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The Ambitious European Audit Project:
What Does it Tell Us?

The European Audit Project was one of the most ambi-
tious and expensive indoor environment research projects

ever completed. Resecarchers from 16 European institu--

tions in 11 countries participated, and no less than six
buildings were studied extensively in each of 9 participat-
ing countries. In all, 56 buildings were studied with each
country team reporting their results separately. Philomena
Bluyssen and several other authors suminarized and
edited the results in a final report.

The project was funded in part by The Commuission of
the European Communities™ Joule Il Programme under
the sub-programme “Energy Conservation and Unliza-
tion.” It was coordinated by Bluyssen and Prof. E. de
Oliveira Fernandes of Portugal. It took place over a two-
year period during which a manual of procedures was
developed and pilot tested and six buildings were selected
in each country (except Switzerland, where ¢ight were
stadied). The project was interesting politically because
of the cooperation of researchers from so many countries,
The researchers agreed 1o go forward with a uniform
study design and to collaborate on developing a database
using standardized measurement methods.

The final report was completed in March of 1995, but
several papers have been presented at various conferences
giving details of various aspects of the project. Lisbet
Groes™ Ph.D. dissertation in statistics, the most interest-
ing, complete analysis of the data, was presented in
December of 1995 and way the subject of a paper at
Indoor Air '96,

Aims of the Study

Project organizers asked investigators in each coun-
try to follow a standardized protocol in order to gener-
ate comparable results for each country. The main aims
of the research were as follows:

+  Tocontribute “...to the European 1AQ database
of existing European office buildings with respect
to symptoms/complaints of occupants, perceived
indoor air quality evaluations of a trained panel,
pollution sources, veniilation, and energy con-
sumption.”

« Todevelop “...assessment procedures and guid-
ance on ventilation and source control to opti-
mize indoor air quality and energy use in
buikdings.”

* To develop “...a common agreed Europe-wide
method to investigate indoor air quality in office
buildings.”

* To compare ... JAQ-related parameters across
several European countries...”

The Study Buildings

The study buildings were of various ages but none

were new or newly-renovated, Buildings were served

by a variety of ventilation types. Most of the buildings
were ventilated with mechanical systems including
dual-duct balanced (20%}), induction (18%), “simple
balanced” (30%), balanced VAV (9%). and various
other systems. Over 60% of the buildings had no air
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recirculation. Only 18% were designed for less than 1
air change per hour (ach) and 31% were designed for 3
ach or more. Only 12% were naturally ventilated
although 54% had operable windows,

The buildings included smoking permitted (59%),
smoking restricted (23%), and smoking not permitted
(18%). Building sizes ranged from floor areas of less
than 2,500 m* (16%), 2,500 to 7,500 m? (30%), 7,500 to
15,000 m* (29%), and greater than 15,000 m® (25%).
Occupancy varied from less than 200 to over 1000 office
workers. Locations included countryside {14%), suburbs
{25%), downtown (54%), and industrial areas (7%).

Building types varied in each country but apparently
no strict mix formula was applied for building selec-
tion. As a result, the mix of buildings was pot uniform
in each country nor among countries. This fack of strict
selection critena for the study of a randomly selected
sample of buildings raises questions about the overall
value of the study resulis. It certainly makes it harder to
interpret the data or draw any conclusions from it. It is
difficult to know whether or not to aggregate data from
various countries or even from all the buildings within
each country. We learned from investigators in three
participating countries that the ease of access to build-
ings was, in fact, the main selection criterion.

Measurement Procedures

Researchers were to make measurements on a single
day in Bve locations in each study building duning
“normal” occupancy, ventilation, and use. At least 100
occupants per building received guestionnaires. Occu-
pants reported their immediate and past-month experi-
ences of symptoms and perceptions, The response rate
for the questionnaires varied from 54% to 97% with a
mean of 79% for the 56 buildings.

Researchers used the standard protocol to identify
and guantify pollution sources in the spaces, the polla-
tion Joad caused by the occupants, and the poliution
load caused by the ventilation systems. Researchers
also measured the delivery of outdoor air o the spaces
and documented annual energy consumption and
weather. In addition 1o evaluating ar quality by instru-
mented measurements of physical and chemical param-
gters, traincd sensory panels mdged the “perceived air
quality” of the spaces upon first entering them.

Results and Discussion

‘The most common building-related symptoms for all
the buildings included dry skin {32%), stuffy nose and
lethargy (31%), irritated throat (29%3, dry eyes (26%),
and headache (19%). According to the report, the air
was found to be dry in all the buildings with a mean
dryness rating of 2.7 on a scale from 1 (dry) to 7

(humid). This is not a sarprising finding considenng
the studies were done in the winter. The report also
states that no correlation was found between occupant
rating of IAQ and their perception of the thermal envi-
ronment,

As shown in Figure 1, average reported outdoor air-
flow sapply rates varied significantly from country to
country. We suggest that this could mdicate either a
country-by-country bias in measurement or significant
differences in the buildings. The presumed variation
between measured and actual ventilation rates (up to a
factor of two above and below actual values) interfered
with one of the goals of the project, characterizing
source strengths. Source strengths are calculated by
dividing concentrations by ventilation rate. Without
accurate ventilation rate data, the results are not reliable.

Occupants did not perceive the air as smelly, again
using a 7-point scale (with 7 being smelly}. The mean
rating was 2.7. In spite of the rather high reported ven-
tilation rates, the report states that more than half of the
butldings were perceived as stuffy. However, the report
also states that the ventilation rate measurements may
have differed from actual ventilation rates by a factor of
two in either direction. This may have been due to a
variety of measurement and calculation problems and
deviations from standardized protocols.

No correlation was found between the sensory panel
evaloations and the Building Symptom Index (BSD.
This could be expected since sensory panels judge the
air upon first entering a space and do not remain within
it for more than a minute or two. Occupants, on the
other hand, usually spend a full work day in the space,
day after day, year after year.
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Figure 1 -Mean total outdoor aifflow supply rate {L/sim?)
from 56 European buildings (NL=Netherdands, DK=Denmark,
UK=United Kingdom, GR=Greece, F=France,
CH=Switzeriand, SF=Finlangd, N=Norway, and D=Germany).
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Researchers also found no correlation between
energy consamption and outdoor airflow rate. This, the
report states, “...indicates that, in general, energy is
used for other purposes than ventilation.” Presumably
these purposes include lights, office equipment, space
heating and cooling, and water heating, among others.

A most interesting finding in the Swiss national
report was that the BSI was inversely proportional to
the degree to which the building actually delivered the
designed ventilation rate (Roulet er 24, 1994). We spec-
ulate that this indicates good communication and exe-
cution of design intent from design all the way through
construction to occupancy and operation. It may also
suggest strong agreement between the relevant parties:
designers, constructors, owners, and operators. This
finding and our proposed explanation for it provide a
logically-consistent basis for creating healthy build-
ings. This hypothesis should be evaluated by examining
the relationships in other data sets.

