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INTRODUCTION

The office, once considered a safe and comfortable alternative to the
industrial site, is fast becoming a dangerous, uncomfortable and
stressful environment. Among the various factors affecting white col-
lar workers is the reduced quality of indoor air. Each year the num-
ber and intensity of worker complaints and disease outbreaks increases.
Today an estimated 25 percent of the North American workforce can be
found in office buildings., Sealed in mechanically ventilated buildings
incorporating new principles of design and the use of new materials,
products and equipment, office workers are now exposed to an increased
level and variety of pollutants. H

Why this phenomenon is only now becoming apparent can be directly tied
to the energy crisis of the 70's. The rapid rise in energy costs

ushered in the end of an era of high ventilation within sealed office’
buildings. With decreased ventilation and an increased incidence of
disease there came a marked increase of requests for building health
hazard evaluations initiated by the occupants who believed their office
environment to be hazardous and their symptoms to be building related(l).
In a few severe incidences the press became involved and buildings were
actually closed,

While the direct health implications of decreased indoor air quality
are generating more studies, the impact of this degradation of work
environment upon work performance has not even been broached. We know
that there exists a relationship between pollution and disease. We
wnow also that health and productivity are related. But how does this
particular degradation of a work environment affect efficiency? By
performance we mean a whole variety of changes related to polluted

air, The effects may vary. Persons may work more slowly and so pro-
duce less. Persons may also make more errors or if an element of dan-
ger is involved persons may be more liable to injury. After an acci-
dent or illness, persons may prolong their sick leave in order %o delay
returning to the stressful environment. And, finally, stressful working
conditions have been found to increase the amount of absence from work.

What is needed is a reliable index, similar to outdoor air qualicty
measures, that would link changes in the quality of indoor air to
changes in performance and productivity. We need some yardstick to
determine when to initiate and just how much alterations are needed to
improve the physical environment of the office. Relying on subjective
complaints of workers and the few documented incidences of major out-~
breaks are insufficient to guarantee a longterm healthy and safe work

place.
BUILDING ILLNESS

A possible link betwaen air quality and productivity might be pro?ided
by collecting more date on the incidence, intensity and ramifications
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of a now malady most common:y retferred to as Building Iliness,

Building Illness refers to widaspread and persistent complaints of head-
sches, burning eyes, irrvitation of the reSeratory system, drowsiness
and fatigue wvithin a given work space,

The types of Building Illness encountered to-date may be divided into
two dis¢inct categories. In one category tue cause for the illness

can bz determined. Elimination of cause also eliminates health-related
somplaints. For instance, respiratory symptoms have been tied to toxic
dust left as detergent residues from industrial carpet shampoos (2.
Bur .iag eyes, coughing, breathing difficultias, nausea and dizzirasgs
have been lipked to form:ldehyde off-gassing from interior matecials
{31}, Outbreaks of Legicnnaire's Disease and hypersensitivity :neumo=-
nitis ‘iave been linked te viruses, bacteria and {urgi, from air vepn-
tilacivn svecemz (4,5,6,7).

In a second category studies of reported incidences of Building Iliness
have failed to identify-a direct cause. Rather results of a recant
study by Sterling et al (8) posit that:

(1) The average value of poliutants reported in buildinge in which
chere "~ ere sevare cuthreaks of Building llluness de oot evcosed
1ow=e deemew Lo be hazardous by cccuparional or indurcerial stand-
wrds set in fanady . or the United Stcates, snd

7&7 1he uhsered levels f indoor pollutants does seair %0 d.ffer
 om measures regorted from other buildiag. vhere zvpourd of 00D
aealth auwdt gisccmfort . cve not reported. Therefere, <y cause ol
corplaints probably soer not lie in the level ar po'iuiion.

fme 1.kaly Yvypochesis 18 tha:s the non-specific zymptom complex. wspec~
ia2lly tae evel present eye irritation, ig in part a reacrion %o indoor
“hotgctiemical swog. Photochemical smog measured ocutdoors has been

she - to be 1csponsible for similar symptom complexes inciuding eye
irr..»tiza, headaches and respiratory problems. Photochemical smog

ks a.s0 been ghown to be related to many of the same vapors found in
adern buildinga such as formaldehyde (off-gadsing from parcicle board,
ia7:laclua and other materials) and even trichlorcethylens -ontained

i ite-out materials csed by typists. {See refarences 5.10,11 for a
det:: ed listing of materials linked to photochemical smog, aund for
itsta of organics found insl.e huildings.) In addition modern office
pulldings are lit by fluorescent lights which give cut variable amounts
af ultravioler radiacion, a ccumon catalyst for smog formation (12).

At whkat point may indoor smog tecome a relevant economic bottomline
issucr fur vffice workers for pubiic and private sector management and
for the vendors and designers of office work places?

To-late mout research quantifying the geneval incidence of office ill~-
nes: has been inadequate in idencifying the level of indcor pollution
thhat is csricical te the creation of pathological symptoms that may
iffect produczivity.

