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SYNOPSIS

A work environment survey questionnaire designed to test for and document perceived
environmental conditions and prevalence of tight building syndrome symptoms among occu-
pants of typical office buildings was administered to 1106 office workers in 9 office

buildings in the New York City area.

Buildings were screened for energy conserving
retrofits and architectural and ventilation factors.

Data were classified according

to ventilation and thermal conditions, lifestyle and personal factors, use of modern
office equipment, smoking regulations, and work-related stress.

Health and comfort related complaints were found to be associated with perceived
environmental conditions (especially ventilation and lighting) and with the ability of
occupants to control some environmental conditions, but not with regulations restricting

or prohibiting smoking.

Distributions of health and comfort judgements in these

typical office buildings can serve as a base against which to compare responses of

occupants in suspected problem buildings.

INTRODUCTION

New modes of design, construction, ven-—
tilation and energy management have had pro-
found effects on indoor air quality in office
and commercial buildings. Sealed, air-condi-
tioned buildings, especially modern office
buildings, contain a wide variety of pecllutants
often exceeding levels found outdoors. (Hunt
et al, 1271; Spengler and Sexton, 1983;
Sterling and Kobayashi, 1977; Sterling et al,
1982; Yocum, 1982) Occupants of these same
buildings often alsc suffer from a complex
of symptoms including headaches, burning eyes,
irritation of the respiratory system, drowsi-
ness, fatigue and general malaise, known as
Building Illness or Tight Building Syndrome.
(Baxter, 1980; Hicks, 1983) Many public
health authorities believe tight building syn-—
drome may be reaching epidemic proportions.
For example, in the U.S. the National Institute
for Occupational Safety and Health (NIOSH)
alone has completed over 200 building investi-
gations since 1974, 100 of which have occurred
in the past two vears. Nearly 50% of all out-
hreaks have been linked to inadequate ventila-
tion.(Melius et al, 1984)

In the interest of energy conservationm,
building ventilation as well as lighting has
been drastically decreased. As well, occupant
control over both office ventilation and
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lighting has been reduced. New ventilation
standards proposed by The American Society

of Heating, Refrigeration and Air Conditioning
Engineers (ASHRAE) and the U.S, Department of
Energy (DOE) recommend and permit a reduction
of ventilation air by up to 90%. (ASHRAE, 1981;
DOE, 1979) For example, the previous ASHRAE
ventilation standard published in 1973 recom-
mended 25 cublc feet per minute per person of
fresh air ventilation in general office areas
of air—conditioned office buildings. (ASHRAE,
1977) However, the new ASHRAE Standard, de-
signed for energy conservation and published
in 1981, requires only 5 CFM per person of
fresh outside air provided smoking is either
not allowed or is restricted to designated
areas. (ASHRAE, 1981) This amounts to a five-
fold reduction of ventilation requirements.
Similar decreased ventilation standards are
also being adopted in other countries.

Tight building syndrome experienced by
occupants is often suspected to be a dir -t
result of reduced fresh air ventilation. How-
ever, without comparative data it is difficult
to determine whether the indoor environment
experienced by occupants under reduced ven-—
tilation conditions is better or worse than
under previous conditions, Most indoor air
quality research and occupant health and com—
fort studies have been undertaken as a direct
result of energy conservation. However, in
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order to conserve energy and maintain building
performance, architects and designers need to
know how well buildings perform under normal
conditions. The empirical data needed to com-
pare occupant health and comfort complaints in
buildings with reduced ventilation to com—-
plaints in normal buildings is now available
from a detailed survey of 1,106 occupants of
nine "normal" office buildings.

METHOD

A self-administered Work Environment Sur—
vey questionnaire designed to collect percep-
tions of environmental conditions and preval-
ence of building illness symptoms among office
occupants was administered to 1106 office
workers 1in greater New York City. As far as
was known, there were no prior history of
health and comfort complaints among the study
group, no prior investigations of the office
environments included, and no major energy
conservation retrofits to the buildings.

The Work Environment Questionnaire re-
quested information about: respondents,
work related stress, environmental conditions,
health-related symptoms and control over en-
vironmental conditions. In addition, infor=—
mation related to lifestyle and other possible
environmental exposure was collected.

Questions were so constructed that they
could be scored on a 3 point scale, with a 1
indicating a favorable, 2 an intermediate
and 3 an unfavorable response. The distribu-
tion of responses for health and environment
related questions were evaluated by construct—
ing comprehensive indices which combined re-
lated and non—-conflicting questions.

