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Temperature, Air Quality, and Occupant
Reactions to Indoor Air

Many experts suggest that the first response to high or
increasing SBS complaints should be to turn down the
thermostat. Some recently reported research seems to
strongly support that advice. In fact, some authorities say
that many “problem buildings” simply are out of thermal
control. They suggest that just operating a building ac-
cording to its thermal control design may eliminate a
substantial number of complaints.

It may follow that efforts to control air contaminants
by source control and ventilation should be minimal until
thermal control is achieved. However, if thermal control
is not adeqguate, efforts to control contaminanis may be
even more critical to avoid adverse occupant comfort,
health, and physiological effecis.

How important is temperature indoors? What effect
does it have on reported sick building syndrome (SBS)
symptorn rates? How does it affect subjective and objec-
tive reactions to a given concentration of volatile organic
compounds (VOC)? Work done at Yale University in the
late 1980s clearly established the importance of the ther-
mal environment (temperature and relative humidity) for
occupant reactions to IAQ (Berglund and Cain, 1989;
please see the reference at the end of the next article).

Jouni Jaakkola and his colleagues at Helsinki Uni-
versity of Technology reported that temperatures above
22 °C correlated with increased SBS symptom preva-
lence. In an article in Indoor Air (Vol. 2, pp. 111-12i,
1991), they found that symptoms did not associate signifi-
canily with ventilation rates from 7 to 70 L/s/p (15 - 140
cfm/p), although there was a trend of decreasing symp-
toms at higher rates, However, there was a direct

relationship between temperature and 5BS symptom
prevalence in their intervention study.

Recent Studies

Researchers in Denmark also suggest that indoor tem-
perature is extremely important. In an article published in
the latest issue of fndoor Air (Vol. 3, Ne. 3, September
1993), Lars Mplhave and his colleagues from Arhus
Untversity report results of their tests that exposed sub-
jects to different concentrations of various VOUs at
different temperatures. Their research, described in detail
beginning on page 2, strongly supports an emphasis on
thermal control. What's more, it soggests the need for
different VOC concentration guidelines or mits depend-
ing on temperature,

In the subsequent article, we describe the results of
research completed recently at the Technical University
of Denmark under the direction of Geo Clausen. The
researchers studied the relative effects of different ther-
mal conditions, “perceived air quality,” and noise levels
on human discomfort or dissatisfaction. Their results not
only show the relative importance of each of the factors
they studied, they suggest interactive effects as well,

Nearly everyone counsiders the causes of SBS to be
“multifactorial.” The challenge to scientists 18 to undet-
stand the contributions of each factor and the
combinations of conditions causing higher symptom
prevalence rates. The challenge to building designers and
operators is to correctly interpret the abundant research
on how indoor environmental factors can contribute to
“problem buildings.” The next step is to act effectively to
minimize the risk of adverse health and comfort effects.
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Human Response Studies

Combined Effects of
Air Temperature and VOC

YOy should be evaluated differently when interact-
ing factors are outside the comfort range, suggest
researchers at Arhus University in Denmark. They inves-
tigated interactions between air temperature effects and
YO eifects on physiological and subjective responses.
The researchers reported their findings in fndoor Air, Vol.
3, No. 3, just receatly published.

Lars Mglhave and his colleagues studied subjects un-
der conivolled laboraiﬁgyf conditions at ;,Lg!m?’ VOCs
{clean air) and 10 mg/m of a mixtare of 22 VOCs and at
room air temperatures of 18, 22, and 26 °C (64.4, 71.6,
and 78.8 °Frespectively ). The VOO mixture was the same
one previously studied by Mglhave’s group and similar
to one studied by researchers at the US EPA.

The results have important implications for re-
searchers, designers, and building operators alike. We
cannot rely on a single set of contaminant concentration
guidelines when other important environmental factors
vary over a significant range. While the results are based
on a small sample, results from other laboratory studies,
field studies, as well as much practical experience suggest
that the fndings are valid.

Study Methods

The researchers worked with two groups of five sub-
jects. The subjects were exposed three times a week, on
different days, in two separate weeks. Half were exposed
in the morning and half in the afternoon. Each exposure
lasted 60 minutes. The exposures were randomly ar-
ranged although the perceived odor of the VOUCs
prevented a fruly double-blind experimental design. Re-
searchers obwined baseline measorements of subjects’
responses under clean air conditions in a separate stain-
less-steel climate chamber at 23-25 °C and 45% RH.
Immediately after the 12.5 minute baseline measurements
and acclimatization period, subijects entered the exposure
chamber for 60 minutes and then returned to the clean
chamber.

Researchers attermnpted to maintain subjects’ skin tem-
peratures above 32 °C to avoid any indirect thermal
effects on the target organs. Subjects were instructed to
change or modify their clothing as needed i order to
maintain the minimum 32 °C skin temperature, although
the researchers found this effort not entirely successful.

Researchers obtained subjective ratings of discomfort
with a set of 28 guestions on odor intensity, indoor cli-

mate, irritation, neurological symptoms, etc. Subjecis
answered the questions before and twice during the expo-
sure. Researchers used the first response during expssure
as indicative of a visitor’s acute response and the sécond’
as an occupant’s adapted response to the conditidns.

The subjects’ responses on a lingar poténtiometer
showed quantifiable indications of perceived irritation of
mucous membranes in the éyes, nose, and throat. Vari-
ations in responses from the early part of the exposure t©
the later part indicated adaptation.

Responses on a profile of mood scale (POMS) in-
cluded tension, depression, anger, fatigue, and confusion.

The researchers used acoustic rhinometry to investi-
gate the mucosa of the nasal cavity. To measure the nasal
volume in each nostril, they used an elegant system that
monitored local changes in acoustic umpedance. The
changes were due to an alternating cross-sectional area
created by propagating audible sound waves with a spark.

Skin humidity was measured on the forehead and
cheek. The detection threshold for the odor of n-Butanol
was measured before and after each exposure period with
a standard iriangle olfactometer. Researchers used a slit-
lamp microscope to measure tear film stability osing
break-up time (BUT) during the exposure period. Micro-
scopic investigation of small samples of conjunctival
secretions {mucus from eyes and tears) taken under the
lower lid allowed researchers to conduct cytological ex-
aminations before and after exposure.

Statistical Analysis

Researchers analyzed interactions from differert com-
binations of VOC exposure concenirations and
temperature, They defined additive interactions as inter-
actions that “*...cause the presence of two stimuli o give
a response equal to the sum of the responses of each

stimuli alone.” In other words, both exposure variables

— temperature and VOC exposure — affected an effect.
measure but did not create a statistically sighificant VOC
X temperature interaction. They defined potentiating -
teractions as interactions where the effects are different
from the sum of the responses to each stimuli and when
the combined effect of VOC x temperature is statistically
significant regardless of the significance of either factor
individually.
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Results

The following discussion groups resuits into subjective
ratings and objective measurements.

Subjective Ratings

Table 1 shows the results of comfort evaluations after
one-minute and after sixty-mimte exposures. Figures 1
and 2 show some of the subjective evaluations of comfort.
Figure 1 shows the effect of air temperature and VOC
exposure on perceived odor intensity. Figure 2 shows the
effect of temperature and VOC exposure on perceived air
guality. The vertical scale is given in millimeters from the
linear analog scale for subjective evaluation of comfort.
Subjects made a mark on a line extending 60 mm above
and below the neutral point to indicate their response.

