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as undertaken to investigate health and environmental
sealed office complex. An account of the
ted environmental study has

1d et al).

A two-phased study W
complaints in a large, modern,
epidemiologica1 investigation and the associa
been presented earlier at this conference (McDona

cted to fully

The health surveys of present and past employees were condu

characterize the nature and magnitude of the complaints. preliminary
analyses of the current employee questionnaire data were used in establish-
ing the environmental sampling protocol. A limited environmental study
was conducted to identify environmental factors which might be responsible
for the complaints of the complex's occupants.

Incidence and prevalence rates of a pre-defined
were examined on 2 floar-by-floor basis in all
Ten floors were selected for environmental jnvestigation.
survey of these "good" and thad" floors, as characterized by Jow and high
frequencies of an jrritation syndrome, consisted of two areas of study
—ventilation and the measurement of specific air quality parameters.

nipritation-type" syndrome
towers of the complex.
The environmental
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Two ventilation parameters, outdoor air supply and air distribution, were
investigated. The volume of outdoor air supplied to a floor was determined
using the Pitot traverse method on each supply duct. Effective ventilation
rates were determined with the rate of decay tracer gas method using sulfur
hexafluoride (SFg) as the tracer. The effective ventilation rates, deter-
mined at eight sites on each of the selected floors, were used to interpret
outdoor air distribution on the floor. Temperature, relative humidity,

total particulates, and organic vapour levels were also measured at the
same sites on the selected floors.

A case-control series of seventeen pairs, matched for age and sex, and
associated with the presence or absence of symptoms, was established in

order to study differences in indoor air quality measurements at the level
of the individual work sites.

As related in the health questionnaire, respondents with no complaint
about the environment had few complaints about their health and vice-versa.
There was little indication, however, that the type of symptom (individually

or in groups) and type of environmental complaint were correlated in any
meaningful way.

The environmental survey indicated that ventilation was better with a
uniform office configuration on a floor.

The limitations of the environmental investigation in light of the available
resources are discussed. The limitations of the health study are reviewed.
Data interpretation and the correlation of health and environmental results
are examined in relation to these limitations, the parameters measured,
and the weighting of the same in the final analyses.

Lessons learned from this investigation, which can be applied to future
studies, are summarized.
Introduction

Background to Problem
In the last decade interest and concern relating to indoor air quality
has heightened. This can be linked to the construction of tightly sealed
buildings in the wake of the energy crisis of the early 1970s. These
sealed structures are totally dependent on a mechanical ventilation system
for air supply and distribution. The occupants of these structures are
increasingly voicing a variety of non-specific health symptoms, and problems
relating to the ventilation, noise, and thermal comfort of the indoor
environment. The typical symptoms of nasal, eye, and throat dirritation,

accompanied by headache, dry skin and lethargy, have been called the "Sick"
or "Tight Building Syndrome" (1,2,3,4).

Government agencies, university research groups, and private consulting

firms in North America and Europe are now receiving frequent requests,
associated primarily with the office environment, to investigate health
and/or environmental complaints from the building occupants.

The non-specific nature of the complaints has led to a variety of approaches
to the problem. The presence of numerous contaminants in an office environ-

menty all at low levels, has been previously confirmed (2,3). However,
the task of linking these with the non-specific health complaints occurring,

poses a formidable problem. The fact that the office environment is a
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Methodology

The basic principles of epidemiology were applied to this study of Tight
Building Syndrome. That is, the knowledge of disease distribution (symp-
toms) was used in order to elucidate causal mechanisms, explain local
disease occurrence, and describe the natural history of the disease (10).
The nature and magnitude of the health and environmental complaints in
the indoor environment were described in relation to a variety of specified
parameters (age, sex, work location, type of office, time of onset, pro-

gression, etc.). In a subsequent step, patterns of complaints were investi-
gated using the resources of occupational hygiene monitoring so as to
generate hypotheses relating to causal agents. Sampling procedures and
instrumentation have been fully described elsewhere (7).

Health Survey

A preliminary analysis of the current employee questionnaire data allowed
us to look at frequencies of reported health complaints in relation to
tower and floor. Incidence and prevalence rates of a pre-defined
"irritation-type" syndrome were examined on a floor-by-floor basis in
all towers of the complex.