VOC resalts were discussed in the BULLETIN in
Vol. 3, No. 5 and again in Vol. 3, No. 7. Here, too, dif-
ferences in measurement practices may create some
difficulties in interpreting the data, according to some
BULLETIN Furopean sources. In geneml, reported
VOC concentrations were nearly all below 1 mg}m3
and most were below 0.5 mg/m® as shown in Figure 2.
Note that variations within buildings were significant
but could not be related to individual questionnaire
responses because the occupants’ locations were not
identified in the questionnaires. This, in our opinion,
decreased considerably the potential power of the stady
since building average environmental values were used
in spite of the variations in environmental measurements
in the five locations characterized in each building.

Lisbet Groes’ Analysis of the
European Audit Project Data

Lishet Groes completed and defended her doctoral
thesis in statistics by analyzing the results of the Euro-
pean Aundit Project. Her analysis, submitted to the
Technical University of Denmark in November 19935
and defended in December of that year, is the most use-
ful digest of that enormously important study to date.
The major qualitative results of her analysis probably
best summarize the overall findings of the stady. They
were subsequently presented in a paper at Indoor Air
*96 co-authored by Jan Pejtersen and Ole Valbjgm, also
from Denmark.

Groes performed multiple statistical analyses as
logistic regressions based on a model for the causal
hierarchy of perceptions and symptoms. Groes incor-
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Figure 2 - Average TVQOC Concentrations from 56 Buildings in
8 Countries from Eurcpean Audit Froject {Bluyssen et af, 1995).

porated only factors with significance at the p<0.05
level into the final model. We show this model in Fig-
ure 3.

She conducted the analysis in two steps. First, she
delineated perceptions of the indoor environment
(accepmability of the JIAQ) by building factors, personal
factors, and the measured indoor environmenta! factors.
Then, she delineated symptoms by occupants’ percep-
tions of the indoor environment. The model contained
15 building factors, 11 personal factors, 8 indoor envi-
ronmental factors, 12 perceptions of the indoor envi-
ronment, and 8 symptom responses. The results are
shown in Tables 1 and 2 respectively. These are taken
directly from Groes™ doctoral thesis.

According to the authors, the results showed signifi-
cant associations between symptom occurrence and
occupants’ perceptions of the indoor environment, per-
sonal factors, building factors, and measured environ-
mental factors. The analysis revealed that only a
limited number of environmental factors were signifi-
cantly associated with occupant responses. The authors
point out that the Buropean Audit Project was not
designed to show the effect of environmental factors on
symptom prevalence and that within-building vanation
for some environmental factors was greater than
between-building variation, However, the study used a
mean building value to describe building environmen-
tal levels as discussed earlier in this article.

Among the significant measured environmental fac-
tors were noise, relative humidity, and TVOC, The
background noise level was attributed to outdoor
sources and office-to-office transmission through build-
ing construction, which was presumed to be reasonably
uniform throughout a building. Relative humidity was

Vol. 3, No. 9
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Figure 3 - Groes’ mode! for the causal hierarchy of perceptions and symptoms.

also presumed to be uniform unless spaces were sepa-
rately homidified. Low TVOC was associated with
higher symptom prevalence. The work of Weschler ez
al. was cited regarding the interaction of ozone with
VOCs. The authors speculated that the source of the
ozone was outdoor traffic but acknowledged that no
correlation was found between heavy traffic and fow
TVOC levels.

Low TVOC Associated with Symptoms

The indoor sources of ozone, such as photocopiers and
laser printers typically abundant in offices, could have
provided the necessary ozone for the reactions with
VOCs. Ozone reactions with indoor VOCs produce
hydroxyl radicals resulting in the more rapid transforma-
fion of many VOCs into ketones, aldehydes, and organic
acids. If that occurred, it is quite likely that these reac-

Table 1 - Factors significant for the perception of the indoor snvironment.

Groug Variable Description
Building Traffic Ocecupants in buildings situated in areas with heavy trafiic poropived the indoor environment
facters as pooref.
Size of Greupants in builldings with few employees perceived the air quality as poorer.
building
Density Oceupants in buildings with less area per person perepived the air quality as poor.
Vantilation The best air quality was perceived by occupanis in mechanically ventilated buildings with no
system recirculation. The occupants in naturally ventitated bulidings found that they had more contrel
than those in mechanicaily ventilated bulidings.
Outdoor air  In buildings with fess outdoor air supply, the air guality was perceived as worse.
supply
Personal Country Nationality was a confounding factor for the perceplion of the indoor environment.
factors
Sex Female occupants reporied more adverse penceplions compared 1o male occupants.
Job Oceupants performing secretarial work reported more adverse perceptions compared io
management.
VDU-work Cecupants working many hours at a video display unit reported more stulfiness and noise
compared to others. )
Occupants Ogoupants in rooms with many employess reporied more adverse perceptions than others.
in room
Tobacco Ocecupants in erwironments with smoke reporied more $¥uffy'and adorous indoor ai
smoke
Exposures Noise Qcecupants in buildings with a high noise level reperted more adverse perceptions than other,
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Tuble 2 - Factors significant for work-related symptoms at the time of the audil.

Group Vanable Description
Building Traffic The highest prevaience of symploms was found in buildings in areas with heavy traflic.
factors
Ventilation The highest prevalence of symploms was found in buildings with a humiditying or cooling
system system.
Qutdoor air The highest prevalence of synptoms was found in buildings with less outdoor air supply
supply
Parsonal Country Nationality was a confounding factor for the prevalence of symploms,
factors ‘
Sex Female occupanis had a higher prevaience of symploms compared o male occupants.
Job Oceupants performing secretarial work had a higher prevalence of symptoms compared fo
others,
VDU work Occupants working many hours af a video display terminal a higher prevalence of headache
compared 1o others.
Eczema Occupants with eczema naturally reported more skin symptoms but also more mucosal irr-
tation compared 1o others.
Hay fever Qccupants with hay fever had a hicher prevalence of mucosal irvitation than others.
Exposures TVOC con- Occupants in buildings with a fow level of TVOC had a higher prevalence of mucosal irritation
centrations than others.
Naoise Oceupants in buildings with a high noise level reporled more adverse perceplions than others.
Relative Oecupants in buildings with a low relative humidity had a higher prevalence of skin symp-
humidity toms than others but not a higher prevalence of mucosal irvitation.

tions reduced measured TVOC concentrations while
increasing the concentrations of formaldehyde and other
aldehydes and ketones: compounds that could increase
symptom prevalence. These compounds may be impor-
tant as irritants, especially the higher molecular weight
aldehydes and ketones. The aldehydes and ketones were
not included in the TVOC values nor were they measured
separately. We do not know why not. Surely the evidence
for health effects from formaldehyde exposure is strong
enough to have warranted investigation, although formal-
dehyde source strengths and, therefore, concentratiorns,
are much lower than they were ten years ago. Neverthe-
Iess, it is plausible that aldehydes are present at concen-
trations that can cause imitation and health effects.
Furthermore, NO, concentrations might also have played
a role in converting VOCs to aldehydes as shown by
Zhang and Loy (1592}

Low Dust Levels

The authors believed that the measured dust Tevels
were rather fow (<0.1 mg/m™) in nearly all buildings.
This made it impossible 1o determine the effect of dust.
CO, concentrations were generally below 1000 ppm
which indicated generally sufficient ventilation rates to
conteo] human biceffluents. The authors commented that
the shelf and fleece factor differences between buildings
could not explain variations in symptom prevalence as it
had in the Danish Town Hall Study. However, they said,
since these are indicators for possible dust reservoirs and
absorbed gases, high ventilation rates may minimize the
importance of their effects.

