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Introduction

Heaith compiaints associated with poor indoor
alr quaiity have been reported with increasing
frequency among odice woriers over the past 10
years. A number of factors have contributed to this
rend, Including changes in building design to
Incease energy eficiency, introducticn of new
building. materiais, and increased awareness
among workers of potentiaily toxic exposures in
their work and home envircnments. While some
exposures (n the indoor environment may have
serious implications for the heaith of the occu-
pants (e.q. radon daugnters, aspesws, formai
defhryde, pathegenic microorganisms, ailergens),
the heaith risks of most indoor air exposures are
poorty urderswod. Mevertheless, ofice workers
who are concerned about a possibie probiem in
their work environmernt often demand a thorough
Investigation of the environmennt and of its poten-
tiai for heaith risks. For the invesdgator, this is
commenty a chailenging but frustrating experi-
ence because of the lack of quidelines and evalu-
ation citeria for the “non-indusarial” setting,

The heaith complaints reported by the oczu-
pants of the typicai "probiem bullding” are usuaily
diverse and non-specific. and rarety point to an
obvious cause. Also, the nanire of the probiem
may be obscured by reports of a variety of serious,
but unreiated, medical concitions associated with
the office environment,

Appropriste environmental sampiing s often
quite difficuit because of the presence of low ievels
of marnty ubiquitous substances, Specific contam-
Inants from sources in the office can be readily
measured and quantitated (e.g., ozone from copy-
ing machines), but more often very low leveis of a
variety of chemicais are detected. Such sampiing
results may in one sens2 be reassuring, but they
have limited usefuiness when linked with non-
specific symptoms. These invesdgatdons are often
compiicated by extensive media coverage, muitl-
ple eariier investigations by other groups, and

deteriorating labor reiations, The “Pederal expert”

often comes into the picture when, despite much
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basic work having been done, the situation has
reached 2 "@isis.”

This paper will briefly present and review the
{ndoor air quaiity investigations conducted by the
Mational Insttute for Oczupational Safety and
Heaith (MIOSH) since the start of the Heaith
Hazard Bvaluation Program. These investigatons
are being presented notas "THE WAY™ to evaiuame
such problems, but, rather, to review our expest
ence and share our insights as we have evoived
our approach to these investations.

Indoor air quaiity beaith hazard
evaiuations

Through December 1583, MICSH has compieted
203 Hesith Hazzrd Dvaiuadons invoiving tndoor
air quality (IAQ) in a variety of settings (Tabie |).
(This does not incluce owr investigations of as-
bestos-reiated probiems in odice buildings.) Prier
o0 1578, onty six IAQ evaiuations were performex:
however, since then, the number has increased
dramadcaily. it appears that {n the last 2 years, the
number of these compieted investdgadons has
leveied o, but this change may refiect our handling
of many IAQ inquiries by providing written ma-
terials and phone consuitation, and by the in-
creased capability of stte and local heaith de-

Comypletsd NIOSH Indoor Alr
Quaiity [nvestigations by Year
(thﬂ!_:rmambn 1983)°
Number
Yoar Compietsd “ Pc\?
Pre-1973 ¢ 3.0
1973 9 44 gg
1979 12 59 o
1980 b ] 3.8 g .
1981 80 394 J
1982 “ a2 SaY
1983 24 113 op
Total: 203

* Coss nee inciude 81 currendy active proects.
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partments and other groups !0 handle these
ealuations without our assistance,

Most of our evajuations have invoived govern-
ment and private cifices (over 75% (see Table Il)),
educational institutions (14.8%), and heaith care
diities (9.3%). Civen our mandate o evajuate
oczupational heaith problems, it is not surprising
that MICSH has not investigated very many resi
demtial IAQ probiems., Thus, we do not have much
experiencs (n evaiuating problems witich are prine
cpaily-encountered (n residential buildings such
38 exposires to radon daughiters or to combustdon
products,

It reviewing the reports on these evajuatons,
we have aemupted (o classify our findings by the
type of probiem found (Table {I1). [t s of note that
nearty haif of these investigations have agributed
the [AQ probiems to inadequate ventlation, Scme
form of environmes i contamination was thougit
o be e source of the probiem in approximacety
20%. The sourcs of this corramination was thought
o be from inside the bullding in 17.7% of the
Investdgations, cutside the building in 10.3%., and
from the building structure in 3.4%. Problems
such as hypersensitivity pneumeonitis, cgarete
smoking, humidity, ete, have accourted for ape
. proximately 10% of our evaluations. Mnaily, in

mlo%.maologdmemmm
remained unexplained.

