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TNTRODUCTION

Numerous complaints about air qualþ among wo¡kers in mechanically ventilated office buildings

has created an interest in identifying the possible causes of these complaints, and interventions to

remedy the problem L3. There is systematic evidence that complaints about the office environment

are æsociated with wort-related illness and sickness absenceÆ. What is su¡prising is that no

association has bem demonstrated between the worter's perception of the air quafity in their wotk

environment and actual measurements of these mvironmental conditionsT. It was our hypothesis

that the absence of association may be due to a numb€r of methodological problems: inadequate

sampling of the prevailing conditions in the worþlace, and søtistical methods used to surnmarize

these conditions. The purpose of this sudy was to evaluate this possibility.

Study Questions

l. Is there a diffe¡ence in the indoor air quality of workers with major air quality complaints' and

in comparison to those with no air quality complains?
2. Ate workers' ratings of the usual office æmperature, humidity, air circtrlation associated with

objective ratings of tlre same phenomenon?

3. Do workers with major air quality complaints experience more frequent and numerous work-

related symptoms?
4. What are t}¡e worker and office environment characteristics that are significantly associated

with the odds of a worker being a major air quality complainer?

METHODS

A cross-sectíonal observational study design was used to answer the four research questions. A
convenience sample of 10 mechanically ventilated buildings were selected for study. The 4
buildings studied in 1990 were privately owned office buildings, and the 6 buildings studied in
1991 were publícly owned, university buildings. The study population consisted of all wo¡kers with
a fixed office location who worked in the building atleast? days a week. Those on matemity leave

were excluded. A census of all eligible v¡orkers in the building (when total occûpancy was < 500),
or on a random selection of floors (when total occupancy > 500) was used to construct the study
sample.

A self-administered, standardized questionnaire was used to collect data on the worker's perceptions

of the usual air quality in their office environment. Workers rated three aspecs of indoor air
quality: temperature, humidity and air circulation. Each aspect was rated on an ordinal scale with a
central anchor point of 0 used ûo depict ideal and 4 ordinal scale points on either side of zem to
depict deviations from ideal (e.g- too hot, too cold). lVorke¡s with major air quality complaints
q,e¡e defined as those who rated all three aspects (temperature, humidity, and air circulation) on the
extreme categories of the scale (a rating of 3 or 4 for every air quality iæm). The comparison
group; workers with no air quality complainß, v¡ere defined as workers who rated all three aspects
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" Complaints are used in this paper to refer to tbe poor ratings of usual offiæ air
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as being ideal or r:lose to ideal (a rating of 0 or 1). The questiomaire u/as administered the v/eek
prior ø 6 consecutive weeks of repeated environmental measuremenls in 1990, and in the month
prior to 8 montls of environmental measurements in 1991.

The same questionnaire was also used to collect information on socio{emographic charact€ristics
(age, gender), health status (atopic history, smoking status, medication use, contact lens use), work
characteristics (ob type, computer use, ûobacco smoke exposure, job control, job stress), and
experience with ca¡dinal symptoms of sick building syndrome at wort (headache, nasal
irritatiory'stuffiness, drylsore throat, cough, fatigue, poor concentration, eye initation). Atopic
hisory was defined as reporting any one of the following health problems (asthma, wema, hay
fever, allergies, sinus problems). Job control and job stress were mea.sured using the 7 point orrdinal
scale developed by Burge et.al.8. Occupation was coded using the Søtistics Canada classification
system, and collapsed into four main categories: managernent, professional, clerical, and other.
Frequent, numerous work-related symptoms was defined as having at least four of the seven
symptoms probed, with each occurring only at v/ork, and at least once a week. Asymptomatic was
defined as having none of the seven symptoms probed on the questionnaire.

Four mvironmental conditions were measurcd: temperature, relative humidiry, C02, and, air
velocity. Measurements were taken tv/ice a day, in the morning and aftemoon, at 8-10 worksites
per study floor. Environmental measurement sites were defined by ventilation system,
perimeær/interior location, and direction of exterior walls. Each location, contingent on worker
ddnsity contained l-6 worksites/offices. Workers were assigned the values measured for their work
location in the analysis. In each work location, repeated nìeasurements were taken of the
environmental conditions. In the 4 buildings studied in 1990, measurements were ca¡ried out each
Wednesday or Thunday over 6 consecutive weeks. In the 6 buildings studied in 1991,
measurements were taken 6 times over an 8 month period, providing estimates of the environmental
conditiqu prevailing in the office space for three seasons of the year (winær, spring and fall).
Rçeated measurements of the environment were summarized to provide an estimate of the r¡sual
conditions in the wo¡ker's office environment. We used five statistical indices to summarize
envi¡onmental conditions; temperatur€, relative humidity, ppm of C02, and, air velocity. They
included: 1) the mean value observed in repeated measurements of the same worksiæ, 2) the
average deviation of the measured value from the optimal value (or range) for that season
according to ASHRAE guidelines e, 3) the average range observed between the moming and
aftemoon values in tlte same worksite, 4) the average value when above the optimal value (or
range), and 5) the average value when below the optimal value (or range).

