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accessible, and might fall prey to 
microbial infestation. 

• Intake vents should be located 
where they will receive the larg
est supply of fresh air. That 
means a way from cars or facto
ries, as close as possible to any 
natural flora. 

Dr. Morey has pointed out that 
of the 100 or so buildings sampled 
each year by NIOSH, only a small 
percentage are determined to 
have serious health problems. 
What is of more concern, how
ever, are privately owned build
ings whose owners have had unre
ported outbreaks of "humidifier 
fever" and even Legionnaire's 
Disease. 

The severity of the problem de
pends upon the age, location, 
HV AC system, and maintenance 
program of the building. Govern
ment and industry professionals 
alike have pushed for elimination 
of inadequate systems that breed 
and then cannot recapture air
borne microorganisms, as well as 
programs to check filters, drain-
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age tray.s,.and:con'Wpser coils on 
a regular basiS.- · · -

As one safety engineer, who 
w\~bed(tq)remain anonymous, put 
~t, . :·~~ ~o~~ tQ·~;possibil-
1ty of"poifilfuttt>~' health prob
lems that you as an operator 
could be held responsible for, an 
ounce of prevention is worth more 
than your weight in gold." n 

VIRGINIA 
BISHOP is the 
marketing direc
tor of Wave En
ergy Systems, a 
New York City-· 
based research 
and development 
company special
izing in advanced 
microbiocidal so

Bishop lutions and steri
lizing systems. She graduated Magna 
Cum Laude from the Drake Univer
sity School of Journalism and worked 
as a health and science reporter be
fore joining Wave Energy Systems in 
1982. 

DAVID CUSTER is vice-president 
of Environmental )fanagement Sys-

terns, Inc. (EMS), Washington, DC, 
an industrial hygiene consulting firm 
that specializes in identifying and 
solving problems associated with in
door air contamination. During the 
last three years EMS has conducted 
investigations of building contamina
tion in 150 facilities along the central 
east coast. 

Custer Vogel 

ROBERT VOGEL, corporate 
safety and health director for Read
ing (PA) Alloys, Inc., and Aluminum 
Alloys, Inc., began as a temporary 
worker in District 25 of the Office of 
Workers' Compensation Programs, 
Washington, DC. He also worked in 
the Health Program of the Wilkes
Barre, PA office of MSHA, and in the 
Harrisburg, PA, office of OSHA be· 
fore joining Reading Alloys. 

Sick Building Syndrome 

Sources of Building Contatnination 
I 
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There are many sources and 
c'.3-uses of indoor air pollu
t10n. 

Improperly designed and main
tained HV AC systems have been 
found to be a major cause of in
door air contamination. 

Inhalation of microbial contami
nants that have been able to enter 
and breed within a heating, venti
lation, and air conditioning sys
tem (HV AC) can cause allergic re
actions that result in inflamma-· 
tion of the nose (allergic rhinitis), 
the airways and alveolar spaces 
(allergic asthma), or alveoli and 
bronchioles (hypersensitive pneu-

I. I I -:::r; I 

monitis). The aerodynamic diame
ter of particles determines where 
they will be deposited within the 
human respiratory tract. Particles 
whose aerodynamic diameter is 20 
microns or more, and half the par
ticles down to five microns are de
posited in the nose and upper res
piratory tract. The respirable 
fraction involves particles such as 
bacteria, mold, and fungi that are 
four microns or less and deposited 
in the bronchi and alveoli. 

Filters Fresh air intakes for 
HV AC systems filter incoming air 
to reduce levels of air-borne par-

By David Et_Quster 

ticulates entering the building. 
Many buildings use low efficiency 
filters that allow many particu
lates to enter the system. These 
particles themselves can cause 
respiratory irritation, and when 
deposited in ductwork can them
selves multiply as well as serve as 
a breeding ground for other mi
crobial growth and contamination. 

Location of air intakes Many air 
intakes are located in or near un
derground garages, in alleys, or 
near loading docks, where high 
concentrations of carbon monox
ide can be drawn into the ventila-
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tion system. A condominium 
dweller in Chicago is suing his 
building's owners for building 
code violations that allowed so 
much carbon monoxide from a 
basement garage to enter his 
condo that the inhabitant devel
oped high blood pressure and se
vere chest pains. 

HV AC system shutdowns In or
der to reduce operating costs, 
HV AC systems are often shut 
down in the early afternoon and 
not reactivated until mid-morning 
the next day. These same systems 
are usually shut down through the 
\':eekend as well. This inactivity 
:·;llows humidity and condensation 
to build up, promoting the growth 
of bacteria, mold, and fungi. 

Reduced fresh air intake Cost
conscious building operators may 
also reduce or eliminate the intro
duction of fresh air for periods of 
time. Air within buildings where 
this is done is continually recircu
f~ted without being mixed, or "di
luted" with clean outside air. Be
cause fresh air also helps to main
tain a comfortable temperature 
range in buildings, the absence of 
this element keeps ductwork 
warmer - levels of contaminants 
rapidly increase. 

