'SCEMBER 1385, NATIONAL SAFETY AND HEALTH HEWS 132 (6) 371-38

(= e

31

2L

The Sick Building Syndrome:
What, It Is; and How To Prevent It

naires died from a mysterious

disease, eventually linked to
microbacteria flourishing in the
cooling towers of the victims’ con-
vention hotel in Philadelphia. A
total of 221 people were taken ill
by what was eventually named
Legionnaire’s Disease.

By October of 1978, more than
50 different strains of the pneu-
mophila concerned had been iden-
zified; they were found to be the
:ause of at least two dozen major
outbreaks of of illness character-
ized by pneumonia-like symptoms,
such as high fever, diarrhea, and
dizziness. The Legionella bacteria
were nurtured by the warm,
moist climate found in many cool-
ing towers atop commercial build-
ings. Outbreaks have since been
recorded in other U.S. cities and
throughout the world. Last sum-
mer, more than two dozen em-
plovees of the New York Times
were taken ill with Legionnaire’s
Disease at the newspapers head-
quarters in midtown Manhattan.

Legionnaires Disease is one of
the most distinctive and poten-
tially fatal of a host of infectious
diseases that are specific to
“tight”” or “sick’ buildings—su-
persealed facilities with air condi-
tioning and heating systems that
have become infested with harm-
tul microbial contamination to
such an extant that whole popula-
tions of those living or working
inside are harmed. Although se-

In 1976, 29 American Legion-
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Shown here is microbial growth in a
condensate tray of an inside air
handling unit.

lected researchers have been
aware of these potentially life-
threatening conditions since
World War II, they did not be-
come a major concern to govern-
ment officials, building and air
system designers and engineers,
or building operators until just
about a decade ago.

When the price of petroleum:
skyrocketed during the energy
crisis of the early 1970’s owners
and operators of all types of facili-
ties—from private homes to huge
skyscrapers and factories—had to
find a way to reduce energy costs
and conserve supplies. Most build-
ings in use at this time had win-
dows that opened and closed, in-
troducing comparatively large
quantities of fresh air from the
outside into rooms, corridors, and

staircases. This fresh air, hot or
cold, was considered one element
of a building’s heating and cooling
system. Thermostats in most
buildings were raised in the win-
ter and lowered in the summer to
provide maximum comfort for oc-
cupants without regard to energy
costs

When cost did become a major
concern, windows were perma-
nently sealed and weather-
stripped or replaced by riew,
super-insulated units. Insulation
was increased in older buildings
while new ones were designed
and built with inoperable windows
and high performance insulating
materials that minimized the en-
try of any unintended outside air
into the building. These features
necessitated elaborate heating,
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ventilating, and air conditioning
(HVAC) systems that utilized en-
ergy recovery components, air
washes, humidifiers, and complex
air flow mechanisms to keep the
environment within the sealed
building livable without losing hot
or cold air in the process.

William F. Heineman, an archi-
tect, compared the new, super-
sealed buildings to a space ship:
“Once we enter, we are com-
pletely dependent upon its sup-
port systems for survival. The
quantity and quality of the air we
breath is totally contained within
the system.” The air in such a
system is not only capable of pick-
ing up fungus and bacteria and
recirculating it throughout a
building, air-borne viruses and
“germs’’ from a worker’s cough-
ing or sneezing, as well as cigaret
smoke, is able to wander through
the system for hours before it es-
capes through exhaust vents.
Moreover, if air filters within a
HVAC system are not changed
regularly, microorganisms trap-
ped by the filter can multiply in
it, turning what should be a clean-
ing component into a source of
harmful contaminants.

Microorganisms or pathogens
and pollutants from building in-
habitants are not the only sources

of human health hazards in sealed
buildings, Some of the more cost-
efficient and effective insulation
and building materials now in use
are suspected of causing cancer.
Asbestos and formaldehyde-con-
taining foam insulation and parti-
cle board have become a major
concern for governmental health
inspectors and private building
owmers and operators. Also at
loose in the office environment
are other gaseous by-products re-
lated to human occupation: heat-
ing, cooking, power machinery,
and automobiles (in underground
garages) or in-plant vehicles using
carbon fuels emit a variety of
harmful gases, such as nitrogen
dioxide, carbon monoxide, carbon
dioxide, and traces of hydrogen
cyanide (a byproduct of some gas
cooking appliances). Each gas can
cause symptoms ranging from diz-
ziness and nausea to death.