The visitor’s situation (the first in-chamber question-
naire} is reflected in the I-minute exposure. The adapted
occupant’s situation (the second in-chamber gquestion-
naire) is reflected in the 60-minute exposure,

We note that adaptation appears fairly clear with re-
spect to perceived odor intensity since subjects perceived
the 10 ugfm3 VO exposures as much lower at 60 min-
utes than at 1 minuote. This was also true for the 0 ug/m?’

VOC exposure which was, essentially, the background
odor of the chamber. Remarkably, the perceived odor
scems 10 have generally declined as the temperature
increased, although the researchers indicated this decline
was not significant for the statistical tests they performed.
Statistically, the perceived odor intensity was affected by
the concentration. On the other hand, the effects of hoth
concentration and femperature were sigaificant for per-
ceived air quality as shown in Figure 2. In neither case
were the interactions potentiating.

The differences in perceived odor intensity and per-
ceived air quality from the first minule responses to the
60 minute responses both show dramatic effects, although
the effects are not the same. It appears that the differences
generally form more consistent patterns for odor intensity
than for perceived air quality. This, we note, may have
important implications for interpreting the “perceived air
quality” measurements using the decipol system devel-
oped at the Technical University of Deonmark by Ole
Fanger and his colleagues. (See the following aticle and
comment on the decipol unit.)

The multivariate analysis of variance of the effect of
temperature and VOC on 1-minute and 60-minuie re-
sponses (o comfort guestionnaires showed that air

Table 1 - Acute (afier 1-minute exposure) and subacute (afler 80-minute exposure} comfort evaluation (60mm linear analog rating

scale} in & questionnaire completed during exposures 16 VOCs

(0 and 10 ug/m3 and airtemperatures (18, 22, and 26 °C). Tha

fable shows mean valuas of baseline-corrected responses and the p-vatues in a multivariate analysis of variance (n=10). The unit
is mm. The ien questions shown ara those for which there was a relation to subacute exposure.

pive Acute Comiort Evaluglions Subacute Comfort Evaluations
CONE. Temperature *C Pvalues Temparature *C P-valuss

Questions: mgim | 18 22 26 G T CxT 18 22 26 o T Gl

Lighting v -3.0 -1.8 -1 NS NS NG 2.5 £ -4 NG N3 NS
10 -1.2 -8 -1.3 -4.1 A4 4

Alr temperature 0 222 | 175 47 NS NG NS 72 7 -148 35 NS 000051 MR
16 252 1 -#5 4.8 205 1 AT 25

Air movernent 0 1.2 1.1 1.3 NS 0.047 NS 122 8.1 31 NS 0.04 NS
10 12.2 5.0 -2.1 12.0 8.4 5.1

Ajr quadity 0 47 6.7 8.7 0001 | 002 N5 5.2 -14.4 78 0008 | 001 MS
10 8.0 23.0 224 5.0 118 130

Odor intensity ¢ 8.2 8.7 42 1000057 NS o.097 47 38 1.2 {,066 NS NS
i 232 31.1 35.8 10,1 13.9 8.5

Skin temperature G -4.8 £.9 47 N3 0.014 NS 53 7.9 N NS 0.002 M8
10 318 -1.6 3.4 ~12.4 -3.9 T

Sweating H S425 1 -4 T 0.087 1 0.048 NS 5.8 172 4.0 NS {.003 NS
10 115 3.2 74 7.7 4.3 0.3

Facial skin 0 15 23 35 NS NS 0044 | 24 35 25 NS 0.016 NS

termperatine 16 4.3 -1 8 5.9 -1.8 A

How do you fesl G 1.6 4 5.2 NS NS NS 1.7 3 43 NS 0.053 NS

genarally now 10 7 1.3 54 1.1 Y 113

Nead more 0 85 <158 79 0,006 { 0.012 NS 8.2 -14.1 4.1 0.087 | 0.01¢ NS

ventilation 16 5.0 93 19.0 0 3.0 14.2

C = Conceniration (mglm3}; T = Temperature (°C}; C x T = Interaction between C and T, NS = Non-significant (P > 0.10)
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Figure 1 -~ The effect of air
temperature and VOO -
eXposure on perceived odor
intensity (A: visitor's situation
after 1 min., and B: ccoupant's
after 80 min.). Ratings in mm
arg increasing intensity. Full
scale = 80 mm.

Figure 2 - The effect of alr
temperature and VOO
exposure on perceived air
quality {A: visitor's situation
after 1 min., and B:
occupant's after 60 min.).
Ratings in mm are increasing
discomiort, Full scale = 60
mm.

Figure 3 - Potentiometer
registration of sensory effect
of iritation in eye, nose, and
throat for the first 10 and the
last 10 minutes’ exposure o
combinations of air
ternperature and VOCs.
Ratings are in percent of full
scale. Full scale =60 mrn.
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temperature significantly affected ratings of temperature,
air movement, air quality, acute eye watering, skin tem-
perature, sweating, acute dryness, and the need for more
ventilation. It also affected the ratings for acute dryness
and sub-acute facial skin temperatore and general well-
being. The VOC exposure affected evaluations of air
guality, odor intensity, acute eye iritation, eye watering,
nose irritation, and sweating, and the need for more ven-
tifation.

Researchers found potentiating interactions between
temperature and VOC exposwres in questions on odor
intensity, facial skin temperature, dry facial skin, and
sub-acute interaction on general comfort in the comfort
questionnaire. They found additive interactions for air
quality and the need for more ventilation.

Figure 3 shows the resulis of the potentiometer ratings
of irritation of eyes, nose, and throat in the first and last
10 minutes of the exposure period. There was a sehsory
effectof increasing discomfort throughout the 60 minutes,
and statistical analysis showed that it was an especially
pronounced effect at 18 and 26 °C. Potentiating intwerac-
tions apparently occur only for the very acute ratings.

The potentiometer ratings for 10 ;.Lgfmg YGC expo-
sures at all three temperatures showed decreasing
intensify during the 60-minute exposure. The data suggest
stronger irritation at high temperature and greatest adap-
tation at low temperature.

Obiective Measuremenis

Rhinometry of the nasal passage showed VOU expo-
sures decreased the minimum cross-sectional area
significantly. Skin humidity measurements on the fore-
head showed an effect of both temperature and VOC
exposure and a potentiating interaction. The effect on the
cheek was significant only for temperature although VOCU
exposure effects on the cheek showed a trend similar to
that for the forehead. Researchers found no significant
relationship between the exposures and odor thresholds
for n-Butanol.

Tear filin stability measurements showed no signifi-
cant differences in response to different VOU or
temperature exposures. There was an interaction between
tear film stability, VOU exposure, and temperature, but at
biologically illogical dose relations. There were no sig-
nificant cytological changes of tear fluid in relation to
exposures; although median values increased after VOC
exposure, the changes were not statistically significant.

Authors’ Discussion

The auothors offered comments on the observed effects
and results of other experiments for the various measure-
ments.

