1.4 times as many days of sick
leave due io 3BS symptoms and 1.25 as many days of sick
leave due to general illness. Workers in buildings with
steam humidification did not experience mote general
iliness sick leave but did miss 1.45 times more days of
work due to SBS symptoms.

Temperature Controls

A 34% reduction in sickness due to SBS ccourred in
offices where people could individually control the tem-
perature. Wyon says: “This is because people are very -
different, we ourselves are very different from day to day
depending on our state of health, fatigue, and how much
sleep we have had. If we can control our heat balance we
stay well; if we can’t, we get sick. It’s as simple as that.
And this is losing everybody a great deal of money.”

Openable Windows

In sharp contrast to what many might assume based on
the case of temperature control, those who had openable
windows in their offices were in fact 25% mote likely to
lose work days due to SBS symptoms than those who did
not have openable windows. We see at least two possible
reasons for this. One, although the windows were techni-
cally openable, they may not have been openable by
cccupants, Second, opening windows may have caused
other unforeseen adverse changes in the environment.
Contaminated ocutside air could have infiltrated or the
changed ventilation could have caused the mechanical
ventilation system to function improperly.

British Studies

British studies by Ray, Roy, and Leaman (1990)
showed that if people can control temperature, humidity
or lighting, self-estimates of productivity increase dra-
matically. They also showed that the number of SBS

4 Indoor Air BULLETIN

December 1991




o

20%

o 10%D

=
o
2
o
&
>
=
]

‘ 3 -10%
Figure 4 - Productivity and 8
SBS Symptoms Reported 5
{Ray, Roy, and Leaman, =

1800} O 20%
hd
O
o
o
=

-30%

-40% 3
O 2

4 6 8 10

Number of SBS Symptoms Reported

symptoms people reported correlated with a sharp de-
crease in self-reported productivity. Figure 4 shows a
sharp decrease in self-reported productivity associated
with SBS symptom prevaience as reported by the re-
searchets. A baseline average of two SBS symptoms was
reported; note that the absence of reported SBS symptoms
accompanied an increase in seif-reported productivity.

Conclusion

A substantial amount of research shows that the ther-
mal environment profoundly influences people’s
reactions - whether they be health, comfort, satisfaction,
or productivity responses. Furthermore, SBS symptoms
appear to influence productivity, although it is not clear
exactly how much. This, in part, is because not all $BS
symptoms are likely to have a similar influence on pro-
ductivity given the very diverse nature of the symptoms.
It is partly due to the difficulty in measuring productivity
in the non-indusirial workplace.

Wyon advocates increasing occupants” personal con-
trol over their environment. People believe they are more
productive when they have personal control, and Wyon
agrees. The challenge to architects, building owners, and
employers is to find economic and practical means to
provide such individual control while maintaining overall
cost and environmental control.

There are several devices on the market that begin to
address this need, but all of them are deficient in some

significant measure. Next month we will discuss the
varicus approaches to individual environmental control,
some of the available devices, and directions for future
research and product development. Your comments and
suggestions are invited.

For more Information:

Contact: David P. Wyon, PhD, Statens Institut for By ggnedsforskn-
ing {Swedish Building Research Institute}, Box 785, 801 29 Gavle, 5.
Sjotullsgatan 3, tel 46 026 14 78 64, fax 46 026 11 81 54, bostad: tel
46 026 19 49 35, fax 46 026 1949 36,
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Radon

Science Editor Attacks
EPA Radon Policy

By continuing to assert that radon is a major cause of
lung cancet, the EPA is creating a financially and emo-
tionally costly radon program with negligible public
health benefits, according to Philip H. Abelson, editor of
Science magazine. Abelson’s attack on EPA’s radon pol-
icy appeared in the editorial article of the November 8,
1991, issue of Science, the respected journal of the Amer-
ican Association for the Advancement of Science
(AAAS).

Abelson asserts that there is abundant evidence that
exposutes to 4 picocuries per liter (pCi/L) of radon do not
cause lung cancer in either smolers or non-smokers. He
says EPA has “no solid evidence that exposures to 4 pCi/L.
of radon cause lung cancer....” He writes that the evidence
is actually to the contrary: residents of states “...with high
levels of radon ... have less lung cancer than those in states
with low levels.”

Abelson says the EPA justifies its claim on 381 lung
cancers — 356 in cigarette stnokers and 25 in nonsmok-
ing men exposed to “huge amounts of radon, mineral
dusts, and other lung irritants in uranium mines on the
Colorado Platean.™ Even the non-smokers were unable to
avoid heavy passive smoking. Abelson cites several
soutces for his information that the exposures occurred
when the Atomic Energy Commission urgently needed
large-scale domestic supplies of uranium. Miners gener-
ally worked without respirators in poorly ventilated mines
called “dog holes” that contained radon levels as high as
15,000 pCi/L. Additionally, dog hole air contained exces-
sive levels of lung irritants, especially silicon dioxide
{Si0n).

Among the many criticisms of the basis for EPA’s
policy, Abelson says that the entire risk assessment pro-
cess is based on only a few separate, sporadic
measurements in the mines. From these, EPA has extrap-
olated to the home by assuming 170 hours per week spent
at home versus only 40 hours per week in the mines. In
fact, Abelson says, the assumption that the miners spent

David Wyon (1991). “The ergonomics of healthy buildings: over-
corning barriers to productivity.” In JAQ '91, September 1991, Wash-
ington, DC. Atlanta: ASHRAE (in press).

David Wyon (1992). “Healthy Buildings Increase Productivity.”
Abstract for 5th International Winter Cities Biennial, Montreal, Janu-
ary, 1992,

only 40 hours per week in the mines “...may be valid for
miners working for wages, but not for dog-hole operators,
whose income depended on the amounts of uranium
mined.”

EPA has also extrapolated the risk of radon exposure
from the miners’ high doses to low doses in the bome on
the assumption that there is no threshold involved. This
implies “that humans have no remediation mechanism for
alpha particle damages.” In fact, Abelson says, there is
evidence to the contrary.

A second questionable assumption is that the heavy
exposure to silica dust in the mines had no effect on the
miners’ lung cancers. Again, there is evidence to the
contrary. Studies have shown that silica dust causes lung
cancer in animals. Others have shown that exposure {o
silica has an enhancing effect on the incidence of lung
cancer in cigarette smokers. Abelson says: “EPA is on
shaky ground when it attempts to frighten the public about
radon using as a basis a large extrapolation of data ob-
tained from mines laden with mineral dusts.”