According te s study ccomissioned Ly Steelcase and conducted by louis
Harvis and Asscciatas, cffice comforet has a direct impact on the job
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pecformance of white collar workers (13}, 4 survey of work actitudes
vanked more comfortable heat, aiv condicioning and ventilatisn as the
second most {mpoctant change that could help improve productivity.
Knowing that if you produce more in a day you will be better paid
vanked [irst at 48 percent of recspondents vhile air qualicy rated a

L5 percent respense.

Workers do prefer to open their windows., Unfortunately, almost 2/3

of the office workers report thac they are nct able to open their win-—
dows. A plurality (46 percent) of the workers believe air circulation
whare windows cun be opened is better than in offices where oniy the
central heat and air conditioning systems circulate the air.

In aunther survey (l&4) of over 4,000 office workers and managzers in
about 50 public and private sector offices arross the United States it
was concluded that while 2ir quality irfluences job and environmeantal
¢atistfaction, it doer not iufluence job perforwance. 7This conclusion,
vrifortunately, is unt bowm out by the analysis, Percepcions of io-
fluences of air guality on performance were gleaned from interviews of
offica workers wio were hoving thelr envircnments substanrially chanped.
Changes included =ither moving or renmovations, Alr quality was not
monitored, Overall, emplovers reported no change in pro%lems «i+h air
qua'ity following their move. However, -1Tployees repsrting fewer prob-—
lems with air quality after moving slso reported aa increase ir an tir-
onmental satisfaction. Based solely upon this data it is diffieulr
to conclude that wir quality dises not affect productivity., Ofiice
cii- ages surveyed may not have involved indeor air cuaslity thus ~ffice
wyrkers may be equally satisfied “dissatisfied) with equivelent 'evel
2t air quality.

A work envicanment survey of (100 office wovkers in aive different
tuildings in the Hew Yeork City ares condu.co' in 737 wrovid . ehe

wosr cobplets analvses to-date o7 hnealth aad romfort sn wmoder . »f i~
Luildings (05,15, Buiidings wer« selsclfe. uth no prLor v 8. oo of
health ar cemiors problews, A quoationuaire wur Jezigned Lo cnvencary
cowmfort complaints and health related sympaomg simvlar ©s trase vecrrded
for epidemics ni building 1liness. Tt was {oucd thac anzeafortzhis con-
ditions in the office environment were more prevalent than had been
expected. Fifty-eighi percent of respondent: workcd in sealad
buildings. Sevency-five percent reperted tos lit.le¢ air movement,

S4 percent reported unpleasant odors, over 70 perisnt reporte thal

rhe temperatute ~43 eilthev too cold or too hot, €% percent raported

the air too dvv, and 74 percent reported the aiv rtos stuffy. Withir
these environments bullding iliness symptoms experienced more thap
once a week wvere slso prevalent: 37 percent veperted headaches, 5:
percent reported fatigue, 59 percent veporced slecpiness, 31 percent
teported nasal .irvitation, and 34 percent reported eye irritatioc.
The srudy, however, stops short of measuring tha2 wnfluence of these
fzctors on the affice worker's performance.
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ENVIRONMENTAL EFFECTS ON PERF{RMANCE

The vesearch scudizs to-date awaken us to the smoke in Fhe air, che
occasional 2pidemis reported In the press rries fire, but as yet there
is ne conevete move fowards the creation of sound gollcy te remedy

the problem, The studies arz inzomplete, If left at this Stage thersa
are sisks thakt ucsarnisfactory policies relatlng to the office anviron-
ment Wili: result. Perception of changes in preductivity by worker and
SUpArvisory rasings as well as reporced symptows among sufferers

of stuffy air have uot been linke” o quantitative measures of clanges
In indoow air quality. We now have z rather crude unfcff pulicy
switch, At a cerzain unspecified level of discomfort “oth wirTkers

and their buORYVlHDEH perceive that satisfaciion and/ox perfurvaﬂCH

iz 3ffectad What that level iz and the affect on pr(d1rt1vx y .= un-
HIGWTN . CLven the present state «f knowledge, indoor air qualiny re-
maius ouly 2 relevant policy isgu2 when seriocus eomplainits are docu-
wented in clinically verifiable epidemic curbresks. This, howaver,
1xmi 5 causal relationships oaly co a mincrity ef reported com;la;'ta:
“toge That have an ldentifiable polluting agent. In most inves-
tigated buildings, "owever, specific causes for syaproms have not beas
determinnad, '

vhorle vadagde of covszainant laevels ard mixes we have no

L uf e Lhe saurpcaoiny of snecific liwits wiil affect af
juscep ooy tn cidents anl srizadance at work, If we C)t,, e
re'n'n: 28 rosatozhip vetween degreoz of lost perfermance .
Treases fa Indoec air pollution we weuld then he able to pravide cuuni
POy cecormend.  tons that deii-zacte rhe cequired archiluactural mods -
Cfostlen tooauisoling aud new structures and their concoummi- ant costa.