Microbiological health hazards
are the most prevalent and pre-
ventable of the categories of po-
tential health hazards in super-
sealed buildings.

Government awareness One of
the first published studies con-
cerning indoor air contamination
was published in England in 1948.
A few scattered clinical and tech-

nical reports appeared in the
1960s and '70s, but the potential
health problems associated with
modern, supersealed buildings did
not become prominent until the
dramatic loss of life in Philadel-
phia in 1976.

Around this time, both govern-
ment agencies and professionals
in the air conditioning and heat-
ing industry were becoming
aware of the many insidious path-
ogens able to grow and multiply
in ducts, humidifiers, air filtering
systems, and in air conditioners
themselves, in almost any build-
ing. The sister agencies, OSHA
and NIOSH, are equipped to mon-
itor for bio-hazards. A

Government activity was in part
spawned by slowly accumulating
medical evidence of the effects of
indoor air pollutants on human
populations. One of the first medi-
cal articles on the subject was
published in the New England
Journal of Medicine—world-re-
nowned for its pre-science of
emerging medical problems.

NIOSH, crearted as a research
arm for OSHA, began publishing
recommendartions and guidelines
for builders and building opera-
tors in the mid-1970's. In 1976,
NIOSH published Criteria jor a
Recommended Stan-
dard...Occupational Exposure to
Carbon Monoxide; that same year
the agency published a study of
occupational health in hospitals
that focused on indoor environ-
mental elements. In 1977, NIOSH
published a second set of criteria
dealing with exposure to fiber
glass. Dr. Philip Morey, a NIOSH
hygienist, has projected himself
as an expert researcher and edu-
cator on the vast umbrella of top-
ics that are included under the
heading “indoor air pollution,” in-
cluding microbial building contam-
ination,

The EPA has also been aware
of, and involved in, educating it-
self and the public at large about
the hazards of indoor air pollu-

Bird nests and feces near air-han-
dling equipment can ensure that the
inside air of an air-tight building will

be contaminated. .
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Qutside air intake component of
these window air conditioning units
are covered with pigeon feces.

tion. In 1981, the EPA co-spon-
sored with the Department of En-
argy and six other governmental
.nd private organizations the In-
zernational Symposium on Indoor
Air Pollution, Health, and Energy
Conservation; that same year the
EPA also sponsored the develop-
ment and publication of a 537-
page compendium, Indoor Pollu-
tants.

One of the sponsors of the
EPA’s international symposium
-vas the American Society of
Jeating, Refrigeration, and Air
Conditioning Engineers (ASH-
RAE), which publishes ventilation
system design and operational
standards, as well as minimum
fresh outside air (OA) require-
ments. In 1977, ASHRAE pub-
lished Indoor Ventilation Stan-
dards, which provided a guideline
for many buildings constructed
uring the past eight vears. In
2981, ASHRAE updated those
criteria with Ventilation for Ac-
ceptable Indoor Awr Quality,
which, for example, calls for
higher OA ventilation where to-
bacco smoking is permitted.
OSHA is currently moving full
speed ahead to promulgate new
indoor air quality standards at a
faster rate than at any time in its
“istory, based largely on NIOSH
and ASHRAE research.

In 1983, NIOSH's Dr. Morey
presented a sampling of sick
building problems to a gathering
of the American Industrial Hy-
giene Association in Philadelphia.
The federal researcher is always
careful to point out that NIOSH is
more familiar with indoor pollu-
tion problems in federal buildings
c-cause they are usually called in
0 investigate, so whatever paper
work is generated is still avail-
able. Similiar private buildings
undoubtably have the same prob-
lems, but are not likely to make
the problems known to the public
Because of fear of lawsuits and
poor public image.

Some examples of sick buildings
‘rom NIOSH files are:
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¢ In 1982, 41 employees in a
seventh floor office suite in a fed-
eral building complained of head-
aches, muscle pains, chest tight-
ness, and nausea that persisted
during weekdays and dissipated
over the weekend. Investigators
found that repeated floods from
an eighth-floor cafeteria had
spawned microbial bloom in the
building space Hetween floors.
The office suite had to be com-
pletely refurbished.