Finally, Abelson says: “EPA has no solid evidence that
exposures to 4 pCifL of radon causes lung cancer.” Ap-
parently, Abelson based much of his editorial on a recent
publication from the National Research Council, Com-
parative Dosimetry of Radon in Mines and Homes. That
book is published as a “companion” to the {(previous)
landmark publication, Health Risks of Radon and Other
Internally Deposited Alpha-Emitters, BEIRIV. The report
was requested (and funded) by EPA. Sources inside EPA
indicate that the agency is preparing a response to
Abelson’s editorial.

Previous Radon Policy Questions Unanswered

In June of 1990, William Nazaroff of the University of
California, Berkeley, and Kevin Y. Teichman of EPA’s
Office of Research and Development questioned the cur-
rent federal policy encouraging testing of all homes rather
than targeting those homes with the highest levels of
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radon. When their article was published in Environmental
Science and Technology (ES& T, Nazaroff and Teichman
questioned what federal policy should be in light of the
factors contributing to the estimates of excess lung can-
cers atiributable to radon exposure. Furthermore, they
guestioned the process by which federal policy was being
set: without the same sort of scientific and public review
normally accompanying such important federal policy
decisions.

At that time, EPA was reviewing comments on a draft
revision of its Cifizens Guide to Radon, the major public
information document the agency had developed about
radon. That was June of 1991, EPA was roundly criticized
by a diverse and large number of scientists and others
when the draft was issued for comment. At this writing,
EPA still has not released the document.

More Radon-Like Policies

Recently, Congressional initiatives were rumored that
would take the entire radon program approach and apply
it wholesale to the problem of lead in homes. Here, too,

LCarbon Dioxide

Using CO2 Measurements to
Evaluate IAQ

Carbon dioxide {CO2) measurements are used widely
to evaluate indoor air quality. In particular, CO; concen-
trations indicaie the adeguacy of ventilation. Exhaled
breath contains CO2 at very high concentrations. CO»
outdoor air concentrations are usually around 325 10 350
ppm. (They averaged under 300 ppm before the industrial
revolution and appear to have risen sharply during the
20th Century - a major factor, scientists believe, in global
warming.)

By measuring CO2 in indoor air, many building inves-
tigators make a preliminary assessment of the adequacy
of ventilation in relation fo human occupant loads.
ASHRAE has used a maximum indoor air COr concen-
tration of 1000 ppm as the basis for establishing minimum
outdoor air supply requirements in its ventilation stan-
dard, Standard 62-1989.

Under steady state or equilibrivm conditions, an out-
side air supply rate of about 15 cubic feet per minute per
person {cfm/p) will maintain the COz concentration about
650 ppm above the supply air concentration. Presumably,
changes in CO2 concentrations reflect other metabolic
gas concentrations, and acceptability of IA( depends
partly on controlling human body odor.

caution is needed to develop an effective means for abat-
ing lead hazards. Recently published research reveals that
lead-abatement projects can increase in-home exposure
1o lead rather than reducing it.

Somehow, radon control efforis of EPA recelved a
positive “spin” from the media and much of the larger
comtnunity. Perhaps, in comparison to asbestos, it ap-
peared that EPA was handling the radon policy in a
reasonable fashion. More likely, this is simply the differ-
ence between the reaction to mandatory problems that
require businesses to spend millions of dollars compared
to a “voluntary” program that tries to motivate individual
homeowners o spend thousands.

References:
Philip H. Abelson, Science, Movember 8, 1991,

MNations! Research Council, Comparative Dosimetry of Badon in
Mines and Homes, Washington, 1.C.: National Academy Press, 1991,
244 pages. Available from Nationa] Academy Press, 2101 Constitution
Avenue, NW, P. O. Box 285, Washington, D{C 20055, $29.93 per copy.

Contaminant Sensors for Ventilation
Control

Some companies now offer contaminant sensors for
ventilation systems control. Some of these sensors are
available at fairly reasonable prices, and wider use will
bring the price well below 3100 per unit. COz is fre-
quently the substance their sensors monitor. Some have
sensors that measure volatile organic compounds
(VOCs). Depending on the sensor technology, many pos-
sibilities exist for monitoring single compounds or for
monitoring total VOC concentrations calibrated to some
specific compound or mixture.

In theory, when CQOz (or VOC) concentrations exceed
a certain set-point, the outside air supply would be in-
creased. This type of system appeals to those looking for
a single signal to contro! ventilation rates. However,
maintaining 1AQ is far more complicated than that.

Accurate CO; measurements alone do not often rea-
sonably indicate the relationship between occupant
metabolism generated loads and ouiside air ventilation,
Also, COz is not the only substance of concern. Therefore,
many authorities are critical of excessively relying on
CO7 as an indicator of JAQ.
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CO» Measurement is Controversial

The importance of CO2 measurements in IAQ evalua-
tion is exceeded only by the controversies that exist
regarding measurement methods, technology, and data
interpretation. These factors led organizers to hold a
forum at the January ASHRAE meeting in Anaheim,
California. Much of what follows is based on opinions
offered during the forum. ASHRAF policy probibits at-
tribution of comments to individual speakers, but we
know most of those who commented to be knowledgeable
authorities in the IAD field. Many of them have published
results of their siudiss using OO measurements.

Problems with Relving on CO2 Measuremesnis

One problern is that CO; concentrations do not indicate
building- or vecupant-activity-generated loads. Activities
that generste pollutanis other than €O include such
things as food preparation, floor waxing, computer printer
or photocopier use, eraft, hobby, manufacturing work,
and tobacco smoking. These and other contaminant
sources are relatively independent of CO; concentrations.
Sources that are not from occupant metabolism or activ-
ities, such as building materials, furnishings, pesticides,
and ouidoor alr, can be far more important sources and
far stronger sources than building occupants.

COs Measurements Vary

CO; measurements are often unreliable due to equip-
ment problems, and it is diffucult fo obtain occupancy
conditions that favor using occupant-generated COzas an
indicator of ventilation. Several hypotheses explain some
of the variability in interpreting CO; monitoring data.

instruments are inaccuraie. Many if not all of the
instrument{s} commonly used fail accurately {0 measure

CO». These include a variety of instantaneous, direct-
reading instruments as well as length-of-stain detector
tubes, Detector tubes are still widely used by many IAQ
consultants, although their accuracy is frequently ques-
tioned and operator-exhaled breath is likely to influence
their readings.