The Role of Psychosocial Factors

The association between the occurrence of symptoms
and of adverse perceptions with personal factors may be
due to psychosocial rather than personal factors, accord-
ing to the authors, Psychosocial conditions, such as work
stress, job security, employee relations with supervisors,
job satisfaction, etc. were not characterized in the study.
Therefore, they said, the influence of psychosocial factors
is inchuded in the personal factors.

We note that in some buildings, psychosocial factors
can drive cccupant perceptions significantly and strongly
affect responses to questionnaires such as those used to
obtain the BSI in the European Audit Project. However,
studying psychosocial factors is not only difficult when
permiited, it 15 rare that employers are willing to allow
researchers to do it. No large-scale study that we know of
has done it; it may, however, be far more important than
has been acknowledged to date. Michael Hodgson
recently reported that work stress was a better predictor
of occupant thermal comfort than any of the environmen-
tal or personal factors accounted for in the Gagge or
Fanger models used for ISO and ASHRAE thermal com-
fort standards.

Finally, the authors indicated that nationality was a sig-
nificant factor in the occurrence of symptoms and
adverse perceptions. This effect, they believe, “...may be
interpreted as an effect of the work environment as well
as a difference in style of building.” This alse begins to
suggest the importance of psychosocial factors such as
employer-employee relationships, attitudes toward work
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and supervisors, control of personal space, and worker
status which we believe varies among nations participat-
ing in the study.

Panel Sensory Evaluations

Dr. Groes divided her thesis into two halves: Part [
was “Sensory panel trained to assess perceived air qual-
ity;” Part IT was “Occupant responses and indoor envi-
ronment exposures.” As stated previously, correlations
were not found (and, defenders of the study say, not
expected) between the trained panel assessments of IAQ
and most occupant responses. (Groes, however, made a
telling remark at the conclusion of her thesis defense
when she said that the original work upon which the
decipol method was based should be redone.

Professor Fanger, who sponsored Groes’ thesis, has
defended the original work and explicitly stated that it
does not need to be redone. Meanwhile, the word “deci-
pol” was virally missing from the oral presentation of
his Plenary Lecture in Nagoya. He did, however, explic-
itly defend the use of the trained panels for determining
“percent dissatisfied” among visitors by showing the
strong correlation between the results of work in Japan,
North America, and Europe. This work is limited to the
acceptability only of bioeffluents and only to unadapted
persons based on variations in ventilation rates. It cannot
be expected to predict the acceptability (or dissatisfac-
tion, if that is the inverse of accepiability) of a mix of
sources nor can it predict the acceptability of indoor air
to adapted persons in real spaces where normal indoor
pollution sources are present.

Chemical measurement and human sensory responses
to indoor pollution are different and apparently not co-
linear. The nature of the relationship is the subject of on-
going research, especially that of Fanger as well as that
of Bill Cain and Enrique Cometto-Muiiiz. In Denmark,
the Netherlands, and elsewhere, more research is being
done to better understand the human response to differ-
ent types of pollution sources and the way in which mul-
tiple sources, temperature, and humidity might affect the
human response. Until such work is more complete, the
disagreements are likely to continue.

Conclusion

The European Audit Project was more important for
what it accomplished in the cooperation achieved among
various nations than for the study results themselves.
However, many Europeans have expressed concern
about the very large expenditure of human and financial
resources to conduct the study for the limited knowledge
gained from it. While Groes’ analysis points to many
potentially useful ways to reduce the incidence of SBS
symptoms (see the following article on the lessons

learned from the European Audit Project), we believe
there is far more to learn from an open discussion of the
study’s shertcomings than has occurred to date due to
the reluctance of many parties to engage in such a dis-
cussion. National pride and diplomacy limit the amount
of such discussion that does occur.

More consistent measurements would likely have cre-
ated a less ambiguous, more useful data set. A represen-
tative or systematic selection of the study buildings
might also have produced a more useful data set freer
from potentially systematic biases. Finally, and perhaps
more importantly (even in spite of the study’s other limi-
tations), far more statistically reliable associations would
likely have been found between symptoms and environ-
mental parameters if the characteristics of the occupants’
location within the building rather than average values
for the building had been compared to the occupants’
Symptom responses.

Editor's Note

We had the privilege of attending the defense of
Groes’ thesis which, like the thesis itself, was in English.
David Wyon pointed out at the thesis defense that Dr.
Groes had not only written but was also defending her
thesis in English, and that few British or American thesis
candidates could prepare and defend a thesis in a foreign
language. Her performance that day was impressive to
say the least, It is a real loss to the indoor environment
research community that she has left the field and taken
a job directing research at a pharmaceutical company.
We thank her for her contribution and wish her success
in her new endeavors.
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BULLETIN Commentary

" Guidance Based on

Lessons from the European
Audit Project

Even though the results of the European Audit
Project raise many questions regarding their interpreta-
tion, we believe that many of its resuits and findings
suggest important actions that can and, perhaps, should
be taken to avoid or reduce the occurrence of SBS
symptoms, Further, because we believe that SBS symp-
tom prevalence rates in buildings may be indicators of
the potential for building-related illness, such preventive
or corrective actions might be even more valuable in
reducing the more serious building-associated diseases.

More definitive evidence of causal relationships is
desirable; however, we believe that where statistically
strong associations are found and a plausible mecha-
nism is identified, actton to contro! the potential causal
factor is warranted,

In this commentary, we interpret three major building
factors in terms of the actions that might be warranted in
design, operation, or investigation of buildings to reduce
SBS symptom prevalence rates.