In reviewing these resuits, several factors should
Deconsidered, First, over time, NIOSH has not used
a sandard protocol for conducting these evaiu-
adons. Our methods and criteria have changed as
we became more familiar with the probiem and
deveioped new approaches. Also, some of these
investigadons were conducted several years ago.
leaving oniy scanty data and a brief report for
current review. [n the early studies, many of the
“unknown” problems may have actuaily been due

TABLER
Compieted NIOSH Indoor Quality
lavestigztions by Building Type
{t December 1983)

Type Number )
Covernment and business officer 154 73.9
Schools and coileges 30 143
Heaith care faclities 19 9.3

Total: 203
P 4

TABLE I
Completsd NIOSH Indoor Air Quality
[avestigstions by Type of Prodlem

' (throuxh December 1983)
Problem Number Total
Cmnmmnon {inside) kY 7.2
Conaumination (outside) a2l 103
Contaminasion (building fabric) ? 34
Inadequate venciation 1) .3
Hypersensitivity pneumonitis é 3.0
Cgarette smooking 4 2
Humudity 9 4
Noisesilluminacion 2 10
Sabiss 1 0.5
Unknown 19 9.4

Touks 203

t0 nadequate ventiadon, but the reports did not
provide enough informatdon to determine this.
Thus, there may be consideradie misciassificaton
in this llst, '

This listing is aiso not necessarily representatve
of the generai distribution of Indoor air quality

- probiems in offices. Often, NIOSH Is requested to

conductan evaiuatdon oniyafter initial atempts to
[dentify the problem have failed, or compiaints
have persisted aiter initial corrections have been
made. Large public-sector agencies use NIOSH as
a resource, but managers of smailer offices or
office buildings may be unaware of our program.
Therefore, these facilities may be underrepre-
sented on our list. Despite these stiorteomings,
the llst does provide an. overview of the types of
Indoor air quality problems encountered in offics
environments. A brief review of the major types of
IAQ problems follows,

Contamination from inside the offics
ewironmert

This classification (approximatety 18%) refers to
exposure to a chemical or other toxic agent
generated within the office space. Usuaily the
symptoms experienced by the office worker are
directly linked to the exposure, but, if the exposure
is dissemninated through the building's ventiiadon
systemn, localization of the source may be difficuit.
Exampies from Heaith Hazard Evajuations include
exposures to methyl alcohol from spirit dupii-
ators.”! exposures to methacrylate from copiers.”
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and expesures to suifur dicxide from a heating
system.™ Oczasionaily, a very specific heaith efect
&an aid (n the invesdgation, such as the ocaur
rence of derrnatitis from amines used in humidift

cation systems.*® The use of pest control agents,_.

such as chiordane, may aiso cause persistent
problems in office environments.&?

These problems can usuaily be idemfled by

inspecting the afected office area (e.g. copying
machines) and by questioning about cther uses of
chemicais in the building (e.g. pesticides, humid-
lfication agents). Environmentai and medicai test-
ing appropriate for that chemical can then be
conducted,

Contamination from cutside the buiiding

This classification (appraximately 10%) refers
to exposure to a chemical or other toxic substance
originating from a source outside the building,
Common exampies inciide motor veiticle exiaust
either from a pariing garage or losding dock
entering the building through the intake from the
verntilation system.*” Manty of these exposures are
“presumed” explanations that cannot be docue
mented at the time of the investigation. Although
the dispersal of substances through the ventilation
System may seem obvious, the compiexity of the
gystem may require the use of more sophisticated
techniques such as a racer gas to document the
problem.” Cther outside sources inciude nearby
construction activity which may genrerate suficient
exhaust fumes, dust, or other contauminanis o
cause complaints in nearby offices.*®

A few years ago, NIOSH evaiusted a dramatic
Case of outside contamination of an office build-
ing witen we discovered a 6-millicn-gailon under-
ground gasoiine spill while investigating irritative
symptoms among the office occupants.'! While
this may be viewed as unusual, there is concern

about the increasing number of underground
gasoiine tank leaks,

Contamination from the building fabric
Contaminstion from the building fabric (ap-
proximatety 5% of our evaiuations) refers to prob-
lems from the material used to construct the
building. While not included in our list of evaiu-
ations, asbestos {s obviously a major source of
concemn about indoor air quaiity. Other insulating
materiais are a common source of these probiems
because of thé reiease of substances such as

formaidehyde.”® Dermatitis due to flbrous giass
has aiso been a common probiem, usuaily after

_the fibrous giass insuiation has been disturbau

during some construction acvity.™

Hypersensitivity pneumonitis

This group (approximately 3% of our evaiua-
tions) refers to problems due to a hypersensitivity
reaction o microorganisms in the building en-
vironment Although nota common cause of ofice
probiems, the potential medical severity of this
condition and the difficuities in controiling this
probiem make it an important cause of office

probiems. MIOSiH's evaiuatons regarding this
problem will be discussed later in this volume.

Inacequate verzilation

By tar the iargest classification, this group makes
up approximately cne-haif of our compieted evai-
usdons, Cur determination of inadequate ventdla-
tion {s cormnmonty made after considering a num-
ber of iactors, including the absence of other
sources of contamination and the presence of
only vexy low levels of contaminants in our e
vironmerntai sampiing resuits, These, linked to the
widespread occurrence of non-specific sympoms
‘such as headaches, eye imritation, and upper
respiratory irritaton, suggest that an evaiuation of
the ventilation system masy be warranted,

The ewluation of vemntilation systems will be
discussed later. Our methods range from obtain-
ing specifications on the building ventilation sys-
temn 0 detailed air flow measurements, Both

approaches can present difficuities. information '
on the specifications of the ventilation system |is o
often not readily available from the building op- 18]
erators. Buildings with renovated vendiation sys- @

tem are often very difficuit to evaiuate because of
the piecemeai approach used in such renovation.
The ASHRAE guideiines for ventilation are usuaily
used for comparison.”** While one can question
the basis for these guideiines, we have found them
useful in evaiuating (AQ problems and for rec:
ommending corrections where there is a problem
because of inadequate ventiaton.