HV AC systems inadequacies As 
one professional commentator put 
:t, "It may be that we have over
estimated our technological skill 
at reconstituting the complexity 
of the natural environment." 
HV AC systems components often 
lack the flexibility to react to 
changing air pressure conditions 
within a building. Fans may cre
ate an exhaust system that sucks 
"used" air out without allowing 
equal volumes of fresh air in. 
HV AC components, buried within 
a building's infrastructure, may 
operate at reduced capacity or not 
at all, and are not discovered or 
repaired due to the difficulty of 
getting to them. 

Condensation from cooling coils, 
if not properly drained, provides 
an ideal medium for the prolifera
tio.n of bacteria, mold, and fungi. 

Common Indoor Pollutants 
Asbestos-a known carcinogen (acoustical tiles, air duct or pipe insula· 

ti on). 
Carbon dioxide-from people. 
Carbon monoxide-from parking garages, hot water heaters, boilers, etc. 
Consumer products-plastics, paints, solvents, artificial fibers, cleaners, 

bleaches, disinfectants, deodorizers, and 0ther substances all emit air 
contaminants either through evaporation or "out gassing." 

Formaldehyde-used as a sealant in furniture, fire-retardants, foam in
sulation, coatings on paper, and numerous other building materials. 

Methanol-from duplicating machines. 
Nitropyrenes-found in one type of photocopier toner (in March 1980, the 

formula was changed to reduce the nitropyrene content significantly). 
Ozone-emitted from photocopy machines. 
Polychlorinated biphenyls (PCBs)-from water-proof adhesives, carbon

less paper, and various plastics. 
Radon-found in buildlng materials derived from soil and rock (a partic

ular problem in the Denver area). 
Trlchloroethylene (TCE)-found in correction fluids and attributed to at 

least four deaths. 
Trlnitrofluorenone (TNF)-found in copy machines. 
Vinyl chloride-a known carcinogen and found in most plastics; it is also 

known to cause ulcers and chronic bronchitis. 

If condensate trays are not prop
erly sloped to allow gravity drain
age, or if the drains become . 
clogged - both conditions that 
are quite common in dead build
ings, water stagnates and be
comes highly contaminated. As 
air is drawn over the contami
nated water at high velocity, or
ganisms are aerosolized and dis
tributed throughout the ductwork 
into occupied ~eas. This is, by 
far, the most common source of 
microbial contamination in build-
ings. 

Humidifiers If not properly main
tained, humidifiers can become an 
ideal breeding ground for micro
bial flora. Water in most humidifi
ers is continually recirculated. 
Anything growing in it has ample 
opportu'nity to spread throughout 
occupied areas. 

Variations in humidity High hu
midity within a building can affect 
building materials, vapor concen
trations, and bacterial growth. 
Low humidity can cause air-borne 
particles and vapor to irritate the 
eyes, nose, and upper respiratory 
tract. In buildings with high mois
ture, bacteria, mold, and fungi 
can grow on virtually any surface. 

NIOSH Division of Respiratory 
Disease Studies has conduced en
vironmental studies of "dead" of-

fice buildings. They concluded 
that as relative humidity rises 
above 70 per cent, fungal spore 
germination and proliferation are 
greatly accelerated by the in
crease moisture content of or
ganic substances. 

High moisture in the indoor envi
ronment promotes a greater re-
lease of formaldehyde from the 
formaldehyde-based resins used inJ::: 
many wood products and fabrics. 2 
Formaldehyde-based materials in- C\l ,: 
elude carpets, office furniture, Cl) ' · · 

draperies, and laminated wood ~ 
products. In small concentrations A:" · · 
formaldehyde can irritate the ' ' 
eyes, nose, and upper respiratory a'3 
tract. Formaldehyde is currently (.) ' 
being investigated as a potential · ;;: ···j 
carcinogen. · 

(]) 

Cigaret smoke is a major source U] 
of contaminants in bu'ldings. ~1 

There are two types of exposure . ::: 
to cigaret smoke - smokers wh0 ~) 
inhale mainstream smoke, and ~ 
non· (or passive) smokers, who in- :"3 < 

hale sidestream smoke. Cigaret C"' 
smoke contains more than 2,000 Cl) 

compounds - many of which are ..r:'. 
carcinogenic. ~ c-

While the health hazards ciga
rette smoke poses to smokers has 
been well documented, only re
cently has research been focused 
on passive smokers. The National 
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Cancer Center Research Institute, 
at Tokyo, found that incidents of 
lung cancer were three time 
greater among wives of smokers 
than among wives of non-smok
ers. The EPA has concluded that 
sidestream cigaret smoke results 
in 500 to 5,000 deaths per year in 
the non-smoking population. 