Study Design

The authors point cut that the small number of subjects
in the study limits the conclusions that can be drawn.
Furthermore, the study subjects necessarily do not repre-
sent the genmeral population. Finally, the interactions
observed in the study between temperature and health
pertain only to direct effects on perception and health. In
the field (and in field studies), temperature may also
indirectly affect results by increasing VOC emissions
from materials.

VOUC Effects

Sensory: The results of the study confirmed find-
ings from previous siudies at VOUC concentrations of
25 p.g/mB. The resolts showed that VOC exposure signifi-
cantly affects sensory evalnation of JAQ, odor iniensity,
and the need for ventilation. The potentiomeier measure-
ments showed significant effects of VOC exposure on
sensory irritation in the eye, nose, and throat.

FPOMS: The researchers observed no significant effects
on mood in the stady.

Objecrive: The researchers say the observed effects of
increasing VOC concentrations on objective measurss of
skin humidity had not been seen previously, The subjects
did not report a difference in dryness of facial skin al-
though such differences were seporiedin previous siudies.

Mucus Membranes: The researchers claim to have
demonstrated for the first time that VOCs influence mu-
cous membranes of the nose as indicated by changes in
nasal cavity cross-sectional area and volume. They sug-
gest the nasal mucosa irritation response is swelling.
Previous studies showed inflammation in the nasal mu-
£Osa in response (0 25 pug,’mn{3 VOC exposure,

Cdor Threshold: The researchers observed no redac-
tion in olfaction nsing the n-Butanol west, Previous sindies
have reported mixed results, and no explanation is of-
fered.

Tear Film Stability: The researchers’ comments sug-
gest they believe the lack of an effect found in this study
may be due o the shorness of the exposure period.
Previous studies reported a delayed response in the con-
junctival inflammatory process.

Temperature Effects

Sensory: The authors say their study confirms tempera-
ture effects findings from other studies. They mention
several studies that found relationships between tempera-
ture and SBS symptoms including general, eye, nose, and
mucous membranes symptoms. Berglund and Cain re-
ported that occupants perceived air as fresher and less
stuffy with decreasing temperature and humidity. The
Danes comment that their study showed significant sen-
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sory effects of temperature on evaluations of air quality
and need for ventilation. Yet they found no significant
effects of temperature on sensory irritation either in ques-
tionnaire responses or potentiometer ratings. We note that
this raises questions regarding the mechanism of the tem-
perature effects on SBS symptom prevalence.

POMS: The mean fatigue scale score correlated with
the relatively small differences in temperature used in the
experiment. Previous studies had not examined this po-
tential effect but had seen other effecis, e.g., on
recognition memory ata wider range of temperatures.

Acoustic rhinomerry: Concerning the objective effects
of temperature, the researchers found that nasal airway
dimensions increased in warm air and decreased in cold
air. This finding was consistent with previous studies.

interactive Effects Between VOC and
Temperature

Sensory: Previous studies have reported interaction
between YOU and temperature. The researchers stress
that these findings mean that investigations of the effects
of indoor environmental (climate) factors on the preva-
fence of 5BS symptom reports should consider the
possible indirect effects of these factors on exposure
concentrations of VOCs and aerosols. Table 2 summarizes
the interactions found by the researchers.

They say that the resulis indicaie significant additive
interactions between alr temperatures and VOC exposures
on alr guahily, watering eyes, sweating, and the need for
more ventilation. They saw potentiating interactions on
perceived odor intensity, facial skin temperature, feeling
of dryness of facial skin, and sub-acute [adapted] general
weli-being. Due to the interactions, YOC sensory effects
{except for odor intensity) were generally strongest at
high and low terperatures.

They expressed surprise that the interactions on per-
ceptions are acute while for general discomfort they are
sub-acute. This, they say, suggests possible differences in
adaptation mechanisms for perceptions and general dis-
comfort, and, therefore, that perceptions and discomfort
evaluations are based on different mechanisms.

Ohbjective Measurements: Inieraction on objective
measurements occurred for tear film stability, forehead
humidity, and nasal cross-sectional areas and volumes.

Rhinometric measurements: These measurements
showed strong potentiating interactions. They speculate
that limited reactions to VOUC except at the high tempera-
ture “...may be that the decongested mucosa in the warm
environment is more likely to respond 0 a congesting

Table 2 - Summary of the combination of effects or
"interactions” between YOU and air temperature on health and
cornfort variables used in the experiment.

Combinalion Effects or Inleraction

Variable Additive®  Potentiating”
Subjsctive

Alr quality y —

{Odor intensity — X

Watering eyes X —

Swealing X —

Facial skin

- lemperature — *X

- dryness — KX

General wall-baing — 00

Need more veniilation XX —
Objective

Tear fiim stabifity — 00~

Skin humidity forehead 00 —

Rhinometry e 20

2 additive interaction: both T and VOO significant, but not

TxVOC; ® Potentiating interaction: (T x VOU ) significant;
K = Acute; U = Subacuie; ¢, 00 = 85<P; x, 0 = 90<P<05;

- = 30=P; * = meaningless associations; y =x + 0.

stimulus than the more congested mucosa in the cold
environment.”

Summary and Conclusions

To conclude, the researchers wrote: “The inferpretation
of these interactions on occupants’ objective and subjec-
tive reactions is that VO exposure and air temperature
may not be independent variables for evaluations of the
guality of the indoor atmospheric environment. It follows
that a reduction in air temperature may reduce VOC-re-
lated SBS symptoms and that geidelines for both VOC
exposure and for the thermal environment should specify
the values of VO concentration or femperature on which
they are based. Further, special thermal guidelines may
have w© be set for environments (such as occupational
environmentsy in which increased YOO concentrations
are accepted.”

The BULLETIN Comments

We have reported this stady in substantial detail be-
cause its findings and their implications are so simple yet
so profound. There is a tendency to design, operate, and
investigate indoor environmenis as though the important

6 Indoor Air BULLETIN
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environmenial variables were somehow disconnected
and unrelated. There is abundant evidence for the rela-
tionship between air temperature, relative humidity, and
air movement in determining thermal comfort. Previous
studies have clearly shown relationships between the
thermal environment and subjective responses to air gual-

ity.

This study extends the evidence for the importance of
the inter-relationships by showing subjective and objec-
tive measures of effects including additive and
potentiating interactions. It clearly reinforces the idea that
running buildings cooler can help reduce oecupant symp-
toms and discomfori if there are elevated VOC
concenirations — whether they are irritants, odorants, or

Human Response Studies

Discomfort and the Combined

toxicants. We sirongly recommend that designers, inves-
tigators, and building operators pay careful attention to
potential direct and indirect effects of elevated tempera-
ture on environmental conditions and occupant
FeSpOTSes.
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Effects of Air Quality, Temperature,

and Noise Levels

Geo Clausen, a leading researcher at Ole Fanger’s
laboratory, reported results of a provocative study con-
ducted recently at the Technical University of Denmark
in Lyngby and reported at Indoor Air "93 in Helsinki
(1993). When Clausen and his colleagnes exposed sub-
iects to varying combinations of different noise levels,
temperatures, and perceived air pollution, they were able
to study the relative importance of the three environ-
mental parameters. It is most interesting because it shows
the relative effects of changes in operative temperature
(21.3°C - 30.8°0), decipol (0.6 - 8.9), and noise (40 - 75
dB A) on human discomfort or dissatisfaction.