To test the hypothesis that temperature, humidity, air velocity, and/or C02 were different in the
office environments of major air quality complainers and non-complainers, we used independent
t-tests, adjusting the type I error for multiple comparisons. Logistic regression was then used to
identify the subset of environmental parameters which were most strongly and sþificantly
associaæd with the odds of being a major air quality complainer. To evaluare the relationship
between rating of indoor air quality and objective measurement of the same parameters in the
workers' office areas, we used multiple regression analysis, and adjusæd the type I enor for
multiple comparisons. Spearman and Pearson product moment correlations were used to explore the
association between the three environmental ratings and the four objective measurements of indoor
air quality. chi-square analysis was used to test the hypothesis that there would be a greater
proportion of workers with major air quality complaints who would have frequent and numerous
wo¡k-related symptoms than wod<ers with no complaints. Finally the independent and joint
contribution of worker demographics, health status, work cha¡acteristics, and environmental
measurements to the odds of being a major aír quality complainer were explored using logistic
regression.
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RESULTS

In 1990, 84Vo of eli$ble workers panicipared, and in
the study resr.rlting in a total study population of 2650
(n=247) had major complaints about the usual indoor
had no complaints. workers with major air quality complains eryerienced the same mean
temperature and daily range of temperature at their s/orksite as workers with no complaints (Table
l). However in repeaæd samples we fomd that they were exposed to greater variability in
temperatufe, There were larger deviations in temperaûrre from seasonally adjusæd optimal
þmperatur€ values (above and below) in fte offices of *,o¡kers with major complains than those

was significan major complainers,
optimal seÀson complainers were
complaints. Ai cantly lower in the

office spaces of workers with major complaints, however daily range in air velocity and deviations
from optimum were similar in the two groups. Mean ca¡bon dioxide values were lower in the
offices of workea with major air quality complaints, the daily range was smaller, as were
deviations above 1000 ppm of C02. Using ttre ASHRAE formula for converring C02 to cubic feet
per P€rson (cfmpp) of ventilatione, both groups of workers received ventilation well above the
minimum workers with maj on average,
beÉer ven outdoor air) than togistic
regression te deviation from d mean relative
humidity were the two factors which were most strongly associated with the odds of major air
quality complaints (log likelihood ratio=633.9, p.0000).

Table l. The office envircnmer¡ts of workers with major air quality complaints in comparison o
workers with no air quality complaints.

Environmental Measure Major Air Quality
Complaints

(n=247)

Mean (sd)

22.ss (0.92)
0.57 (0.35)
1.09 (0.69)

+ 0.93 (0.69)
-r.39 (1.79)

32.2t (6.47)
3.eQ.W)
-1.22 (1.09)
3.26 (2.16)
-4.20 (1.88)

0.089 (.02)
0.03 (.01)
-0 02 (.01)

-0.03 (.00)

614 (l l3)
7 r (60)
29 (20)

No Air Quality
Complaints

(n=499)

Mean (sci)

22.s4 (0.68)
0.54 (0.46)
0.86 (0.s6)

+ 0.63
-0.94

(0.se)
(0.76)

37.r5 (6.03)
4.06 (2.46)
-0.49 (1.48)
s.r9 (3.72)
-4.t4 (2.20)

0.099 (.04)
0.06 (.39)
-0.0r (.04)
0.39 (.60)
-0.03 (.01)

668 (1 l0)
l n (84)
45 (40)

P-Value

0.892
0.294
0.000

0.000
0.000

0.000
0.019
0.000
0.000
0.731

0.000
0.r66
0.001

0.80r

Temperature rqcl
Mean Temperature
AM-PM Range
Absolute Deviation from
Optimum
Degrees Over Optimum
Degrees Below Optimum

HumiditLrø,r

Carbon Dioxide rn¡nr
Mean CO2
AM-PM Ranee
Over 1000 oJm
L.s-¿, tøl *dl"i eor*

0.000
0.000
0.005



ual

complainers and non-complainers with respect to

c and work characteristics a¡e summarized in Table 2.