RESULTS

Table 1 presents the percent distribution
of complaints about environmental conditions.
Seventy-five percent of office workers re-
ported too little air movement as opposed to
only 35% reporting too much air movement
"Sometimes or Often.'" Unpleasant odor, often
used as an indicator of inadequz-e ventilation,
was reported by 407 of respondents as occurring
at least "Sometimes' and by 14% as occurring
"Often or Always''. Temperature was a consis-—
tent problem, with 77% reporting conditions
too cold and 72% reporting conditions too hot
"Sometimes or Often'". Although 44% of respon-—
dents complained of smoky air in the work-
place, 74% reported stuffy conditions. These
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results seem to indicate a need for more ap-
propriate regulations or control by office
workers of conditions affecting temperature

and air quality. Current air quality regula=-
tions (ASHRAE, 1981) are based on restriction
of tobacco smoke, however, from the survey
results it would appear that an indicator of
"stuffy air" such as carbon dioxide level
rather than "smoky air" would be a better means
of overall air quality control.

Lighting conditions were considered sat-
ilsfactory. However, responses indicated that
brightness and glare could be improved.
Forty—three percent reported that lighting was
too dim and 45% reported glare on work sur-—
faces "Sometimes or Often.'" Lighting condi-
ticns are not now a significant problem among
office workers, however, with illumination
levels and window area being reduced to ~on-
serve energy, future problems could resulc,

Table 2 presents the distribution of
building illness symptoms commonly reported in
the indoor air pollution literature, Headache.
fatigue, nose irritation and eye irritation
(symptoms indicating general discomfort with
environmental conditions) were reported mest
frequently. Thirty—seven percent of oifice
workers reported headaches, 52% reported
fatigue, 32% reported nasal irritation and 377
reported eye irritation more than once a week
Twenty-one percent of respondents reported
sore throat or cold symptoms once a week or
more.,

In addition to basic frequency analvsis,
the distribution of responses for health and
environment related questions were evaluated
by constructing comprehensive indices that
combined related and non-conflicting questions.
Table 3 shows the indices used to assess aver—
all effects of working conditions on health-
related symptoms, and environmental conditions.

Health and Environment
tabulated with responses to
tions about the environment
the environment in order to
effect of such variables as
lighting, and tobacco smoke on the comfort of
office occupants. Results ot cross-tabularions
are presented in two-dimensional tables, For
example, Table & cross-tabulates the Building
Illness Index (along the vertical axis) and
responses to the question of "Too Much
Movement' (along the horizontal axis).
total number of responses for each row and
column are shown. The percent of overlapping
responses are given in each cell.

indices were cross-
individual ques-
and control over
determine the
ventilation,

:\il—
The

Ch1l Square
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(x*) is shown at the bottom of the table along
with the p value, unless p is not significant
(i.e. p>.05).

Ventilation. Table 5 shows the associa-
tion between conditions of ventilation in the
workplace and building illness symptoms.
Ls a highly significant relation between poor
ventilation and building illness. Forty=—four
point six percent of office workers with good
ventilation as compared to 32.9% with poor
venrilation did not complain of building il1l-
ness. As fewer occupants of well-ventilated
buildings complained of building illness symp-—
toms, alr movement and quality of ventilation
appear to be major determinants of health and
comfort among office workers.

Lighting. Table 6 shows the association
between office lighting conditions and build-
ing illness symptoms. There i1s a highly-—-
significant relation between poor lighting and
building illness. Twenty-five point two per-—
cent of office workers with poor lighting
ranked "poor" on building illness, while only
10.3% with good lighting did so.

Environmental Tobacco Smoke. Some of the
workers surveyed smoked and some of them did
noc. Some of them worked in places where
smoking was permitted, some in places where
smoking was prohibited and some in places
where smoking was restricted. Thus, a number
of groups were constructed for comparison:

. nonsmokers in a nonsmoking working zone,

L

2. nonsmokers in a smoking working zone,

3. smokers in a nonsmoking working zone, and
Y. smokers in a smoking workers zone,

The effect of smoking on nonsmoking office
workers 1s reviewed in the next two tables.
Tables 7 and 8 show that there is no signifi-
cant association bhetween smoking at work and
either building illness or visual health among
office workers who either smoke or do not
smoke ,

Table 9 shows the association between
Smoking at Work and the Odor Index. There is
no significant difference in the perception of
unpleasant odors among nonsmokers or smokers
regardless of whether smcking was or was not
permitted.