The researchers reported the following;

» A change of 1°C had the same effect on human
comiort as a change in perceived air guality of
2.4 decipol or a change in noise level of 3.9 dBA.

s Up to 10 decipol, the effect of a | decipol change
was the same as a 1.2 dBA change.

e When tested individually, raising the operative
temperature from 21.3 °C 10 28.4 °C or the de-
cipol level from 0.6 to 8.9 had the same effect as
raising the noise level from 40 dBA 10 60 dBA.

e When exposed to the combination of 28.4°C
and 8.9 decipol, the rescarchers report they
found the combined effect the same as 71 dBA
— an 11 dBA increase in sound level, which s
approximately equivalent to a subjective doubling
of loudness.

Authors of a 1985 review of research on the combined
effects of heat and noise concluded that their effects cn
human performance were largely independent (Hancock
and Pierce). The Technical University of Denmark looked
at discomfort rather than performance, but the results
would seem to challenge the review’s conclusion.
Clausen and his colleagues found a clear effect of each
factor on the acceptability of the other by subjecis in the
chimate chambers.

Clausen cautioned the BULLETIN regarding interpre-
tation of the relationships they reporied in the paper. He
said the relative values “..are not models describing
relationships between the differeni environmental pa-
rameters but rather first crude approximations of .. [the]
relationships.” Clausen’s caution notwithstanding, the
study clearly points toward the need for more comprehen-
sive research involving muitiple environmental factors. It
also points to the impotiance of considering all environ-
mental factors when creating acceptable indoor
environiments.

Methods

Eight male and eight female study subjects moved
between two identical climate chambers {A and B) with
various levels of temperature, odor, and recorded urban
traffic noise. Subjects were exposed for one minute to
each condition being assessed. Then they responded 1o
guestions evaluating discomfort, and they expressed pref-
erences for varying condition sets.

Vol. 3, Mo. 1
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In the first seven experiments, they compared different
combinations of thermal fead and sensory air pollution in
chamber A with a range of noise levels in chamber B. In
the second part they compared different sensory air pol-
lution levels in chamber A with a range of thermal loads
in chamber B. In one experiment both the air teraperatare
and air pollution levels were increased in chamber A and
compared to various sound levels in chamber B.

The noise was recorded urban traffic sounds, the ther-
mal factors were controlled to produce the reported
operative temperafure, and the sensory air pollution was
produced by different source sirengths of a mixture of
carpet, rabber, fresh paint, and cigarette butts.

Based on previous research, researcherss selected the
thermal and sensory pollution loads to correspond to
previously determined levels of dissatisfaction (10, 20,
40, and 60%?). These values are listed in Table 3.

The researchers have previously defined the decipol as
the perceived air quality resulting from a source strength
of 1 olf ventilated by 10 L/s outside air. An off is the odor
emitted by a ““standard person” defined as one who bathes
an average of once each 1.6 days. [See the sidebar for a
discussion of some concerns regarding the use of the olf
and decipol units.]

Results

Figures 4 and 5 show the noise levels in chamber B and
the operative temperature and perceived air quality in
chamber A equally preferred by the subjects.

The results shown in Figure 4 indicate that subjects
expericnced equal comfort (or dissatisfaction) witha 1 °C
change in temperature or a 3.9 dBA change in noise level.
Figure 5 indicates that changing the noise level 1 dBA had
the same effects as a change in perceived air quality of 1
decipol at a nentral operative temperature.

Figure 6 shows the operative temperatures in chamber
B and perceived air quality in chamber A equally pre-
ferred by the subjects.

Table 3 - Levels of dissatisfaction with different temperatures
and perceived air quality values.

Level of Operative Perceived
dissatistaction Temperalure alr gquality
[%] [%C] [decipol]
10 21.3 0.8
20 23.3 14
40 28.0 4.1
80 28.4 8.9

The results shown in Figurc & indicate that with low
background noise levels, a 1 °C temperature change had
the same average effect on comfort as a 2.4 decipol
change in perceived air quality.

Discussion

The experiments all involved a one-minunte exposure
to cach condition being assessed, and the report says the
effect of longer exposures are not known. Clausen old
the BULLETIN that there appear to be linear relation-
ships between each of the three factors and the degree of
annoyance. The relation between percent dissatisfied and
traffic noise level, however, is not linear, as shown in
Figure 7.

The results showed that subjects found the operative
temperature important relative to perceived air quality. This
we conclude by comparing the relative magnitudes of the
changes in the units. But, the derivation of each of the units
15 not based on scaling them against each other or a common
reference, so we do not believe the numerical values them-
selves should be used for such comparisons.

Clausen commented to the BULLETIN that the interac-
tion between air quality and temnperature in chamber A may
have influenced the subjects’ overall perception of the cham-
ber environment. Thus, he said, the combined effect of
thermal factors and air quality may have varied as a resuli of
changes in the operative temperature. This, we note, is con-
sistent with the findings of Mglhave in the research described
beginning on page 2 of this issue of the BULLETIN.

8 Indoor Air BULLETIN
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The researchers compared three environmental factors  hour work day. He points out that adaptation may play an
based on linear regression analysis of the subjects’ equal  important role in our responses to sensory aiv pollution
preference observations. There may be differences between  and thermal loads, and we note that the combined effects
equal levels of preference and equal levels of dissatisfaction  might also be modified. In a study done earlier at the same
that should be taken as cautions against over-extending laboratory, Lars Gunnarsen (now at the Danish Building
application of the reselts of this small study. Clausen told us  Research Institute) found that the type of pollutant source
that the research was a preliminary experiment intended to  influenced the adaptation response (1990).
explore methods and that it was not intended to establish the
values to define relationships between the three environ-
mental parameters.

Also, Clausen wamns that the perceived air guality
jevels were calculated from the percentage dissatisfied.
Clausen says this method gives greater uncertainties than

Clausen further cavtions that the results are based on  directly using the trained panel to determine decipol
one-minute exposures and that different resulis may be values.
chtained with longer exposures, €.2., an hour or an eight-

=

70 T 7

8
8

Molse level (dB)
-]

3

Nolse level (dB}
&

¢
v
i
i
]
i
i
.
-
+
.
-
+
'
-
+

maa 24 28 28 30 0 2 4 8 ] 10
Gperative temperaturs  { C) '

Figure 4 - Noise levels in chamber B and operative  Figure 5 - Noise levels in chamber B and perceived air quality
temperature in chamber A resuliing in equal preference forthe  in chamber A resulting in equal preference for the wo

iwo chambers. chambers.
36 00 ,
o
- B sl
g 2
g2 2 .l
% S
&

2 2 s . i
£ :
) - )
a |« S
Q : S S
24 . ' i ' i P ot TR SN T SN S S

0 2 4 8 g8 10 12 35 40 45 50 55 80 65 7O VS 80

Percelved alr quality {declpol) Noise level {dB)

Figure 6 - Operative temperatures inchamber B and perceived  Figure 7 - Percent dissatisfied as a function of traffic noise lsvel.
air guality in chamber A resulting in equal preference for the  The data points represent the mean of 112 assessments and the
two chambers. curve is the result of probit analysis.