VOCs and Occupant Health and Comfort

Given the alrcady well-established albeit not-vet-
widely accepted understanding of the transformation of
some VOCs into potentially irritatng aldehydes,
ketones, and organic acids, there is no reason to con-
clude that VOCs are unrelated to SBS symptoms, par-
ticularly to eye, skin, and mucous membrane irrifation.
On the contrary, it is important that at least the alde-
hydes be measured in any study secking to find rela-
tionships between environmental contaminants and
occupant symptoms, particularly where known sources
of ozone or hydroxyl radicals exist. Examples of com-
mon indoor sources of ozone include not only outdoor
air but also electrostatic air cleaners, photocopiers, and
laser printers. When ozone interacts with the styrene in
the neoprene facing of some air duet liners, not oply are
compounds of concern formed but the liner facing itself
deteriorates and becomes a source of particles that can
soil the building surfaces and affect the lungs, eyes, and
skin of occupants.

Effective actions to control VOC-related problems:

1. Measure ketones and aldehydes in indoor air
investigations and studies.

2. identify sources of VOCs and reduce or eliminate
themn. A great deal of literature exists on the con-
trol of VOC sources by means including careful
selection of building materials, maintenance, and
consumer products, Direct exhaust ventijation can
be used for point sources of VOCs and general
ventilation to dilute and remove VOCs from gen-
eral sources.

3. Tdentify sources of ozone and reduce or eliminate
ozone formation by design and maintenance of fil-
tration devices.

4. Review cccupant complaints for patterns of irrita-
tion related to activities presumed linked to VOOs.,

Buildings with High Traffic Volumes Nearby

The plausible hypotheses for causal relationships
between nearby traffic volumes and occupant symptoms
may relate to gaseous or particulate emissions from
motor vehicle combustion processes and to creation or
re-suspension of particles from friction between vehicle
tires and roadway surfaces. Of particular concern are
diesel vehicles whose particulats emissions are gener-
ally considerably higher than those of gasoline-powered
vehicles. Gaseous emissions could include CO5 and
VOCs, and among the VOCs could be aldehydes.

Effective actions 1o determine the role of vehicle traf-
Jic on indoor air quality:

1. Assess the potential entry into a building of vehi-
cle exhaust products and road dust in terms of the
following factors: traffic volume, proximity of
roadways to building, local wind patterns, air
supply intake focations, fifter specification,
instaliation, and condition.

2. Look for evidence or indicators of particle con-
tamination: soiling of building air filters or duct
and interior surfaces, occupant responses such as
skin and eye irritation, and occupant responses
such as upper respiratory tract symptoms and
complainis.

3. Look for indicators of motor vehicle combustion-
associated gases such as irritation of the eyes,
skin, or upper-respiratory tract.

Vol 3, No. 9
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Effective actions to protect building occupants from
vehicle traffic source pollutanis:

1. Locate buildings and building openings as far from
roadways as possible.

2. Locate ventiladon system inlets for outdoor air as

far from roadways as possible.

Select filtration and air cleaning appropriate for the

contaminant loading and the use of the bmiding.

4. Ensure that filter and air cleaner installations do
not permit short-circuiting or bypassing of the air
supply stream. Examine the tightness of the filtra-
tion units in their frames or racks, the ease of ser-
vicing the equipment, etc.

5. Electrostatic precipitator particle collection plates
must be cleaned periodically in order to perform
properly. They should be easy 1o remove and
replace without damage to the units.

{ad

Buildings with Low Qutdoor Air Supply

The conclusion that BST was higher in buildings with
Tess outdoor air supply is consistent with the findings of
many other researchers and is also logically quite plausi-
bie. Clearly, for a given indoor pollutant source strength,
the higher the ventilation rate, the lower the concentration
and, for the most part, the resulting occupant exposure.

Effective actions to ensure adequate outdoor air

supply;

I. Most mechanically ventilated and cooled build-
ings in lemperate climates can be operated (o take
advantage of “free” cooling by use of outdoor air
when its temperature 15 lower than the indoor air
temperature. The so-called economizer cycle
ventilation system designs use sutdoor air when
such conditions exist. In temperate climates of
North America and Europe, this condition occurs
during a significant fraction of the year. Thus,

Yolatile Organic Compounds

VOC and Health Effects

No TAQ subject is more impofrtant and less under-
stood than the effect of indoor air contaminants on
occupant health and comfort. We have leamned a great
deal about how to control 1AQ and prevent health prob-
fems from occurring. However, we still understand
poorly the relatonships between contaminants and their
presumed effects on building occupants: discomfort,
irritation, illness, and reduced productivity,

Indoor air contaminants that plausibly might cause
health and comfon complaints include microorganisms,

increasing the outdoor air fraction can be an
important and cost-effective way to reduce occu-
pant exposures at a reasonable cost

2. Where natural ventilation is used, either alone orin
concert with other ventilation strategies, the design
should be based on careful analysis of the actual
air exchange that will take place. It is not uncom-
mon to find surprisingly low outdoor air supply
rates and high contaminant levels in buildings
served only by mechameal ventilation. Analytical
tools exist to aid designers in creating effective
natural ventilation fiows. Building operators and
users should be well-informed on the outdoor air
flow impact of opening windows, deors, skylights,
and vents. These are not always obvious, and it is
the responsibility of the designers and building
managers to educate the users to take advaniage of
the design features.

3. Changes in buikling operation and use are typical
in many building types. Therefore, it 1 important
penodically to evaluate outdoor air supply rates
and the distribution of ventilation air. Particularly
in mechanicaily ventilated buildings, where signif-
icant changes in cccupancy or intecior layout are
made, it is essential to determine the adeguacy of
outdoor air supply for the revised occupancy or
Jayoul. A common occurrence is increased occu-
pant density or activity changes that increase pol-
lutant generation without appropriate changes m
ventilation system equipment and operation.

Buildings with Low Relative Humidity

Determine the effect of humidity on occupants.
Skin symptoms are an indicator of potential low
relative hurnidity, aithough they may also be caused
by numerous other environmental factors. Humidi-
fication systems are often sources of [AQ) problems,
s0 they should be installed only with careful con-
sideration and an adequate maintenance plan.

-

VOCs, inorganic chemicals, particles, and fibers. Of
these, YOCs are certainly logical culprits. At high con-
centrations, many are known to be irritating, toxic, or
even carcinogenic. The concentrations of individual
VOCs found in indoor air are usually at least two or
three orders of magnitude lower than the concentrations
known to cause irritation and other health problems.
However, there are often literally hundreds of individ-
wal YOCs in indoor air whose combined effects are
practically unknown.
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In this article, we discuss what we know about health
effects and VOCs in indoor air and why we don’t know

k- more. The article presents an overview. A more com-

plete review of health effects is available in Hodgson et
al. (1994). We conclude that not knowing precise
causal relationships does not prevent effective action to
protect people from VOC exposures likely to cause or
contribute to adverse health effects.

VOC Exposure Symptoms

Typical indoor air concentrations of most VOCs have
not generally been believed to be high enough to cause
readily observable human health effects (Nielsen et al.,
1996a,b) although two studies have shown a significant
risk of cancer based on a “no-threshold assumption”
and simple additivity of cancer risks from exposure to
common indoor air VOCs (Tancrede, 1986, 1987;
McCann et al., 1987, 1988).