* The older section of a federal
building complex that housed
1,500 workers was found to har-
bor microbial slimes in its air han-
dling units; three workers on the
buildings seventh floor fell ill due
to air-borne contaminants.

e In tHe mid 1970’s, the sand-
stone portion of an older building

“had to be gutted to its structural

components due to an outbreak of
hypersensitivity pheumonitis. and
was then rebuilt. However,
NIOSH was called back to investi-
gate a recurrence of the problem
in 1983.

¢ In a building where the air-
handling units’ fans were down-
stream from '‘chiller’”’ decks. stag-
nant water had spawned thick
layers of microbial slime. Im-
proper drainage of air-handling

units throughout the building
forced its abandonment in the
mid-1970’s. This was because the
filtration system in the building
was unable to remove microbes
after they aerolized into the build-
ing’s air supply. Before the build-
ing could be reoccupied. in Mor-
ey’s words, “‘every ceiling tile
every piece of carpet, the entire
heating, ventilation and air condi-
tioning system was totally re-
moved from the building and the
structure was rebuilt.” When the
building was finally reoccupied in
1980, 31 new air handlers had
been installed. Again, however,
NIOSH officials were called back
after reports of the same type of
symptoms workers experienced
when the building was first
closed.

* In another government build- O
ing, asbestos had combined with 2%

microbial contaminants in the 2

-

building for a double whammy. At

the same time, investigators dis-
covered that fragments of asbes-

tos had broken off of pipes and I3
beams and entered the building’s -3 ¢
air supply, air directional vanes to _
the building’s cooling tower were .
found to be coated with brownish - =

microbial growth, and a layer of

the cooling tower reservoir. Air
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handling units serving the cafete-
ria likewise contained brownish
green slime in and around the
condensate tray.

NIOSH recommends that stag-
nant water in air handling equip-
ment and cooling tower reservoirs
not be allowed to exceed 100 to
1,000 bacteria per milliliter of wa-
ter. Bacteria levels in this build-
ing were at approximartely 1.2
million colonies with fungi at 500
colonies per milliliter of water.

Cause and effect The vast major-
ity of microbial contamination is
caused by stagnant water and dirt
built up in systems that are not
regularly cleaned. Dr. Morey’s de-
scriptions of the combinations of
these two conditions are very tell-
ing:

* Wooden supports between
two floors of a building covered
with slime;

¢ Leaks from the roof produc-
ing ‘‘incipient stalactites” hang-
ing from the structural surtaces;

* Plates from a fan pushing air
through the ventilation that are
covered with a dark green slime;

* A deep pool of slime covering
a stagnating drainage pan under-
neath the air conditioning unit;

¢ A roof-top cooling bank that
resembles a large microbial cul-
ture plate or petri dish.

As has been indicated previ-
ously, cleaning out contaminated
elements in a building isn't always
a permanent solution. Structural
defects may be just as responsible
as simple neglect in the occurence
and reoccurence of dead building
syndrome.

An elementary school in a com-
munity outside Washington, DC
had recuring microbial contamina-
tion for several years. Water
leaks through walls, windows,
around doors, and around roof
and foundation, combined with
high humidity within the struc-
ture, gave rise to phenomenal mi-
crobial contamination in many
area in the school.

Teachers working in the build-
ing complained of unusually fre-

quent health problems, such as
pneumonia, upper respiratory in-
fections, allergic rhinitis, allergic
asthma, as well as hyper-sensitiv-
ity pneumonitis. Although teach-
ers conceded that such problems
oceur with varyving frequency
throughout the year, most agreed
that they became worse when the
teachers entered the building. In
addition, teachers and pupils com-
plained of watering eyes and
moldy textbooks.