The pathogenesis of complaints or symptoms
Qused by inadequate ventilation is not clear, but
certain extreme situations have provided us with
some insight into the reiationship between such
compiaints and inadequate ventilation. In 1982,
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we conducted an evaiuation ata governmert cfics
building in Idaho with widespread compiaints
among the employees, Despite environmental
surveys stiowing nio significant comtaminant jevels,
the empicyees were moved (o another building,
CQur investigators found that the air intake for the
bullding had been covered with plastic one year
eartier, to prowect the air handling system from
airborne debris from Mount &t Helens, and that
this cover had never ‘besn removed, Removai
restored ntake of adequaty outdoor air to the:
building and ailowed reccgupancy without signif
leant problems.™® However, (n this situadon, no
eanironmental measurement indicated that there
was a probiem. (n general, we have not found any
environmental measurement o be usesui as an
Indieator of poor ventilation. However, it shouid be
noted that other investigaters have found carbon
doxide leveis useii for such evaluations.* " Low
leveis of muitiple contaminants are often present
{n these situations and are axrenty the best
explanatnon for the ccownrence of sympooms, The
patemn of contaminams prodably varies from
budlding to building, but we do not yet have
adequate measuremest techniques or adequate
knowledge !0 easily recognize this problem
through environmental sampiing,

Cirent evaiuation methods

Qur current approash to evaiuating office en-
vironment requests usuaily begins with a waik-
dTough evaiuaton by an industrial hygienisz, Prior
o this. we try to obtain background [nfermadon
on the history of the building design or consguc:
don and Ty to ensure that the buliding engineer
will be presemnt during the investdgatdon, During the
initial visit, we cbtin a history of complaints
arnong ofice occupants by interviewing as many
asis feasible. This is heipiu not only for identfying
the type of medical compiaints, but aiso for ob-
Qining a chronoioqy of the probiem and ascers
@ining the dme pattern of symptoms (atemoon
more than morning, ex.).

Potendai sources of contamination are {denti-
fled during the initial walk-through evaiuation.
Some will be obvious (e.g. copying machines),
while others may be {dentified onty after careful
quesdoning (e.g. pesticide spraying). We aiso
usuaily inspect the ventlation system for the par-
teular office area and attempe to understand its

rag ¢

commection to the system for the entire building.
Information on the congol of the ventfladon
system (outdoor afr irrtake reiative to temperature,
etre) (s 2iso chtained. Some environmental samp-
ling may be conductzd if a soures of contarmninadon
{s found or suspected, Some general air moniter-
{ng(e.g. croanics) may aiso be conducted, but this
is usuaily more heipfui to reassure the occurants
that the toxic substances'of concem to them are

not present {n any degree than {t i3 for identifica-
don of 2 probiem.

The probiem may be resoived during this initial

visit, but, [n some instances, more extensive ens’

vironmentl sampiing, a medical study, a vendla-
don assessiment, or some combinatdon of these
may De required. These may be necsssary either
to better |dendfy the source and extent of the
problem or o alleviate the concerns of the affected
empioyees, Once our invesdgations are complete,
ourfindings and recommendations are communi-
cated to the invoived partdes.

Future activities in indoor air quaitty
More research [mto office ventiladon and its

. effect on background levels of contaminants is

necessary to provide better guidelines for evalu-
ating and controlling indoor air quaiity problems.
Because of the nature of these exposures., 3 variety
of governmental agencies and private groups are
Involved [n this research effort. Recenty, e En-
vironmental Protection Agency, tte Consumer
Product Safety Commission, the Department of
Eneryy, the Department of Heaith and Human
Zervices, the Tennessee Vailey Authority, and sev-
erai other Pederal agencies formed a coordinating
committze on indogr air quailty research. This
committee will heip to coordinate Pederal gow
emment indoor air quality researcit. Already, an
Invernttory of IAQ-related research in the ederal
government has been prepared. These agencies
are aiso coordinating the planning of a possible
large nationai survey of indoor afr poilution and
related heaith problems.

While much of this effort and reiated research
may seem remote o investigating specific prob-
lems in office buildings, they may provide the
basis for better quideiines for evaiuating indoor
air quaiity and for necessary corrective steps. At
the same time. imperoved methods of assessment
are needed to evaiuate specific types of problems,
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MIOSt is anrently deveioping better methods for

assessing indoor afr quality (e.g. microorganism
levels, ventilation parameters, etx.), Other groups
are working on methods for other types of as-
sessments. Meanwhile, we will continue to evaiuate

Indoor air quaiity probiems and, hopefuily, con-
tinue to improve our efforts in these assessments.
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