The uncertainty regarding health effects of most
VOCs does not apply to formaldehyde. A great deal of
information exists regarding typical indoor air concen-
trations {Girman, 1989; M. Hodgson er al., 1994), and
the health effects associated with exposure are reason-
ably well understood. Formaldehyde is a mucous mem-
brane irritant, a sensitizer, and a potential carcinogen
(CARB, 1991; NAS, 1981; Liu et al., 1991).

VOCs that we know can cause health effects at typi-
cal indoor air concentrations are solvents in buildings
where construction or renovation aclivities are occur-
ring or have been recently completed; chemicals emit-
ted by cleaning and maintenance procedures; and,
formaldehyde in buildings with large amounts of com-
posite wood products using formaldehyde-based adhe-
sives. Exposure to many solvents and other VOCs
commonly found indoors at higher than typical indoor
air concentrations is known to cause central nervous
system effects (Cain, 1996).

As long ago as 1982, Lars Mglhave of Denmark pub-
lished a review of 52 compounds commonly found in
indoor air and emitted from building materials. He
reported that 84% were known or suspected mucous
membrane irmitants {Mglhave, 1982). So, even if indi-
vidual VOCs are present at lower concentrations than
might cause irritation, it seems logical that together
they might be causing some of the SBS symptoms
related to eye, skin, and mucous membrane irritation.

Chamber Studies

VOC chamber studies provide conflicting results.
Mplhave (1986) described increases in symptoms and
decreases in measures of attention and performance at
5 and 25 mg/m’ of a mixture of 22 VOCs. Kjaergard
(1991) repeated the study and demonstrated similar

effects to those described by Mglhave. 1t should be
noted that at least one of the compounds in the mixture
was a strong irritant and odorant that may have biased
the results. Later work by Mgalhave (1993) suggests that
VOC irritation is associated with a decrease in nasal
cross-sectional areas at increasing exposure levels.

Mpglhave further investigated the responses of human
subjects exposed to controlled concentrations of the 22-
VOCs mixture in his laboratory (Mglhave, 1991;1992).
The results of these studies showed effects at concen-
trations of 25 mg/m'3 . On the basis of his study results
and a review of field studies, M@lhave suggested that at
TVOC concentrations from 3 mg/m™> to 25 mg/m™3,
those exposed may begin to experience adverse effects
in the *“multi-factorial” indoor environment (1990).
However, those TVOC concentrations are far above
typical indoor air TVQC concentrations in occupied
buildings. Because Mglhave’s chamber studies focused
on a particular combination of chemicals, it is not
known how applicable the results are to other mixtures
or even to different ratios of the same chemicals that he
studied (Mglhave, 1992).

Nevertheless, Mglhave‘s work suggests that the
potential for effects does exist for VOCs found in
indoor air at plausible indoor concentrations. Mgl
have’s (1990) classification of exposure to TVOCs in
indoor air has been the basis for other authors and is
often cited as an authoritative guideline although strong
evidence to support its application to an undefined mix-
ture of VOCs is still lacking. Seifert (1990) and Tucker
{1990) also presented values that have been used as
guidelines for VOC concentrations in indoor air.

Otto (1990) exposed 66 healthy male subjects to
Mpglhave’s 22-compound mixture and reported
increased headache and general discomfort but no
effects on performance in behavioral tests. Later
(1992), Otto documented symptom increases but no
changes in performance. Furthermore, Otto reporied

~differences between subjects who had previously

reported SBS symptoms and those who had not. Also,
all of Otto’s subjects were males. Mplhave’s studies
included females and all of his subjects reported diffi-
culty with indoor air but had no pre-existing medical
conditions.

Mplhave delivered Plenary Lectures at Indoor Air
’90 in Toronto, Canada, and Indoor Air *96 in Nagoya,
Japan. In Toronto, Mgihave provided some “tentative
dose-response relations” for TVOC in the section of his
paper titled “Tentative guidelines for VOCs in non-
industnal environments (toxic).” In Nagoya, he seemed
to be qualifying the sense conveyed by these “guide-
lines” as limited by the measurement method employed
and the particular individual VOCs present in any
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indoor air mixture. The problem is that TVOC is not
well defined, and withowt a definition including the
method of measurement, the concept facks clear mean-
ing. See Vol. 3, No. & of the BULLETIN for an exten-
sive discussion of Mglhave’s work, the TVOC concept,
and the issues surrounding it

Field Studies

Results from a review of the major epidemiological
studies show that in three of six studies, an association
was found between VOC exposure and 8BS (Mendell,
1993). Note that most field studies (including at least
some of those reviewed by Mendell) have not measured
VOCs in the same temporal context and microenviron-
ment as that occupied by the study subjects.

More recent field studies conducted in Sweden and
in nine European countries respectively did not find
positive correlations between measured indoor air
TVOC concentrations and SBS symptom prevalence
{Sundell, 1994; Groes, 1995), In fact, they found nega-
tive correlations. These negalive correlations are
counter-intuitive, but they may be cxplained by the
interachion of unsaturated VOOs with ozone, thus
reducing the VOC air concentration measured on
Tenax™ and forming formaldehyde and other alde-
hydes {Weschler ef af., 1992; Zhang and Lioy, 1994;
Weschler and Shields, 1996). Unsaturated VOUs are
those having carbon-carbon bonds; they react with
ozone significantly faster than saturated VOCs.

Nunes (1993) showed small decreases in verbal
learning in subjects with hcadaches compared to sub-
jects without headaches in four office buildings with
VOCs levels commonly encouniered in offices, One
interpretation of these data is that only subjects who
perceive themselves to be susceptible or who have
underlying symptoms, like headaches, show decre-
ments in performance on standardized tests. On the
other hand, symptoms alone increased as exposure lev-
els increased.

Formaldehyde Effects Are Known

Pressed-wood product emissions and many other
indoor sources of formaldehyde have declined since the
garly 1980°s. Nevertheless, there s a wide range of
formaldehyde source strengths in commercially avail-
able pressed-wood products. Researchers at the Cali-
fornia Department of Health Services have found that
formaldehyde concentrations approaching 0.1 mg/m’
are associated with a higher incidence of reported imi-
tation and discomfort in allergic and asthmatic mem-
bers of the California population studied (Liv et al,
1991).

Why We Don’t Know More

Data from field studies over the last ten to fifteen
years have not done a lot to clarify the relationships
between YOCs in indoor air and occupant responses.
There may be many reasons for this, bt among them
are the following:

= The use of TYOC as an indicator of VOC exposure.

« TVOC measurement issues.

*  The transience of airborne VOU species and their
concentrations,

» The failure 10 measure potentially significant reac-
tive VOCs and more or less volatile VOCs,

+  The absence of sufficient studies at the low VOC
concentrations normally found indoors.