At the end of 1984, four teach-
ers at the school filed claims with
the state’s Workers’ Compensa-
tion Board with the hope of get-
ting paid for some 350 sick days. .
Parents concerned with the per-
sistent microbial-related illnesses
finally demanded that the school
take drastic measures to correct
the many problems rooted in the
excess water present on the build-
ing site. Examples of the prob-
lems included: dust. spider webs,
and insects in the fresh air return
ducts; grayish-black particles in
the insulation for the plenums be-
tween floors; slime growing at the
base of coils and on the steel
frame supporting the air system
coils; a colony of flying insects
found living in an air-conditioning
unit; drains clogged with micro-
bial growth throughout the build-
ing.

A consulting group recom-
mended that the school clean all
parts of the air system possible
with blasts of hot water and an-
anti-microbial solution. All air fil-
ters had to be replaced and were
to be replaced regularly. Carpets
saturated with mold and mildew
were to be removed if they could
not be completely dried and disin-
fected.

Most significant of all, however,
school officials were told that
these problems would not be elim-
inated until extensive run-off sys-
tems were built around the
school. The facility was built on
low-lying land that trapped
ground water from the surround-
ing areas. Moreover, its air sys-
tems were all located underneath

" the school. Unless this stagnating

water was routed away from the-
building’s foundation, the prob-

lems mentioned could come back
again and again.

Building contamination usually
falls into two broad categories:
microbial bloom allowed to take
root and run amok due to poor or
non-existing maintenance of the
HVAC system; problems caused
by ineffective design and equip-
ment. The former category is pre-
ventable and the latter can be
permanently corrected, although
often at great expense. Of course,
the clean up and preventive main-
tenance needed to deal with mico-
bial bloom can be quite expensive,
depending on the size of the build-
ing, its design, and the climate
where it is located. Aside from ig-
norance, the expense associated
with cleaning up the “sick build-
ing syndrome” is the greatest
stumbling block facing industrial
hygienists, government inspec-
tors, and professionals in architec-
ture and the HVAC industries.

In supersealed buildings, HVAC
systems are the lifeline for the oc-
cupants—duplicating nature by
taking out the bad air and pump-
ing in the good. Unrortunately, as
one professional, commentator
put it: “‘It may be that we have
overestimated our technological
skill at reconstituting the com-
plexity of the natural environ-
ment.”” Studies conducted by
NIOSH have shown that the air
inside many sealed buildings is as
much as 30 times more polluted
with gases. cigaret smoke. and
microbial flora as the air outside
on a typical week day in many cit-
ies.
Air filters for HVAC systems
collect the muititude of particles
and gases and supposedly prevent
them from circulating throughout
a building. But when those fiiters
become clogged, or if they are not
fine enough to catch all the sub-
stances coming through, these fil-
ter systems themselves can be-
come a breeding ground for the
contaminants they are designed
to contain.

One thing that continually leaps
off the pages of the research pa-
pers addressing microbial contam-
ination, is moisture incursion into
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occupied spaces. Higher than nor-
mal levels of carbon dioxide,
lower levels of oxygen, and tem-
peratures within the human com-
fort zone create an ideal environ-
ment for microbial life to flourish.
These ideal conditions occur most
srequently in and around HVAC
:nits — condensation trays are
notorious breeding grounds, as
are areas around humidifiers and
air washes. Unfortunately, this is
also where air is picked up and
pushed through the duct system
by fans that may be eventually be
covered by slime themselves.

Another major contributor to
systemic building contamination is
:he inefficiency of the HVAC sys-
zem itself. Most HVAC depend
upon a mechanism of blowers to
ensure that air flows evenly in
and out of a building. Yet conven-
tional fan motors often are not ca-
pable of varying their speed more
than 50 per cent in response to
changing air conditions. Negative
or positive air flow into and out of
a building may vary as much as
30 per cent, depending on the
semperature and wind conditions
outside, amount of activity inside,
and the placement of intake
Zucts. It is not uncommon to find
a negative air pressure situation
inside a building that causes air
top flow out from all openings—
with little or no fresh air able to
fiow in.

Moreover, it is often difficult
and expensive to checkout compo-
nents of an HVAC system regu-
larly to make sure that everything
is working. Building maintenance
workers seldom have the mechan-
ical background to examine or re-
pair a faulty blower or humidifier.
Many do not even change air con-
ditioner filters regularly, or check
drainage pans for clogging. Tak-
ing on the simplest HVAC main-
tenance tasks or calling in a re-
vairman is seldom contemplated
unless it is absolutely needed, a
viewpont again due to costs.