Five floors with a high frequency and five with a low frequency of com-
plaints were selected for environmental evaluation in relation to venti-

lation and indoor air quality parameters.

A case-control series (matched for age and sex) was also established.
Cases were defined as individuals experiencing irritation-type symptoms
starting in their present work location; controls had no such complaint.
Three individuals were also identified as having irritation-type symptoms
starting in a previous work location but not reported at their present
site. Consequently, they served as their own control. The case-control
series was studied in relation to indoor air quality measurements; no

ventilation studies were undertaken at specific work sites.

The environmental sampling protocol and the parameters selected for study
were established after having: considered the results of the previous
studies; conducted a detailed walk-through of the complex; and undertaken
the floor classification in relation to office type present.

The ten floors and seventeen case-control pairs were given to the environ-
mental team with no information other than the floors and towers to be
studied and individual work sites for cases and controls. They had no
"a priori" knowledge of the health status of the individuals nor the types

of complaints on the floors and sites investigated.

Environmental Study

Two ventilation parameters, outdoor air supply and air distribution, were
evaluated. The volume of outdoor air supplied to a floor was determined
using the Pitot traverse method on each supply duct. Effective ventilation
rates were determined by the rate of decay tracer gas method using sulfur
hexafluoride (SFg) as the tracer. The effective ventilation rates, deter-
mined at eight sites on each of nine selected floors, were used to interpret
outdoor air distribution on that floor. Temperature, relative humidity,
total particulates, and total hydrocarbon levels were also measured at
the same sites on each of the floors as well as at sixteen paired work
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s type, accounted for

Airborne fungal spores, primarily of the Aspergillu
Concentrations ranged

approximately 80% of total airborne particulates.
from 0.9 to 25.9 ug/m>.

drocarbons, based on a C-8 alkane cah‘bration3

The measurement of total hy
3) and exceeded 1.0 mg/m

was found to be extremely low (< 0.01 - 2.64 mg/m
on relatively few occasions.

Ventilation

air was found to be adequate on six of the nine
floors investigated. It was observed that some of the constant volume
air valves, controlling the supply of outdoor air into the mechanical
rooms, were not set to design specifications.

The supply of outdoor

loors, air distribution was found to vary significantly,
and was seemingly related to the overall office design of the floor.
Floors having a uniform office concept, that is primarily open or private
offices, were found to have a good air distribution.

On some of the f

Health and Envi ronmental

questionnaire, respondents with no complaint

As intimated in the health
about their health, and vice

about the environment had few complaints
versa.

e employees on the five "better floors"

There was some suggestion that th
fewer symptoms than those on the

(based on the environmental survey) had
other four floors but, overall, no correlation could be demonstrated between
environmental measurements and the prevalence of health complaints. How-
ever, a combination of inadequate air supply and poor distribution, accom-
panied by periods of high temperature and low humidity, particuiariy in
cubicles and other poorly ventilated work Jocations, could be responsible
for initiating illnesses of the type described in the health survey.

piscussion

A most difficult aspect in investigating any Tight Building Syndrome out-
break is the interpretation of results.

In this study, subjective responses characterizing health and environmental
problems were elicited in & questionnaire inquiry. The scope of these
complaints was 1arge, and to link them to a possible causal agent or agents
_ of which the list of possibilities is vast - posed a formidable problem.

osal, at the request of our client, resulted
in the favouring of the characterization of the complaints. As mentioned,

the occupational hygiene component measuring stressors in the indoor en-

vironment which might possibly provoke these complaints, was limited.

A revision of the initial prop

jlable health data from the current employee
for a maximization of the hygiene resources
Tex meriting investigation. This, of

A preliminary assessment of ava
questionnaire inguiry allowed
by focusing on areas of the comp
course, does have Timitations.

The environmental assessment described the conditions at the time of the
survey. [t was limited to a winter investigation and as conditions in
the complex have changed over time (modification to air handling systems,
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changes in floor design, etc.), they can only reflect the present-day
situation and do not necessarily reflect conditions throughout the year,
or in the past. On the other hand, the health complaints cited had started
six years previously in some cases and had persisted with time.

