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Many reports, most not published, are available of
investigated epidemic outbreaks of building associated illness
occurring in sealed, air conditioned public buildings. Many of
the outbreaks have occurred in hospitals where potential or
severe air quality problems exist. Information contained in
these reports has included hygiene measures, indoor air quality,
health and occupant comfort.

We have coded and stored this detailed information from
about 200 such studies in a computerized building performance
data base (BPD) as an analytical tool to explore antecedent
conditions of building related illness. We have already reported
a number of findings extracted from that data base. Here we
analyze 16 reports of studies of hospitals and laboratories,
included in the data base.

Unlike office buildings, most investigations of suspected
building associated illness occurring among patients and
personnel in hospitals have established a clear-cut cause.

Table 1 shows median levels and ranges of anaesthetic
gases, of sterilization agents and of other substances measured
in the air of 16 hospitals. The first column lists the
pollutant, the second gives the median value. The third column
shows the number of reports from which the median value was
derived and the last column presents the range of values at
which the pollutant was measured.

Table 2 presents a compilation of government standards
regulating occupational exposure to chemical air contaminants
found in hospitals and laboratories. The first column lists the
pollutants for which standards exist. The next two columns
present the exposure standards in the U.S. which have been
adopted by the National Institute of Occupational Safety and the
Occupational Safety and Health Administration. The last column
provides information regarding exposure standards set by other
countries if they are different than those accepted by NIOSH or
OSHA.

Comparison of Tables 1 and 2 show that not all substances
exceeded occupational exposure standards. Enfluorane, measured
at a median level of 1.44 mg/m3, was well below the NIOSH
standard of 15.1 mg/m3. Formaldehyde was not detected at all or
detected in levels well below the NIOSH standard of .8 ppm.
Aromatic hydrocarbons, including ethyl benzene (median 8.14
mg/m3), toluene (median 4.5 mg/m3) and xylene (median 58.2
mg/m3) all were measured below both NIOSH and OSHA standards.

However , median levels reported for the anaesthetic nitrous
oxide (67.5 ppm), and for the sterlization agent ethylene oxide




(147 mg/m3) exceeded both NIOSH and OSHA standards of 25 ppm and
0 mg/m3 respectively, while reported median levels for the
anaesthetic halothane (5.2 mg/m3) exceeded the NIOSH standard of
.05 mg/m3 for use in the presence of nitrous oxide. We see here
that levels of anaesthetic gases and sterilization agents often
exceed occupational exposure limits. Thus, the most prevalent
air quality problem to which hospital staff and patients may be
exposed are anaesthetic gases from operating theatres and
organic germicides from sterilization areas.

But what are the effects of such exposures to hospital
patients and staff?

Studies of hospital patients and personnel exposed to the
anaesthetic gases nitrous oxide and halothane have described
various health consequences. For instance

l. An increased risk of spontaneous abortions and congenital
abnormalities in female workers and wives of male workers.

2. An increased incidence of hepatitis and renal disease as
well as impairment of psychological functions.

3. An increased incidence of cancer among exposed personnel and
children of exposed personnel.

4. Bone marrow and deoxuridine suppression among patients
administered anaesthetics for extended periods.

5. Early sensory complaints, loss of balance, leg weakness,
gait ataxia, impotence and sphinctes disturbance among
dental surgeons.

6. There are few health effects studies of halothane exposure
alone using human subjects, however animal studies show
teratogenic effects.

7. Investigations have shown between 40% and 50% of operating
room and recovery room personnel suffer from acute symptoms
including fatigue, headache, dizziness/light—-headedness,
nausea, drowsiness, cough and skin irritation.

Organic germicides have also been ascribed various health
consequences :

1. NIOSH has recommended that ethylene oxide be considered a
mutogen and possible carcinogen.

2. In a recent industrial hygiene study of a surgical day care
centre in Vancouver, the commonly used organic germicides



isopropyl alcohol, glutar aldehyde and parachlorophenol were
shown to be responsible for complaints of drowsiness,
headaches, lethargy and swelling and irritation of the eyes
among staff. The investigators also noted that the same
organic compounds may further contribute to the formation of
highly irritating organics in the air through reaction with
ozone, nitrogen oxides and other urban air pollutants in a
mechanism similar to the formation of photochemical smog.