One of the first companies to
make its mark cleaning up con-
taminated ouildings is Blackmun-
Mooring of Texas. It focuses on
private residence problems and
natural disaster clean-ups more

This borescope photograph shows
a rag and microbial growth in stag-
nant water inside a condensate tray.

than industrial or office fumiga-
tion, aithough the company is
aware of the need for this type of
preventive maintenance. ‘“When
you have a member of someone’s
family who can’t inhabit a new
house because that person is asth-
matic and the house is full of ani-
mal hair or some kind of mildew,
it's a fairly clear-cut need,” ex-
plains a company founder. “But
when it comes to a large building
with fans. humidifiers, ducts, etc.,
they just don't want to hear about
maintenance charges.”’ Natural
disasters and contamination from
asbestos or PCPs are more tangi-
ble and serious, making clean-up
almost imperative, he said.

“It’s sad to admit it,” he said,
“But it takes a drastic event to
make people realize there are cer-
tain kinds of maintenance work
that must be done.”

In the case of the sick building
syndrome, those drastic events
have included outbreaks of Le-
gronnarre’s Disease and episodes,
such as the one at the suburban
school, that have resulted in law-
suits on the part of victims of the
microbial flora: Now another
drastic event has turned the na-
tion’s attention to the cleanliness
of its buildings and living spaces—
Acquired Immune Deficiency Syn-
drome (AIDS). While health offi-
cials and physicians continue to
repeat that the viral agent re-
sponsible for AIDS cannot be
transmitted by casual contact,
paranoia of catching as yet this
incurable (and nearly always fatal)
disease has spread quickly
throughout the U.S. Janitorial
services are asked whether their
product is effective against AIDS.
Apartments, hotel rooms, surgery
suites, and hospital beds that may
have been used by AIDS victims
are being scoured before they are
used again.

Thus the question now starting
to appear most often in conversa-
tions and in print on the subject
of building maintenance is not
“What's wrong with my build-

ing?”’ but “What do I do about mi-
crobial contamination?”’

Clean-up and prevention There
are three perspectives to dealing
with sick building syndrome: Con-
tamination clean up, preventive
maintenance, and preventive de-
sign.

Asbestos, PCBs. and where pos-
sible, certain formaldehyde-con-
taining insulation must be re-
moved where they are found in
amounts above OSHA limits. In
many cases, (in all cases of PBC
contamination) workers are evac-
uated until the job is done.

With microbial contamination,
often times workers must stay
away because the cure is worse
than the disease. Following are
basic steps to take where micro-
bial contamination has been dis-
covered in the HVAC system as
well as other areas of the build-
ing.

* Replace all dirty air filters.
Consult with a specialist in HVAC
systems to determine which grade
of filter is required to screen out
adequately the majority of harm-
ful particulate marter coming into
and circulating in the building’s
air system.

* Empty all condensate drain-
age trays. Clean them thoroughly;
then apply an etffective anti-micro-
bial to eliminate any possibilty of
retrenchment by microorganisms.
Thoroughly clean every accessible
element of the atfected building’s
HVAC system with hot water
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wherever possible; then treat with
an effective antimicrobial. Any
equipment from which microbial
organisms cannot be removed
should be replaced, because the
problem can reoccur from a mini-
mal presence of live bacteria or
tungi.

Condensate trays that have
been thoroughly cleaned and
whose drainage systems have
oeen completely unclogzed and
treated with an antimicrobial so-
lution should be rinsed, then repo-
sitioned so that water will not
stagnate in them. Stagnation is
the most common instigator of
microbial contamination prob-
lems, [t is strongly recommended
that these pans be checked fre-
quently for stagnating water and
clogs, and that care be taken to
drain them if the HVAC system is
to be shut down for any length of
time, such as over a weekend.
The angle of the pan should be
such that water cannot collect,
and stagnate and the drain should
he clog tree.

A recent study conducted by
protessionals in the industry indi-
cated that water samples arter an
eight-hour shut down showed bac-
teria levels higher than those nor-
mally experienced in chemically

treated cooling towers.