Vol 3, No. 1 Indoor Air BULLETIN 9



Human Response Studies

Subjective Aspects of Noise

Conclusion

Clausen and his colleagues have raised some very
important questions by their work. They have clearly
illustrated the complexity of the inter-relationships of
noise, temperatare, and perceived air quality, although
their write-up tends to present it as simpler and more
straightforward than it appears {0 us.

They have not established values for relative effects of
discomfort caused by the three environmental variables
they studied, but they have demonstrated an inigresting
methodology. Furthermore, their resuits confirm the in-
terdependence of environmental variables and call our
attention to it during design of studies or of buildings.

References:

Geo Clausen et al., 1993, “A Comparative Study of Discomfort
Caused by Indoor Air Pollution, Thermal Load and Noise,” in Pro-
ceedings of Indoor Air 93, Vol_ 6, pp. 31.36.

Lars Gunnamses, 1990, “Adaptation and Ventilaon Reguire-
ments,” Proceedings of Indoor Air 90, Vol 1, pp. 599-604.

P A. Hapcock and 1. O, Pierce, 1985, “Combined Effects of Heat
and Noise on Human Performance: A Review,” in Am ind Hyg
Assoc J, Vol. 46, pp. 555-565.

and Other Environmental Parametlers

When I heard Ole Fanger describe Geo Clausen’s noise
study (sce the previous article), it seemed that the use of
recorded urban traffic sounds as the noise source would
hias the results based on the sound quality. People have
emotional reactions to different sounds, perhaps by asso-
ciating the sound with some particular previous
experience or familiar context. What might the results be
if the researchers had used ocean waves, bird songs,
Beethoven sonaias, or rock and roll music? Certainly the
outcome would not be the same.

Noise is simply unwanted sound: a form of pollution.
Our acceptance of it depends on what we are doing at the
time as well as on the quality and intensity of the sound.
Clearly people react differently to sound depending on the
type. Calling the recorded urban traffic sounds “noise”
indicates the researchers recognized that the sounds they
chose to compare to various odor strengths and thermal
conditions were, at least for most people, sound pollution.

Individuals find different light intensities and spectral
distributions preferable to certain others. Again, prefer-

ences vary depending on the context; we may need bright-
ness in order to perform a task; a soft, low-level light is
always considered appropriate for “romantic” situations;
in very hot weather, we prefer darker conditions. There
are endless other examples.

Furthermore, the components of operative tempera-
tures can be varied, and perhaps different individuals will
vary in their responses accordingly. Since operative tem-
perature is based on different mixes of dry bulb, wet bulb,
and radiant temperatures, arc different mixes of these
factors simply equivalent if they yield the same operative
temperature? Of course not. While they may serve to
predict well within certain limits, their oversimplified use
in design, standards, codes, building operation, investiga-
tions of complaints, and other applications s misguided
and needs to be addressed. When we add the qualitative
aspects of noise, light, and air quality, we have ourselves
a very complex problem indeed — for designing or oper-
ating buildings.
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Letters

Marcinowski on EPA Radon Policy

Frank Marcinowski is a Senior Health Physicistin
the EPA’s Radon Division. He wrote the following
in response to our articles on radon policy in fAB
Vol. 2, No. 11.

Dear Hal:

The article in Vol. 2, No. 11 entitled “Scientists, Poli-
cymakers (Juestion EPA Radon Policy”, which provided
areview of Cole’s book { The Element of Risk; The Politics
of Radon), perpetuates the misconceptions about radon
policy and science contained throughout the book. 1
would like to address some of these misconceptions
which you highlighted in your review.

The main premise of the article/book is that EPA policy
and science does not represent mainstream knowledge.
That is absolutely incorrect. in fact, there 1s broad agree-
ment among mainstream scientific organizations on the
health effects of radon. The carcinogenicity of radon is
based on extensive data from epidemiologic studies of
underground miners. These studiss have consistently
shown a causal association between radon exposure and
increased lung cancer risk. These findings have been well
established by the scientific community, including the
World Health Organization (IARC 1988), the National
Academy of Sciences (NAS !1988), the International
Commission on Radiclogical Protection (ICRP 1987),
and the National Council on Radiation Protection and
Measurements {NCRP 1984). In addition, the Centers for
Disease Conirol and Prevention, the American Lung As-
sociation, the American Medical Association, the
Amnerican Cancer Society, the MNational Medical Associa-
tion, and many others have recognized radon as a serious
public health problem. While there is some uncertainty
associated with the health risks of radon, there is broad
consensus that it causes thousands of lung cancer deaths
per vear

Cole argues that there is currently no evidence for a
linear nothreshold relationship between radon exposure
and lung cancer ai low exposure levels. However, this is
also true for exposure from any type of radiation. There
is no rationale for treating the radon radiation risk differ-
ently from any other type of radiation risk. The only
departure from the linear no threshold model for radon
has been an observed decrease in risk per working level
month (WLM) at very high mine exposure levels, ie.,
above 2,000 WLM (NAS 1988). It is interesting to note
that preliminary findings from some miner studies, as
well as evidence from animal studies, indicate that
chronic lowlevel exposures may carty higher-risk than

highleve! exposures over shorter periods (Cross 1980,
Hornung 1987, Seve 1988). Again, mainstream scientific
organizations af this time assume a lnearno threshold
dose response relationship.

The article also guestions advocating testing for non-
smokers, and uses Cole’s book to suggest that there is no
evidence for radon risk for nonsmokers. On the contrary,
increased lung cancer risk with radon exposure has been
observed in nonsmoking populations. The National Insti-
tute for Occupational Safety and Health, the Centers for
Disease Control and Prevention, the Harvard School of
Public Health, and the University of California at Davis,
recently condacted a study of noasmoking miners ex-
posed to varying levels of radon daughters (Roscoe
1989). The nonsmoking miners showed a statistically
significant increase in lung cancer risk when compared
with two control populations of nonsmoking nonmyiners.
The authors concluded that exposure o radon daughters
in the absence of cigarette srmoke 1S a potent carcinogen
that should be strictly controlled. Additionally, two stud-
ies conducted in Swedish and Czech mining populations
have shown increased lung cancer risk among nonsmok-
ing miners. Both studies found a ten tirnes greater fung
cancer risk in the nonsmoking miners when compared
with nonsmoking males in the general population (al-
though the findings of the Czech study were nof
statistically significant). Further, the Swedish miners had
a mean exposure of 80 Working Level Months (WLMs)
and the Czech miners had a mean exposure of 32 WILMs,
comparable to cumulative lifetime residential exposures
of 4 pCi/L..

Another example of an improper characterization of
EPA's position occurs when Cole indicates EPA data
implies 30% of US homes are above the action level of 4
pCi/L., while Nero estimates the frequency at about 6 or
7%. EPA has never stated or implied that 30% of homes
wotuld be above 4 pCi/L. In 1987, when EPA/State screen-
ing results were released there was some confusion in the
press about this despite EPA’s efforts to distinguish the
difference between screening and annual average meas-
uremenis. In every publication and communication since,
EPA has made a special effort to explain the difference.
In fact, EPA conducted a national survey (EPA October
1992) which has served to clarify earlier estimates of 6%
of US homes having annual average racdon levels greater
than or equal to 4 pCi/L.