In the ranking of floors as well as specific work sites, and the linking
of these to health complaints, each of the environmental parameters measured
was assumed to have an equal influence on the quality of the office environ-
ment. To date, there is no justification to weight otherwise, but perhaps
a different weighting would have strengthened the correlations. It is
of interest to note that positive correlations were observed for the
parameters of ventilation, relative humidity, and total particulates,
all of which, in theory, can provoke the list of complaints seen within
the complex. Had these parameters been weighted more heavily, correlations
of health and environmental data might have been more striking.

Parameters such as low frequency noise, lighting, and carbon dioxide levels,
could have conceivably contributed to, or been the cause of, the complaints,
but they were not examined in this investigation. The parameters selected
for study were determined after careful consideration of the results of
previous studies, the need to establish a baseline for future investi-
gations, and making the best use of resources to this end.

Smoking in the workplace is another issue which may have been selected
for study. That is, the relationship of environmental pollutants to the
number and location of smokers in the area, as well as complaints elicited
as a result could be examined subsequently.

It must also be remembered that the Les Terrasses "situation" had been
widely publicized in newspapers (local and national), home journals, and
within the complex itself (union newsletters, in-house committees). Hence,
we would expect employees to be more "aware" of any health problem experi-
enced. This dictated a need to localize areas where complaints started
and to examine these sites in relation to the environmental stressors
present. The population studied, though, was highly mobile in that about
30% of current employees reported having occupied more than three work
locations in the complex. The Tlocalization of the start of complaints,
as well as the indication of work locations occupied on a floor plan,
are further complicated by the terracing of the office structures. This
problem was somewhat alleviated by citing examples in the information
sessions conducted during the questionnaire distribution phase.

The task of comparing information from a self-administered and a telephone~
administered questionnaire also complicated data interpretation. In the

end, each of these results was reported separately and similarities and
differences were examined with caution.

A1l of these factors may bear heavily on the fact that the correlations
between the health complaints and environmental conditions were not strik-
ing. The contribution of each, independently or collectively, was imposs-
ible to evaluate due primarily to the fact that the investigation was
undertaken at a very late stage in the "ensemble" of the problem. Their
contribution to the confounding of any link of health complaints and en-
vironmental conditions can only be surmised.

Conclusions

The methodology, using an extensive epidemiologic health study to focus
on areas of the complex meriting environmental investigation, made the
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Environmental Results

Table 1.
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BJECTIVE EVALUATION OF
USING A PASSIVE
OUPLED TO BIOASSAYS

A METHOD FOR THE O
INDOOR AIR QUALITY
MOMITORING SYSTEM C

M. R. Samoiloff,
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Bioquest International, Inc, 204 - 2989 Pembina Highway,
winnipeg. Hanitoba, canada R3T 2H5,

L] Depattment of Chemistry, University
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of Manitoba,

n the biological effects of
were placed at 287 sites
within 18 different puildings and at 33 sites within 7 homes.
The contaminants trapped DY tnese samplers were tested for
toxic effects with the Panagrellus redivivus bioassay. Two
types of samplers were used, an apsorbent sampler containing
activated Molecular sieve 13%, to trap contaminatxng organic
vapors, and a iiguid sampler containing 2 physiologically
palanced puffer, to trap contaminating viable and non-viable

rticles. Two distinct classes of toxic effect were detected;
£ growth. Inhibition of

o obtain objective data ©

In order t
passive samplers

indoor air quality,

pa
inhibition of growth and stimulation ©
growth 1s 2a toxic response to contaminants in the air, while
stimulation of growth reflects conditions of jncreased
microbioloaxcal contamination. Both types of effect correlated
with health complaints within the tested puildings. Inhibition
detected 1n 16.74 of the tested sites, while
Inhikition

py vapors Wwas
stimulation was found i
caused DY particulates
tested, while stimulatory P
these sites. Wwhere correc
jdentified problem sites,

n 8% of the tested sites.
was observed in 16.9%4 of the sites
articulates were found in .24 of
+ive measures were takKen at the
worker complaints decreased.
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