It must always be kept in mind
when cleaning any of these seg-
ments of the central unit of an
HVAC system that any microbial
growth living there is automati-
cally biown into a building’s air
supply by the fan mechanisms of
the unit.

e Use hot water wherever possi-
ble to clean microbial growth off
of condenser coils and other
HVAC locations, including system
casings, tubing, wires, etc. Treat
all contaminated surfaces with an
effective microbial solution.

e Swab down all suspected
ductwork with an antimicrooial
solution. Also treat any accessible
interior spaces with an effective
antimicrobial solution.

e Remove materials and treat
involved open areas if a surface or
interior area, such as above ceil-
ing panels or behind a wall, are
found to be infested and cannot
be cleaned. There are many
NIOSH case studies where ceiling
tiles, walls, and even floors have
had to be removed from buildings

" _with severe microbial contamina-

tion. Removal is costly, however,
and should be resorted to only af-

A nest and a dead bird in the fresh
air intaké makes this air conditioner
a carrier:of microbials.

ter consultation with a competent
professional.

* Carpeting and furniture, in
general, can be treated with anti-
microbial solutions and reused af-
ter a thorough airing. If, how-
ever, carpeting in particular has
been overwhelmed by microbial
growth or cannot be dried prop-
erly, it should be discarded.

» Check out all equipment in.the
HVAC system to make sure it is
fully operational after the cleanup
has taken place. All drains should
be kept in working order.

This type of cleaning process is
made difficult by two scarce re-
sources: knowledgeable help and
an effective antimicrobial solu-
tion. In earlier incidents of severe
microbial contamination, work
crews have resorted to the tradi-
tional hot water and bleach. How-
ever, bleach is a caustic substance
that can burn eves, skin. and
nose, and thus is not considered
safe for work crews or buildings
where the evacuation of people
must be minimized.

By the same token, many heat-
ing and air conditioning installa-
tion companies do not know how
to cope with microbial infesta-
tions, which may only tangentially
involve the HVAC system in a
building. The most practical way
of locating a competent microbiol-
ogical decontamination specialist
is to begin with HVAC system in-
stallers; then contact a local EPA
or OSHA office for advice. Asa
last resort, the NIOSH office lo-
cated at Washington, DC, will
send investigators to do air sam-
plings and quality studies when-
ever possible.

While traditional quaternary
ammonia compounds and phenol-
based germicides have been pro-
moted for this type of decontami-
nation jobs, their low-level effi-
cacy and intermittent perfor-
mance have thrown doubt upon
their ability to eradicate stubborn
mold, mildew, and bacteria effec-
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tively. Moreover, most quats and
phenols perform very poorly
against the tough viruses that
many people fear, such as the
causal agents of hepatitis, AIDS,
severe colds, and flu.

For this reason, industrial hy-
Fenists have recently turned
“neir attention to a new class of
tisinfecting solutions based upon
giutaraldehyde — a synthetic
chemical that is a distant, tamer,
more efficacious relative of form-
aldehyde. It is so potent, yet
gentle, that glutaraldehyde is
used throughout hospitals, doc-
tor’s offices, commercial laborato-
ries, and in large industrial facili-
ties to sterilize or disinfect every-
--iag from delicate fiberopric sco-
2=5 to the walls of pharmaceutical
tacilities and industrial respira-
tors.

Glutaraldehyde-based solutions
are, however, smelly. None were
recommended, until the past few
years, as a surface decontaminant
because the smell of the chemical
could last for hours and burn the
aves and nose, even though it
“ses a dependable job of broad
:pectrum decontamination. How-
ever, One company has recently
begun promoting what it calls the
“original tamed glutaraldehyde."”
The product, called Wavicide-05
(some trade names are Steama-
cide, BUF 625, and MC25), has
virtually no odor at its recom-
mended use, and is described as
strong and potent against micro-
~rganisms that flourish in the
dark, moist atmosphere of a build-
ing’s or cooling tower’s infra-
structure.