Another example of Cole’s bias is his characterization
of EPA’s action level of 4 pCi/L. as being inconsistent with
a number of other European countries. Contrary to Cole’s
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assertions, Germany, Ireland, Luxembourg, Sweden,
Spain, Czechoslovakia, and Switzerland have recom-
mended action levels in the 310 pGi/lL range. The recent
trend in Burope has been to lower radon action levels.

There is also very little disagreement on the national
costs of addressing radon. EPA has conducted extensive
economic analyses on Radon Program strategies (EPA
May 1992) and estimated a total cost of $45 billion (an
estimated annual cost of $1.5 billion) for a fully imple-
mented national program, within the range you quote of
$20 to $100 billion. We recommend that all residents of
homes below the third floor spend as litile as $20 1o find
out if they might have a radon problem and an average of
$1250 to mitigate if elevated levels are confirmed with
followup testing. These analyses indicate thai, if fully
mmplemented at an action level of 4 pCi/L, the current
program could avert over 2,000 lung cancer deaths per
year at a cost of approzimately $700,000 per cancer case
avoided. (EPA1s also pursuing strategies addressing radon
in new consiruction which are even more costeffective.)
These costs per case avoided fall within the range for other
voluntary safety programs such as seatbelts and smoke
detectors (OMB 1991). As with home fires and car acci-
dents, not everyone is at high risk from radon. However,
smoke detectors are required in all homes despite many
being at very low risk because of occupancy habits and
building codes. The use of seatbelts is not recommended
just for those who travel above the speed limit or have a
poor driving record.

Finally, the article questions the advisability of a na-
tional radon program when the largest scurce of lung
cancer risk is smoking. While the risks of lung cancer from
exposure to radon is much greater in smokers, radon
exposure also increases lung cancer risk in former smok-
ers and neversmokers. Smoking is also the greatest
coniributor o heart disease. As a society, we spend sig-
nificant resources addressing secondary causes of heart
disease including high blood pressure, improper diet, lack
of exercise, and other risk factors. Likewise, it is appro-
priate and prudent to address lung cancer risk on multiple
fronts.

Sincerely,

Frank Marcinowski, Senior Health Physicist, Radon Di-
vision, US EPA
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Editor’s Reply

The questions Cole raises about EPA’s radon policy do
not challenge the consistent effects found in mine-worker
studies. They pertain to issues around low-level effects.
The uncertainty is great; however, Dr. Marcinowski refers
to a consensus on the occurrence of thousands of lung
cancer deaths without mentioning that they presumably
occur primarily among smokers. Many of the organiza-
tions that he says have recognized radon as a serious
public health problern have received funding support from
EPA’s radon program.

Inappropriate Comparisons

Relating risks from radon exposures to those from fires
and seat belts is inappropriate. There are actuarial data for
fire and astomobile accident injuries and deaths; these
data are not based on estimates or indirect experience but
on actual deaths and injuries. In contrast, indoor air radon
exposure risks are estimated from extrapolations of un-
derground miner radon exposure levels and leng
cancer-related deaths relying upon dose-response as-
sumptions.

Questions raised by critics of EPA’s policy regarding
the miner data include possible radon measurement error
and possible under-reporting of smoking by miners fear-
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ful of losing their jobs. Seatbelts protect us from other
drivers even when we are driving safely, and their nse is
clearly effective in reducing both extent of injury and loss
of life in accidents. There is no similar direct evidence to
support the EPA radon testing and control program.

Wide Uncentainty

in fact, EPA’s own Dr. Kevin Teichman in the Office
of Research and Development discussed the uncertainty
in his kevnote lecture at Indoor Air "93 in Helsinki, He
pointed out the absence of knowledge about the shape of
the dose-response curve around the concentrations to
which most Americans are exposed in their homes: about
12 pCi/lL(45 qum3). He wrote that even “...small devia-
tions from linearity {in the shape of the dose-response
curvej ...could represent several thousand lung cancer
cases per year.”

While the BULLETIN raised the question of radon-re-
tated lung cancer risk for non-smokers, Teichman wrote
that even for smokers the most significant step that can be
taken to reduce their lung cancer risk “...is {o stop smok-
ing!” Dr. Marcinowski’s point regarding the contribution
of smoking to heart disease seems to argue forcefully for
a larger anti-smoking campaign rather than the radon
testing and control campaign he supports.

The issue Cole’s book addresses is not whether radon
18 carcinogenic; the issue is what to do about it in a society
with limied resources and many risks. We believe that
our iimited resources should be devoted to reducing the
risks for those exposed to the highest levels of radon while
on-going research resolves the issue of dose-response at
typical indoor levels.

Scientific Issues

Dr. Marcinowski believes Cole’s work perpetuates
misconceptions, but each of his own major points can be
considered misleading. He says that EPA policy and “'sci-
ence”’ represents mainstream knowledge. The staternent
is half right; however, the statement is misleading about
the other half. With respect to the epidemiology, he is
correct that principal scientific groups who have assessed
the uranium miner data have concluded that radon davgh-
ters are a human carcinogen, and they have estimated a
dose response factor for high exposures. This is a2 consen-
sus (although, as usual, there are a few who would dispute
even this). However, there is no agreement that this dose-
response factor yields a reliable estimate of the risks at
normal to moderately elevated indoor exposures.

Therefore, Dr. Marcinowski would be wrong to say
“..there is a broad consensus that it {radon] causes [my
emphasis] thousands of lung cancer deaths per year.”
There is only a consensus that it may cause some such
aumber in the US, Casting this in terms of whether the

dose-response relationship is linear, with no threshold, for
environmental exposures, there is no consensus that this
represents the reality, but only that it might.

Risk Issues

Finally, regarding risk, Dr. Marcinowski addresses the
issue of non-smoker risk. The pertinent evidence is
sparser for non-smokers, and — in any case — current
risk models used by the scientific community yield far
lower estimated radon risks for non-smokers, perhaps by
a factor of ten, than for smokers. This calls into question
a large-scale (multi-billion-dollar) program, the major
henefit of which would be to smokers, whose risk is
essentially self-imposed.

This leads to the practical aspects of a control program
and the points made about that. First, Dr. Marcinowski’s
remarked that “there was some confusion in the press”
about the percentage of homes exceeding 4 pCi/1. “despite
EPA’s efforts.” However, one has only to compare the EPA
press releases and the resulting news stories to find that
the public exaggeration of this percentage came directly
from EPA materials {(and related press conferences).

While the EPA has been more careful about this during
the last two years, the false picture previously developed
persists. ithas also been more careful about characterizing
the risks for smokers versus non-smokers, no longer
associating 4 pCi/L as a risk equivalent to smoking half a
pack of cigarettes per day even for non-smokers. Unfor-
tunately this roughly ten-fold exaggeration has already
become part of the EPA-generated lore of radon.