Control over Environment. In most modern
office buildings control of air conditioning
and lighting has been removed from office occ-
cupants. Tables 10 and 1l show the associa-
tion between control by occupants of air con-
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ditioning and lighting and symptoms of building
illness. There clearly is a significant re—
lationship between control of air conditioning
and incidence of building illness. In Table
10, 15.9% of office workers with no control

of air conditioning scored "poor" on the
building illness index compared to 4.8% of
office workers with control of air condition-
ing. There is a similar significant relation-—
ship between control of lighting and incidence
of building illness. In Table 11, 15.9% of
office workers who had no control of lighting
scored "poor" on the "Builidng Illness Index'
compared to 6.7% who had control of lighting
conditions. In both cases respondents who had
control over conditions were approximately
three times less likely to suffer symptoms of
building illness than those with no control.

DISCUSSION

The results indicate that even among occu=
pants of buildings operated under normal ven-
tilation and lighting conditions, there exist
problems with environmental conditions as well
as a relatively high level of health and com-
fort complaints. There is a consistent pat-
tern of association of factors relating both
ventilation and lighting with frequency of re=-
ported illness symptoms. Office workers jud-
ging their ventilation and lighting environ-
ments as poor were more likely to have health
complaints than those who considered wventila-
tion and lighting to be good., Office workers
with control over environmental and lifestyle
factors such as controlling air conditioning,
opening and closing windows, switching on and
off lighting and smoking had fewer complaints
about health and stress symptoms than did of-
fice workers with no control over environmen-
tal and lifestyle factors.

Very interesting is the lack of signifi-
cant association between building illness,
visual health and odor indices and exposure
to envirommental tobacco smoke. The findings
here however do not relate to irritation due
to smoking but the association of the absence
or presence of smokers (or, at least, the per-
mission or prohibition of smoking) to perceived
health and/or comfort levels. This lack of
assoclation probably is due to two reasons.

First, pollutant patterns depend heavily on

ventilation factors, while at the same time,
byproducts of combustion infiltrate or are
generated and entrapped in a building from
many sources. In fact, reviews of the pub-
lished literature (Sterling and Kobavashi,
1977) and of pollutant levels reported in 143
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buildings by NIOSH, the Center for Disease Con-
trol and other investigators (Sterling et al,

1983) fail to find differences in pollution con-—

centration, or patterns in offices with and
without smoking restrictions. Second, the man-
ner of administering the questionnaire avoided
calling attention to smoking (or any other)
factors, besides including questions pertaining
to them. It is especially interesting that
there were no differences in respondents per-—
ception of odors between locations with and
without smoking rules (Table 9).

This Work Environment Survey, though li-
mited to office workers in greater New York
City, provides some measure of human health and
comfort with environmental conditions provided
by contemporary office buildings. However, the
majority of office buildings may now be de=
signed and built to reduced environmental stan-
dards in order to achieve energy conservation
goals. Alsc, many existing contemporary office
buildings are being renovated and operated to
reduce the amount of energy used. The human
costs that may result from reduced environmen-—
tal standards of energy conservation in office
buildings are still unclear. This study pre-
sents empirical data showing the relation of
environmental parameters to health and comfort
of office workers in buildings prior to energy
conserving adjustments or modifications. These
questionnaire survey results can be used for
comparison with similar data collected from
occupants of energy conserving office buildings
to provide background for prudent standards to
ensure that energy efficient buildings are de-
signed, built and operated to provide condi-
tions acceptable for human occupation.
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Table 1. Percent distribution of complaints Table 3. Groups of questions used to construct
about environmental conditions health and environmental indices
i 1
i | Never Often Henlth ‘Indices Environment Indices
| E=rironmencal Condition or Raraly Somatimes of Always || Totsl I
| T Visuul Lighting
Too Little Alr Movemsnt 15 19 16 100 . hlurred vigion . lighting too bright
| Too Much Alr Movement 63 9 6 100 - eye irritation . lighting too dim
| eplit or doubla vision . glare on work surface
| Lighting Too Aright 77 13 ] 100 . trouble focusing eyes
, Ventilation
| Lighting Too Dim 57 i 15 100 Cardiorespiratory . too litrla air movement
] ! . nosa irritation + too much air movement
Clare on Work Surfaces 55 10 . 15 100 . breathing difficuley i Al fon schtry
Unoleussant Odors 46 40 | b 100 . chest pain or tightness
. racing heart Temparature
Temperac. & Too Cold 23 [ 54 3 100 . too cold
Temperature Too dot 28 56 16 100 H“Tc:i::k:;::‘l . too hot
‘ Alr Too Dry 15 | By 21 100 . sore arme, hands, wrisacs Aumidicy
. backachs . too dry
| Adr Too Molac B 15 ] 100 . too moisc
; Neurophysiclogical
ALr Toa Smoky 6 1 L : 104 . headache Odor
| AL Teo Stuffy 26 &7 17 ] 100 « dizziness . unpleasant odor
e . fatigue . too smoky
* grror dus to rounding . aleepiness
. moodiness
. depresaion
lightheadedness