IAQ experts warn against incauticusly using direct-
reading instruments. Users with experience cite etror
sources including inadequate or inaccurate calibration,
instrument instability, zero-drifi, and non-linear re-
sponses. Good calibration is infrequent according o one
anthority who recommends re-calibration at least three
times a day.

Afr mixing. Another potential source of error is poorly
mixed air. Unless a building s alris well-mized, the values
measured at a single location do not necessarily reflect
the levels elsewhere, In most cases, they do not.

Lack of equilibrium conditions. COp measuremenis sre
generally biased low because COz is not at squilibrium
when the measurements are made. It takes several hours
for CO7 concentrations ic teach equilibrium, and that
means the ventilation system and the building population
nmust remain relatively constant for that petied. In a
well-tnixed space a concentration approaching 80 1o 50%
of steady state is usually reached in about an hour.

Figure § shows calculated CO; concentrations during
a day at various ventilation rates. Under normal condi-
tions, most office buildings are at 0.5 to 1.5 ACH. With
all outdoor-air economizers, the rate might be 3to 6 ACH
depending on the building. A school meeting ASHRAE’s
15 cfim/person minimum ventilation rate would have
around 5 to 8 ACH.

)
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Figure 1 Calculated Build-Up of Carbon Dioxide
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Stable vccupant density. Occupant density must be
fairly stable for 2 couple of bours and must be fairly
uniforta over the area being evaluated. This might occur
a couple hours into the day in a school room. In & resi-
dence, if living room measurements are made while
occupants are in the bedrooms, the meesurements are
likely to be guite low unless there is g high-turnover-rate
ventilation system. For related reasops, bedroom mea-
surgmments cannol accurately indicate Hving-room
concentrations. In office buildings with large temporal
and spatial variations in cccupant density, there is a real
problem deciding where to measure OO0, A similar prob-
iem faces those trying to decide where o locate the COp
gensor(s) conteolling the air supplyv.

implications

Because of the increasing awareness of the importance
of IAQ, there will be an increased demand for antomatic
ventilation condrols, And, 07 sensors have become com-
mercially viable with the introduction of a fairly
low-priced, reasonably reliable sensor manufaciured by
Gaztech Corporation of Goleta, California. Honeywell is
marketing the Gaztech device under its own name and
was showing the device at the exhibition accompanying
the ASHRAE meeting,

We have used the Gartech meter incorpormating the
sensor, and we find i convenient 1o use. But the demon-
stration model sent 10 us by Gaztech had calibration
problems, perhaps from rough handling during shipping.
The problem occurred again when we sent it back for
recalibration. Others we know who use the device cali-
brate it before use and speak highly of it. We worry about
the unsophisticated user who might nol recognize the
calibration problem or be aware of the need to check it.

Ventilation Guidelines

Nordic Commitiee Issues
Building RBegulations

The Nordic Commitiee on Building Reguiations
{NKB) has issued “Indoor Climate - Alr Quality.” The
handsome, 36-page booklet contains g digest of the con-
sensus knowledge obtained in the Nordic countries where
1AQ has received considerable atteniion far longer than
in most other parts of the wotld. The publication, dated
June 1991, is a revision of a May 1981 publication.

The report coptains two principal sections: one on
pollution sources and one on ventilation. Each has its own
set of requirements and of guidelines. The report’s pro-
visions are not law but constitute recominendations to the
governing bodies in each of the Nordic countries. Com-

There is no consensus standard or guideline for inter-
preting CO» measurements, although many
governmental organizations and professional groups (be-
sides ASHRAE) have adopted a 1000 ppm value as 2
guideline value. We fear that this oversimplifies interpre-
tation issues and should be used with caution, Certainly
a value of 1000 ppm indicates that there may be insuffi-
cient ventilation, bt a lower value is no assumnce that
TAQ is acceptable or good.

There is a need for useful sensor techuology, but the
0 experience shows both the value snd the danger of
simple or narrow solutions. We need a consensus standard
for interpreting indoor air CO2 data. {ASTM Subcommit-
tee [322.05 on Indoor Alr is working on it) Also, we
should educate those responsible for investigating or
maintaining IAQ sboul the virtues and pitfalls of COg
concentration measurement as an indicator of 1AL

References:

Theee valusble papers on T messurements see oiied below, They
contain additional references that will be of value to inderested readess.

William A, Twmer and David Bearg {198%) “Determining Duliv-
ered {uantities of Outside Al C02, Tracer Gas, or Both? In 740 49
- The Human Equation: Health and Comfort. Proceedings of the
ASHBAYSOEH Conference IAQ 89, April 17-20, 1589, San DHego,
Califorrda. Atlante: ASHRAE, Ine. pp. 117-127,

Andrew Persily (1939) *Ventilation Rates in Office Buildings.” In
TAQ 89 - The Human Fquation: Health and Comfort. pp. 128-136.

Andrew Persily and W, 5. Dols {1990} “The Relation of C(n
Concantration to Office Building Ventilation.” In M.H.Bherman, {ed},
Air Change Rate and Airtightness in Buildings, ASTM 3TP 1067,
Philadelphia: Amnerican Soclety for Testing and Materials, 1990, pp.
TG0,

i

pliance with the recommendations is voluntary on the part
of each member country — Denmark, Finland, Iceland,
Norway, and Sweden. Representatives of each couniry
were on the indoor climate committee appointed by the
Nordic Committee on Building Regulations.

Causes of 1AQ Problems

The foreword outlines four major causes of building
problems that create the need for the report. They are as
follows:

®»  The use of materials, fixtures, fittings, and
furniture that emit various poliutanis.
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#  The use of materials and constructions
sensitive to moisture without sufficient
preventive measures to control moisture
accumulation.

e Insufficient outdoor air provided by HVAC
systems due to poor design, improper use,
contamination of supply air by HVAC system
components, or neglect of maintenance and
cleaning.

®  Unsatisfactory coordination {quality control)
in the building process to maintain good
indoor climate: unsatisfactory or incorrect
construction, operation, cleaning, and
maintenance.