»  The effects of VOC mixtures.
« The great vanability 1n individual responses.

The Use of TVOC as an Indicator of VOC
Exposure

An important source of difficulty i assessing the
results of VOUC health effects studies is the fact that
TVOC or 5umVOC is usually used as the indicator of
VOC exposure. Because TVOC is so poorly defined
and differs depending on the method used for measure-
ment, it is not likely to be a reasonable indicator of
occupant responses.

The report of twelve respected Scandinavian IAQ
scientists after their review of TVOC health effects is
unequivocal. It says that “...except in extreme cases,
there is no scientific basis today for the use of TVOC
as a risk index for discomfort or for health effects in
buildings.”

TVOC Measurement Issuss

There are several problems with the ways TVOC
are measured. As reported In Vol 3, No. 8 of the
BULLETIN, Hodgson has shown that measured
TVOC may vary significantly among methods (Indoor
Atir, Vol. 5, No. 4). Charlic Weschler et al. have written
several papers, as have others, that show that indoor air
chemistry may transform in deceiving ways what is
and, perhaps more importantly, isn't measured
(Weschler and Shields, 1992; Zhang and Lioy; 1994;
Cometto-Muifiiz and Cain, 1996). This can be espe-
cially true when VOC or higher molecular weight
aldehydes (potentially irritating compounds) are not
specifically measured,

While accurate VOC or TVOC measurement criti-
cally depends on the method, no method can determine
the presence or guantity of all VOCs. All VOC mea-
surement methods are inherently selective. Limitations
include the boiling point range, the polarity, and the
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reactivity of the individual compounds that can be col-
lected and detected by a particular measurement
method. The relatively high cost of VOC measure-
ments has caused researchers and investigators to
choose implicitly partial characterization of the VOCs
present in any air sample.

Any actual exposure/response relationships are less
likely to be detected using measurements that only
approximate relevant personal exposures. Differences
that result from spatial variations in concentrations,
especially from occupant-activity related sources
(Rodes et al., 1991) and from temporal variations in
both exposures and responses, will mask the actual rela-
tionships. Temporal concentration variations have been
shown to be large and potentially significant for occu-
pant responses (Weschler et al., 1992). Hodgson et al.
(1991) reported a positive association between VOCs
measured in study subjects’ microenvironment and the
prevalence of SBS symptom reports in non-problem
buildings studied. However, follow-up studies did not
confirm the earlier finding (Hodgson er al., 1991). The
relation to sources of oxidants was not evaluated.

The Transience of Airborne VOC Species and
Their Concentrations

Weschler er al. (1992} indicated that the disappear-
ance of certain VOCs is accompanied by a rise in total
measured VOCs and a dse in aldehydes that might be
considerably more irritating than the VOCs from which
they are formed. Formation of acidic acrosols may also
produce irritation while decreasing the measured VOC
concentrations (Zhang and Lioy, 1994). Formation of
the hydroxyl radical by the interaction of ozone with
unsaturated VOCs may produce another, more effective
reaction pathway for the removal of VOCs measured by
the usnal methods and creation of aldehydes and ketones
that would not be included in the total VOC measure-
ment by most methods (Weschler and Shields, 1996).

The Failure to Measure Potentially
Significant VOCs

Less volatile compounds than those usually mea-
sured and reported in indoor air studies and investiga-
tions may also have important comfort and irritation
implications since they may be more irritating at con-
centrations observed indoors (Cometto-Muifiiz and
Cain, 1994; 1995). Equally important, increasing the
number of compounds in a complex mixture lowers the
thresholds for odor and for eye and nasal irritation. In
fact, Cometto-Muiiiz and Cain reported that increasing
the complexity and lipophilicity of mixtures increased
additive effects. Eye imritation showed synergistic
effects for the most lipophilic substance tested in a
mixture of six components. They concluded that mix-

tures of chemicals cause human responses even when
the individual chemicals are at concentrations far below
their individual thresholds.

There is currently considerable discussion among
some of the leading indoor air researchers about the
compounds that are not being measured by current
methods whose health effects might be important. The
compounds of interest include reactive species that are
known or likely irritants. Some of these are also odor-
ous and can be detected by humans at concentrations
far below their measurement detection limits — in the
parts per trillion range.

The Absence of Sufficient Studies at the Low
VOC Concentrations Normally Found Indoors

A potentially important contributing factor to the
uncertainty regarding indoor air VOC health effects is
the absence of sufficient studies at the low VOC con-
centrations normally found indoors. Most of the avail-
able data on VOCs’ health effects are from higher
exposures found more typically in industrial environ-
ments, usually where only one or a very limited num-
ber of toxic substances are known to be present. Indoor
air contains hundreds of identifiable compounds. Most
of these are not believed to cause health effects at very
low concentrations typical of indoor air, and many are
not characterized with respect to health effects.

The Effects of Mixtures

The work of Cometto-Mufiiz and Cain (1996) con-
tinues (o reveal more details about the relationships
between specific mixtures of VOCs and odor and irrita-
tion responses. This work is leading to a better under-
standing of fundamental relationships. Finally, it is
important to resist the temptation to seek easy answers
to the VOC question as well as many others involved in
studying occupant symptoms and reports of irritation.
The next two or three years are likely to produce a far
better understanding than what currently exists.

The Great Variability in Individual Responses

There is great variability in how different individuals
respond to environmental stimuli including the same
organic compounds. Thus, it requires very large num-
bers of subjects in studies to reduce the potential con-
founding effect of individual variability on study
results. To date, the numbers of individuals is relatively
small in most stadies. And, most of these studies have
used TVOC or SumVOC as an indicator of VOC expo-
sure. In the largest study populations, the results have
been mixed: some showed a positive relationship
between TVOC concentrations and SBS symptoms,
some showed no relationship, and two showed an
inverse relationship.
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We Know Enough To Act

In spite of the lack of a complete understanding of
the causal relationships between VOCs and occupant
responses to them, it is clear that health hazards exist
that warran{ preventive action,

Preventive measureés for important diseases are offen
available long before causative mechanisms are under-
stood. For example, scorvy was found to be preventable
in 1753, but ascorbic acid wasn’t identified until 1928,
In 1901, Walter Reed found a way to prevent Yellow
Fever — bt 15 cause, Flavivirus, wasn’t identfied
until 1928,

According to E. 1. Wynder, “Much of this disease
burden [discases related o lifestyle and environmental
variables] could be significantly redoced on the basis of
existing evidence without much more knowledge than
we have now about the specific mechanisms by which
these factors indoce disease.” (Wynder, 1994) This is
an impertant message for IAQ professionals. Arguing
by analogy, we believe that preventive measures readily
available to those responsible for 1AQ are reasonably
eastly achieved and should be used wherever possible.