In addition to exposure to toxic chemicals, hospital
workers face the added danger of exposure to alrborne organisms
and infectious contaminants distributed through the ventilation
system. Air supplied to operating theatres and post operative
recovery rooms contaminated with aspergillus spores has been
shown to be responsible for post operative infection of
aspergillus endocarditis resulting in numerous deaths. In fact,
a comparative study of aspergillus infections among patients
moved from a 43 year old naturally ventilated hospital to a new
mechanically ventilated facility, suggests that hospital
acquired aspergillus infections could be eliminated if all
incoming hospital air were filtered, properly vented and not
recirculated.

Another airborne organism, legionella, has turned up in
hospitals. Recently, lowering the temperature of the hot water
supply to conserve energy has been implicated as an important
source of legionella.

Proper venting of laboratories is crucial to the health of
the general population as well as the laboratory workers
themselves. An additional problem that may exist when
laboratories are contained in or near other buildings is
contamination or reentrainment of laboratory exhaust into the
general ventilation air. For example, fume hoods removing toxic
exhaust from a Canadian government research centre were recently
shown to be feeding laboratory exhaust back into the building
fresh air supply.

The health effects of pollutants are especially severe for
individuals at low levels of resistance to toxic insult.
Patients are just such individuals. My associate, Professor
Sterling, has shown as long as 15 years ago that even slight
increases in concentrations of particulates, sulphur dioxide and
ozone in the ambient air increases the number of
hospitilizations for allergic disorders and acute respiratory
infections as well as the length of time required to discharge
patients once admitted. Thuse findings have recently been
verified by Dr. Bates in a Torontc hospital. These findings are
of importance today not only because they demonstrate the
deleterious consequences of exposing patients to increased
pollutant burdens, but also because they link the cost of
hospitalization to the control of pollution inside hospitals as



well as the ambient environment.
CONCLUSTIONS

What can be done to reduce indoor pollution in hospitals
and laboratories?

Air contaminants of a chemical and biological nature are
pervasive in the hospital and laboratory environment. Use of
contaminants such as anesthetic gases and sterilization agents
cannot be avoided. The only feasible solution is proper design,
operation and maintenance of the ventilation and filtration
system so as to avoid contamination of the air. The ventilation
system should be designed to isolate industrial type source
areas (such as laundry facilities) as well as laboratories,
operating theatres, recovery wards and wards for highly
communicable diseases from the rest of the hospital. The
ventilation system should be operated so as to avoid
reintrainment and/or entrapment by recirculation of hospital
generated contaminants. The ventilation ducts and humidification
system should be cleaned regularly and the filters should be
cleaned and replaced if required. Finally, leakage from ducts
exhausting contaminated areas should be periodically measured
and if leakage is occurring the ducts should be resealed.

Having taken these steps it is also important in hospitals,
as in other public buildings, to maintain adequate fresh air
rates to all areas. Reduced fresh air ventilation to achieve
energy conservation has created air quality problems in many
other building types. Hospitals, because of potentially
hazardous conditions, may be even more prone to such problems.
Even in an energy conserving era, adequate hospital environment
services must be maintained.

Of course, it is necessary to search for energy
conservation alternatives in hospitals. However, appropriate
conditions for health care must be maintained or health care
costs will increase.

Take, for instance, the question of to what extent health
care costs are increased by Hospital Air Quality. Two studies,
one by my associate Professor Sterling, the other by Dr. Bates,
have linked patient recovery time to even a slight increase of
air contaminants inside hospitals.

Two costs are hidden here.

1. The first, and most obvious cost is patient hosplitalization.
This cost directly affects the Province that subsidizes
hospitalization, the insurance carrier who pays the bills
and the patient.

2. The other, but not so obvious cost 1s the less than optimal



use of scarce and expensive hospital resources due to
overcrowding of beds with recovery patients. A patient who
has already received treatment and is in the process of
recovery does not use the expensive clinical and laboratory
diagnostic and treatment facilities of the hospital, but
keeps others from doing so. As a consequence, the use cost
per patient of clinical and laboratory facilities are
increased.

There is a lot of work still needed both to quantify the
scope of the hospital air quality problem and to identify the
associated health care costs. We are now in the process of doing
this. Our objective is to develop strategy of Energy and
Environment Optimization for Health Care Facilities which can be
implemented in hospials and other treatment centers across
Canada.
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