Overall Objectives

The report briefly discusses various important indoor
air contaminants, their occurrence indoors, and available
guidance on acceptable concentrations. It concludes that
“on the whole, knowledge is not available io lay down
quantified criteria for risk assessments regarding the qual-
ity of indoor air.” It refers the reader to the WHO Air
Quality Guidelines for Europe (1987}, then establishes
the following overall objective:

“Buildings inclusive of their installations shall be
planned, designed, constructed, maintained and operated
so that satisfactory comfort is achieved with regard to air
guality and so that danger to health does not arise when
rooms are used in the way intended.”

1t goes on to define “satisfactory”™ air quality as fol-
lows: that the “great majority of visitors, on entry into the
room, perceive the air as acceptable (do not express
displeasure), if the air does not cause irritation to the skin,
mucous membranes, or airways, not even in persons who
are somewhat more sensitive than normal, if there is no
risk of sensitization, and if the risk of health effects after
long-tetm exposure is negligible.” It also says that the
1AQ must not cause disease.

The term “in the way intended” is defined operation-
ally — anticipated activities such as smoking should be
part of the design conditions. It calls for a margin for
“short-term pollution loads™ giving the example of open-
able windows as such a margin. In residences, normal
hobbies, housekeeping, and cleaning activities should be
able to be carried out without “causing inconvenience.”

To assess buildings in operation, it says, “the experi-
ence and complaints of people can be used in judging the
*heaith’ of the building.”

Building Materials and Surface Finishes

The report says that the goal for materials is that they
impose no need to provide ventilation to temove the gases
they emit. But, it says, present knowledge is insufficient
regarding the nature and significance of emissions. The
first step, therefore, is to choose materials “which emit
the smallest quantities of pollutants.” [This is siinilar to
the “pollution prevention” strategy adopted by the United
States Congress and being implemented by the EPA.

The potential of materials “to act as storage areas for
pollutants” (the sink effect) is also a significant factor in
material selection. The report says the storage effect
depends, among other factors, on the surface area of the
material and can be both positive and negative. it says that
fleecy surfaces have larger storage area than smooth ones.

The teport alse focuses on material handling during
construction. It says that faulty handling that increases
moisture load is a significant cause of sick buildings. It
cites the use of chipboards and glued timber structures in
the 1970s that emitted formaldehyde especially in con-
nection with moisture. It also cites casein screeds
(levelling compounds) used over insufficiently dried con-
crete before floor covering or carpet was laid. Other
examples cited are acoustic tiles of loosely compacted
raineral wool, certain paints, and adhesives.

Four factors cause emissions from materials: 1) sol-
vent residues; 2) remnants of raw materials {e.g.,
monomers); 3) reaction and decomposition preducts from
the manufacturing process; and, 4) additives. The first
three are greatest in new materials and within one to six
months decrease asymptotically to a level characteristic
of the particular material and emission type.

Recommended Regulation

“Building materials and surface finishes shail have the
lowest possible emission properties. They shall be man-
nfactured, selected, handled, stoted, and used so that
ernission to the room air is the least possible. The material
shall be able to stand up to the intended use. The material
shall not contain any genotoxic or neurotoxic substances,
substances which cause sensitization or irritation of the
mucous membranes or substances harmful in any other
way, which pose a health hazard when used as intended
in the building.” A note following the recommendation
says: “Intended use includes e.g., cleaning.”

For more information:

Contact: Kristina Saarela, Technical Research Centre of Finland,
PO Box 204, SF-(:2151, Espoo, Finland. Tel. 358 0 456 5292; fax 358
0460 041.

WHO (1987). Air Quality Guidelines for Europe. Copenhagen:
World Health Organization.
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Trends
The Greening of Architecture

Nearly everyone who makes, owns, or uses buildings
is thinking about “the environment.” IAQ has become one
of the many concerns for those interested in being “envi-
ropmentally responsible.” Other areas of concern include
enetgy conservation (of course), but also recycling pro-
grams, water conservation, using materials from
renewable resources, eliminating the use of ozone-de-
stroying refrigerants, and 2 host of others.

Not all the interest in “green architecture™ is out of
concem for the environment. Some of it comes from a
pragmatic business-management perspective. Consum-
ers are expressing their concern about the environment,
and green marketing is a major theme of today’s retail
sector.

Gresn Can Be Profitable

We met the CEO of a large building materials manu-
facturing corporation who described the greening of his
company. In the early 1980s, company officials realized
that their manufacturing process generated large amounts
of waste that had to be hauled to a landfill. Replacing the
waste required substantial amounts of additional raw
materials. The management decided to investigate man-
ufacturing methods that would generate no waste, and
they succeeded. They then discovered that it was, in fact,
a far more profitable production method.

Then, in the late 1980s, according to our CEO friend,
it became very fashionable -~ very “environmentally
responsible” — to minimize waste. His company sud-
denly was receiving high praise from environmental
groups and government for their no-waste manufacturing
process. They developed an “environmental manifesto”
that the company began to promulgate as a declaration of
their commitment to the environment.

Many other companies have discovered that there are
markets for green products. During the early 1980s, con-
cern about asbestos had crept out of the shipyards and into
the building sector, primarily in schools. Certain under-
layment products were advertised as containing no
asbestos — and no formaldehyde. Awareness of formal-
dehyde hazards grew in the late 70s and early 80s around
mobile homes and manufactured housing that used lots of
pressed-wood products.

Now, low VOC content or emissions is used to market
some paints and adhesives, Other companies market their
products as based on natural ingredients, “all natural,” or
containing no synthetic organic chemicals. Many others

are rushing to increase the recycled-material content of
their products and promote them on that basis.

Green Labeling Programs

Groups ate springing up in the United States and
Europe to certify environmentally responsible products.
These include Green Seal (Washington, D.C.), which is
just about to issue its first label, and the Green Cross
(Oakland, CA) program. Green Cross certifies to con-
sumers that products are, indeed, what the manufacturer
claims and that the improvements are state-of-the-art.

The oldest green label is the government sponsored
Umweltzeichen (environmental label) program in Ger-
many. The German program, begun in 1978, identifles
more than 3,600 products in 64 product categories. A
1988 poll found nearly 80% of respondents recogrized
the label. The program is complex, operated by a combi-
nation of the federal government (Enviroomental
Agency) and a non-profit (Institute for Quality Assurance
and Labeling - RAL). Manufacturers pay a cne-fime
application fee of 300-DM (US$190), an annual contract
fee based on sales, and contribute to the advertising costs
for the label program.