Dr. Marcinowski also believes Cole’s work is biased in
terms of representing the programs (and action levels) of
other countries. Yet Cole’s description appears {0 be rela-
tively accurate historically. While some couniries {and
international organizations) are considering lowering
their levels (or have done so), they are not acting with the
objective of lowering the overall incidence of cancer that
might be associated with radon exposures compared with
the range experienced by their populations. This actually
leads to relatively smaller programs in these countries, the
purpose being substantially different. The corresponding
program in this country would be that proposed by some
scientists (such as LBL’s Nero and EPA’s Teichman) to
focus near-term efforts primarily on houses with concen-
trations much higher than average. This would address the
greatest potential health risks.

This would also lead to a much smaller size program
(perhaps one — instead of one hundred — billion dollars)
and substantially greater cost effectiveness than that de-
scribed by Dr. Marcinowski. Further, the “effectiveness”
would likely be much more certain than that in the EPA
estimales, since the epidemiological data are less ambigu-
ous for the higher exposures encountered in homes.
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estimates, since the epidemiological data are less ambigu-
ous for the higher exposures encountered in homes.
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Letters

White on CO2 Testing

$im White is a Senior Adviser - Building Science at the
Canadla Morigage and Housing Corporation. He is a fre-
quent correspondent and critical reader with a
sophisticated understanding of fundamental physical
laws.

Dear Hal:

Having read several of your recent articles on air
change testing, especially those on using carbon dioxide
as a fracer gas for measuring effective ventilation rate, 1
thought that some of my research into required testing
time might be of use to your readers. For those who have
been following the efforts of Andy Persily of NIST is this
area, | suggest that these discussions are generally com-
plementary, or at least not significantly at odds with his.

Using carbon dioxide (CO2) as a tracer gas for the
effective ventilation rate requires that several criteria be
fulfilied but they seldom are: the source sirength should
be known and constant; the distribution of the sources
should be known, especially the local ones; the concen-
tration of CO; should be close to steadystaie; the
sampler should be appropriately sensitive and accurate;
and, the mixing should be representative at the point of
sampling.

1 will deal only with the requirements for the “steadys-
tate” requirement in this missive. 1 belicve that a
discussion of accuracy of measurement is reguired, how-
ever, and suggest that this become the focus of a future
issue of the Indoor Air BULLETIN.

Most usage of CO2 testing fails because of the require-
ment to be at or near a steadystate condition. In many
buildings, but especially in troubled areas within poorly
ventilated ones, it takes a long time to approach sicadys-
tate. It is in explaining this situation that my research may
be of most help.

Almost all indoor air situations are well modeled by
using exponential equations, and many are adequately
represented by only one time constant. Herein lies the rub!
Because we chose to use air changes per hour (AC/h) to
define ventilation, few of us seem to comprehend the
basics of the processes we are measuring or modeling. Not

Kevin Teichman, “Indoor Air Quality: Exploring Policy Options to
Reduce Human Exposures,” in Janmmen er al. (Bds) Indoor Air '93:
Froceedings of the 6th International Conference on Indoor Aly Quality
and Climate, Volume 3. Helsinki. pp. 3-19.

many people can fully comprehend what "per hour” really
means, especially if it is not miles or kilometers per hour.

Hours we can understand, but not "per hours’, or "air
changes per hour’.

If we take the inverse of air changes per hour, however,
e.g. hours per air change, we get the time constani {the
appropriate 'characteristic time’) of exponential systems.
This important (nay ’critical’) measure of system per-
formance was available all along we just didn’t "see’ it,
because of the way we inverted the measurement and its
presentation. If we sensible and used hours per air change
in our performance plots, we would get straight lines, not
the hard to understand hyperbolas that we get when we
use air changes per hour but that is another story {related,
mind you, buf another one).

If the local effective air change rate is 4 AC/h, the
effective time constant of the process is 1/4 =0.25 hours.
When the local effective air change rate is 1 AC/h, the
effective time constant is the same, since 1/ 1 = 1 hour.
In troubled areas, where the local effective ventilation rate
is only .25 AC/h, the effective time constant is 4 hours.
At low air exchange rates, processes move very slowly
and take a long time to complete.

But they all relate simply to one universal exponential
curve! ‘

When source or removal conditions of simple exponen-
tia] systems change from a steadystate condition, they
move towards a new equilibrium at a rate that is well
defined, at least in the time steps used by natural proc-
esses. The initial rate would create a full change in | ime
constant, but that rate soon drops off as the new equilib-
rium is approached (in exponential processes, the rate is
proportional to the remaining difference between the pre-
sent state and the final equilibrium). At the end of 1 time
constant the process is only 1-1/e =0.6321 or 63.21% of
the way (where "¢’ is the base of natral logarithms _
2.718282). To reach 90% of the way to the new equilib-
rium, the process will take approximately 2.303 time
constants {In(1-0.9) = 2.3025851, where In is the symbol
for the natural logarithm]. To reach 99% of the way
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will take 2 x 2.303 = 4.605 time constants and it will take
3 x 2.303 = 6.908 time constants 1o be 99.9% of the way
to the new equilibrium. These numbers come straight off
the equation for an exponential. For any fraction ‘x’
towards the new equilibrium the equation is simply:

Time to ‘x’ completion = {the time constant}{In{1-x)}

Le., Tor 95% (0.95) it 1s In{1-0.95) = In .05 = 2,9957
{~ 3 time constanis)

1f we were to require a process to be within 1% of final
state, we have to wait about 4.6 time constants. When the
air exchange rate is 4 AC/ and the time constant is only
0.25 hours, this means we can get a good reading 4.6 x
(.25 = 1.15 hours or about 70 minutes after the last change
in source strength or effective air exchange rate. In a
problem area, where the local mixing is poor and the
distribution systemn has net moved a fair share of the
outdoor air to that space, and/or the cutdoor air dampers
are shut right down “lo conserve energy”, a 0.25 air
exchange rate could exist, and that corresponds to a 4 hour
time constant. it will take 18.4 hours to get within 1% of
the final state, but most spaces do not refain a constant
source or exchange rate for any significant fraction of that
time.

In an office, there would have been a sigaificant bump
after the 4th hour {lunch time) and an evacuation after the
Oth. The conditions required for an accurate steadystate
analysis cannot be met, Evenif we were to settle for being
within 10% of sieadystate we would have to wait for 9.2
hours, without a change in occupancy or effective venti-
lation rate during that period (for a carbon dioxide
tracergas test that requires constant ccocupancy).

IAQ Events
Montreal 1995

An Announcement and Call for Papers has been issued
for “Indoor Air Quality, Ventilation and Energy Conser-
vation in Buildings,” (Znd International Conference),
May 10-12, 1995, to be held in Montreal, Canada. It is
being organized by the Centre for Building Studies, Con-
cordia University. A successful conference was held last
year, and a publication of the papers was available after
the conference.

Calendar

Domestic Events

The CO2 tracer method works when the effective
ventilation rate is high (over4 AC/h) and constant and the
occupancy has stabilized for about an hour before the iest.
Under troubled conditions the method does not and can-
not work, at least not if the steadystate analysis method
is used.

But all is NOT lost!