T sratistical foundation for cost/benefit scudies would thea he sef.

cieacs

5728 1n nroduciivity could be matched with the physical costs >f a.-

et s, We would be able then to determine the break ew:n Lot

“hen fiuks alv guality and perforvance to various proprsed arcnirec—
Toand wnpginessin: modifications,

cr such 3 study fits well with a whole litany of tescarch
Ty vid productivicy (variocus) in adverse envirommenis. Jver
ihe pr20 A% years o wnole range of work environmeni variabies have
Leen stadied qa41t1fv1ng haw AngreanLa, changes in a particviazr en-

vironmervsal vivrildbla influences perf armaqce. Heat, 2old, light, noise,

wapresglon, wental work, overload, iwslation and danget are huc a few
ot rhe epvircameacal condlLluns studﬂud In these studies 2 tall in
tfiiclency was refiected in a number of different wayg. For 22 eavir-

enmenial conditions, measures now exist that arteript to delineate ceon-
tazivart levels and the kind of deterioration in performance rhat re-
54173,  Tonditions looked at to=date ace heat, cold, dim light, giare,
noise {eomt:nucous, intermittent, interferance) vibrazion of man, motlon
of wan, scceleration, weightliessness, decompressicn, compression, car-
bor muncuzide, alcehnl, »leeping .ablets, las:c of sleepn, mencal work
cevirload, tewporary axhausc:ion, detzii work, isalation and dangar {17)
fram this wompilation of sovivowental coudivions Lt is clear that For
a »hele range of working environments quantitative limits have bLeon
iggni: fied, the exsreding of which {s sikely £n rasult in a fail tn

rs
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stflciency, an increasgd
rendancs abl work,

In recent research Potton obscerved that malodor iapalred performances
on eonplax but noc simple tasks {18). Expesure alse produced behaviour
aftevef{tects ir the form of lowered tolerance for {rustration when sub-
jects had been deprived of control. Aftereffuocts increased with dura-
tion of exposure. The door thus cpens on the linkages between ~he most
inrocucus effects ~f indoor air pollution and productivity.

in an experimental svuay of offire workerz exposed to low levels of
stress caused by lighting and ventilation,Sterling observed no decrcase
in performiace, tThis is consistant withihe pryvchological literature
that finds evidense for 2light: improvement of performance under minor
conditions of stiess (19},

kotten and Stevling thus agree that lew levels of :vpencwic stress have
aw effect on gimple tasks.

Whar remains to be done is o quanrify and compare leve's of crnnlinity
of task wizh leveils »f nollution reiated Lo boch short aud long term
office produstiviry,

CONCLISION
ithout aw:urate mezsures of grodnctivity lessas due o Bulrding 77(-
tonas

W
ness it is highly unlikely that the pr blem will he
thing nut an ad hoe epldemic specific level,

The ecozi oamplicarionz of cuarontaeicyg 1 oLolesable leval of {adoor arr
qualis: for all beildines xay b ernormous

"our demonstcarion of the nassic)n
suog indrors and the relief @ 7 eve
L;easpd vercilstion indieiges tharn
ﬂrﬁbl f modern, sealed Luilding
sventilation, ihe game cons  ciaas emerg: ¢

tion of an issociation between build? ng venci’stion haraco -

teristics and the frequency ¢ huilding=-elates cemplaints.

Tnfortunately, the c¢nst of vigorous ventiiatica of molern,

sealed buildings is hieh and ¢ ewav wel? e that the so-

called “enc-gy conserving' building, a. rresantly desigred
and ventilaied, »1l! end vp neing not so enexyy conserving
at all.' (zn)

without werifiakle indicators relacing indeor ais pollutior levels rto
serforzance, the endvhuy will be ro discount whiveewar pissible com-
plaiote and manifest symptoms by brunding reactions aw being "imired ro
s wminority hypersensitive population, rhus relieving pressures to ul
ter the enviremmer:. for the majoriry of the "mermal” worr-cowmplaining

anl supposedly iad facted workforveoe.

When Fuel costs accelerated 1t the 19707z there wers immediare pres-
luTes Lo comsersy our nor-rencwable fossil tactors of predustion.
ing ctandards al-~

sldy prograns wares immediatelv intsoduced and ouildin
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tered, Now the hupsan costs of these changes are being felt. It is
highly nnlikely, hewever, that there will be heavy subsidy progrsms
that wiil scimulate the conversion of modern, sealed buildings into
well vwentilated gtyuctures suitable for the employment of humar fac-
tors of preduction. Rather, without mowrs evidence linking indoor air
guality and pooductivicy it is mors likely that office workers wil. be
forced to bear the cose of discomfort, illness and increased risk cf
iongte m permansnt health problems, As the longterm effecis of ex~
posure to indoor smog eventually take their toll society will bear the
costs of higher prices for products, a grearer degree of public s=¢-
tor Laefficiency and an evential increase in demands for medical cer—
viles,
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