In 1988, Canada established the Environmental Choloce
labeling program modeled after the German program.
The program is operated by the Ministry of Environment.
Japan began its EcoMark label program in 1989,

AlA Environmental Resource Guide

The American Institute of Architects (ATA) established
a Committee on the Environment (COTE) in 1990, Iis
first project is to publish an Environmental Resource
Guide, and the first issue has just come off the press. The
COTE is concerned about all the things architects do that
might affect the environment. Among its task groups’
concerns are tropical rain forests, global warming, waste
management, energy, and building ecology.

Attitudinal Change

We have noticed a shift in attitude lately. We began
researching indoor environmental health issues in 1978
and started consulting on TAQ problems in 1979. As
recently as only a couple of years ago, when we said we
researched and consulted on IAQ, many people would
say: “Oh, you mean like asbestos and formaldehyde.”
People then started saying: “Oh, like sick building syn-
drome.” But generally, there had been limited interest in
actually doing anything to prevent IAQ) problems.
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Now people say: “We know we should be doing some-
thing about that,” or, “We’ve been looking for help in
doing something about that in our projects.” Improbable
clients are asking for help, and more and more building
owners and occupants seem to agree that IAQ is an
important aspect of their building environment.

Two of the major architectural journals (not, lamenta-
bly, including the AIA's Architecture) and many intetior
design and engineering journals have carried feature ar-

Ozone In Indoor Air

Southern California
School IAQ Studied

In the November issue we described the California Air
Resources Board’s (CARB) recommmendation for a new,
lower formaldehyde level. This was CARB’s first Indoor
Air Quality Guideline, and it marks a new era in air
pollution control activities in California. The formalde-
hyde report is a significant move by CARB into the indoor
air field beyond the research and planning activities of the
last few yeats. California’s Department of Health Ser-
vices has had a significant indoor air program since the
early 1980s, but CARB has, until now, limited its indoor
air activity to research.

‘We do not know if this portends a trend among air
quality regulators to shift some of their attention to IAQ.
(As we travel around the country, we often hear that
California leads the nation in environmental conscious-
ness and regulation.) It certainly is a shift that is long
overdue. There is an obvious disparity between the fund-
ing available for indoor air research and that available for
ambient air or other environmental hazards that are con-
siderably less threatening to human health.

Another indication that this may be a trend is the
initiation of an ozone study in schools by the South Coast
Air Quality Management District (SCAQMD).
SCAQMD is the largest air pollution control agency in
the country with the toughest air quality problems; it
regulates air poliution in Los Angeles, Orange, and the
urbanized portions of Riverside and San Berpardino
counties.

Ia the study, researchers will measure ozone concen-
trations in southern California schools during the next
year. Traditionally, those who regulate and research out-
door air quality have assumed that ozone was not an
indoor air concern. Recently published literature has re-
iterated the evidence that the assumption is invalid, but
little has been done to date. SCAQMD is acknowledging
the potential significance of indoor air and of ozone

ticles or even devoted issues to green architecture and
green buildings. Products are rapidly being developed
and marketed with lower emissions and without some
well-known hazards.

The challenge is enormous, but things are looking up.

For more information:

Environmental Resouree Guide, available fromthe ATAJERG Proj-
ect, 1735 New York Ave., NW, Wash. DC 20006, (202} 626-7331 ot
(800) 365-ARCH.

indoors by initiating the study. We expect they willfinda
wide distribution of indoor ozone concentrations due to
the wide range of ventilation systems and operations in
use and the wide range of outdoor concentrations.

Naturally ventilated schools are likely to have ozone
concentrations approaching 70 to 80% of cutdoor levels
when windows and doors are open. In many southern
California public schools built in the 50s and 60s, they are
open when it is warm to induce maximum air flow by
cross ventilation.

The extremely high ozone levels are usually reported
when the weather is hot; that is, when occupants of
non-air-conditioned buildings open their windows and
doors to improve occupant comfort. Indoor ozone could
approach 200 ppb under such conditions. The National
Ambient Air Quality Standard (NAAQS) for ozone levels
is 120 ppb; levels sometimes exceed 250 ppb in southern
California.

The SCAQMD “Micro-envitonment study” dealing
with public schools will measure ozone, CO, and 10
organics in a sample of schools in the SCAQMD iezritory.
A southern California coroner recently reported that teen-
age homicide victims® lungs appeared as badly damaged
as long-time cigarette-smoking adults’. Ozone may play
a role in the deterioration of the lung tissue and may
potentiate other lung tissue insults such as particulate
matter from motor vehicle exhaust. We think the signifi-
cance of ozone in indoor air is generally underestimated.
The SCAQMD study may begin to provide data necessary
to encourage more complete assessment of its role.

For more information:

¥ you would like to know more about the SCAQMD “Micro-en-
vironment study,” write: Office of Planning and Rules, SCAQMD,
21865 East Copley Drive, PO Box 4939, Diamond Bar, CA 91765
0939; o, call Pierre Sycip, (714) 396-3095, or Ditas Shikaya, (714)
396-3060.
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Sealants

New Products Will Have
Lower Toxicity

Future developments in construction sealants will
focus on lowering product toxicity, according to Donald
Swanson, manager of the consiruction silicone division
of Rhdne-Poulene, a Princeton, New Jersey sealant man-
ufacturer. Building Design & Construction magazine
reported Swanson’s views in a September 1991 articleon
emerging technology.

According 1o Swanson, improved methanol-based
sealants and the introduction of ethanol-based sealants are

on the horizon. Swanson says these new product forma-
lations will have low levels of VOUC emissions. Toward
the end of the decade, Swanson forecasts the introduction
of water-based silicones that can be used for high-perfor-
mance sealant needs,

FHeference:

¥. Bordenaro, *New Formulations Improve Sealant Perfor-
manes.” Brilding Design & Construction, September 1991, pp. 34-38.

Conference Announcement and Caoll for Papers

indoor Air ’93, Helsinki, Finland

“Indoor Alr *93, The 6th Intemational Conference on

Indoor Alr Quality and Climate” will be held July 4-8,

1993, in Helsinki, Finland. The Conference President,
Professor Olli Seppéinen from the University of Technol-
ogy in Espoo, Finland, has issued the Call for Papers and
Second Announcement.

indoor Alr XX Series Continues

Indoor Air "93 continues the series begun in Copenha-
gen in 1978 and continved in Amberst, Massachuseits,
1981; Stockholm, 1984: Berlin, 1987; and Toronio, 1990,
This series is the principal international conference in this
multi-disciplinary field. According to the conference an-
nouncement, “One of the major responsibilities of the
conference is to ensure that the complex indoor air quality
and climate issues are addressed on a scientific and tech-
nical level.” The 1993 conference will continue the
multi-disciplinary approach established by the previous
assemblies.