Table 2. The personal and work characteristics with major air quality complains in comparison to
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A greater propoltion of rvorkgrs vrith major air quality complaints experienced frequent and
numerous work-related symptoms (lùo') relative to non complainers (0.4Vo), and a much smaller
proportion reported that they had none of the cardinal symptoms of sick building sy¡drorne (4Vo

verys ZlVo). Major air quality complainers were also rnore likeþ to be female, have an atopic
hisOry, smoke, and be employed in management or clerical positions, A grcater proportion of
major air quality complainers were exposed o smoke at their worksite, reported less control over
their work, and worked longer hours per day at a computer. Using logistic regression úo examine
the independent and joint association of environmental conditions and sociodemographic and work
conditions, we found that mean humidity at the worksite, sex, atopic history, and job control were
the four factors which were significantly associated with the odds of being a major air quality
comPlainer. These factors each contribute significantly ûo the model htt they are not completely
independenr Although there is no significant difference between males a¡rd females in rated job
control or office humidity, lLVo rnorc women than men reported an atopic history, and those
reporting an atopic history were in office spaces with lower relative humidity (33Vo relative
humidity versts 37Vo: p=.0001), and worked in jobs where they believed they had poorer job
control (3.5 versus 4: p=.01)

DISCUSSION

The main purpose of this study vr'as to determine whether the indoor air qualify (temperau:re,
relative humidity, air velocity, C02) of workers with major air quality complaints differed in a
significant way from workers with no air quality complaints. By using rep€ated measurements of
the workers office environment to provide a more precise estimate of office conditions, we
demonstrated that significant differences did exist, particularty in æmperature and humidity.
workers with major air quality complaints experienced lower rclative humidity, more variable
office temperatures, and slightly lower air velocity than workers with no complainb. As estimated
by C02, workea with major air quality complaints also received a Ereater proportion of outdoor air.
On the basis of the strong association between C02 and relative humidity, and the time of year
when the samples were taken, we believe these results were attribuøble to the exposure to lower
humidity as the pnrportion of outdoor air delivered to the worksite increased.

We evaluated the association between ratings of air quality and repeaæd office measurements of
indoor air to determine if workers ratings were associated with indoor conditiors. We found that
there we¡e significant linear assc¡ciations between workers' ratings and temperaürre, humidity, air
velocity, and C02 at the v/orlcite. Although workers ratings were systematically æsociated with
greater deviations from optimal temperature, humidity, and at velocíty conditions, ratings were not
very specific. For example, râtings of poor air circulation were not associated with air velocity or
mean C02 but were associated with lower humidity. There are four practical implications suggested
by these findings. A single measurement of a worker's office environment is too imprecise to drav/
any conclusions about the usual conditions in their office space. Secondly measurements of indoor
air quality need to be summarized to reflect not only the average value, but also the variability in
conditions. As was illustrated by the findings for temperature in this study, me¿n values alone
masked the exposur€ of major air qualþ complainers to significant, and randomly distributed,
variability in office temperature conditions. Thirdly, workers' perceptíons that there is an indoor ai¡
qualþ problem in their office space is probably a valid indicator of sub optimal conditions.
However, specific comptaints about temperaturc, humidity, and/or air circulation may not be very
accIlrate indicators of the exact nature of the problem. 'Terrible air circulation", a commofl
complaint made by office worters may ûrean a problern with teûiperature, humidity or air velocity.
Finally, inadequate humidification of outdoor air in the winter months in colder climates may lead
ûo more frcquent air quality complains, even when average humidity is within norms for the

:easonally adjusted comfort range. A balance needs to be struck between adequate dilution of
indoor contaminants by increasing ventilation, and maintenance of adequate indoor humidity.
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v¡orkers with no air quality complaints.

Personal Demosraohics
Mcan Agc
Pcrccnt Fcmalc*+*
Ik¡ltì.îl¡tr¡¡
% with Atopic History
7o Using Prcscribcd Mcdications
% \¡y'earing Coniact Lcnscs
7o Smokersr¡
Sick Buíldinp Svmotoms
7o nO SfDPtomS r**
Tonumcrous-frequcn( work-reliled
sympoms t"
lryork Chemclerístis
Job Typc: clcrical

profcssional
múagcmcnt
othq

% Exposcd to Smoke at Worksitc
Mcan Job Contrcl Scorc
(l=no job, 7=toøl job contrcl)
Mcan Number of Compuær Houß/Day
Job Sres (l=vcry sEcssful,7= not
strcssful)
" p< ml. "': p<.00O1

Major Air
Quality

Complaints

38.4 yn
70.57o

45.51o
18.77o
13.4Va
21.41o

3.67o
12.27o

24.6
50.7
2t.7
2.9
18.7
3.1

No Air Quality
Complaints

39.5 ys
/7.01ø++*

18.4%
12.llo
ll.9Vo
11.67o

20.8%
0.4?o

P-Value

10.5
78.9
5.3
5.3
4-4
2.3

2.3
3.9

.238

.000

.000

.036

.625

.001

.000

.000

.000

.000t

.000r

3.1
3.5

.0001
.005
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