If: a) occupancy is relatively constant and known
accurately enough; and b) if accurate sensors are used at
the appropriate location in the correct way; we can get
useful information by taking enough readings cver a
relatively short period of time, by using the dynamic form
of the exponential equation. Because there is always some
'npise” in field readings, several dozen measurements
may be needed to get stable answers, but an automatic
data iogging and analysis system could produce reliable
results in a fraction (say a quarter) of a time constant.
More field research is needed, as well as standardization
of the techniques used for all phases of the process, much
as has proposed by Andy Persity at NIST, for ASTM
D22.65,

If consultants or researchers want o perform these
tests, and wani to know that their results mean something,
they should get in touch with ASTM D22 and/or Andy,
and find a way to contribuie. Otherwise, they should
beware of the data they are getting, It doesn’t mean what
they/we think it does, and there is always Hability hurking
when we don’t know what we are doing and reporting.

Jim H. White, Senior Advisor - Building Science, Can-
ada Mortgage and Housing Corporation

The Call for Papers requests 400-500 word abstracts
prior to June 1, 1994, Authors will be notified of accep-
tance by September 1, and manuscripts will be due
December 1. Interested readers and potential authors
should contact Fariborz Haghighat at the Cenyye for
Building Studies, Concordia University, 1455 de Maison-
neuve Blvd, W., Montreal, Quebec, H3G MBS, Canada,
514 348-3200, fax 514 848-7965.

November 7-10, 1993, IAQ '93: Operating and Maintaining Buildings for Health, Comfort and Productivity, Philadelphia, Pennsylvania.
Spensored by ASHRAE. Contact ASHRAE Meetings Department, 1791 Tullie Circle NE, Atlanta, GA 30329, 404-636-8400.

November 16-17, 1993, Bugs, Mald & Rot I, presented by Building Environment & Thermal Envelope Council (BETEC), Alexandria, VA.
Contact: BETEC, ¢/o National Institute of Building Sciences, 1201 L Street, #400, Washingion, DC 20005. The subject matter is of great inferest
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1o FAQ folks involved with design, construciion, repovation, or investigation of humidity/mold-related building problems. Registration feeis
$175 before November 5, $200 on-site, $50 less for BETEC members, 3100 less for federal govermment officials.

December 16-17, 1993. The National Environmental Tobacce Smoke Conference: Public Battles, Private Choices, The Hyatt Regency
on Capitol Hill, Washington, DC, Sponsored by IAQ Publicaiions, Inc. Contact: TAQ Publications, 4520 Fast-West Highway, Suite 610,
Bethesda, MD 20814, 301 913-0115, fax 301 913-0119. Federal officials; tobacco industry consultants, atiarneys, and spokespersons; smoking
control advocates; public health organizations; and many oihers invobed with ETS policy and regulation will make presentations. Registration
fee is $650 per person, $525 for government and non-profit orgunizations.

January 22-26, 1994, ASHRAE Winter Meeting and Exposition, New Orleans, LA. See listing for November 7-10, 1993,

April 12-13, 1994. ASTM Subeomuniitee D22.05 on Indoor Air, Montreal, Canada. Contact George Euciw, Staff Manager, ASTM, 1916
Race Street, Philadelphia, PA 19103, 215 299-5571, fax 215 299-2630. Standards for assessing Legionella outhreaks, for meuasuring emissions
from carpets and from caulks and sealants, for determining the ETS coniribution to RSE and a variety of other stondards are now under
development.

May 5-7, 1994, Indoer Alr Quality: Shaping the Industry, 2nd Annual IAQ Conderence & Exposition, Tampa, Convention Center, Tampa,
Florida, sponsored by the Mational Coalition on Indoor Air Quality. Contact NCIAQ, 1518 K Street N.W., Washington, DC 20003, 202
628-5336, fax 202 638-4833.

May 21-27, 1994, American Industrial Hygiene Conference and Exposition, Anaheim, California. Sponsored by American Indusirial
Hygiene Association and the American Conference of Governmenial Indusitial Hygienists. Contact: ATHCE, 2700 Prosperity Avenue, Suile
250, Fairfax, VA 22031, 703 8498888, fax 703 207-3561. Sunday, May 22 there will be an all-day sympasiwm on indoor air quality and
standareds.

September 25-28, 1994. Symposium: Emissions from Indoor Seurces, Washingtor, DC. Sponsored by ASTM Subcommittee D22.05 on
Indoor Al Contact: Symposiume Chairman Bruce Tichenor, EPA/AEERL, Research Triangle Park, NC 27711, 919-345-2991, fax 9 19.541-
2157, or ASTM Symposium Coordinaior Dovothy Savini, 1916 Race Street, Philadelphia, PA 10103, 215 299 5400. More detnils are available
in Vol 2, No. 1 of the BULLETIN.

international Events

March 15 - 18, 1994, Cold Climate HVAC *34 - International Conference on HVAC in Cold Climates, City of Rovaniem, Finland.
Sponsored by FINVAC, Federation of Societies of Heating, Air Conditioning and Sanitary Enginees in Finland. Contact: FINVAC/Cold Climate
HVAC "94, Mr. Tipo Nousiainen, Sitratori 5, SF-00420 Helsinki, Finland, +358 © 563 3600, fax +358 () 366 5093. The official conference
longuage iy English.

April 17-19, 1994, International Sympesinm on Volatile Organic Compounds in the Environment, Montreal, Queber, Canada. Sponsored
by ASTM Committee E-47 on Biological Effects and Environmental Fate. Contact: symposium chair Dr. Woncheng Wang, U.5, Geological
Survey, WRD, P. O Box 1230, Towa City, IA 52244, 319-337-4191, fax 319-354-0510.

May 1012, 1994. Indoor Air Quality, Ventilation and Energy Conservation in Buildings, 2nd International Conference, Montreal, Canada,
Organized by Centre for Building Studies, Concordia University. Contact Fariborz Haghighat, Centre for Building Studies, Concordia
Untversity, 1455 de Maisonneuve Blvd. W., Montreat, Quebec, H3( 1M8, Canada, 514 R48-3200, fax 514 848-7965. A Call for Papers has
Been issued; it requests 400-500 werd abstracts prior to June 1, 1994,

August 22-25, 1594, Healthy Buildings *94, Sponsored by CIB, ISIAQ, and HAS, and co-sponsored by the World Heaith Organization,
ASHRAE. and other international organizations. Budapest, Hungary, President, Professor Ldszio Banhidi, Healthy Buildings "94, Techaical
University of Budapest, H. 1521 Budapest, P, 91, Hungary, 361 1812966, fux 361 1666 §08. The official language will be English. Discounted
advance registration fee is $450, 3150 for students.

September 5-9, 1994, Ventilation *94, The Fourth International Symposivm on Ventiiation for Contaminant Conirel, Stockhoim, Sweden,
Sponsored by Swedish National Instirate of Occupational Health. Contact Ventilation '94, National Institute of Oceupational Health, 5-171 84
Solna, Sweden, +46 8 730 9448, fax +46 8 275 307.

October 5-7, 1994, Indoor Alr Pollution, Sponsored by Indeoy Air International, Ulm University, Ulm Germany. Contact Dr. Lothar Weber,
institute of Occupational and Social Medicine, University of Ulm, Albert-Einstein-Allee 11, 89081 Ulm, Germany, +49-731-502-3395, {ax
+49-731-502 3415. The first announcement ard Call for Papers has been issued. “Preliminary Abstracts” are due by January 31, 1994, The
announcement savs the official conference language is “English or other iranslated languages. "
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