Conference Program

The conference program will include several scientific
symposia organized by topic, poster presentations, work-
shops, invited lectures, and social events. The four main
themes are: 1) Health, Comfort and Performance; 2)
Characterization, Measurement and Modeling of Indoor
Environment; 3) Building Technology and Remedial
Measures; and 4) Risks, Policies and Regulations. Ab-
stracts are due October 1, 1992, (The official language of
the conference is English.)

Many researchers we know plan their publications
around the triennial conferences as they are a central

focus of the indoor air comimunity. Since the peet-review
process for the conferences is generally not a5 rigorous as
for scientific and professional journals, # is possible to
present current work and work in progress. Many excel-
lent papers at the last meeting in Toronto were just that,
{Several were cited in this BULLETIR s {eature article.}
Thus, the conference offers an excellent overview of the
latest research in the indoor air field. It is also an nopar-
alleled forum for exchanging ideas on an interpational
fevel.

The conference itseif will take place in Finlandia Hall
in the heart of Helsinki. This building is a masterpiece of
modern architecture by Finland’s Alvar Aslic. The loca-
tion and timing of the conference means that there will be
almost 24 hours of daylight during the conference, likely
a new experience for many conference participants.

Exhibition

The conference will also feature the Indoor Fair "93
exhibition. At past meetings, this has been a useful place
to learn what new technologies and products are emerging
in the indoor air field. Among the expected exhibitors,
according to the announcement, are manufacturers of
building products, materials and HVAC equipment; mak-
ers of scientific instruments and conirel devices;
publishers of books, scientific journals, and computer
programs; and international societies devoted to topics
relevant to indoor air.

For more information:

Contact: Professor Olli Seppéinen, President, Indoor Air 93, P O,
Box B7, SF-02151 Espoo, Finland. Phone +358-0-451 3595; Fax
+358-0-431 3611.
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Publications
Building Your 1AQ Library

‘We are often asked to recommend more extensive JAQ
reading. What follows is a selection of publications we
think you’ll find useful. Please give us your commenis
and suggestions, and we will revise this list accordingly
for publication as a supplement for you and as a bonus to
new subscribers.

1. National Environmental Health Association, Intro-
duction te Indoor Air Quality: A Self-Paced Learning
Module. (EPAJA00/3-91J002) and Introduction ro Indoor
Alr Quality: A Reference Manual, (EPAJAOUI3-91/0073)
July 1991, Available from the National Environmental
Health Association, 720 South Colorado Boulevard,
South Tower, Suite 970, Denver, TG 80222, Tel. 303-756-
090, Cost is $47.50 (340 for members of NEHA).

This is a very useful publication. The reference manual
is the most comprehensive collection of information
available at present. The emphasis is on the residential
envirorsnent, and there is very Hitle attention on radon or
asbestos because other publications dealing with these
subjects are available.

2. Cone, J., and Hodgson, M., Preface, In Cone, J., and
Hodgson, M., (Eds.) Problem Buildings: Building Asso-
ciated Hiness and the Sick Building Syndrome.
Philadelphia: Hanley & Belfus, Inc. Vol. 4, No. 4, Occu-
pational Medicine: State of the Art Reviews.

This work includes separate chapters written by pro-
fessionals from various disciplines including chemistry,
engineering, industrial hygiene, medicine, epidermdology,
and architecture. We may be biased by the inclusion of
our chapter on “Building Materials and 1AQ,” but mate-
rial in this book is often cited in scientific and other
publications. We think the chapter on “Social and Organ-
izational Factors in Office Building Associated IHlpess™
by Dean Baker is upique and particularly valuable. A
hard-bound copy of the book is a bargain for only $32.
Available from Hanley & Belfus, Inc., 210 South 13th
Street, Philadelphia, PA 19107, Tel. 213-546-7293.

3. EPA, “Building Air Quality: Guide for Building
‘Owners and Facility Managers.” Reviewed in the Novem-
ber issue of the BULLETIN, It will not turn you into an
IAQ expert, but it will help you identify IAQ problems
and oversee the work of staff and consultants.

Copies of the guide are available for $24.00 each
($30.00 to international cusiomers) from the Superinten-
dent of Documents (part of the Government Printing
Office). A discount of 25% is available on orders of 100
copies or more. Include the publication number S/N 055-

000-00350-4 with your order. Write to New Orders, Su-
perintendent of Documents, P.O. Box 371954, Pitisburgh,
PA 15250-7934. You can fax your order to (202) 512-
2250.

4. Berghund, B., and Lindvall, T. 1988 (Eds.). Healthy
Buildings 88, volumes 1-4. Stockholm: Swedish Council
for Building Research. Available from Svensk
Byggtiinst, $-171 88, Solna, Sweden. The cost for a
complete set is SEK 360, about 118 $64.

Unique among conferences, the “Healthy Buildings
"88" proceedings are interesting and useful and somewhat
different from the majority of other conference proceed-
ings. We discussed these volumes in the Angust issue of
the BULLETIN.

5. Danish Building Research Institute, “Indoor Cli-
mate and Alr Quality Problems, Investigations, and
Remedies,” (SBI Report 212) 1990. Danish Building
Research Institute (Statens Byggeforskningsinstitut,
SBD, P. O. Box 119, DK-2970 Hersholm, Denmark.

This is a very valuable, concise, clearly writien freat-
ment of the subject.

6. Levin, H., 1991, “Critical Building Design Factors
for Indoor Air Quality and Climate: Current Status and
Predicted Trends,” Indoor Air: International Journal of
Indoor Afr Quality and Climate, Wol. 1, Mo. 1. Copies and
subscriptions available fromn MUNKSGAARD Interna-
tional Publishers, Lid., Three Cambridge Cenier, Suite
208, Cambridge, MA 02142. In Europe, contact
MUNKSGAARD, 35 MNerre Sosgade, Postbox 2148,
DK-1016 Copenhagen, K, Denmark. Tel. 4533 127030,
Fax +45 33 12 93 87. Subscriptions are US$152jyt, DKK
838/yr.