Table 2. Percent distribution of symptoms SR

common !.}‘ associated with Building Illness
building illness + headacha
= . fatigue
|0m'.c Once . nose irritacion
| & Memth Once a Wesk . eye irritacion
Symp coms | or Luss & Wask or Morm Total I . sore throat or cold symptoms
| Tamaache 63 16 21 : 100 Absenteaisw
Facigua W9 1 8 100 . days absent during past six
! months
%owe Irritacion 1.} 13 19 100 . days left work due to
illness in past six months
|Eye Irritacico &1 0 i i? 100
| sara Throat or Cold 79 Gl | s 100 Hacdicazcn
L : . aspirin

. stomach or digestive aids
2 ] 3 . cough, cold or sinus
medication

stimulants (pep pills)
prescription medicine
laxatives

. depressents

aleep inducing aida

Table 4. Too much air movement

| |
4 1 Humb et
5 Never Somatizes Often of Casas
1
Sy | food | 4.8 42,7 43.8 440
98 i
27 [ Averase | s1.3 47.0 37,5 439
= |
el Poor | 16.0 10.23 | 18.8 ] 149
Tocal ooz tonx I *
Humb er
af Cases 1T 300 L)
2 - 7,41
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Table 9. Smoking

at Work

Table 5. Ventilation Index
Non Smoker | Hon Smoxer |Smnr_r | Smorer
= Mo Smoking | Smoking | Ho Smoking ! Smoking
3 Humbar i Work Zone |Work Zons |Work Zona Work Zane |
3 Good Avarage Poor of Casam « |
o2 ; Z | Good 8.6 37.9 7.1 o338 | 255
sl | Cood T 50.0 32,9 445 2 | |
28— R | Avarage 58.7 47.7 56. 6 5EE 192
£ Average (YN Al.4 43.2 LLYS =] ]|
= Poar 27 16,4 5.3 ‘ 12.9 P
3 | roor 10.8 8.6 21.9 13
Total 1002 100z Lo0% coz
Total T 4 LooT 100%
Humbar
Numb er of Cases 83 132 143 196
of Cases 195 430 434
% = 7.63
y1 = .i4,72 .~ L 001
Table 6. Lighting Index Table 10. Control Air Conditioning
| ‘ 3 1
Pusoer
-.‘. | Humbar
L Mo
o 1 | Gaod Averzga Poor of Cases 35 Tae gECIaag
i i L Good 51.6 4.7 a7
<l | Good 46,7 43.9 30.5% 443 ig
o a s g 43.5 43.2 458
E ~ | _Average 42.9 43.9 4.3 459 = Abiid L 3
4 -
= | | 1 Poor 4.8 15.9 153
2 | _Pocr 10.3 G LRI B 23.2 156
Total LooT* e g
‘Tatal LooT* Looz® l00%
" s
duaober
~ £ Cas 124 936
of Casns 587 56 308 2 e
1.
Y2 e e el o0l s 12.17 p < 003
Table 11. Control Lighting
Table 7. Smoking at Work S———— s
"
Non Smakar | Nem Smoker | Smokar smoker. | ] Mhamner
No Saoking | Smoking No. Smoking | Smokinm Numbar EU 1an i) of Casas
| Work Tone Work Zone Work Zona Work Zone of Cames -
. a
: ; : g2 Good 46,0 41,3 [y
Cood | 7.9 43,1 430 18.9 3z A=
I 1 ' q 47.3 42.8 g
= | Average | Silins 38.7 44,4 465 | 149 =
= T T - - 6.7 | 1s.9 156
= ijr | 10.6 L 12.6 | l4.6 112
Total 1002 1002
Total 1002 100z 100z 1002
Mushar
Number of Cases 150 319
of Cases 1) 1T 151 419
1 - 8.80 p < .05
& laslan =
Table 8. Swmoking at Work
<
L | Mon Smoker ! Hon Smoker Smoker Smoker |
z | No Smoking |Smoking Ho Smoking| Smoking | Numher
= | Work Zome |Work Zone Work Zoos |Work 7emg '3 of Cases
= ]
3 |Gom|. 66.7 68.6 70.9 68.3 531
=
] |Aw~.rng: 26,2 16.1 17.9 20.5 151
2
2 [ Pgor 9.1 15.3 1.3 1.2 31
Tocal 100z L00% 1002* oot
Humbar
of Cases 66 137 151 419

L2 - 419