Conclusions

At present, the role of VOCs in occupants’ responses
to indoor air is still an open question. Too little is
known to allow the prediction of occupant reactions to
undefined mixtures of VOCs. More work is needed,
possibly with the contemporaneons administration of
questionnaires and personal exposure measurements of
‘air quality parameters. The time course of human
responses to VOU exposure probably does vary by
compound as well as by individual susceptibility. The
time periods of exposure assessment and outcome
assessment should be related to the hypothesized rele-
vant time periods for the effect of interest. There s far
Izss certainty about responses 1o prior expoSures.
Finally, the presence of a multitude of compounds, the
potential for interactions among them, the known
health and comfort effects at higher concentrations, and
the potential effects of mixtures of VOCs leads to the
need {or consideration and prudence.

TVOC has become a major measurement point and
indicator for IAQ, perhaps only falling behind CO; in
popularity. Problems with both abound, although there
has been far less discussion of the problems with
TVOC. While measuring TVOC is not a trivial task, it
1s the sort of simplified indicator that many indoor air
researchers and investigators have hoped would be use-
ful in assessing TAQ. It turns out that oversimplification

has occurred and much work has been done that is not
very useful. It is time that TVOC per se be abandoned
as a means of assessing environmental factors and their
relationships to problem buildings. A far more detailed
analysis of airborme VOCs is required to be useful for
problem building assessments and research projects
into the causes of occupant symptom reports.

For many years, researchers had difficelty consis-
tently correlating any environmental or personal vari-
ables to SBS symptom reporting rates. Then, when they
began to break symptoms down into logical groups, they
began to find relationships. Maybe it is time to break
VOCs down into logical groups in order (o find correla-
tions to reported symptoms. Perhaps by identifying
important compounds and looking at them individually
or in logical groups, investigators might find correla-
tions to symptom reporting rates. In the meantime, it is
reasonable 1o employ readily available source reduction
strategies to control concentrations of indoor VOCs.
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By far the most interesting trends we noted there was
a shift back to natural ventilation or solutions involving
a mix of natural and mechanical ventilation. Some pre-
sentations emphasized the environmental benefits of
natural ventilation, others emphasized the economic
benefits. We are not sure that these are as separate as
they might appear. After all, the costs associated with
mechanical ventilation involve increased use of natural
resources for manufacture and use of the equipment as
well as the pollution associated with energy production
to operate the equipment.

Vol. 3, No. 9

Indoor Air BULLETIN 13


http:pp.lS.34

One paper described a case study where the building
budget was reduced by more than 20% by eliminating
the all mechanical vendlation system and replacing it
with a mixed system dependent primarily on natural
ventilation with mechanical exhaust available as
required to boost air flow rates. This sort of solution

Publications

Characterizing Sources of
Indoor Air Pollution and
Related Sink Effects

The proceedings are finally out from “The Sympo-
sium on Methods for Characterizing Indoor Sources
and Sinks” which took place September 25-28, 1994,
in Washington, DC. Organized by Bruce Tichenor {now
a consultant since his retirement from the EPA late last
vear), the symposium brought together about 100 of the
leading researchers on emissions from indoor sources.
About half the attendees came from Europe, showing
the strength of interest in the subject overseas.

The four sessions of the symposium are reflected in
the book’s organization as follows:

t. Test chambers and facilities.

2. Testing methods and protocols.

3. Models for predicting source and sink behavior.
4. Interpretation and applieation of test results,

Details of test chamber design and performance were
covered for a variety of test facilities. Several papers
focused on the effects of sample surface air velocity on
emission rales vsing both chemical and sensory mea-
surernent methods. Even emissions of microorganisms
were discussed in two papers in the first session.

The discussions of testing methods and protocols in
the second session ranged from practical consider-
ations to very theoretical ones. A Jot of controversy sur-
rounded Johan Johansson's discussion of gas-to-
particle conversion of re-emitted matter from surfaces
exposed to sidestream tobacco smoke. A paper from
Denmark discussed the oxidative emisston process
related to linoleum, often considered a “good” 1AQ} or
environmental performer by those unfamiliar with the
documentation in the Dianish and Swedish literature.

Among the most interesting discussions at the sym-
posinm were those during the third and fourth sessions.

was used in many of the buildings discussed in confer-
ence papers. British engineers and architects we spoke
with said that the dryness of the climate meant that air
conditioning was not required. Therefore, radiant heat-
ing systems could be used in association with natural
ventilation for climate control in most buildings most
of the time.

Several presenters and commentors asserted that it was
impossible to do all the testing necessary to provide
ernissions data for all the products and combinations of
products of interest. Instead of trying to keep up with a
consiantly changing catalogne of products in the mar-
ketplace, John Little and Al Hodgson proposed that we
study fundamental properties of sources and behavior
of chemicals to be able reasonably to predict chemical
emissions behavior.

In the fourth session, Peder Wolkoff presented the
Danish Indoor Climate Labeling project which appears
to be the basic model for an emerging consensas on
indoor pollution source labeling — at least in Europe.
Also in that session, our own paper, also co-aathored
by Al Hodgson, proposed screeming approaches fo
materials testing for building design selection pro-
cesses. Included were appendices outlining the
approaches and providing some example guidance on
interpreting results.

Copies of the proceedings are available from ASTM,
100 Barr Harbor Drive, West Conshohocken,
PA,19428-2059, 610 332 9500, Fax R32 9666,

Reference:

Tichenor, B A (ed ), 1996, Characterizing Sounrce of Indoor Air
Poilation and Related Sink Effects, STP 1287, West Conshohocken,
PA: ASTH.
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Publications
Indoor Air and Human
Health — Just Get It!

One of the most important and least adequately
understood topics in indoor air is the relationship
between the indoor environment and health. Now, a
selective review of important topics is available from
the proceedings of the Oak Ridge National Laboratory
Life Sciences Symposium, Indoor Air and Human
Health, organized by Dick Gammage of Oak Ridge
National Laboratory. The symposium was discussed in
detail in Yol. 3, No. 3 of the BULLETIN.

Part T of the volume includes in an outstanding over-
view of the subiect of odor and irritation from a session
organized by Bill Cain. In his overview, Cain provides
an intensive primer on odor and irritation. Cain not only
tells us what is known, but shares some of his own ques-
tions and concerns regarding odor, umtation, and 1A4Q.

The chapters in Part I, each by a leading authonty,
explore the details: The neurobiology of olfaction;
Physicochemical determinants and functional proper-
ties of the senses of irritation and smell; The potency of
gases and vapors; Quantitative structure activity rela-

Correction

Wolkoff on TVOC and the
Nordic Consensus Report

In Vol. 3, No. 7 of the BULLETIN we reported on
the Nordic Scientific Consensus report on TVOC in
which twelve leading scientists found “._.except in
extreme cases, there is no scientific basis today for the
use of TVOC as a risk index for discomfort or for health
effects in buildings.” We incorrectly listed Peder
Woalkoff of Denmark as a member of the committee,
Wolkoff wrote to us to inform us of owr error and to
clarify his position on TVOC.