This article is our most complete coniribution to the
literature in the form of an overview of what architects,
engineers, and interior designers should consider in their
building design work. Indoor Air is the closest thing to a
representation of the state-of-the-art in indoor air research
and technology. The editorial board is comprised of chair-
persons from the past five international indoor air
conferences are held each three years starting in Copen-
hagen in 1978.

7. Notback, D., 1990, “Environmental Exposures and
Personal Factors Related to Sick Building Syndrome,”
[Unpublished doctoral thesis] Uppsala University, Up-
psala, Sweden. Copies are available for $25 fromn Norback
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at Department of Occupational Medicine, Uppsala Uni-
versity, S-751 85, Uppsala, Sweden.

The most comprehensive review of SBS as of about
one vear ago. It is thoroughly referenced and annotated,
and will be a valuable reference to anyone wanting a
reasonably complete literature review of the subject. In
addition, Norback’s findings from the five studies he
conducted are provocative and somewhat different from
those of most SBS studies.

8. ASHRAE Standard 62-1989 “Ventilation for Ac-
ceptable Indoor Air Quality.” Atlanta: American Society
of Heating, Refrigerating, and Air-Conditioning Engi-
neers, Inc. Contact ASHRAE, 1791 Tullie Circle N.E,,
Atlanta, GA, 30329, (404) 636-8400.

If you are designing or operating buildings, consulting
on or investigating indoor air complaints, or just more
generally interested in indoor air, this is the essential
document, at least in the United States today. The mini-
mum outside air ventilation rates are widely quoted and
used as the basis for building design. But many other
aspects of the standard are important for achieving good
indoor air quality but overlooked by those who only look
at the ventilation rate tables.

9. ASHRAE has held a series of conferences on 1AQ
starting in 1986. The proceedings from those conferences

contain many papers addressing the designers’ concerns
about TAQ. 'I_‘he volumes are fromIAQ "86,1AQ 87, 1AQ

Calend’af '

*88, IAQ *89, and *91. Each of the five conference reporis
contains many useful papers. We think that the 19%1
Proceedings is by far the most useful. Contact ASHRAE
for ordering information. Price is $87 per copy; $58 for
ASHRAE members for IAQ '91. See ASHRAE contact
information above.

10. EPA, “Report to Congress, Volume II, “Assess-
ment and Control of Indoor Air Pollution,” U.S. EPA,
Office of Air and Radiation, 1989, Available from NTIS,
Springfield, VA 22161, (703) 487-4650. It will help to
give them the EPA publication number, EPA/400/1-
89/001C.

This is the most recent, complete assessment of JIAQ
from the United States government. It has a great deal of
useful basic information and should be a part of any IAQ
consultant or researcher’s collection.

11. National Academy of Sciences, 1981. Indoor Poi-
lutants. Washington, D.C.: National Academy of
Sciences. Available from Publications, National Acad-
emy Press, 2101 Constitution Avenve NW, Washington,
DC, 20418, (202) 334-3113,

Although much of the technical information is slightly
outdated now, this is still the most comprehensive single
overview of the indoor air field available. Its 537 pages
are packed full of valuable reviews of most of the major
contaminants. There are also brief sections on lighting
and noise.

March 2-6, 1992, “improving Indoor Air Qualify in Non-Industrial Buildings,” Sponsored by BOHSICET, University fof Medicine and Dentistry
or

of New Jemsey-Robert Wood Johnson Medical School and Rutgers, The State University of New Jersey. Contact: Centers

Eduontion and Teaint

{CED), 45 Knightsbridge Rd., Piscataway, NJ 08854-3923. (908) 463-5064. Course fee is $750 for five days.

March 5-6, 1992, “Diagnosing & Mitigating Indoor Air Quality Problems,” Shetaton Century Center, Atlanta, GA. § by Assoriation of
Energy Engineers (AEE). Contact: AEE, 4023 Pleasantdale Road, Suite 420, Atlanta, GA 30340, (404) 447-5083, Fax (404) 446-3965. Fee is $685 for
AEE members, $735 for non-members.

March 16.20, 1992: Affordable Comfort VI Conference, Pi Pennsylvania. Contact: Linda Wigington, ofo Sara Cromm, Southwestern
Pe:gﬁ;}s% Energy Center, Indiana University of Pennsylvania, Robertshaw Building, Indiana, Pennsylvania 15705-1087. Tel. (412) 357-7573, Fax
(412) 3572464,

March 23-24, 1992. “How to Meel New Ventilation Standards: Indoor Air Quality and Energy Efficiency,” San Jose Convention Center, San Jose,
gahfe};nm. Spofg:d by Asscciation of Energy Engineers (AEE). Contact: Contact: see Hstings for March 5-6 above. Fee i3 8685 for AEE Mewmbers,
783 for nonmembers.

March 23-24, 1992, “H?A.C Systems: Improving Operation and Maintenance,” San Jose Convention Center, San Jose, California. Sponsored by
Association of Enetgy Engineers (AEE). Contact: see istings for March 5-6 above, Fee is 3685 for AEE Members, 3785 for nonmembers.

April 26-28, 1992, Symposh!manb:!odeﬁnglndnnrﬂr@mﬁtyandhmm, Sponsored by ASTM Subcommitiee D22.05 on Indoor Alr, Pittshurgh,
Pennsylvania. Contact: George Luciw, Staff Manager, ASTM, 1916 Race Street, Philadelphia, PA 19103-1187, (215) 299-5571 Fax (215) 299-2630.
There will be a workshop on Sunday, April 20, with titorials and hands-on demonstrations of models by many of the presenters at the symposium,
Symposium papers will be on Monday and Thesday. Registration fee is $100 before Morch 30, 8125 after, and includes a copy of the proceedings. Fee
Jor the workshop Is incliuded in the symposium registration fee and only a nominal charge when separate from the symposium.

April 29, 1992, ASTM Subcommittee D22.05 on Indoor Air; Spring Meeting. Contact: George Luciw, Staff Manager, ASTM, 1916 Race Street,
Philadelphia, PA 19103-1187, (215) 299-5571 Fax (215) 299-2(’530. B

April 30.- May 2, 1992. The First Aunual IAQ Conference and Exposition, “Indoor Air Quality: Service & Technology,” Tampa Convention Center,
“Tampa, Florida, Sponsored by the National Coalition on Indoor Air Quality. Contact: National Coalition on Indoor Alr Quality, 1518 K Street, NW,
Washington, DC 20005 .