Two more new chemical disin-
fectants being promoted as sur-
face decontaminators are are sold
under the brand names of LD and
EXSPOR. Their formulation is
pased on a mixture of sodium
chlorite and organic acid with wa-

L3y,

Preventive maintenance Any vet-
eran building operator who has
had to eradicate a stubborn case
of sick building syndrome knows
that an ounce of prevention, in
such a case, may be worth tons of
the cure. Preventive measures

that have been recommended by
experts in the field include:

* Keep hot water supply tem-
peratures above 120 degrees F.
At that temperature, and slightly
below, bacteria incubate. Before
energy conservation came into
vogue, hot water supplies used to
be kept at 140 degrees F., which,
if nothing else, inhibited the '

growth of many of these microor-

ganisms

* A1r handling packages, either
built up or rooftop, are supported
on concrete curbs that usually
have no means of draining. Stag-
nant water can often come
through the surrounding mate-
rials and introduce bacteria into
the HVAC systems and building
materials. These areas must be
sealed with water-proof treatents
and provided with a draining sys-
tem to keep water from standing.

* Relative humidity should
never be above 70 per cent at any
time. Unfortunately, most com-
mercially available sensors that
operate for more than a few days
falter. Though very few humidity
sensors are calibrated to the Bu-
reau of Standards’ figures, build-
ings that appear prone to micro-
bial slimes, mold, and mildew,
should have one that has been in-
stalled and checked frequently.

e Air washers that use recircu-
lating water systems should be
abandoned.

o Humaidifiers should use
steam, (not boiler steam!) as a wa-
ter source, not recirculated water.

e Spray coil systems should be
abandoned. These are most com-
monly found in the southern
states

e Find out if the building uses
fan-coil and heat pump units. This
type of of unit uses systems of
fans that recirculate conditioned
air through a secondary system.
This is the type of system that
uses draining pans under the
coils, and these may become a
source of biological pollution.
Coils, pans, drainage systems,
and duct work must be kept clean
and free flowing at all times.

¢ Air filters should have prop-
erly rated dust spot efficiencies;
pleated glass fiber filters should
be checked regularly for disinte-
gration and possible glass fiber
pollution.

* After the energy crisis of the
1970s, some building operators
resorted to spraying water on the
roofs of their buildings as an inex-
pensive way to cool that space.
Where this is done, the remaining
water must be disposed of when-
ever possible to prevent microbial
bloom in the stagnant water.

* The previously mentioned
checking should be done with
cooling towers on the roof and
elsewhere in the building where
intake ducts are located. Micro-
bial bloom located near these
ducts is a sure and swift way to
introduce mold, mildew, and bac-
teria into the building.

Preventive design Perhaps the
most significant accomplishment
of air system designers during the
past 15 years is the realization
that the systems now in use
aren't doing what many thought
they would be able to do. Design
innovation on a practical level to-
day starts with several basic ele-
ments:

* Chose an HVAC system that
fits the building size and use an-
ticipated;

o Allow for a generous number
of intake and outtake vents.

* Fit the HVAC system with
regulating generators that are
flexible enough to adjust to the
varving air pressures they will be
subjected to by intake and outake
vents.

e U'se only steam humidifiers—
not recirculated air humidifiers.

e Prefilters should be used to
clean the air prior to passage over
higher efficiency filters.

e A preventive maintenance
program, must be instituted at
the very installation of any sys-
tem with provisions for regular
inspection of drain pans, filters,
and any area of the HVAC that is
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accessible, and might fall prey to
microbial infestation.

e [ntake vents should be located
where they will receive the larg-
est supply of fresh air. That
means away trom cars or facto-
ries, as close as possible to any
natural tlora.

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,
HVAC 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-

age trays, and condenser coils on
a regular basis.

As one safety engineer, who
wished to remain anonymous, put
it, “When it comes to the possibil-
ity of population-wide 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.” Q

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 Management Sys-

tems, 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.
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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, orfice of OSHA be-
fore joining Reading Alloys.

Sick Building Syndrome
Sources of Building Contamination

By David E. Custer

4 Jhere are many sources and
4 causes of indoor air pollu-

a. tion.

Improperly designed and main-
tained HVAC 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 (HVAC) can cause allergic re-
actions that result in inflamma-

ion of the nose (allergic rhinitis),
the airways and alveolar spaces
(allergic asthma), or alveoli and
bronchioles (hypersensitive pneu-

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

HVAC systems filter incoming air
to reduce levels of air-borne par-

1

t

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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