Dear Hal:

I wrote a severe criticism of the whole TVOC concept
in my dissertation in Supplement No. 3 in /ndoor Air
(1995}, 1 had not intended to pursue the matter further
Recently, Berglund and Johansson reached the same con-
clusions as [ did, in their TVOC review, published from
Stockholm University and Karolinska Institute (Private).

On the other hand, 1 am sorry to see that in order 1o
achieve personal and political goals, as seen in recent

tionships {QSAR}, anesthesia, sensory imtation, and
odor; Electro-physiologic indices of human chemosen-
sory functioning; and, Human responses to ambient
olfactory stimuli.

Part If reviews allergy and respiratory effects with
eight detailed chapters. Part 111 addresses neurotoxicity
with an overview and four separate chapters. And Part
IV addresses cancer with an overview and four separate
chapters. All in all, this is one of the most important
and interesting books for the 1AQ field that we have
seen for quite a while. We say: Just getit!

To order, ask for catalog #1.1144, R. Gammage and
. Berven, eds., Indoor Air and Human Health, Second
Edition, from CRC Press for the list price of 369.95
domestic and $84.00 foretgn. You can reach CRC Press
at 3D0-CRC-PRES (800 272 7737). In Florida or ot~
side the comtinental US, the number is 407 994 0555
ext. 3000. Fax orders to 800 374 3401, In Flonda or
outside the continental US, the fax number is 407 998
9114. Email orders to orders@crcpress.com.

contributions or thoughts by fellow colleagues are dis-
regarded.

1 have deliberately not panticipated in the Nordic con-
sensus work as stated in your latest FAB. [ agree in the
final conclusion of the work, but a scientific evaluation
of TVOC from the point of sampling, analysis, comfort,
and health is missing. Indeed, most measured VOCs are
considered to be non-reactive, but may be odorous in
the concentrations encountered. However, are we sure
we have measured the pollutants and their mechanisms
causing the effects we are trying to relate to our mea-
surements? I believe the study of reactive VOCs, in par-
ticular “reactive species,” will be a fruitful approach to
identify causative agents of indoor air symptoms, in
addition to more research on how odors are formed and
what impact they have on the perceived air quality.
Some suggestions for refinements on summed VOC
measurements can be found in my dissertation.

papers and efforts reiated o TVOC and emission test- 53:?&;0& -
ing, nonnal scientific practice to recognize imporiant o
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Resources

VOCBASE

VOCBASE is a database created by the National The official price to obtain VOCBASE is 1800 DKr
Institute of Occupational Health that contains useful  (Danish kroner) which is approximalely US$300. VAT
threshold data for over 800 common indoor air VOCs.  will be added.

The database comtains chemical formula, molecular To purchase VOCBASE, contact the National Insti-

weight, boiling point, odor and irritation thresholds, tute of Occupational Health, Lersg Parkalle 105, DK-
RD50s, occupational exposure limits for Denmark and 2100, Copenhagen, D en;n ark.  attention: ,i-"e der

the United States, and other useful information. Wolkoff. Fax +45 49270107, email: pwo@ami.dk.

Calendar of IAQ Events

December 8-11, 1996, Risk Assessment and Risk Mapagement: Partnerships Through Interdisciplinary Initiatives, sponsered
jointly by International Socicty for Risk Analysis amd International Society for Exposure Assessment, Fairmont Hotel, New Orleans,
Louisiana. Contact: Society for Risk Analysis, 1313 Doliey Madison Blvd., Suite 402, Mclean YA 22101, 703 790 [745.

January 25-29, 1997. ASHRAE Winter Meeting and Exposition, Philadelphia, PA. Contact: ASHRAE Meetings Department, 1791
Tullie Circie NE, Atfanta, GA 30329, 404 636 8400, Fax 404 321 5478,

September 27 - October 2, 1997, Healthy Buildings/TAQ ’87: Global Issues and Regional Solutions, Washington, DC, Organized
by ISIAQ, ASHRAE, and Virginia Tech. Centact: Professor lames E. Woods, Virginia Tech, Fax 703 698 4729 email:
hbiaq.97@vt.edu. Announcement and Call for Papers have been isswed. Abstracts ure due November 30, 1996,

July 21-23, 1957, Engineeriug Solutions to Indoor Air Quality Problems, Research Trigngle Park, North Carolina. Sponsored by
the US Environmental Protection Agency and the Alr and Waste Management Association (A&WMA), Contact: Kelly W. Leovic, US
EPA, MD.54, Rescarch Triangle Park, NC 27711, 919 541 7717, Fax 919 541 2157, smail: kleovic@eungineer.acerl.epa.gov. A Call for
Papers has been issued. Abstracts of 200 1o 300 words are due by January 10, 1997

September 27 - October 2 1997. Healthy Buildings/1ALQ) '97: Global Issues and Regional Selutions, Washington, DC. Organized by
ISTAQ, ASHRAE, and Virginia Tech. Contact: Professor James E. Woods, Virginia Tech, PO BOX 7430, Falls Church, VA, 22040,
FO3 698 4T3, Fax 703 698 4725, emsil: hbiaq.97@vi.edu. Second Arnouncement and Final Call for Papers has been issued.
Abstracls are due November 30, 1996, For updates: htp:/Awwwot.edu: 10021 feomEd/ronted himi,

international Events

December 4, 1996, Managing and operating buildings: planning to profit from the futare, Garston, England. Sponsored and orga-
nized by the Building Research Establishment (BRE}L Contactr BRE, Garstop, Watford, Herts.,, WD2 7IR, United Kingdom, +44 1923
664775, Fax +44 1923 664668,

May 7-11, 1997. Space design and management for place making; 28th annual conference of the Envirenmental Design
Research Association, Universite Du Quebec, Montreal, Montreal, Quebee, Canada. Contact: EDRA, Business Office, P. O.Box
7146, Edmond, OK, 73083-7146, 405 330 4863, email: cdra@telepath.com.

June 912, 1997 Buildings and the Environment, Organized by CSTB and CIB T18, Paris, France. Contact: Ms. Angela Ghivasky,
International Affairs, CSTRB, 4, Avenue du Recteur Poincaré, 75782 - Paris Cedex 16, FRANCE, 4331405029 13, Fax 433 1 40 50
28 76, email ghivasky @csth.fr,

Aagust 30 - September 2, 1997, Clima 2008, Brussels. Organized by Belgian Royal Technical Society of Heating, Ventilation, and
Related Technology Indostry (ATIC), on behalf of Federtion of European Heating and Air-conditioning Associations {(REHVA). Con-
fact: Clima 2000 '97, ¢/o SRBI], Ravensigin 3, B-1000 Brussels, Belginvm, +32 ()2 511 7469, Fax +32 (0} 511 7597, The conference
tanguage will be English.
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