May 4-8, 1992. “Improving Indoor Air Quality in Non-Industrial Buildings,” Sponsored by EGHSICET, University of Medicine and Dentistry of
New Jersey-Robert Wood Johnson Medical School and Rutgers, The Siate University of New Jersey. Contact: Centers for Education and Training (CET),
45 Knightsbridge Rd., Piscataway, NI 08854-3923. (508) 463-5064. Course fee is $750 for five days.

December 1991 Indoor Air BULLETIN 15



Tune 18-22, 1992, American Institute of Archifects Committee on the Environment (AIA COTE), Mesting in conjunction with the AIA Convention.
Boston, Massachusetis. Contact: Kristine Dombrowski or Patrick Lally, AIA, 1735 New York Aversse NW, Washington, DO 20006, Tel. (202) 626-7400,
Fax {202) 626-7518.

June 27-July 1. ASHRAE Annual Meeting, Baltimore, Maryland. Contact: ASHRAE Meetings Dept., 1791 Tullie Circle N.E,, Atlanta, GA 30339,
{404 636-8400.

July 12-17, mz.“mmmmmmmmmammmwmmmmmmmw
ASTM Committes 122 on Sampling and Analysis of Atmospheres. Contact: George Luciw, ASTM, 1916 Race Street, Philadelphia, PA 19103, 2159
299-5471.

July 14-15, 1992, “Indoor Alr Quality for Faciiity Mannagers.” Sponsored by Infernations] Facility Managers Associstion (IFMAY, Boston,
Massachusetts, Contact: Susan Biggs, ITFMA, | East Greenvway Plaza, 11th Floor, Houston, TX 77046-0194, (800} 350-4362, Fax (713 6236124,
Instructor is RULLETIN Editor Hal Levin, More detalls in the next issue of the BULLETIN.

August 30 - September 5, 19972. “Achieving Technical Potential: Programs and Technologies thal Work!” ACEEE 1992 Susmner Study on Energy
Eﬁicimcyinﬁuiidiz@,AﬁanﬁmCM%ﬁcM&MSwmﬁW%Mmemﬁmgy—ﬁﬁdﬁﬁMmy
Contact: ACEEE 1997 Summer Study Office, 2140 Shattuck Avenu, Suite 202, Berkeley, CA 94704, The ten topics inchide “human dimensions” of
which indoor gir guality, health and comfor are a part.

September 22-25, 1992, International Symposinm on Radon and Radon Reduction Technology, Minneapolis, Minnesota, Contact: For registration
information, Diana, Conference of Radiation Control Program Directors, Inc., (502} 227-4543, Fax (502) 227-7862 For Call for papess or fo subimit
abstracts: Timothy M. Dyess, Radon Mitigation Branch, MD 54, U.S. Environmental Protection Agency, Research Triangle Park, NC27711.

Oxciober § - 8, 1992, ASTM Subcommitiee D22.05 on Indoor Al Fall Meeting, Contact: George Luciw, Staff Manager, ASTM, 1916 Bace Street,
Philadelphia, PA 19103-1187, (215) 299-5571 Fax (213) 25%-2630.

October 18-20, 1992, AQ 92 - Environmenis for Peaple, Golden Gate Holiday fnn, San Francisco, California. Sponsored by ASHRAE, ACGTH,
and ATHA. Contact; Jim Norman, Manager of Technieal Services, American Society of Heating, Refrigerting, and Air-Conditioning Engineers,
Ine., 179} Tullie Circle NE, Atlanta, GA 30329, (404) 636-8400,

International

March 23-27 1992, *Chemical, Microbiological, Health and Comfort Aspects of Indoor Alr Quality” - State of the Ast in 8BS, Commission of
the Buropean Communities, Joint Besearch Centre, Ispra, Italy. Contact: EUROCOURSES Secretartat, Joint Research Cenire, 121028, Tspra {Varese)
Yialy. Tel. +39-332-789308, Fax +39-332-789839. Organized with the scientific coordination of the EC Joint Research Centre Environment Instifite
and the Danish National Institute of Cccupational Health, in collaboration with the EC Concerted Action "Indoor Air Quality and its Impoct on Man.”
*fFor those] with on interest in identifying causes of complaints about indoor air guality of the SBS type and their remedy, ™

April 28-30, 1992, “Quality of the Indoor Environment,” Sponsored by The International Association for Indoor Alr Chnlity, Athens, Uresce,
Contact: Conference Secretariat, Quality of the Indoor Environinent, Unit 6, 2 Oid Brompton Road, London W7 300, THE.

Fune9-11, 1992, Aevobiclogy 1992: Symposium of the Pan-American Aerobiology Association, Scarborough College, University of Toronto, Toronto,
Canada, Contact: Christine Rogers, Conference Organizer, Life Science, Scarborough College, University of Toronto, 1265 Military Tradl, Scarborough,
Ontario, Canada MIC 1A4, {416) 287-7421; Pax (416} 287-7642. 4 wide variety of topics will be covered. The main Jocus is the distribation,
production, dispersai, and deposition of airborne biological particles, and the implication of these processes to ecology, allergy, and plant
pathology among ether areas. Oral and poster sessions are proposed on the following topics. General Aerobivlogy, Ecology and Evolution,
Indoor Air Quality, and Allergy.

July 22-24, 1992, 1992 International Symposhum on Ventilation Effectivensss, Tokyo, Japan, sponsored by the Instifute of Industrial Sclence, The
University of Tokyo. {eo-sponsored by ASHRAE). Contact ASHRAR in the US. )

September 2-4, 1992. Roomvent 92, The Third International Conference on Air Distribution in Rooms. mmwwm
Association of HVAC Engineers. Contact: Danish Association of HVAL Engineers, Srholmvej 40B, DK-2800 Lyngby,

October 12-18, 1992, Secend Internationa] Course on Sick Building Syndrome, by the Nordic Institute of Occupational Health (NEVA),
Hotei Oranje Boulavard, Noordwijk aan Zee, The Netherlands. Contact: Gunilla Ahiberg, NIVA, Topeliuksenkatu 41 a A, SF-00250 Helsinki, Finland.
Tel +358 § 474 498, Fax +358 0 414 634, A five day course intended for occupational safety and health experts and industrinl hygienisis working in
the field of indoor air quality. Enrolimen limited to 30. Enroliment limited to 50.
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