Asbestos This naturally occuring 
fibrous mineral is fire-resistant, 
durable, and has excellent insulat
ing properties. Because of these 
characteristics, asbestos was used 
in construction materials such as 
thermal and acoustical insulation, 
cement products, plaster, ceiling 
tiles, and vinyl floor tiles, as well 
as in spray applications for fire
proofing. 

A fairly common, but poten
tially hazardous, use of asbestos 
was in preformed asbestos duct
work. The material is tan-colored, 
similar to cardboard in structure, 
and can contain about 75 per cent 
asbestos. As the ductwork ages, it 
deteriorates, causing delamina
tion of the interior surface. As air 
passes through the ductwork, fi
bers are released and carried by 
the supplied air to occupied 
spaces. 

Since installation of asbestos for 
all these applications, it has been 
found to be highly carcinogenic. 
Inhalation of asbestos has been 
found to cause the lung disease, 
asbestosis, lung cancer, cancer of 
the chest and abdominal lining 
(mesothelioma), and cancer of the 
esophagus, stomach, and colon. 

Who is to blame for allowing 
this fiber to become so intrinsic a 
building material? 

Who will be responsible for its 
removal from buildings? 

Who will be accountable for the 
buildings and interior spaces that 
must be torn apart or abandoned 
due to its presence? Who bas the 
responsibility for tracking down 
all asbestos-laden building mate
rials around the country? 

Who must ultimately pay for 
the physical damage to humans 
caused by asbestos? 

All these questions are hotly de
bated today. 
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Partial listing of. air-borne diseases, microorganisms, and toxic 
substances that have been found in buildings. 

Actinomyces Diseases of unknown Meningococcal 
thermophilla etiology meningitis 

Air-borne lead H istoplasmosis Micropolyspora faeni 
poisoning 

Air-borne phenol Hypersensitivity Pseudomonas 
poisoning pneumonia aeruginosa 

Aspergillosis fungus Influenza Psittacosis 
Bizarre case of air- Inhalation anthrax Pulmonary 

borne rabies tuberculosis 
Brucellosis Klebsiella Smallpox 
Coccidioidomycosis Legionella Staphylococcal and 

pheumophila 
Coxsackie Lymphocytic streptococcal 

choriomeningitis pneumonia 

Ozone Photocopiers used in al
most all offices produce ozone. 
Ozone is a sweet-smelling gas 
formed by the reaction of atmos
pheric oxygen with high electrical 
vQltage. The oxygen becomes 
electrically charged, and it can be 
highly irritating to eyes, skin, and 
the upper respiratory tract. Elec
tric air cleaners are another 
source of ozone. 

When exposed to concentra
tions of ozone of 0.5 ppm or more, 
individuals become more suscepti
ble to respiratory infections. At 
one or two parts per million, 
ozone causes headaches, chest 
pains, and dryness in the upper 
respiratory tract. 

Polychlorinated Biphenyles 
PCBs have been found to be in
door as well as outdoor contimi
nants. They are used in closed 
systems, such as transformers, 
capacitators, and other electrical/ 
cooling applications. They are also 
found in nominally closed systems 
that use hydraulic fluids and lubri
cants, and for open applications in 
plastics, water-proof adhesives, 
paints, inks, dyes, pesticide ex
tenders, and carbonless copy pa
per. 

There have been several well
known incidents in recent years 
where PCBs were introduced into 
a building's HVAC system after 
and electrical transformer con
taining PCBs exploded or burned. 
These buildings had to be com
pletely isolated and abandoned 
due to the destructlf~ ~~~ 9~ : 

this substance. 
PCBs are virtually non-degrada

ble and can enter the body 
through the skin, by inhalation, 
and through ingestion. PCBs are 
toxic and can irritate the eyes, 
skin, nose, and throat. In suffi
cient quantities they can cause 
liver damange and are known car
cinogens. 

Electro-magnetic radiation Tele
vision sets, microwave ovens, 
video display terminals, satellite 
telecommunications, and certain 
types of electrical equipment aJl 
emit electro-magnetic radiation. 
In sufficient intensities, electro
magnetic radiation can cause cat
aracts, genetic mutations, and 
other adverse health effects. The 
exact cause and effect relation
ship between this radiation and 
the harm done is currently being 
researched and debated. 

Radon This radio-active gas is 
produced by the decay of radium. 
Radium occurs naturally in rocks 
and soil that is commonly used in 
building materials. Radon gas is 
emitted from these materials and 
the ground beneath and surround
ing buildings. Upon entering the 
indoor environment, its inhalation 
can cause cancer. A recent survey 
showed that a significant number 
of homes have radon levels that 
expose their inhabitants to the 
same risks as smoking 40 to 60 
cigarettes per day. One EPA offi
cial estimates 10 per cent of all 
lung car.cer deaths can be at
tributed ~o ~ado~. p 
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